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CHAPTER I 

INTRODUCTION 

The problems encountered and the c.e s :i_an-operation inte:2:·act:i.or! 

occuri:~g irt Hastewa:t e:-r: t r e a t ment :;:>lants , wa s t horoHghl:>' review~.:~ cl by 

Andre1·f.':~ Ct9r?2b). I t ras his conclusi on that a l a r ge n·..nn.ber of Naste-

Hater srea.t.rnPnt pl an t s i n the United States o1 erate at overall eff:. :::::ien -

cies f ar below those at "hich i:.hey are capable of ope:rating . . No st. 

seHage tre2.tment plants a.L·e o_L..erated. in a pr imi t.i ve maP..ner z,s compa.2·ed 

to controll 8d p~ocesses deEons~rated in i ndustrial proces ses , merely 

l I • e_._e 1en-c. , l .:j vo _,.vcu . 

A!·d..rews (1972b) cited a st u\iy C' f 1500 per:fv..cl.a.'1cr. e.. clits :S..n ~--Thich i):).-3 r-e 

"' '2.Y F".; 4-99 in stances of plant b~rpassing from such c2.-1ses a s sto:cnn-r?,te .... ~:·td 

infiltration , shutdmm :for· routine nw,irtenance 8.n~ for r:-:cch3lli.ca.l f ail-

:..rres. AJ.so 1 there wer e s i g.11 i ficant variations in treE~.tment p lc>.n t effi-

I 

clenc.i : no c C;!:ly from one :plant to another , but. a1so fror;1 cl-?-:r t o d.c,y and. 

hou~r to hm.~·r i n the sa 1.e plant . Dai~LY variaticn::; from 6Cr% to 95~ effi -

c ·· _en<.~ :Les in BOD remov:::~l r,rere not u 1co. D"non , Hh:Lcl· \';:~.ria.tions can have a 

s i gnificard·. ~ffr~ ct on the ~;ate::- qu~..~-J.i ty of tLe recsd.v~l.ng strea.IP . 

The ne8d for mo::::-e ::-.<iequate considera~ion o ~-: the interaction b3 -

tHem; desig. a.nd o:perat:i.ng 1)e-rsormel fo:r ~a te'ilatsr t:r:eatmem:. :;:\1.-~.n t. --:: has 

..,o,., - "' I. , . - c.:r:erJ' f'·' ~ 1-· - · - i- - ~-- '''"'J. ~ 1 1 ffi'l ~ -l- . ._r C0.11~ .·l'_ c1 .. -.J_•r., ,·_·, ~·- - -~ 1 .·-.... ! .-o• :'! ,··J··_·!_ .•·J r.-,· 0 J •• t~ 0:1. \ .• :C: C ) ·_; ;_ _L:.: _ (:;•,(:,,\).\ .~ ; ) 1! .. 1..: •. a ;:: •, t.A-! .. •c - 1.:: . ' - - · - · ~ 



d.esigr. to operation are noted. 

J... Operating Personnel. The need for operatior! must be mir1i-

m:i~;ed thrm1gh design rf hen i t is anticipated that plants vrill be operat~d 

by Ull."slrilled personnel o:r· · 1~hrm la.bc, .-c p:-t:·ob]_ems , such as st,rikes, r~a:yr ·be 

expected. In such c2.ses, provisions m-:.1st be made for a-atoma.tion sc 

that :pla.nt m.2 ... nagemen :pe.r·sonnel may opexate t h e :plants f or l i mited 

:9.3rioda of t ime. 

2 Process Stabilit..y . It· is w·ell recognize.d that some p::::.-ocesses 

used. fo:c wa ... stevr~ter treatm=!nt are more s t able tharl others and th8refore 

r e qui.rP. l sss attention and less sk:Lll to operE>: te . Improved stability 

can be ob',ained by i .mproving operational t~chniques whi ch a.lso de-

crGases . the reed for oversi7i ng of tmits . 

-- Aost · er.gineers will ag-..cee ··tha t - · !1e tri ckling f i lter is m ::ce 

sta ·le th~r: the activa~ed s1u.dge p:r:ocess tmt would no t place a quanti i-2.--

'ti v~:.: va lue .:.n the compari s on . 

J. Availability of S:pace . Decreases in size s of pl.ar:ts th:ro~J.gh 

i!n:prove d op e:::ation i s of i mportance in the l arger c i tiec:: where space i s 

cos·t ly . The i n teraction · of HasteHater trans~o:r:t cost wi t h plan t size 

r.,.l..lst a l.so be conside:::..·ed . Smaller and well operate d. pJ a.n tG can f.r'~'! quon.t --· 

1 ·7 h~ l o .a.t e d n-:.::arer to t hE. Illa j o __ "Y astewat.8r s ources thus decreasi11g 

Heliahili t .; . B:n)as s ing of ra.v-r vras t e-vrater a.1 d g;.toss p:r: ocess 

~ • l n -:.a ,;__l.'.1.'8S oe: cu:t' ·1reqt:en, Ly . The effect 011 t J. e r ecei vj. :g m,t..i..ers of .·ho:r-t; 

-=.:. ·-rm or J r:.-ng t ·.r m failll-:::-es t o achi ..::ve the pro:pe 'X' tbg1:ee of b·:ea tm!:?.n v 1 ust 



addi t:i.onal rel.l. abi.li ty can be achieve d · ai ther throug..'l. de sign or by i .m·-

p r oved operation . 

5. li'inanci.al. 'l11e balance bet-vmen design and. operat:icn i s in-

fluenc:ed. by the ab.L1i ty to· ·J.nvest ca.pita.l a s opposed to operating q..nd 

main l>enance costs . In -a municip2.li ty the capital must . be acquirE:d by . 

bond. i ssue while t h e il.a:'t.ntena.:ncc and o:perating costs c~ome from an operat·-

ing b~ d.get. 

6. Flexi h:.lity. As technological adva.nces a:r·e m2.de in waste -

''lEtte~r treatment a.r~d. a.s mo:r:-e st~cinge:y!:, controls a.re imposed by legisla-

tion r the desie,<n m1 ' f:.t ha.\ e th~ C2-pabi l ity of a.d.apting to acc ept the 

neH opeT.:?.t,:.ng conditions. 

? . Environm'3n t . The type cf control s~ stem selected for a plaEt 

must 8e sJ.i ·ed to the e!1vi.romner,+ l n Nhich t.:1e :plan.t Hill be operaic cl, 

Gse of a complex control systsm Hm~ld be sc: l f de f eating if proper in -

' t . . . . - ' l . " l. f . ' .!. t ,_ st.:cuilen · ma un,enal ce lS UJlaVa.l.LaD. e or li qua l leo. opera.~.-ors c anno ·. 0'.3 

obtainerl. 
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CHAPTER :LI 

EVOLU'I'J~N OF PROCESS CONTROL 

Proper considerat:l.on of the factors invol vecl c<wses t.h8 se.lec -

tion of :r:ro:per p:::.ooess control t o n~at.ch . the design to the operation. 

Tr) 
. . . 

prope::cly ca.talog the deg;:r:ee of COiD.J/.L :-!Xi ty desi:ced or t o be tols:cated. 

in the selected. system 1 a historical revie·1-r j_s p:co·.rid8d of the evolu--

tion or pro~ess control. 

In manual control t he opera tor uses h i0 senses to d.e termine the 

s1.atu,:;, of the pr.oc ~;; s~. or Ll9asure the que.1ity of the results of the pro-

se1~ve.i, 1n:e corrected. by changing those varia:bles lfhich co.n b2; 8on .. .:;To~ .. led , 

I n geneJ:·al, i?l manual col1t.rol. these a:r·e limited to (a) return sludge f_ .. c.,-

:r.·a .... e , (1:) sludge wasting T3.te7 and (c) air floi.oi :r:a.l.. e • 

.A±'ter cha:nging the s ystem varia.bl e s, the operato:r' then observes 

i f -~.}'.Le c0~crect~on is adequa-'·.e a 1d. c:ont:Lnues t o make adjustments until 

the process i~-; OJJerat.ing :p:;:·ope:cly , rec.rl,3,i1izing the J.<)?:lg time d<::J.ay be -· 

ar.d_ avoiding o er·shoot. The problem is 

compJ.ica .. ted. by the fact that qua:ntitati ve a.n rl. quaJ.i -~ati ve 1.- ' • t • cuara.c.t.e:!:'J.s· J.cs --
of the influent are c'12ng].ng Hi t.h time. 

The Olj~:;:cai:.or is t h e i~eedbac}T t o contr-.)l the process and good. 

o_v .:) '":'a .. tion i s t.herefor ':J an. a:r t t-rhich i.s de pe.;..d :·r•: t on .. L.he ~xper~i ence 1 



t .reatment }"Jla 1ts in U."'e today has not advanced much beyond this stage. 

The f:Lrst part of the feecl~'Jack loop t o be me cha.n.ized was the 

sen;.;ing function. Hwnan senses were replaced. rri. th indicat:Lng :i.nstru--

ments and automatic recorde.t~s were adcled to provide a historir;a.l :ceco:r.:d 

anc1 to aid in cha rt"ing trends. Ho1-rever , these i nst:tWTtents serve onl.y 

to assist the operat or and it is stiJ.l his judgment that determines the 

deviation and effects t he necessary correction . 

Tl e sensing instn:Jr:cmts are tt e key to the feedoack loop . Ac-

r;·u.rat E:. and reliable .:..nstr unents are ·· vai1able fo r such measureme:r..t~'3 

};ressure , te;;'!per2.ture an·. :floH rate . Inst r UJ11ents· fo r more advarlced s s -

tems , .meas Iring b.l ologi cal prop'3rt.ies s chemical quariti ties and some of 

t l.- • • .l ' - ,::1 f' - ' t ~ . .., 1 l ue phySlCEL measure ent s !1.eeae~ L __ or p.Lar.1~ con roJ. are not cr rnp.Le :., o.l..y 

d.eve l opsd. -;~-; t 1e same degree of rel:i.abillty and are restr.:..cti re o ap-

plication in the more complex control systems. 

As an example , a,ccurate reliable instrwncntation has not ·been 

developed :for the required evaluation :parameters of BOD , suspended 

s oJ.id.s cr coliform count . BOD aYJd s·~.1spended solids are approximated 

on a comparati ve basis by other measurements . i.e, , TOC; inorgani c ·:a:r.-

bon , votaJ. ca:cbon and turbidity, 

Loca1 Automatic Control -... ------

Tl• e next s tep in the development of automatic control ca.ille 1dth 

the ad. van..!· of the automatic controller with it.: a.td.l.i ty to remove th e 

operator:- f ront coni .. inuou .... parti·~ipat.~ on in .hE.. fe edback loop. Ut5.::U.:t. i:ng 

tb:::; controller 1 :it )_s .P OS S · b.~e .J. ~ 
t_. .. . .. oin t for a process 
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va:ei a."ble c:;rd to have the control:l.er mainta:in that set point. Th e ccn --

troller then senses tl e deviation aDd makes the correction back to the 

d.esi.:t•f_:,d ope:r:a t:J.ng point . Hovrever, the opera-~or must still use his judg-

ment to s elect the corrt roiJ.er- set points based. on his. ;judgment and ex-

peTience. 

cont::t'ol mode s. ·.c"'lC . .J1.1' c·l.Ro'. are I~~ .. ,., o·'·-"' _J J ..c. _ - . \ ~L; \ i d-· . .!.L whi ch the control 

transducer is f ully open or closed. w 1en the measu:red value of the va:r-j_-

able devir.Les more t h a1•1 a. predet.er:;r.:L .ed. fixed amount from the set value ; 

(b) p:co:por-tion.al control in Hhi..J. the transducer operati on is pro:po:r-

tioE2.1 to ..:.he erroY o:t· the difi'eTe!'tCS between the asure-u value anci 

t he s e-t"- val1.1e ; (c . ·· 1tegr aJ. control ·-(here -r.·!e tra.nsducer opera· ion is 

· -- -o,-Jo ·c+.: ,... .. 1" ·1 + "' -:-h "'' i nt e/7-"'C:.. ·1 J:d • _t • o.~ .J...I .. U. Cl..J.. ,.• (J 'J- ,. ._.. _ :::>.J.. c;,.t, _ i' .he er:r r s .:.gnal Hi th respect 1.;o time 

and. so co 1t"Oe.nsates for the · .eng-t of t ·me that the error ha'"" persist9d. ; 

and (d) derivative control for Hhich the transducer opeTation i~ propol' -

tions.l t o the deri vati ve of the error si~'11al with respect t o time ana. ::::;o 

;:eflects t he -r.a.te of char!ge of the e rror. . utoma:t.:Lc contro1lers can be 

fo ·tJ:~ld in o:perati.on H ·.th any combi.nation of !Tlocie s of operat 1on . 

Locc,l autoiTa·tic con ·rollers are phy~ically lccated nPaT the pro-

ces;:; va.riabJ. ·. ',o lx~ cont::co11ed . .A.::, their number inc:r:easedl thei r mai."-

teno .... ce ?vrld -the i on 2.tori ng of t he set points becarn e _,ore cl:ifficu·1 t . 'I'h::.s 

~)rought ahJFt t h e de re J op!n~nt o:f the centre:l li.zed cont=·ol :r-oom . Here 

the controL! era are mounted. +ogether on a control pa..Del -vr' ici1 ma y in --
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the operator i.n organj_zing and assimilati •. g the da.ta prese11ted and als o 

assi st-:'-3 him t o mor(-j quicJdy int erpret. the inte:r:act:!.on between variables 

CJ.nd to reach the righ t correctiv-e action required under ·the cj_rcum.stance s . 

.9_<?mput~!' Contrg]:..L D~J:;a P~yc~§i~. 
and Mo_ni to:ci~ 

Ccml;uter- control can be j_ust alled in stages 1 and the f i rst step 

is usually st:.caightfortfard d.a t a -J:-1rocessing and m ;ni to ring . Tl e computer 

co1lect.s data, processE;S i t into a more meaning±'u1 form and. displays it 

to t.he ope:r-ator . The oper ator then 9-dj}-1sts the set point;:; of his auto -

ma.tic ccnt!'olle:cs . In this basic applicat.io: of the use of the computer , 

the; op~:cato:r is stilJ. in the fesdba.ck l oop 2.nd the co 1 p ;ter me:r:ely a s s ists 

hin ~- n r t n ·1ing tl.te J.a.nt. 

Typical f ~J.nctioi s wh_;_ch may be :perfo:z:·med Of the con:p-:.1 er are: 

1 . Sca:.'l process sensing i . St,Tl r; ; _ 1:-s, cneck for instrui:tent mal-

::\J.:nction , 2..nd. co11 er(, :caw data to engineeri.n s u11i t . 

2 . Process data i.nto 2. m:>re mean~.r"gful form fo}:- the operator 

by "-;lr...Jothing~ ct:.~.:'Ve ::ittinlS, integrat.ion 1 diffe r entiat · on 1 and stat ist i-

J.. Honitur a.nd report on tbe sta_;.:-'--lS of IJ:rocess equ.ip;nent . For 

8"/. .3.JTJ._!;:•J..e i the computer _.;n ,, oni· O:i . .' tho on -off ,..:J~id.i J.:.ion -'Jf :pumps ! valves~ 

OllOt ·;·rs 'J r d c·o 1-~ ~::.scoro::: It. r:a-!'.· a l co rhe:"' ,··. I-· ,-., _-L~ r,t __ h_r.>r sn~.r.l· f; r. ~la_r_;n J. \ • .• ' c... ~ •• .tJJ . ...... •-' -..... - ~ ~ ' u" ~- - . - - ~ 

con ·i tions s~ch c.s ovsl.'he&ti ng of - . Lieax·J. ngs , or low ~et 1ell _e vel 1 

and exce s sive v·i b -ation ··).f ruotors and compressors. 

Lf. . Goir.~1a::tc. process variables agai.nst high- 1m-.· lind.ts a.;.-;d sound 

ala:cm.:· .• 

"j, I-':J..· -r.;a:r.e opera.ti g log::> a.1 :3. 6.1 Sl- .1.ay i nfcn;;e,ti or to the opc:ca-
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t or . 'I'll is can b-3 in tabular fonn, plot tod t r end char t s of particul ar 

varia"tlo ;.:; , o:::::- g:x:ap~lica1 displays on a cat hode r a.y tube . 

6. F'urn:\. :-sh the _ operator vd t h an ope-r a.t.ing guicle 1-:hen h e req1.~ests 

i c, S1l ( ;L a.s :proce d u.:-es to -:t\5llow i n ~m;e of a. wide: deviation or a process 

UJ;set. 

7. Furnish data f or oth e ::!::' computer s or I>rovide r e duced. opt~rat. ·-

i ng da t.a t.o h i gher ma.na.gemen i:. . Provide a corr..pl e t e , stan dard.ized operat-

i ng report eJ.iminating the operators clerical f unctions of written report s . 

IE this mode of contr ol t t.~e com-puter take s over oper ation of 

i.:.iv=· pl ant a.nd cu .t rols it '"o tha t the overa l l operc.t ion is o:pt~mum , ·'·1ovr --

ever , before this ca2·1 happer~ , j_i::. is nE:: e:ess ary tc -t-..el1 the corn}JUter th.s 

d .. ,_-:i.J.J..'_~J.nl· T'J,· on_ o._.r:-,. 11 r-.·pt.,_'_m·wm , " w):r:' tynl· ..-. :;:~·! exa"lplp l . .,.., a +r E'aT' men+ n l ~ .,.,.~.. 
- • ._- • J. ' i "" ... J~- - .l l - ~ ' .;. ! v -, J <• .!:·· --- Cl·<~ i.J' 

•'optimum" mi g, t n ean t o control t h e :pl ant at r1ini mum 'l)era.t::_r;.g cost but 

wi th the constraint t hat t he effluent BOD al.Ha.Js be e~Lu.al i~ o or l e ss 

. L 1.. an ?0 •n.a· 11 
l.·! J ' - · - o/ • The computer would take i n to a ccou:nt a.l l s i gni f icant 

:process vari a1Jl es i ncluding the inteni.ctio:n of t h e pr oces,=> va r iables 

on ea::h other , calculate t he pl'oces::; condi t ion s an d con .:,j.::o1 c l ange::s 

ne c:: c:ssa:cy to o bi:,aj_:n the optimum ·Derfo· r:ance , a.11d -t.hen ini t.:!.:.=tt e the 

nec;-~ ssary d .t.anges . 

I n thi s mode of operat.l.on , the aut.o.11a .:,ic controllers Call be eli mi.-

.!:a.t e -1 Hi t h the compute r f ccnishi ng sigrtals diree:tJ.y t o manipulate process 

var5.ables and t o o:pera.tt::. tile transducer~ . In :processe s Hhere a l arge 

number of var ia"b:l es mus t be controlled ~ thi s can result i· a consi.derable 

a·.wi.rigs f or :i.nstruJtento..t i on , 
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F.'eerif'orwa.rd c ont:rol, uoing a d.;~m. 2...rnic mathemati cal model s t o:-ced 

i n t h e comput er- 1 can be j_ncorpora-l:,ed to ta.ke contr~ 1 action before pro-

cess upset oc_cu..~· s ._ Info:r:ma t ion foT feeclionva.rd control. i e. obtained by 

measuring ths i n.puts t o the · plax1t. Some:: feecroack cont rol, utiJ.iz:ing 

inf ormation from the _p:l.ant cutputs is a.lso incorpo~catecL since the ini tial 

mathemati cal model of the p:....c>...nt j_s susc~~pttble to error . Th8 modeJ.. is 

c o:r:rected. as nistory indica;te~; ·tLe t:rue :results of control1ed inputs. 

Exact ImoHJ.edge of the tl·ue :process is rtot required for feed-

back control; _ vrever s considerable time may el.2.ps13 a:f't.er the sont:co1 

c"l.ction is initiated before the pro-~eG'-' is ::ce st-o::::sd. t o pr01)er operating 

cond7.. tior~ s. 

feed..fo:cw,::,l~d coLtrol , .~.he con.:putt~r i t~'>el.E Hill have to ga.ther h.i.sto:r:y of 

:l~espon .:s to i .. p::co·:e the D.ccuracy Jf L 1e ma.thc: m.a,i~icaJ modeL 

Eec:.c..use .- f the high speed. of c• 'era..~ .io~! of. ~:.he d.igi tal co:rrp1.tter , 

there is a Hides.~ read aum ' ·Je :c of addit.'.ona.l f uncti ons H 1ich cc..n l>e im-

posed upon the computeT t.o be per.' on ec. i:-1 :l.ts spare t,ime . 

A1::.. an e xr.;.mple , the optir al node can 2~lso per·form . 

2..11 of the fu.nctions :muflle:CPNted in the data. :"t->r0cessi ng and control mode 

a s spare time ftnH..;"cion~;. In ad.cLition, i t is possible , using the matbe-

JT!;.lt:it- 2,}. morle~. 1 t 0 game the system -b.)' pr ovid.ing <:>- fist i tim:s cl c: ... nge i n 

an OiJ t:r:=~ti.n v::n·ia.hJ e anct r:ecei-....-·; ng a. deta.i1ed .~..epo~ct c,f all of the 

or)e:ca.ting variables il! the system ' s pr ;babJ.e resJ ... Ol1G>~ . These game re -

s ul t.s a l so becon.:s mo:re .?..ccu.rate as the com ·9.~t.er becomes more educated 

·1-r.i th t.h:: sJs·t em' s actual resp<.m :3e i;o ch a . ges i 1 opeTati ng · ·s.riabJ.es . 
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CHAPI~R III 

BASIC CONTROL SYSTI;~~1S 

The ori.l;inal ccnt.ro1 SJstems utilizec. ui t h seHa.ge collection and 

.sew<:~.ge trea.tmer~t opeJ:·at:i.c.nls viere 1oca 1 systems i·ri.th a signal designa..!...ed. 

for ea.(;h pump a.t each site. Th7s tYJ?e of systems still in use at many 

l of'at.ious ~ re:qt ired ..Lhe operatcr to make continuous checks on tht:l system . 

. l-! 0 n 1"'81""'tu- r of'+erl WOLl]d n·--t .,.e.,l·i'7.''> a. "-'vs+.em _r~a .. -_· •. 1· .. , -~_P .. -.,r.t.,_·_-1 t...-lP re .~. ,l_.!.,_c. l.vvy · _ ,._,, ·•-'-'- .. V• .L· ~ - <.J<:; -CJ.; _ • __ '-'--'-· __ ..<. . ..:> 

were catactr~phic , such as a flooded statio~ o~ loss of flow . 

the o.era~l n ~evice to ::l. ·en ..1. ..,.,al po · .,. -1-,__ • . 1.1.. - • .. • • l \,~ ,. ·.rlri r· 'r' ""Ol lld all,r.r ·r. · ~ i·1 h-~-'- J. "'· . .. .....t... c. • __ .... n t..~ .... __ u 

J?OSSi tole trouble vOUrC E":: S and 'l';ouJ.c great y !..ffipiOVG .:.f-!2 T8SJ:.-Oll Si~ tim9 iP 

resgo. ding to system p:r.oblems . Ho···e er, in addi ~im to the reouirement 

for individual vii res for each desi:r·ed signa.l 1 it Has orHy a recei v5.ng 

systerr- for .i.nd.ica:tions without capability for control . 

Sys tems fc•r a:uto. iat.ic cent-rc:~.l control Here :::eeded.. First , electro-

mechanj_cal principles ·Here lsed . Although tl1ese synteFs 1-10r~ed 1 the re-

1ia.'bi2.i ty Has in question and they required con·U.m.1m:s nai:r t.enance . !·1 • . :.-e 

n~csn i:.ly, the acLvent of soli d state d.:ccG:i.. t.ry 1-:a s 2.ne::::.-ea.sed ~ys .:. e~'! x-e l i -

a.bj_1ity and xednced. t.r·e c~st to aJ.loH central co·1t.ro1 of a la.rge jJilbsr 

of signals fro111 a central location. B::-o m (1, ',14) ~as p ov_j_ded 8E analy-

si:::. :)f the telemetry sy,·h;ms thai are in 'l.J.se :J.n conjunction Hi th se rag e: 

co1lscti.on and seHage trea.".ment pJ.a.nts . 



1.1. 

Tv-pes of Si~nal.s .-~L_ :r..l.--. __ _ 

On-Off _____ .. 

1.'Jllic3.1 on--off signals vmuld be pmn:p caLL, pump nm, higb. tern-· 

etc . rn· ~.f ' lhe on-o:t T.ype 

nals are sometimes furt her classifi ed. as : 

1. . Status signals from :r:e.mote sit e sh.mJing pump running 7 

check valve open, etc . 

2. AlaJ:"ms - s i gn als f rom :.cemote s:i te shm.;:ing p'...tmp failure~ 
high temperature , high Het Hell l eYel , etc . 

3. Co:nmar!ds - sigDals to the remote site to start pmnp, 
open check valve , etc. 

sig-

1he ·,rariable signa:Ls a r e any precess sign.a.l s hat a:re co.nti nu -

ously va.:r·y2.n~ ~ S l.!Ch as system pressm::-G or flovr 1 or a..v:1y signal t .o the re-

mote site suer_ as valve nosi t::i.on or me tor spt~ed. Typi cal vaT:-i2.bJ.e si.g-

nals are t e..nk l evel, pump floH rate , val v e position , amps, volts . 

·relemetering 

D.C. Lines ------ -

On a D.C . l i ne w-e ca11 send current l evels \'l'hich pull in relays 

to pC) :d'o:rn~ ccmJ11a nds or to provide statu s indication. Tbe sirnpJ.e s t s ystem 

J..s one 1 n 1:hich closing the s -;,rj tc.:h a.t une end. of a D. C. line vd .. 1 J. operc;:Le 

~circuit at ·the other end of the D.C. liJe. 

By the us.-a of d.:l.odes to identify pola:.2i ty a.:od. by u s5.I g di .f f e::-ent 

current leve1s 1 it i s possible on a. D. C. 1i ne p <=d r t o a chie'.rc t Ho inde -· 

:pendent sigTI<d .s in ei.t er direction plus 2. ~ ine :La:· Jure m~mitor. 

Voice G~a~ e !ine 
-~ .. ·------- · .. --- ----· 

J 



a.lso be used ·i nc e amplifie:cs id.tb transformers are used ·by tl~e telephone 

company -vuich . d.o not alloH D. C, to pass. Each tone channe l constitutes 

2. sepa.ra.te ci.rcui t. capabls of sencli_rlg a signal to its receiver . Many 

s.:i.g ·tali~ ma y be sem .. in e i ther- direction 1 1 imi ted on1.y by ch-:umel spacing . 

F'rom a practical :poin t of Yierr 1 because of the prob1ems of interchannel 

interfP.re:r~c e and crosstalk, s .:.x to E.~ igh-1:. channe} s :l.s the limit of trans-

mi .ss :l.on or.. one pair of telephone l ::..nes, 

Sca1.ners 

When larger a.:nou11ts of da:cc-~ are to be teJ.eJ e tered from a :remote 

site to a central c on.t._ul po i.r~t , a sc2- ne:r: musi be used . The scanner is 

a. dev-\.ce Yil ~ ch uses ei t e:r D .. C. lL.e c or vo ice g_'ade lines a~. d conve1. -ss 

n::L.~· parallel i np1ts to a str.:.ng of signals .i.n ser::..es fo:r :putt~ .ng o 1 the 

li 1e e-l.the_,_ as D.C, -aulses Gr t()~e sig::-!2J.-::. At the receive:::- , t he:::e are 

ce:r1 -..re:rted back to parallel 0~1 - off outputs: :;a.ch sig,11al going t.o its OHl1 

The 2Jilount of data tra_nsmi tte1 in thi s sys-tem is limit ed only by 

·~he -r,in·s of :response required . At a typical rate of 360 bits per secc!Hi , 

sixteen channels of inf or-;na ti.on could be telsmetered and each cha.nne 1 

ifc uld b~~ corrected t8n t imes J)er second . 

If it :i..s de~;i:· · .;:!d t o use the s ystem j_n both directions 1 the syste'n 

C'.a._ ·.-.~ ct-·unl l' <· · ~- + ~ . ! - . l .. "=.; }-~ _..:.t..\..'::'LL 1 and i f t onE· is used , tHo -; ~:f.eren t fJ~·eq_uencies can be 

used. . 

Telemeterin~ Va riables - ---·--·----- 2-.1---- ----·-

Time Dt;rati.on 
---~----··---·-- -

T ..l.Il · .. ime d.uraticn. e;onverted. 

) 
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to an sJ.ectrical voltage ~-Ih ·"_ch :r:e:presents the quantity raaasured . This 

volt-u.g3 i s convm:. tecl to an o:n·-off pulse, th8 leng':.h of pLllse dependent 

·on the q Ua....'Ttt ty of the vo.Lt.ag.:; an1l the parameter measured. . 'l'he puJ.se 

reccmve1.:tecl at the r eceiver ·back to the g_ua.nti ty- t ransmitted .. 

'l'hi s sy~"5 te.m. has a bui1 t in unrelia"bility which muc:t be considered. 

Each con• .. ·erter ha.s zero 3.D.d span ad.,justment s b:Jth of lvhich a.rc:; sub_ject to 

error a.:n.d drift. The system must be continu·Jllsly checked. v-~i th test sig-

na}.[; to verify its accuracy. 

H .i J:-! the digital system the varia.bles are converted to a digital 

nurn'be:!: :)r Bina.r ' Coded Decima_ (BCD) . This means that a. quantity of or -

off s 5.gna.ls a:re tr2 .. n smi t ·teC:. instead. of a variable durat.ion :pulse . The 

sy f;te.m ha.~-:; r o inl .~e:cent e:cr-or d.ue to the telemete.ring, 

Aft.m:· being converted t o .:1 BCD signal , the signa.J. :i.s con-.;e:r-t.eri 

to a c1i~i ta.1 wor-d. for sei·ial transmission over the pho:r1e line. '.!:'his 

·t.l.·a~lS iflission ma.y be either D, C. pulses for short di.stances (less than ten 

m:.i.les ) o:r: freq e."J.cy shift tone signals for longer l i nes . The da.ta re-

cei ~.r2 :r. demul tipl.exes the signa.1 and converts it back to a BCD paralle l out-· 

pm, a:.f.'te:c checkinv the vrord fo r va.lidi ty by receiving the d.a,-l:.a tw~~ce in 

a l'C.:; a.nd. comparing. Only val id data t-ril l be acce']Jted. . If val id d.ata 

3 :e i" ot :. ecGi ved. wj thin c. guard period, em 8.1.a:r.·r.t is s ow1de 1. . 



CHAFJ'E1i IV 

AU'J'ONATION Tlf ORAJ.~GE COUNTY I F'LGRT.DA 

At the present time~ -:.he:r:e if:-: ~;ork in p:r·ogrcss to expand tLe 

Orange Ccuntf via.steHate:r· t.reatme::rc fa.c i li ty locate -l at Sa.:nd Lc.ke Roe..cl. 

Population p:co j ections shoH that even before He Ho:r.:.~. i s completed, "trle 

fa.c ility HilJ. be ·i.nc..dequate for the projected. groHth of Ora.ngs Coun ty. 

Fur t.he:t.' , the cor s t.::·uct.::.or. costs and th ... ~ opera-ting cost s are e.:>::?an:jj.ng 

qui t e. :::-apidly . The plo.n ::or f utu:::-e ex., <Ulsi-~n m·:s~.:. be made to meet the 

"or Has -e ¥2. -cer treatment , ·ovc 

s:l.on : min..:..mum i f!Crea'J e in o·Da:ra.Z.ing costs 2.1Yi ard 

i.:; to provide tl'ea.t .c:n.t. for 1) mill.ion ga1l-:ms per d.ay j (MGD) to an 3Z -

Ldtent O·.f. :: mi 1.- l l. cr"a1ns . ) - -..~ ~.l..; .L o -,-. .J I I -- """" \"_> ·~ •. - tj _ - · 1...\..· .l.. ' (mg/l) of Biochemical Oxyger 

De!nancl ::.t 5 da:rs , (BOD 
5
) , 5 Iilg/1 of· suspended sob.d.s , J mg/1 t otal n i­

t:coge.n and. 1 , g/l o:f total phos_phorus. It is ex}lected that H:i.tl 15 :NGD 

ca:pa.c:i.ty! the fa.cili ty wi11 be able to r ... c..ndle peak loacl variation s u:p "i.:.o 

30 I-1GD Ht1i1e main-t<:~ining the d.es~ ... gn e:fficienc:; end i:.o hanrlle the req1.1.i red 

l oad at re . ..!.ced costs, 

The proposed tr:eatment consi -ts of the fo1lowi:1g :proce~ ses which 

1-dll be discu~sed. ::.n Cb<:tpter V. 

1 
.: . , 

J . 
L;. • 

5. 

1\tmpin ·:: anJ. Jn:elimlna_y treatm(-;r; t 
Grit rGmoval 
f ~ t :L 1/a.tcd. slu· ge 
sc.~ cond.a:cy c lar ifica+.ion 
:Cnt~:::rrr~edi.ate :u . .r·t, sto: t:J.cr 



6. Ni tr:.fica,tion 
7. Tertiary- cJ.a:d.fication 
8 . Denitrification 
9, Gravity r apid filtraticm 

:l.O . Eeaer ation 
11 . Chl orination 
~L 2 . Sludge disposa] 

1 ~ 
- · .J 

Opera-ti,on of the proposed facility l-lj_ll be primaril y by mea.ns of 

a comp~.;.i:e:t..' o.irected process cont.ro1 systerr:. 1'he functional nerfor-mance .... 

cf the computer control system 1611 be as :follows: 

1 . The automatic collection of oper2vti:ng data from the re­
mot e sensors . Included in this data, are contact closure 
signals and feedback from operational controls of the 
·1:echanical devir.::es. Ir: addition, cia ta. 1--~ill ·be supplied 
from measured parameters of the "tiological processes Ul1. ­

d.sr control . 

2 . Processing of all. i ncoming data by a dig:i. t<=.l compute~c, 

) . Display, on demand, all :psrtiment .JpeJ~at.ing· garamete~·s 

on a cent:r·ally lot,.;at~~d cat!1ode 1.'EI,Y t·~be !W)nito:r. 

1+. Logging of all requi red data for h~.storical records or 
reports. 

5. Execution of all automa.t,ic control comJna!lds through the 
proper transducers. 

6 . DiY.'e e:t cE.gital control of the req_ui:ced _pr cess loops . 

r; 
I • 

8. 

Log :r:wming time fo r specific pla,.YJ.t equipment and sch,:::·­
d.ule peri odic main·tenan8e . 

M:ii nt ain i., v~mtory of r::omputer controlled cLam2..cals a.:.1cl 
plx>vid.e J.:-eo:cder .:..:.1g inst:r.uc1-ions. 

'J'be :phi l osophy of t he operation of the com:puter. co·_ troll ed. system 

ir1d.icate s that some of t he processe:s ~,hou1d be maDual/ automatic 1.L.r'~!r a 

1ocal o-r re1not.e c::mt::r:ol while others whir::h carl .ucst profit.ab2.y ~.e dircc t. e.d 

11"J.., .,.. u~· l l r L ·c.om·· ' l" C !' 0-.l.i <.; ...... , d , \ J• i;J. - controJ. treatmen " un le:c a loe.al or remo "L.t=: c ._ fl -
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1. Pumping and preliminary treatment 
2. Grj_·l~ removal 
J . Gravity rapid f i l t ration 
4. Back'-'lash 
) . Reaeratio:n 
6 . Chlo:r.ina-ti on 
7. Cent::cifuge 
8. Sludge ret'L~rt1 
9. Mi. ~ cel.laneous ( i . e . , backwash v~ a.s te pump~ 

nonpotable 1-1ater , scum pumps) 

In direct dj_gi tal control -Lreatme:mt , the computer system -will re -

ceive a·.LJ analog and •'ontact closure information from throughout t he plant. 

The computer idll p:~ocess ---he ir..;JUts to ~ .. t.;.h the cont::coJ. a lgo:ri t hr,ls and 

wi _J. cru-tyut the required cormnands to tho ~roper transd1.1ce::s . 

- 1'- the use of dire ,t digi ta.l :process contr:c.=.., there will be -t.hrE:e 

mod .s of co ·1t:co .... a \rail::.:bJ.8 to .1-:ne 0:9~-·· .tor · 

1 . Direct digital :o: t :-:-ol . ~ lS mode full utili za~ion is 

i ·1a ·1 c.~ of t..h.e computer . Th~ com:r:u ter w-ill ca .... c·1.J ate a .1.l reouired. .set:poi-r.ts 

and coni:.rol the eqll.~ _pntent automaticc..ll·y. 

2 . O:peratoT s Atpoint control. In t.( _· s mo de t he operator ;.Till 

set. thf~ f1o1>f set points a.s required. T'.r..e operator rdll operate or turn 

off any _pU! :1:p or .r.J.ecil.arncal device as requb ·ed . If t he operator sets a 

p8ri:-ic.:t~lal' .i'loH setpoj_~_ t , that settiTig will not h i.terfere wj_ t~1 the :p:co-

-oer o_pr::.::~a.tion cf other setpoir ts which h8 did ~10t r:mua.lly adjust. I f 

one of the other setpoints require :eese t.ti.ng beca.us::: of manuaJ. acl._lustment , 

tl'.e computer i'riJ.l advi s e him of the nec f-ss i ty by msc;:.n s o:f a p:ri..nteo. me s -

J . Local manual control . In t hi s mode _e operator can take 

-p2.:1Cls ~ -D the . .'icld ' A~:, an 8Xa.Jnple ' if the Opc:n.:':J. to·' n ved.e f_ ~~0 conL:ol 



thG floi·~· of a i r to the ae-ration . a.11d n i. t :ri f i c2.tion tanks 1 he would. dial 

:1 ~ . ( 

a s witch ~:m the loca l panel from a.utoma t i. c to ma.rJuc? .. 1 and ad j ust the i n --

c:r' "'ct se or decrease of a i r flow by :posi t icning the nod.iJ.lating butt erfl y 

va ~!ve ;:: . The :p-3rtel s witch a l er t. c- t ,h e compute .r· t hat manu::tJ. takeove::c h a.s 

t a ken J>lace and t he computer stops calcv.lating and a.d j ust:"t.ng the s et-

rChe foll oHing l isted proce sse s will ·be cor!:i:,~·olleJ. by cUrect rJi -

gi ta.1 cont:::-ol as the :p:rimary mod.e, :B,or each c:f tr· ese control loops : in 

ci.d.d..i.tion .!..o p_-ovid.i· ,g the cont.roJ.. , the cc-mp1..rter wil1 .onti:mous--.y advi s e 

t: .e ope::· a to r of status and s i gna.J.. him a lax'TTl condi t:i.ons if req U.:r.ed. . 

1. Aer ation 
2 . In2· ermediate lift s ta.t i on 
J . Deni tri fication 
4 , 1 as t8 s. 1~dgi=.; pL ... _Iii · . f:, 

5- Alum fesd. 
6 . ·Lime feed 
7. }1eth '3nol ~eed 

Input da.ta to the computer Hill be supplied by cont a c L. cloou.re 

signals .:-~n d feedback from orera:t, i onal contro1s of the ii1<.3Ch 2nical d. -vic e s . 

I n a.d.dii.i Dn 1 the cor.:p ·t er Hill be s uppl i e d. -rith d2.-· a from t he biologi.cal 

p:t·oce -- se ::; t.ncler con Lr ol. 

'J'be fol.l. c-W:-i .ng pa:.cameters 'vlill be m, Di i..c:re:~ ()'{j a co·'1t i nuc,us rJ2.si s I 

d.i.. ~'3:pla:yed t o the ope::cator and reported to the compt:d.,f;r .for rocec:o ~ :h g i n 

the algo_ith_n-s to d-:.~cive the prope:c exec..::tio-::l si;-n:.l.2 . . 

Am~onia nitrogen from: 

a., G ·:i.t CLa. 1tbe:c 
b . HEco dary clarifi:r ~1fluent 
c. Derd.tri :fica tion in·.t.luent 
d. Fi ter efr l uent 
e . Fi· a l ~fflue~ . t 



2. Nitrc:tte/n:Ltrite f rom : 

a. . Grit chamter 
b . Secondary clarifier effluent 
c , Denitri fi cation influent 
d. Fi lter effl~~n t-. 
e . Fj_nal effluent 

3. 1'ota.l phosphor us from~ 

c..1. · S8condary clarifier effluent 
b . Denitrif.' cation influent 
c. Final ef flLlent 

4 . Total Org2 ... nic Ca::cbon , iL orgp_nic ca.rl'lOn e..r1.d · to t ai carbon from: 

a . Deni trificat.:i.on influent 
b. Filter effluen t 
c . Final effluent 

5. :pH fro11 : 

a . Secondary clarifier effJ.1er~ ':, 
b. Ret,~n ni trification sludge 
c . Tertiary cla:r·ifier fE::er-1 flun -s prier tc cl2.:cifiers 
ct.. Fi r al effluent 

6. Turbidity from : 

a . Doni ~:,rif'j_cation · nfluent 
b . F'il tar effl ent 
c. F'inal ef:fll8nt 

7. Oxidat ion ·edu.::t.ion pot ential t'.r·o 

a. Reh .r n act.i vat ed sludge flvme 
-b . Ret. urn n · trifica.t i on sluclge fl1.UT1:. 

a . First stage aera.tion (8 sampJ.8 po · nts) 
b. Seccr..d st..:~ge aeration ( i 2 san·~-pJ. e point.s) 
c. Final effluent (t sample point ) 

9 , Ghlo:r·ine residual frnm: 

a. Eff1J.ent of chlo.:ine co1. tact. Lt.n;;: 
b . EffJ.uent of \;b.J.G:r.:ine ... ont <:vr.::~t e:h.a; :be:c .:.'o]: waste back­

Had l Ha.te:c 
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It. shot:Jd. 1)e noted that the measur mr::nts of tho lega l con.Lrol 

para.trrete-cs will st.i.11 r.R- requi r:ed t:o 'be done on an individual basis by 

la.'t'0I·at0Ty pe:r:son.nel t o acqu1r:e the rlata f or con.Lrol agency evaluations. 

The- 2.utom2.ti c san·plin g and. ana.l ysj_s syst.eu refex·enced here pr,yricles co. -

paratj_ve data f or control that alloHs evalua-tion of .:egme.1.ts o ,... the pr o-

·· h' · · 1 -· • • t · .L + 1 · · · t cess, sucn a s c J.or:uJB resl c~ua.L , arrunor1la. :rn· rogen 1 nlvr& . ... 8 I'll T.rJ. e, a,d 

tota l phosphorus . 

BOD and suspende.d solids are not monitored 1)y t he syRtem except 

3-S a. cor1pa.rati ve functional 1<:.asurement de_·i vea fr-cm the measu:cements of 

tot2.1 organ.:...c carbon , i 21organic carb:m , tot8.l ca.r'bcn an d. turbidity, 



CI-IAYl'gR V 

AUTONATSD PROCESSES 

In the fo l loHing descriptions of operating processes, it is not 

l:Jossib1e to enumerate a l l of the sensor , control, feedback and t:rc.:.r!s-

ducer intera.ct.i.. OES vrhich OCCU:C i.n the Various C'-.ntro1 loops, W± it has 

beer, r.dtempted to incluu.e an example of each type of sensory control 

loop and to identify 1l<m versus ma.chine oper2 _.ior 

The in:fJ.uent, p1..unp sta.t~1.or is unde:r on~:;t::.~uction and will b8 i n 

use in a fe·w scnths. T 1e f loi•rs in·t,o the :pump stat.:.. on from t he ssve::.~al 

:.:o-r1:-cE:s c· te.r a dist:ri ution h:..1x, -L.1 ,~- J..o a. flu-::t- and to one o:.:' bw me-

chc:..n:i_ca.l bar Sl'~ ree11s . The mechc; ... r ica1 bc.r screen removes aJ. l rctgs 1 

sticks and other materj.aJ to a. containfn-:- by a moving chain conveyor, 

1~\e. screen vi ~L ll be modified to be floa t opera ted 1 operating when -the head 

loss thrm::.gt the screen i ncreases t o a preset l evel. Alarms 1-rill be 

displayed in the control r oom if t he s creen fai ls to operate properly . 

F'::::·om the bar scr een , the flow erners the s:p li:.. wet i·. ~ll, Four 

mo e the r a.H sewage to the aera·ted gr~ t chC3.!'l1l}e~· , 'T.'h e speed of the va.ri-

bl speed centrifugaJ. pu.rr,p Hill be regulatEd by the hr:Jad i.n · }"e Het 

W'll s o 'L' J<l t, as near as :possibJ.e ! effluent -d.l1 ma.tc"., i nfl1 ent and. the 

pumpr? 1; :1..1 rm: constan -.ly "":t · ·~.he req 'in.:cl spee:d., __ 'his wil l minirn:1_ze the 

~;tar ·~1d :.:;top f these large 1otm. . 
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Grit :Removal 

The g-.cit chamber is aerated to ke.ep ore;anic matter in suspension 

but a.J.lm·ring "\.:he grit to set·tJ.e to the botto!ll of t.he chamber. A bucket 

d_rag system wi1.l collec t the g1.~it anc1 convey it to the hoppers a hove the 

chamber wh~r-e a scre1·r conveyor will cJ.eli ver the grit to a container o:r a 

tru~k positioned alongside . 

The grit. chamber may be bypassed for rnainter~ance if necessa-ry . 

Flow fr~)m the grit chamhc;r ent8rs the flillne fe qding the activated sluclge 

aeration tanks . 

l1 r~re s su.re sHi ts.: on the air J ine will ope:cate a. control rel0.;y 

vfhich starts one oi' t he compre ssor motors on a time shaz·ecl basis . The 

control rala.y i s connected t hrough a time delay relay i:.o the s 1Il"'TVisory 

cont:col panel <3.JJ.d to t he computGr t o prov2.d.e an o.lat'm signal if e:i.ther 

compressor :fails to s·upply air Hhen ene::cgiz.ed. . 

The sc ..... ·apcr and. ::>cl.'e v.r conveyor Hi.ll be controlled automatical ly 

l1j a time programmer with adjustable on and off time periods . P?."ovision s 

ai') available f :)r manual opsration when desired . If either d:ri re motor-

fails to o:ferate when called. f or by the time prograrmne.r, or if ei thei' 

shear pir! fai s 1 a.J' a la1.·m will be displayed on the supervisory control 

pa!.l.el and vrill b::; l ogged by th~~ computer " 

Hr ,.1··11 "t··"" ~ Ll·n·<li r-> a' 1- v • .r t 1""c' E~, '~ op~. ·v · ~.+ ,_· ,-1 0" .,_, .,.,_ ' ' r·n e c~.·t a.r1d.b:; "l ·_') , U' OO ··~ . w ~- -".:, q .J:'.i' - ~- - u l.w... ,._ - ..~.. ~ v ... <e.-l U. u - - - ) 

CF'I"i b loiW L'S . 'I'he ai ~ flo~<-r to tbe aeration and n.l. t ri f iGat ion t an ks ·Hill 

be .Legul a i:,ed l)y rnc ior op e--:·a.t ed bt.tterfly vaJ.v.::;s i n the main air l1nes ccn-

t :r .J. l ed. b y· t he c:c-m:pL<ter . Feedback :i.s s 1- :plied. to the computm: ·by d:i.sso l v d 
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Gxygen pro·bes located in the first Cilld second. stage aer:ators and the 

f iYlal effluent, All of the aL:- supply con t..:..o1 ca.n be performed ma.·nua.ll y 

frcm the panel near the 1)lowe:.e 1 i f rwcesf;ary to over:cide the computer. 

Activated Sludge ---·------ -

'I'hs ~ludge x:eturn rate i<Till be controlled by ma.mlcJ.l a.<.l;justmerrt 

of the varia.ble speed d:c:Lve on the sludge J>Urn:!_:m located on the mov~_ng 

bridge car:r.-iage collec-tors, Th-e sludge r eturn ± lovr d F;1Yth i n each flui:te 

rrill bf.· di s:playe ., by a.n inCIJ.c2.to_ at tr e flw r;a . A s.:grnJ. :pro:r-orU. nal to 

t'La·0t . ¥rill "be transmi.tted from a l :i..qEid level sensor i.r~ each flwne ;:,o the 

cor, l:/u.ter . 'I'h9 compt~ter will cc:.lcula.te t.he flov; rat e of th~:~ Return P_cti -

va t.ed Slud..gs f _ume in E;al_ons 1::er mill""ri:.e:; and wtlJ contint!.ousJ.y di splay 

th'.:: :!:'ate of each flume o~ the super-risory c ntrol panel. 'The cmnrmte2· 

will a1~.o tota_ize the flm~· of each 1lume a..rld. ',he combine<i flow , log the 

totals anci. p:rint out the resul-'-s daily , 

The flow from the gri.t chamber , after mixir1g o~i -Lh the retw:Y~_ 

a.cti va ted sludge , vrill be cU.s-~ri buted to the :foul.' aeration tanks . The 

mixed liquor will enter each tank throug:1 ports along one side 1f3.ll a .. nd 

will o dischar ged over Heirs along the oppo."ite sid.e wall Hh:..cb idll 

p~ov:\. d a ccmy;J.ete_y mixed tank. In e aci"J aeTa·tion tank , there 1t<~.ll be 

tHo dissolved oxygen probes located ne2.r the effluen-t:. weirs to mo?J.i tor 

the D. 0. Hhicb Hi l be ciispJ.ayed on a J>C1J1e1 n2a:~:- he LLc.we:cs :fc:c easy 

obse:cvat.icn a_,d. control. 

The s ludge f rmn th _. complete m:L:-: a cti vatc d ~luclge ta.nks "Hi11 flovr 

to the clari_ier feed. flum._ by way of the aera t ·; d. ·1 mes. The s.h1dge Hl.ll 
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flo•~ iHto ec,ch cla.rifier through fm.rr: }Jorts des .. gnec.l to g~.v~=J untform ci:is-

t :r:i but :l on. Each clarifie.r will be equipped wj_ th a sludge collector ai!.d 

.pwnps to draw and discharge r eturn ac-t.i va.t e d. s lu.dge as discussed i n t . .. e 

a.ct5.va ted s ludge process . 

The pm::-:pose of thi.s station 1.e tc pu_mp the second.a:ry c:Jarifier 

effluent to the nitrification tanks , 'I'he propellor pUinps a.re modulated 

by ,he discharge valves to ·, ai .tain t !:"'.e et Hell level at a constant 

value . 

Lime sJ.urry is a<ided in suffi cient qua.rr~j_t:, to maintain a s uj_table 

pH to a.dd_e':e a.n adequate nj_ r :i.fication . The llme f<~ed r5.te rrll:L be au·-· 

tcma.:tJ.c.ally control_ eel b~ J.he comput~r to c"L .... ju:::t. Lht:: 'J~ o·: the secvr:d.a:ry 

f' -. ~ ' . ' t t . .. ' ' ~ . t t ' e __ r r-1en-c l!1 ·c.urn. ,o op lmlze ·:.: e T-er ... l 2.ry ,Te3. :nt:m·c. , The pH of tb.e r e-

tul'11 nitrification sludge a..nc1 the flow re.te of t hs :pump station ·will ·be 

u.s<:.;c2. to C2~1C1J.late and control. -the lime feecl n ... t. .. , If i:.h9 pH 1;ec ome.:.. teo 

hign cr too low an alarm signal Hill be genera·L.ed a.nd displayed . I n ad-

di ti on , if the lj_me level lr: storage :::.hou2.d fa.~ .l beJ.ow a min.:.n u.m J.evel , 

an a.la.rm sip1aJ. Hill be generated and displayed. ., AJ.so . an a.l-.rm will be 

should fail to operate for any reason . 

The computer will ass irn:lat e the rpprJpri.ta informa tion · elative 

t,o l.:..me us,:; r a.te , inventory 1 storage ca.:pabili ty, etc, , a.Ild vri ll compute 

and p~cl.nt tht:~ 1ime Teorder i nst:r.11.ctions as '~>~'ell as reorder instructions 

for a lum , .. ethanol , d a.ll ether chemicals that o.re cor. putc~c control l ed . 

T. te alum feeJ rate 'trilJ. 'be paced t ··. ,be -puro.'l·. s ~_.at.ion i'loH and. 
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w-~_11 'Le ad.jus ted by the total phosphorus anc..ly::;is to achieve a rr1inimum 

total !.;Jhosphorus in the effluent . Note controls a.nd alarms as discussed 

for lime feed, 

Nitrification 

Si:nce U:..e ni t.rification reaction rate j_s sl.o-vr i t he inlets and 

outJ.et.s of these ta..nks c.re a;~c:ca..'1ged to encov.rage plug flow. rrwe.lve d.is-· 

solved oxygen pTobes are located in the four tanks to provide se::1sing 

signals to the computer as part of the calc1.1la tion of the req_uir-E:c1. 2~era-

tion :rat e a s d..i.scu.ssed in the ac'ti vated s ludge a.lld. su:ppl y process 

s ecf..'ions. 

The tertia-ry clarifiers are ident:J.cal i n design and. operation 

to t he secondary clarifi er-=- . The effluent of the tertiary cla.~~~ifie:r·s 

\iJ.J. f lo -w to t he denitrification pwnp station, 

Denitrificat.'on --------·-----

Ji' lm-.r t o the deni.tri fication contact tanks is pro v·ided by 2. d.e -· 

n i trifica.tion :pump sta tion which operates in con .junction wi t h a surge 

ponrl. Whel~ tl e f loH excee ds a pr•:::set _pumpi ng r a te , the excess Hat e :::· 

f low::.-; into the surge :pond., Hhen the efflueLt of the i:G:r:·tiary cla.Ti :fi.er is 

less than the prese t. pumping r ate , the f 1oH i s a.ugme tecl by f J.ow f r om the 

su-rge :po:1cL The p 8 ps are mod:.1lc..teci by their di. sc.h a r{!; e vaJ.-·.res t o main -

ta.in the pres e t flovT rai:.e. 

Me thanol i s a.dded. a.t th:i.s pump s t ati o· to prov:i de car1xm fo::c --he 

derU. trtf~~ c .::t t i cl p1·c cw·s .. T! e irlc.:.tha.rl()l :r.:a.t e 1s con~JY:tter c cnt~ollen ·to 



match tbe floH and adjusted by the results of tho nitrate/ ni tr:l-'c e anal;y -· 

'Th J f l ew fr::>m the denitrifica·cio-;'1 pump st. a tion · 6nters e5.cb of 

slx clt~nitrifi -.; a,tion conta.ct canks at the bottom , move::. u1n.;raru throu.gh 

bio-oxida-tion media Viherc the nit-r:ate radicaJ. is reduced to nit.:rc esen 

gas 'W}Jicb is released at the su:rface r The effluent :fl01·1S over the edge 

of the contact ta.uks to the grc:.· . ..-ity ra.pid filtsrs. 

'I'he system will use six gravity filters utilizing a fom·: media 

fil torir:.=> mater:i. a l -rrhich can be bacl·: ashed remotely ·by manu&.l control. 

l'he computer Nill tabulate t!1e a .eum:~~lated 7.-i:me and ma:i.n 1c,ain a log of 

the L.if:"B f)ct"f.leer ba .kf-.f3.Sh OJ:er a tions fo:r each. :.ndj_viduaJ.. fj_l.-E:l:r:', 

The ba.ck;.Jash ,rater will be pumped from the chlorine cor1tact cha.n:.bcr 

a.nd the w2.ste ·backwash \·rat<~r will flow to a holding tank, t.o a. backwash 

clarifier , to chloJ:ination and clischa:rg::: to a pol ishing pond , 

Reaeration 

'.I:'he effluent from the gravity fi l.te:.: i'lorrs irrLt.:> the :r:·eae r ation 

ta.i'!.l<S r The roq_uiremen ·~ and contro l is set that t h e eff luent shouJ.J. mair..-

tain a. D.O. -. 5 0 ;, 0 .1 • ) mg/ .l minimum . comJ:)ressm:·s foT the reat:ra tor 

tanl~s 'tril l be manually controlled by push hut ton on the r eaerat.j_on taY J 

1,. 1 J . th 1 . '1 ' f . t ' f . l ., con·tJro_ P' ne .. \ l · . an a .arm <:>l&n a-. l .. el ner compressor al s t .o su:pl_).l.y 

r. :ir i·Th•:-m energJzed, 

The comDnter al.g-orit.hm f 'JT the :ea.er a ·U.on tanks assumes ~chat tl1e 
.J. 

in:l t j_;:.:~.l D . 0 . · .. l U e t .r1 ks :i..s ~.~ro . Tbe dete.nU.or:. t :l.me in t,he tan~::o is 

. ·),o · + fl mu~u·t_;es a.· average:. . Ovi . 'l'he nond.n<.:.l aera .. :.i. e n x:·~-te i._ .540 c L ft . uer .... 
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m~. nute ·w:i th a 31.3 pOl.:nas of oxygen per h.our t:rans.J..'er rate, 

Chlor ination ----·----··-

'I'l·,e effluent of the reci.eration tank enter s the chlorine contact 

tank to be ch l orinated :prior t o f'inal discharge . 'J.'he detention time in 

the chlori n e con~i,act chamber will be fifteen minutes a.t pea.k floH" 

The. chlori nation :feedhad~ l oop will autom.a.tica.:_ly control tbe 

chlo:r.i ne feed rate :pro:port:i.onal to the water floH r.a.te through the f lm.,r 

meter :i.L the influent line to the c _ rinr;; con tact ta-.k , In 2.d.di t ion , 

the chlorine f9eci rate 'tiill be auto .. atically aclj- .sted to Jnc<.intai n the 

desired residual c lorine level in the e~"'fluent -~.s measured by the re -

sidue.l chlo_ i· e analyzer. 

If the residual ch~. o:r.·· ne i'a:Lls be.LOH "" preset J..evel: a.n 8.laxm 

Hill be d.isp~c..yed on i:he sup~.~:r·visory ··o!!trol :?a el and 1-:. -vriJ.J. t;e logged 

by L-he computer . f. chlorine leak detector, indepenG.ent of the analysis 

s,/St")JI, ·v-rill also actua.te an alann o:::1 the panel if the chlorire con~en--

t:·e..t:i.cn iE ·che a:i ~ in t,he chlorina.to.,... room exceeds 1 pa:ct per mi1J. ion . 

The chlorine leak detection alarm !li::i.l a J. s o a.ctua.te a visible 

and audible alarm i n the chlori:1e. 1)ui.1dir g . 

The distribution oi: chlorine sollr~ion can ··lso 1:~8 cont:rrll] ed. 

manually by valves on the chlorine so1ut5_on manifold :panel . Provisl.on 

"~-Ti lJ also be providecl for manual cc,ntrol of the --hlorine ~eed :r-ate in 

the even-t. of a fai1u.re in the automn.tic contro 1 ,~- ,2.tern, 

ih , s;-::o~e 0. of v·n--i a 11E; s:pee · c ·:civ e sludge }JUiil •S , 'J'L8 ~ln··':ge return flm·r 



depth Hi1l ·be measured and displayed to the operator and transmitted to 

the comp•.~ -:~er. The computer ·w-ill calculate <.U!d. control th8 flov, :cate of 

each Retu:rn .b .. cti vated Sludge f ) u1ae and 1-t'ill maintain the trend history . 

The two sludge centr:l fuges will :::eparate the solid~.; from ihe 

sludge , returning the concentrate to the influent pwnping station, whsre 

the so1ids w:lll be stored until they can ·be I'E:moved by truck to a sani ta.ry 

la.'1cifill . 

The ce11trifuge cycle wi ll be automatically controlled by an ad-

jus table ..~.. · mer, The cyl:le will include ar acC;eler.a tion pei'iod to ful l 

speed , during a portior. of i{hich period slud.g:, Hil.,. be feel into the w1i t.. 

·; ·he cycle 'flill :Lncl,de a. running time at fu .. 1 p eed. , a. Ek5.mming :period, 

a decelerat2.oE period a..nd an 11.11 oad peri :d. I f th<=> pinch val .res fail to 

ope1·a -t.e during the unload period, an a . .Larm will "b-e dj_splctyed OJ the c: Jill-

puter. 

Autc,ma.ti.c interloc. s Hi l l pre·vent tb.e feed s1udgo pumps fro~ 

sta-t;ng L~ the sludge feed hopper is empty or if th8 centrifuges are 

not oper·ating . If sludge stops flm~i.ng, the I >Lm:ps .-Till stop . An a,_·to -

r1atic in.J.,e ... lcck Hill prevent e ac:h discharge sludge pump from starting if 

it hopper is empty. 

ThE:~ sludge flo· into the feed \ oppo=.r Hill 'be cortb:.·o lleri ·b · a. 

r;neumatl.c 11in ch va.l ve. 'rb.e va,.l ve will be open to pE:rmi t.. slunge f :Lcn-T ~m -

til the 1opper is f t ll. 1ihe!1 th e hoppe-. is fu· l , thq ·,;al ·e will a.L<to ·-

ma.t,i ca1ly clos , . 

Pump failu:ce ·alarms r by-pas vaJ.ve faihrre alarm ) and air com 

press · failur·~ alarm.. Fil l be displayed on t l:e r·ont:r.:o l u&nel ;-hen appro-



CHAPI'ER VI 

CONCLUSICN 

'The evolution of the control system and the advc:.!-nce;nent. of the 

computer sciences ha.s Jed t o the mar:eiage of the com_puter to the cor~tr.oJ. 

sys-Lem <md t h e o.:pplica.t:~_Gn to wast eHa.ter treatment. Bl.ake2.y cmd T..r:tompson 

(1974) forecast a very rapid increase i n the use of compu:te:r: systems f or 

ast&·Ha.ter trea.t. e11t . The,. e"-'timated that the usage wj_ll t:ciple in the 

nex+ te~ years . 

The pj::-opo 'ed installation at the Crc:Ll"lge County wa.stewa.te:c treat-

me~1t facility at Sa..:ld IJar;:e Road h'ill utili.'Z~e a combir· a.t~!.OD of instrumen--

tat.i :J.n , tele, etering 2..1 .d. comp~-tcr c ~n tro , together rd -tJ :r·emote o:.c local 

cor.•.t:r"l, either autorn3.tic 0}:' manua.l, to at ~emp J... a balanced operation wh:i ch 

can ma .... i. nize t.re2"-tment efficienc.., 11llil8 minimizi1 g operationa1 costs and 

th~ requireme1.ns for l2..rge numbeT~ of skillec ope:-ca.t ors . 

It i~ r e "'ogr1ized that the proper op-:.rati L of the system is de--

pend.r~nt on tho:=; 2.ccuracy of the a lgorithms m IJlied to the comruter a.nd 

thai: the inj.t::i.a.l approx:i.mations of ·he 2.lgc:d .. j..r,ms T'i.ll cor:.ta.in built i1 

e:::-rors rrhich ca.n be found only after experi ~ 1ce h2.s sho1-rn the tJ:.'1.l8 cpPra 

tional c~-aracte:dstics of the system .. 

It is hopt') ...... that by ,judicious ~.lse of the central lim.:.. ts and ·~econ-

dary and ter!·iary adjustments to ihe prima ...... y con ·~l'iJ1s ~.hat. the effect s of 

the e:,;:'· .. orc car:·no'L cau:--e ary major errm:·s or s ·stem upsets and that the al -

gc1:ri thm~.; can then be ro.pidly corrected to m0:tch t!·Je as b1... ilt sy<-;'Lell! . 
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There must be some re~:>e:rvations on moving so 'ar so .l R.s t. It 

must. oe noted that in some qu.arteJ::-s the ce are s ome mi sg:i vin{;G as t.o the 

reliabil i l:y of the compJ.et.~:!ly automated syst::;rn . Accc:rd.ing t .-' Lipta.:k (1973) 

the u ... e of :pollution control monitors increased by Ja!~ in the past tb.ree 

yea:-cs and 5Cf/o of the monitors f'ail8d. to perform .sati sfactorily a:Cter in-

st.aJ.lation, 

Brezru.'1ik (197L1- 1 ha.s done a r ath8r c omplete cuJ_'.:t'ent li teratu:r.e :r:e-

view on a·L.ltomated. analysis and. mo1 j_ to ring. He recognizes thc.t completely 

automa.t~d qua.li tati ve and. quanti tati ,,e anal~ 'ses of >-iasteHat.e:r: .Pollution is 

not y·e t .r-e asi bll:, . Ho;,.m e:c , there ha" e beer~ gre2~t E'trides made i n ma.Trying 

the co.1puter to t_te rna.ss r:;:pt::ctr omete:t' ar: d to ', "L ~ e. gas ··ruomatog:raph vihich 

allows aut omatj.on of 2. very large _port · on vi' -Lite Has-te-v;ater trea t .tnent 

process i.; ~_th cc;nii d.eL c.:e . 

The Cf.Uestion may be :r.ais9d ·t:1at t.r1e i:irpr o emel. t of :plan t :perfor-

ir.an~~ e. by the use of modern cont:;:-ol. sys-t . .. ms would be uneconomical . And.-c·er:s 

(197.2b) concludes that c2.lcul a t i o. s of BOD costs per pound ext:r:·apo~ated to 

the BOD content of the improved eff:i.c.ienc y Hould make the investment ..-..rorth-

while t vlithout co 1siclerin.g any imrn~ovements in the: cost of l ab.Jr : materia ls 

o:r:· )?Ower . 

Bla.~·e.ly r,A.nd '~.'hojfl son (1 97-'+) ind:l.cc:te U·at io% savings j_n powel· i .s 

not unusual i L })la:-:L s .. hat ·12.ve co Prerted +,o "" u:to): :::.ti c corrb:ol. They find. 

otheJ: factors a.l1( 1i11 g n ,d.uction s i n o:pe:r:a t i g costs · hich a.re mo:r:·e dxam<.!.·-

t1c . Addi tionaJ poH(;r savings can h~ :.cea lized. by off loading p -;2.]< demand:-:- . 

R ~ duced ·rnot o:t' and pum~ . r unning t u ne r ed. ces To uti 1e .::.nd emergency 

m2.~.~1tenan ce . A cor;st ;. . ..nt monitc.r of , _ _perat i ng ccul:Ltion.s a lloHs a -trencl 

a a :Lysi " of decreasj n t:, .f'J'i ci enc ... f rom ~i::-1 • c.h t he ; onmuter can rccomm d d the. 
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Tepl.a -;ement of Ho:r:n }Ja:r:ts st ch a.:: beaTi.ngs, blades ancl i mpellers. And 

most critical is the i mmed.ia,t,:;; recogn~ tion of_ a fa.ilu:re which can a.l1mr 

interru:ptio11 of o:peration pricn.' t o t.he i 1 r.:;j_(tsnce of a.ny subsidiary damage . 

GooCi management and the i11telligent use of available instrumen­

tation~ coni..:col systems and personnel can enhance the ov _.:r.all efficiency , 

economi-; pe:cformarJCe an d_ t.be relia1)i1ity of ,_.ras teHa.ter treatment :fa.cili -

t :i.e ;s 



31 

BIBLIOGRAPHY 

Andrews, J. F. "Design-Operc;ttion Interactions for Waster1ater Treatment 
Plants." Water Research 6 (1972a): 319-22. 

. "Control Systems for Waclewater Treatment Plants." vT ater 
----R-esearch 6 (1972b): 575-82. 

Blakely, C. P. aLd J. W. Thompson. "Pollution Control and Energy Con­
sumption: Are They Compatible?" Water Pollution Control Federa­
tion Deeds and Data. (December 1974): 1-4. 

Brezanik, P. L. "Continuous Monitoring, Automated Analysis and Sampling 
Proced·LITes." Water Pollution ControJ. Federation Journal (June 
1974): 1100-9. 

Brown, R. W. "Pumping Control Systems." Report to League of Minneso·ca 
Nunicipalities, April 1974. 

Liptak, B. G. "Trends in On-Stream Analyzers f'Jr Pollution Control." 
CoPtrol Engineerin~ 20 (July 1973): 41-7. 

Michel, R. L., A. L. Pelmotor, and R. C. Falange. "Operation and Nainte­
nance of Nunicipal Waste Treatment Plants." Water Pollution Con­
trol Federation Journal (March 1969): 335-54. 

Rogers, ;1. E. "Keeping Watch on Wastewater." Water . and Wastes Engineering. 
(June 197LJ.) : 38-4 3. 

Thomann, R. V. "Variabili-ty of Ylaste Treatment Plant Performance," Ameri­
can Society of Civil Engineers 96, (June 1970): 819-37. 

VanNatta, W. S. "Computerized Reports Improve Sewer Maintenance." The 
American . City. (June 1974): 81-3. 


	An Investigation of Sewage Treatment Automation Techniques
	STARS Citation

	TITLE PAGE

	i


	TABLE OF CONTENTS

	iii

	CHAPTER I

	001

	002

	003


	CHAPTER II

	004

	005

	006

	007

	008

	009


	CHAPTER III

	010

	011

	012

	013


	CHAPTER IV

	014

	015

	016 
	017

	018

	019


	CHAPTER V

	020

	021

	022

	023

	024

	025

	026

	027


	CHAPTER VI

	028

	029

	030


	BIBLIOGRAPHY

	031



