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.. ABSTRACT

\

$Q'Activated sludge wastewater. treatment consiSts of‘ a
biologicall and a physioal system.'In this,processhthe waste
.materials are stabilized in an aerobicn biological stage -
during wh;ch mACrooiganzsms utriaze the complex organics as
a food source. The rate 2% which oxygen is consumed‘ by ' the
mxcroorganxsms durlng thls process is known as the Oxygen
Uptake Rate (OUR) of‘the mixed liquor. Continuous‘monitoring
of this ‘parameter - has been aCRnowleged by various
researchers‘to be an exdellent tool in' the control of the
treat ent process. "Some of the advantages and the 1mportance
of coftinuous Oxygen UptakeNRate measurement 1n_ controlllng~
an activated sludge treatment process are‘studled. A

In this research an Automated Oxygen Uptake‘ Rate
Measuring System was desxgned and evaluated This system has
been submitted for patentxng | S

The Automated Oxygen Uptakev Rate-measuremenc system‘
with the aid of a m1cro computer 1s capable of automatlcally
.collectlng a volume( of sample and measurxng 1ts OUR value
and repeatlng the tafk on a continuous bas1s. The collectéd
data are then stored by the system for future study or
1mmed1ate control of the treatment process.
| 'The des1gned automated OUR measurement system\ was
evaluated through three dlfferent testxng programs. F1rst
was - a ser1eé of cal1bratlon tests through whxch the system e

5

was cal1brated and the accuracy f“‘its measurements were

_conflrmed. Second - was ‘the ﬂlong ‘term operation or field

N . B N



exper1ence. During thxs testlng schedule the apparatus was

contxnuously operated at the Edmonton Wastewater Treatment

‘Plant for a perxod pf s;x ‘months. The long term contxnuous

o \

monxtorzng featu%e of the system was confxfmed durxng ‘this
A . \ a
period. Finally a better understandlng of the performance of

Y
the system was provxded by opegat1ng it in’ conjunctxon« with

the collectzon udf ‘samples‘ whxch were analyzed for thelr’

fxltered and unfxltered BOD suspendedisolxd, and volat;le

suspended solids measurements. L '

) ] ‘ ' ' '
The OUR system‘“roved to be rellable in ‘automatically -

A

K

‘collectzng a volume of sample and measurlng its gUR valueﬂ'
-.'It can also thhstand long term contlnuous testzng pétlods:
Thxs~totally automated OUR measurement system is recommended

i “ : - .
to be used as an on- l1ne\cnnt1nuous mon1tor1ng ‘unit‘ in an
act1vated sludge treatment»plaﬁt to assxst the opefaterfiﬁ

contfolling the: treatment process. '

‘ __»%N o
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‘1. Introduction

A

L

"The Activated sludge treatment process 1is the mgst
common ‘wastewéter treatment technique used in iarge cities,
During this biological treatment process, the b@odegradable
organics  in A£he wastewater are absorbed angd metabolized by
the available hicroorganisms in an aerobic environment.

"Flocs are ‘then formed in this process and are separated from
the liquid in a clarifiér or settling tank.

In the seventy years €f its history the basjic concept

of activated sludge treatment has been modified and Ehanged
Y . ’

to improve treatment efficiency, satisfy new conditions of

"

loading, and to reduce construction costs. However, the

controllable elements of this  process have not changed.

These elements include aeration, rate of return sludge and

concentration of mixed liquor suspended solids. One

g =

parameter which has béén acknowledged by researchers to be

an excellent  tool in monitoring and controlling the
activated sludge tfeatment process 1is the rate at whicy
éxygen is consumed by the microorganisms during -their
metabolism of ‘waste. This .oxygen uptake rate (OUR)

. 7 , .
measurement of the activated sludge mixed liquor reflects

the microbial activity and the general . condition of the

treatment process. J

Automatic and periodic measurement and monitoring of
this parameter has not been possible up until today. Maﬁual
OUR measprements‘cénsume a great deal of Fime and manpover.
Therefore, plant engineers and operatbrs have not been able

o v

<o

1
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to take advantage of this valuable méﬁitoring parameter ‘to

adjust = and coﬁtrOl the tfeatment process to operate at its

optimum. Up until now, to compensate {or this lack of OUR"
- meaSuremenés,' dissolved oxygen (DO) of the aeration tank is

monitored and controlled so as to nog drop below the minimum

level of 1.5 to 2 mg/L.

&\\Q. Acknowledgxng the 1mportance and advantages of on-line

OUR measurement in an activated sludge treatment process and

a need for a automatic monitoring wunit triggered this

research. A main geel of this'sﬁudy is to design and develop

an automated bUR measuring system to monitor the OUR wvalues

of an activated sludge treatment proéess on a routine basis.

To develop ‘such a system a combination of electrical,

mechanical, and computer .systems were éonsidered‘in the

design. Afteér studying the alternatives and the preliminary
. sign, the successful design was built and put into
“{ation and eva_luated for its capabilities. - ‘

~ -
1.1 Objectives
. The objectives of thié study were:
J.‘ To design an automated oxygen ﬁptake rate measurement

system which collects a volume of sample, measures its

OURfvalde according to Standard Methods on a routine
basis.

2. To evaluate the OUR system through experimental test

runs and field operation.

[ 4

3. -To evaluate the_iﬁportance“and advantages of routine.QUR'



measurement in an activated sludge treatment process

. . 1 e
from the field tests. ‘ R

1.2 Scope
. The main ”thrﬁgt of this study ,was to‘ design r.an
automated oxygen uptake rate monitoring system which |is
capabfé of routinely measuring the OUR value of the mixed
liguor. To achieve .this goai a‘iiterature éurvey was cafriéd
out to point out the importance ana» advangages of OUR
measurement in' monitoriné 'and, controlling an acgivated
sludge lﬁreatmeht process and also to identify the existence
of any previously designed auﬁomated dUR measuriﬁg systems.
To design thé aJtomated OUR measuring system two
preliminary deSigns of the éppératué were'conéidered. After
réviewing the ‘alternatives the succeSsful design was bui%t
and put 1nto operatzon. Through experxmental runs afd fieid

operation wzth the system thxs apparat&s wvas evaluated. This

research consists of three segments. -
.

1. Literature review to point out -the need for automafic

OUR measuring system. @

2. Design and study of preliminary alternatives. ‘A'

~ . -

SUCCessful deszgn was built and put into operatxon.

3. .Evaluatlon of ‘the de51gned system by experimental 'rﬁns~

o

and testing .at the Edmonton Wastewater Treatmgnt Plant

for a period of six months.

“~
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2. Activated Sludge Process And Control'Parameters.

"

4

2.1 Introduction To The Actiyated Sludge Process.

An activated sludge wastewater treatment prdcess was

first developed in England in 1914 by Ardern and ‘Lockett. .

-

This process 1is a contlnuous aerobxc method of blologlcal

wastewater treatment‘under aeroblc cohdxtlons. The treatment

he! ’ r

process is based on the aeratlon of wastewater, whlch causes

a flocculating biological growth followed by separatxon“of

this growth from the treated wastewater. Part of the growth

- , .-

is then wasted, and the remainder is returneq to the system.

The process of activated sludge treatment is made up of"

two systems. One is a biological “system, under which the

waste matter is stabilized in an Jerobic envitonment. Second

_is a physical system, where . the -flocculatedttsolids are

,separated from the liquid. In 1its conventional form

\

actlvated sludge process consxsts of a reactor (often .called

the aeratlon ba51n) and a settler tank or clar1fer.
-

. The stabilization of waste mater1a1 .in ,aﬁ* activateé

sludge process is a result of the micro-organisms utilizing.

complex 'organics ‘as’ a food source in aa oxygen rich

environment. -The mlcro organisms consume organic material to

produce energy and new cells. In the process they ut1lxze

oxygen and release carbon d1ox1de (CO;) and water. The ba31cr

mechan1smyof the b1ologxcal ut111zat10n process ‘can be

represented-by the‘following biological reaction:

w“’
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'

Organic Mllerlnl - Micro-orglnhmr + Oxygen —— Micro.?fgnnl§m; llCO * Hlo + Energy
f, - o

Large masses'of'micro~organismsnare generated through
‘the utxllzatxon of organic substrates\“hThese' masses of
‘mxcro organxsms are then Settled by gravxty, and clean water
is separated from the biomass The settled m1cro~organ15ms
are referred to as sludge. Part of the sludge is then- wasted
\(taken out of the system), and the remainder is recycled
through the system to ut1lzze the incoming organlcs Figure
2.1 illustrates a bas1c activated sludgemprocess system. |

Over' the years many verslons'ofAthe original activated
sludge process have been developed;.however, fundamentally
they are‘all similar. This method of' wastewater treatment
has become quite popular.'The.treatment process produces.an
effluent of high quality at a reasonable cost, and the.
treatment plant fs. small in s1ze.‘Furthermore the process
‘can be controlled to ‘an extent, through the adjustment of
aeratlon time, ‘aerat1on 1nten31ty,lsludge age;‘organics to
‘microorganism mass ratio, and other parameters, tolobtain -a

desirable.effluent qualitj§

2.1.1 Factors Afiecting The'Activated’SIudgelProceSS.
’JThere are many factors wh1ch affect the process of an
ractxvated sludge treatment, thus causxng varlataon in ,the~;

treatment performance.‘ The first :and foremost of these.

ey,
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factors isfthe.natural yaridtibn‘of the'influent»wastewater'
Fldctuation ‘of  the influent wastewater flow and qualxty.
‘parametersi such as ,the concentration of + organics, PpH,
'temperature, and t0x1C materxals, have an effect on ‘both the
blolog1cal and the physical processes"of the lactlvated
N »sludge .system.‘ To conSistently.‘produce .a high qualxty
' ‘effluent under . these varzatxons it is important to: monitor
‘their effects - on the actxvated sludge process, and adjust‘
thewcontrol parameters to accomodate them. -
| Oxygen uptake " rat; (OUR):of miérocorganlsms is one of
the many parameters of .the actlvated sludge proce555 whichl
'has been suggested vfor ruse as a control parameter. This -
parameter has .been acknowledged. by varxous authors, to,
accurately reflect Ithe m1crob1al act1v1ty in the actxvated
sludge process, and has been reported to be an excellent
tool ‘in “the control of the act1vated sludge process (Blok,
1976;’Benef;eld, et all, 1975 Mona, et al., 1979 Andrews,
1?77-b Huang and Cheng, 1984) . OUR of m1cro organ1sms¢1n ‘the
rmlxed llquor actzvated sludge is qu1te sens1t1ve to‘ process
‘changes,‘ and it refleéts .the‘,capac1ty and the rate of
organlc ut1llzat1on of the m;crobes under varlous operating,;
cond1t1ons (Hang and Cheng, 1984). S
2.1, 2 Blologxcal Systems of the Act1vated Sludge Process.“
fThe b1olog1cal metabol1sm of organics in the actlvated

sludge process cons1sts of- mlcro organlsms utxllzlng the -

organlcs matter —as food - ‘or ‘generat1ng ‘energy and new "
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_organxsms. Durxng the process, oxygen is utlllzed and CO, is

l
,

produced This appears to be a sxmple proceSS‘ ho&qver, in’

‘realxty it .is a complex series of many bxochemxcal reactions

" which take place in or around each - s;hgle- cell ‘-or

microorganism. The basxc components of a bacterial cell are '

shown' in Fiqure 2.2.° Thzs= fxgure‘ 1llustrates the steps“

through which a. cell breaks down food 1nto carbon dioxide "

‘and hydrogen to create energy

‘ The' creatxon of energy by a .cell. s important in

"understandlng the“oxygen utilization of the. biological
system. A  diagram showing a suggested route of cellular

metabolism‘isushOWn in, Figure 2.3. This is known as the .

qubs Cycle which shows' the"c1rcular path through whxch

glucbse'islbroken doyn by the release of carbon dioxide .and‘

‘high energy hydrogen' ion ("H+") (Arthur, R: M 1982) The“

* “

"carbon d1ox1de 1s ‘then ‘discharged as waste and is: not
further utlllzed - the system. The high-energy hydrogen
atoms are transferred down a respiratory 'chain. where the

energy conta1ned ~in the »hydrogen‘ ions 'is transferred‘to

'phosbhate radicals to”.combine' with adenosine. dxphosphatef

.-(

~ (ADP) creating' adenos1ne tr1phosphate (ATP), a package of.

energy. The energy 1n ATP is utllized ‘were' v}tf‘is needed

- then it is converted back to ADP The hydrogen ion whlch has-
‘lost its energy 1s then comb1ned w1th oxygen to ‘form water.ﬁv
Therefore, the oxygen uptake rate of a system is: 1nt1mate1y
“related to the energy productlon of the ‘cells,"and thelr-

_behaviour in the $ystem. Oxygen acts as a hydrogen accepter, .

7
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Please refer to the original source.:
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Figure 2.2 Synthesized Cell.(Arthdr, R.M.

1981+
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Figure 2.3 Suggested route of cellular metabolism. .

(Arthur, R.M. 1982)
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after'the'high‘energé hydrogen fé%'has releesed its energy
to be wused ‘by the cell. Hence, oxygen utilization of ehe.
activated sludge process can be 'used }as a; signai “to
indicate, the degree of activity in the bxologxcal system. A
hxgh value of oxygen uptake rate by‘ the mxcpoLorganxsmsk
‘1nd}cetes that’ the miero~organ;sms'ere;utll{z;ng food in a
satisfactory rate. On the other hand alloﬁ‘éalue' of\ oxygen
‘Uptéke rate indicates ttouble in‘,the bjologioel<system:
either the micro-organisms are not utilizing food, or -all.
the available food : has 'ubeen' ‘metaboiized,g and the

micro-organisms are undetgoing.endogenous“respirétion.

e

3 "
2.1.3 Oxygen Uptake Rate of chro*organxsms

The ratej'at whxch oxygen is utxllzed“ by ' the
miCEOforganisms in‘ a sample of raw wasteeatet is‘shown‘in
Figure 2.4 (Arthpr; f982).‘?our different‘stages ~é£ oxygen
:uptake rate qate illustrated, including lag, a\qaximum;rate
of demand,.a;declining oxygen demendc and the endogehous
demandL‘ifhe, rate “at whiehl oxygen‘ is’ consumed; Sy ;thev
}mioto:otganisms is tte indicetioq’of’the'system“s piologicel
,character15t1cs. - N . '
The lag phase is a result of micro- organ1sms not being
vteccllmated to vthe part1cular type of food- present in the
‘system. Thls phase can’ be el1m1nated~1f accl1mated organ1smsxd

'abe present | such as- at the 1n1et of aerat1on tank in an.

N

‘~act1vated sludge process. The maxzmum rate of oxygen demand

RN

‘1nd1cates that the mlcro organxsms are qu1te act1ve ‘and are
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The Figure has been removed because of' the
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unavailability of copyright permission.
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Please refer to the original source.

Figure .2.4 Respiration of 'a sample . of raw wasterwater.
Py . . ' '

&ﬁgthur, R.M. 1982)
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-}axxmum demand Tate is ~related .to the quantity of

At 4
aJ%blable food and the vxabxlty of the micro- organlsmsﬂ The
i /

n\

decmgming oxygen demand phase occurs when micro-organisms

_are utllzzxng less eas;ly decomposable organics, or when the

~

quantity of food is decreasing. The endogenous demand phase
indicates that the méﬁority of the avajilable food has biﬁn

metabolized and the icro-organisms are using oxygen to
' -t . [ ' -
oxidize the food stored within their cells,

. There are two types of microbial respiration
4 ’ ‘ ' " ‘ .
condribucing to the total oxygen uptake rate of activated

sludge mxxed liquor,fone is the exogenous and second is the

s

"t
endogenous mlcrobxal respxrat1on. Exogenous respiration 1is

the micro-organisms use of oxygen to,utilize the substrate
) )

contained 'in the . influent wastewater. This portion of the

-

oxygen demand may be expected to fluctuate with the
I“l"“\ . Al ‘ o § f ‘d :
. instantaneous changes in the influent waste ‘ifQ’ng.-On the
‘ o o ?
. other hand the endogenous respiration is the o;fgen uptake

of micrp-orgén&sms to metépilize the 'substrates stored
within their cell. This ' portion of - the total microbial
respiratioh changes'gradually with the influent variations.
| The,behavior of'micro—organisms in the éctivated sludge
mixed liquor éaﬂ be affected by the availability of
dzssolved oxygen (DO). If the DO in the aeraéioh ténk’is too
low, it wxll 1nh1b1t the activity of the micro- organlsms'
hence,~preduc1ng the substrate removal ' rate“'and the

/

eff1c1€écy ‘of the treatment plant. DO concentrations in the

. —
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aeration tank hWhich are too high are also‘not desireable-
because it is an indlcation that power is 'being wasted,
since more “oxyéen is being supplied to the ssystem than ds
needed by the micro-organisms, The range of DO concentration
which guarantees a favourable 1living condition end is
economjcal is between 0.5 and 2 mg/l (Schegel and Lomann,

A

1981) . ‘ \

2.2 Review Of Oxygen Upteke Rate.,

|
2 2.1 Effects of Varxable Loadxng On Oxygen Uptake Rate.

The relationship between the oxygen demand and the
variation in 1nfluent ';aste loading was studied by Duggan
and Cleasby (1976) An actiYated sludge pilot plant located
at the Ames, Iowa "afﬁ} pollution control plant was
monitored for six 24-hr test<runs. The parameters monitored
in all the six runs include, influent BOD, and TOC, mixed
ligquor DO, effluent BODs -and TOC, and the‘ mixed liquor
oxygen uptake rate. The specific oxygen uptake rates, (SOUR
mg O./(hr.g MLSS) ) were calculated by dividing the measured
specific oxygen a uptake rate to the eorrequnding‘mixed
liquor suspended solids (MLSS) eoncenErations. The
relgtionsﬁip .between these parameters, in one of their test
runs, is illuetraeéd in Figure 2.5. | .

Duggén and Cleasby i1976) concluded that, given DO

concentrations greater .than the values ,criticel to the

microbial survival, the oxygen uptake rate of mixed liquor

.



The Figure has been removed because of the
unavailability of copyright permission.

Please refer to the original source.

Figure 2.5 Relationship of mixed liquor oxygen demand and

influent fluctuation, Test run 4. Duggén and Cleasby‘(1976)

-4
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= responds  directly to the patural variations of the
biodegradable organics in.the influent. Figure :2.5, being
‘similarﬂ to all of their test runs, illustrates the direct
response of SOUR to the increased influent BOD; and TOC,
loadings. The linverse rtelationship of the mixed liguor DO
ana substrate loading is also evident.

The behav{or of the specific oxygen uptake rate (SOUR)
under'sﬁsgfghanges and square wave input in the feed flow
and‘conégncfitions of a bench scale acfivated sludge process
was studied;‘by\\Mona et al. (1979). Through continuous:
monitoring of the specific oxygen uptéke rate (SOUR) and
dissolved organic carbon of thé system, it wés. found that
SOUR responded instantaneously to the step increase of, the
substrate and hydraqlic loadings. To accommodate the
in;rease in ﬁhe loadihgs, the specific sUbﬁfrate‘qptake rate
of the éystem was also noted to increase. From these’
findings Mona .et al. (1979) concluded that OUR of a'syséem
§s closely related to the rate of substate wutilization by
the;ﬂicro—qrganismé; which changes with .organic loading;‘

; " To sihulate tbe frequent charac;eristic changes of ' the
influent wastewater, aﬁd monitor its effect on the system's
SOUR, Mona et al. (1979) performed an experiment in which
,\\éoﬁﬁinubusrvsqﬁare—ﬁave di;turbance Qf_fiow'and/of substrate
: éoncentrations wefe‘entered ";6‘ the reactor. Under - these
circumStances ‘the SOUR of'the‘systeh was found to reépcnd
very well to the changing substrate concentration. Thus the

measurement of OUR and SOUR in the activated sludge provides -
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a good indication of biological activity in the mixed
liquor, and influent load vagiatién. | |
) The' measurement of Oqg and SOUR is qﬁ excel;éht‘meané‘
for detectiné thé slug'pé puise input of Qoxic 'or. rapidly
biodegpadable materials into the aeration basin. Toxic or
linhibiiorywmaﬂeriaIS'will causé thé SOUR and OUR to decrease
while a highly biodegradablefwastes will cause an increase
of the OUR ana‘SOUR. Acomputer simulation of the dynamic
reépqnse of the SOUR to a sudden injectioh of toxie material.
and biodegradable maferials are shown in Figure ?.6 and 2.7,
reséettivély. These responses to toxic and rapidlf
biodegradable materi:Es inaicate that SOUR should be used as
an mpnitéring 'parameter to adjust the system in advance to
over come thesé variatioqs (Apdrews, 1977). |
2.2.2 Miéro;organisms_Viability andeUR of Activated Sludge.
Since activated sludge . is .a proéess_‘of biochemical
‘reaétion of micro-organisms,‘ the ﬁeésurement of micfoﬁial
‘activity.((rate of substrate utilization) and viabjlity
(active microbial mass qonceﬁtraﬁibn) can be imporgaﬁt in
dééign and céntrol of the ~procéss, of séveral paramefefs
which have ,been.inQestiQated py reséérchers to feflgét“fhg
microbial activity ané‘viability,;the parameter of OUR ISE
activated sludge éppears to be very promi§ing (Andrew, 1977;

‘Giona and Annesini,»1979; Huang, Cheng, and Mueller, 1985;

L]

Mona et al., 1979;.Walker and Davies,‘1977;'Yopn§, 1981) .

hd
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The Figure has been removed because of the
unavailability of copyright permission.

Please refer to the original source.

Figure 2.6 Response of "SOUR" to a toxic pulse.

(Andrews 1977)

-
A
.

Figure 2.7 Resbonse of'fSOUR" to substréte pulse.

(Andrews 1977):
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The ratio of actzve to 1nact1ve solids 'changes‘ apprecxably
from plant to plant or with in a glven plant dependxng on
factors sucﬁ as raw waste’ cha:acterlstxcs, ‘ wastewater
temperatures; anol biologiealbsolids retentfon time. Walkerl
,and‘Davies (1977) stud&ea theveffect'of net growth rate on
nnit‘.viability and on‘resbiration rate of activated sludge
shown:in Figure 2;8; Both the Viableﬂ celi ;codnts _and‘lthe
respirationh‘rate of the micro-organisms are inqreasedlwith;
. ‘the”netf'growth. rate;‘ These _two parameters 'reath ~their
maximim values at " about the net growth‘rate of 0.9 day"'.

| These results compare favourably wlth findings of Weddle and
Jenklns (1971), who also f;nd a s1m11ar relatxonshlp ‘between
the unit. v1ab111ty, resp1rat10n ‘rate - and: the‘ net 'growth:
rate, ) H
However, Walker and Davxes (1977) contraélct1ng Weddle

and Jenk1ns (1971) concluded that the resplratlon rate peri

v1able cell is not constant over the range of the net growth

r i

rate.' Expernments show viable cells resplre more than six
tzmes faster at a net growth rate of 0.1 day"‘than at a net'
' growth rate- of' 2 7 day". rThese experiments prove that
_viable bacter1a are not totally respons1ble"for ¢he total

1

‘ OUR fofM actzvated ‘ sludge process."A portlon of the

A

“/

resplratlon act1v1ty can be attrxbuted to the dy1ng or the
"non—v;able cells . (Walker ‘and’ Dav1es, 1977). Many authors
have‘reporteé'*that" cell s loss ot viah111tyv is not -

Ut,necessarxly , assoc1ated Cwith it ts- loss - of,‘bioehemital‘

act1v1ty.‘ .‘i e e



The Figure has been removed because of the ' b
uhavailability of copyright permission.
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.

"Fxgure 2.8 Effect of net growth rate on unit vxabllxty o, and

resp;ratlon rate eo. (Walker ‘and Davies, 1977)

N
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Microbial viability as determined' through respiratory
activities is Sllghtly h;gher than ‘measured by other
technzques such as plate countxng This is because the loss

of multxpllcatxon is not necessarxly assoc1ated with loss of .

'-blochem;cal actxvxty (Huang, Cheng; and;‘ ueller,. 1985),

~

.These 'authors suggested h  use of SOUR measurement for

1]

reportxng rthe"mxcroblal v1ab111ty of‘ act1vated f,sludge
sampl ' o - |

' ‘,hrough some assumptions‘the- respl;ation‘ activit§ of
:the Viahle bacteria;‘was‘ calculated by Walker and Dav1es
(19?7). This t;alue“was! then _subtracted from the, total
‘respiration 'actlvity of the fsystem t6 estimate the
respiratidn activityﬁ of”'non-VlableJ bacteria."Figure 2.9
shows thetdistribution .of respiratOry'actiulty of‘viable and
" non- v1able bacterla at different growth rates. At the growth
. rate of 0. 1 day“‘over 80% of the total resplratlon can be

[

't(attr1buted to the non- v1able bacterla. o .

;2 2 3 Oxygen Uptake ‘Rate{tas ‘an ACtitated‘sludge Control

Parameter.‘. f' | o

l Hass '(4979)‘ ev1ewed several control parameter - of
,actxvated sludge process and proposed the‘nuse‘ of oxygen

‘fuptake rate. (OUR) of m1cro organlsms as an effectlve control

\”parameter. The use of thlS reagentless measurement qan' be

’gadopted readlly Tor on- l1ne automatzc measurement . Base on.:

the mass balance 1n a complet—mlx actlvated sludge treatment

} system, .wzth sludge wastmg from th& aerat1on tank Hass



The Figure has been Temoved because of the
unaVailability of copyright permission.
Please refer to the original source.
Figure 2.9 Distribution of respiratory activity between
 viable,o'andﬁnonfviéble o, 'bacteria at different growth

rates. (Walker and-Davie 1977) - - ‘
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developed a theoretical egquation K (Egq. 1) relating the
~effluent soluble suostrate,conoentratioﬁ'of’the process‘to

the OUR vaiues of -the aeratiopn tank MLSS. . ' —~~
N . - |

S = So - (6 % OUR)(1 + 1/(6, # ka )) I O

S= Effluent soluble substrate concentratxon, mg/L | .
So= Influent soluble substrate concent:atxon, mg/L
OUR= Aeratlon tank ‘'oxygen uptake. rate, mg/(L h)
’8= Wastewater hydraulic retention time, h-
"9; = $oiid retention tiﬁe; h |

kg = Ehdogenous decay coefffcient,'hsﬁ

-

-

'Through this‘ equationw the desired OUR of ‘a system, for‘a

given hydraulxc residence ut1me and 1nfluent‘ sa@strate '

concentrat1on, . .can be caJCulated to achieve ‘a“targetA
. J ' ’

s.effluent soluble substrate concentrat1on. Thls equat1on was

-,

‘never evaluated through experlmental tests.q |
Eckenfelder and Jaffe (1982) developed a fsimilar type:
| of equatzons relatlng the act1vated sludge plant performanceu.
to the spec1f1c oxygen uptake rate (SQUR) Th1s relatlonsh1p
f was valldated through laboratory exper1ments using synthetzc'

substrates 1n actlvated sludge unlts.

.‘si“
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'Andrews (1977) suggested that controlling the SOUR of a.
activated sludge“systemh"would automatrcally result in the

\
control of the specific growth rate, F:M ratxo,‘ and sludge

age of the system. The SOUR can be ma1nt;1ned at a'constant‘
value at which a\ satisfactory. removal of pollution is
obtained.‘.Through constant measurement of SOUR any suddqn
upset ‘to a system can qulckly be detected and acted upon.,
It is frequently necessary to analyze variation of |
rncomxng waste to. predxct potentlal deleter1ous effects on
‘the actxvated ~sludge bxologlcal treatment lsystem.‘ fhe
measurement and oontrol of toxic compounds is . ‘among ‘one‘xofl
the least understood and most'rmportant areas‘of‘bxological
waste'treatment. The bfologicalneffects\of toxic 'waste %get
‘.difficult to: monitor. - closely wlth the standard wastewater
analyses like BOD Patterson (1971) suggested ‘the adoptlon
of- mdre sen51t;ve Aparameters of brologlcal or;biocnemiCa;
actiyity forbthis‘type of anaiyses. Oxygen respiration' rate
‘was ' ‘one of the three ‘biochemical activities‘studied by
Vﬁattersonito.bemadopted in a lbioiogical‘ waste treatment'
‘system as a tozlc 1nd1cator. Thzs parameter was found to bef
sen51t1ve to low concentratlons of tox1cants. The 1nh1b1tzon
'f of actlvated sludge oxygen uptake caused by tox1c compounds‘
such as hexavalent 'chromxum and d1va1ent ‘n1ckel ) were:
'mon1tored The test results showed that chrom:um caus~d a .
i1near 1nh1b1t1on on, oxygen uptake rate,; whzle ethe’ nlcke&m

1nh1b1t1qn pattern was curv111near, and much more severe.,

“from\this studyjPatterSOnu~concluded .that ‘measured‘,ox




' ‘;measured b

n

uptakelxnh1b1txon caused by a toxicant, is a function of not
only the toxlc concentratzon but also a- functlon of the
sludge physzologxcal condgtlon and the contact time between
the sludge and the toxxcant | |

Acoopdxng to "Hass (1979) he OUR 'measnrement of
activated siudge' can be used as an indicator to detetmine
the presence of toxic- substrates. ‘This actlv;ty parameter
can’ be determlned‘ rap;dly, and adgusted to compensate for
variation in the process caused by changes-ln the ‘influent
waste strength‘ influent‘flow fate orlthe presence of toxic

g \
mater1als. OUR of mxcro organ1sms was found to be EeSpOﬂvae

I 4
to the tox1c; compounds, such " as heavy metals, copper,
nickel, and phenol, which may be present in° the  influent

ra

wastewate:.‘

‘ 2,2.4!OUR Not‘anQXndicator of Effluent'Quality;‘
i ContraVening ‘opinions are ,found: in ‘the zliterature
‘regardlng use of DO and OUR as effluent quallty ‘contfol ¥
parameters. Most however,‘agree that both DO concentratlons
and OUR in the aerat1on bas1n dzrectly relate the response
“ of the m1croogan1sms to the var1at1on -in 1nf1uent loadlng
Edwards and Sherrard (1982) suggested that var1at1on 1n thell
fOUR ”a, chang1ng 1nf1uent flow and organzc load1ng does.

o

fnot necess r'ly 1nd1cate a change 1n the effluent quallty as-n

OD and COD They stated that OUR can not beif
' Used as a con 1 parameter for thesaee&vated sludge process
gf“wheﬁ;.treatidg\,' h1ghly ‘varlable 1nfluent quantlty and.

\
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QUalit?‘ flow, Flgure ‘255 (Duggan and Cleasby, 1976) "

illustrates a hlghly variable and fluctuatlng "OUR ‘with"

llttle or 'no change ln effluent quallty.
2.3 Present Oxygen Uptake Measurement Models:
2.3;1’Standardﬁneth0ds

. To measure the oxygen uptake rate 'of an. actlvated

Sludgef Sample, an appropriate volumev‘of an “oxygen rich

‘sample is placed in a bottle (uSually a 300 m1 BOD bottle is

used) The dissolved oxygen measurements of the’ sample 1s

"

carrled out in an enclosed environment whxle the sample is

"agitated. The drop in the dlssolved oxygen (DO) 'is measured

with respect to. time. By plotting the DO. vs vtime on’

slope of whxch represents the OUR of the sample.
2.3.2 Resp1rometer. o . a
Resplrometer is one of the  basic devices used "to

a a’

measure the oxygen‘ uptake rate‘ of micro- organlsms..Otto

Warburg in 1926 flrst came up w1th the ldea wh1ch is .ther
' ba51s .6fr the manufactured dev1ces today ‘Al dlagram of the‘,."

automated model of the act1yated sludge, resplrometer 'is

-~
shown‘rn F1gure 2.10. i

A,

The un1ts operatlon requlres that a. sample of MLSS ‘bé

.‘placed fin' the aeratzon column and then the column sealed’

‘Hfrom the out51de env1ronment. An air compressor c1rculates a

LRI ’ .
h .. )

arlthmetlc graph ‘paper a, stralght line should result the -



’ !
ol
%2
2 Liter
® Aeration
Column
o
N\

ot

o

P
..
o®
. ®
o o,
ee @
o0 0
L
..‘.
00’

>,

“

Pressure Sensitive
Transducer -

Recorder

cO,

&2,

>4

27



. 28

[

fixed volume of ‘air through an air diffuser to provide,
oxygen suppiy and mixing to the column. As oxygen is
utilized Aby the micro-organisms, carbon Qioxide (CO,;) is
produced. The off-gas froqlthe column is "then circulated
through a potassium hydroxide (KOH) solution, where CO, is
immediately remgoved. The net effeéc is a decrease in the
volume of gas. The system's pressure 1is continu;usly
monitored and recorded by a trénsaucer. The output from the

transducer serves as a continuous representation of the

oxygen uptake by the micro-organisms dQuring that cycle time.

2.3.3 Automatic Respiration Rate Measuring Device.
n

‘Fujimoto, Iwahori, and Sat5 (1981), developedl an
athmatic‘ respiration rate measuring device. The principle
of the measurement i§ based on the standard method for the
sewage examination in Japan. Figure 2.11 shows the block
diagram of'the respiration rate analyzer. It is composed of
a sehsing device which 1is submerged in MLSS, and an
electronic cirguii ‘which . controls the sensing, and
calculates the oxygen dptake -rate. The sensing'device is
made up of a DO eiectrode, agitator, a measurement tank with
temperature detectog, and two valves,‘one.for sample/iniet‘
and oqtlé; and the other Eor air outlet. |

The ‘genefal operation of the device is as such:
approximately one litre of sample is transferred by an air
lift 1into the measurementytank, aeration is continued until
the required DO_levél of Sjppm is reached, the air within

C.
-
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Figure .2.11 Block diagram of the respiration rate analyzer.

4

(Fujimoto, Iwahorio, and Suto 19B1) s
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. ! -
the tank is then extracted. The solution 1is continuously

agitated\and the DO concentratiop is detected through the DO
| L N , .

electrode,. The duration in which the DO ,concentratxon‘ is

decreased ' by. 2 ppm is measured accurately to calculate the

.decreased \DO concentratxon per unxt tlme (QUR). This
\
measuring process takes approximately 15 to 30 minutes.

This reqpifation'rate analyzer has. been tested under”
. \ : I

laboratory conditions and on an" actual treatment plant.
Satisfactory cgmparison has been reported between' manual

analysis valu% by the standard methods andfthe indicated

values by the aytomatic respiration rate analyzer.

-




3. Design of the OUR Apparat#g.

-

3.1 Objectives.h

‘The objective of this sﬁudy was to désign an apparatus
‘,which autbmafibly measures the oxygen uptgke'rate '(OUR) of
'  Aicro—6rganisms' in an ‘activa§ed sludgewﬁreétment proéess.
The apbaratus hgst be capable of'automatiéally collecting a

saﬁple of activated sludge, aeréting the sample for a giQen.
' time to éreate.an oxygen riep environment., ' measuring ' and
‘recording the DO ¢ohcentfations and  temperatures,of the

sample while it is being agitafed. Finally, it\;;§f37relea§e
. B " , \ 0. ‘ . .,I
A

the séhple and start the operation agaih.
Tbe total aﬁtbmation‘of this appératus‘:is ver} much
desirable to reduce the 'operation manpower} ahd costé\of|
conventional OUR determination procedures. The total
automation’ will also résult cin a consistent methpd of .
'méasufement.AThe DO concent;atidh‘lof“fhé sample‘ must be
measured at a giVQn time inte}val. The decrease in the
. .sample's DO concgnttat&on with respect‘tb‘time can then .be
;ﬁlcuLpfed to obtain the OUR'of the micro-organisms.
3.2 ‘Physical Design‘
\ The baéic physical desién of the OUR Apparatus consists -
. of:a,tank'which " holds a constant 901uhe 6f .sample,t én
agita;;r ‘wﬁigh can Se controlled to'mii;the sampie‘at all
mtimes;'andﬁéa dissolvéd“oxygen “probe to detgct the DO

concentrations of the ,sample at any given time. After a

& t
31
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volume of activated sludge is umped into the apparatus
measurementﬂ‘tank the sample has to be aerated to creatt an
oxygen rxchrenvxronment for the m1cro~organ1sms utllxzatxon

'Thev constant mxxxng of the sample,ensures a unxformxty of
the sample volume; therefore the detected DO concentratxons

. 5

will Dbe representatxve of the total sample volume. At the
end of‘each test.run, the sample has to.be‘dlscharged'and a
new volume of’sample is pumpedyor drawn into‘the measurement

tank. h ' : ‘ A ’ o ﬁ

’ The main use of this apparatus vould b; at a sewage}
treatment facility. Therefore, it is important to des1gn. a‘
unit yhich does not require any special needs, and is small,
portable, and alsob‘durable "in ,a harsh environment. Two,
prelimlnary, designs of OUR apparatus were studled; One is
the cylindrical type and the: second\ is ‘the cone type.
Although both units are ba51cally the same, vafter the

.preliminary evaluations the cone type unit .was: built for

testing.

3.2.1 Cylxndr1cal Type Desxgn . |
,The' diagram of the cyllndrxcal type is shown in. F1gure
3.1, This deszgn con51sts of five solen01d valves,,“two of
which ‘are for sludge inlet and. outlet, one’ for washing the1‘
tank after each test run, one for air to aerate .the sample
‘and one valve at the top used .as an exhaust valve to let out

air; a DO probe wh1ch ig located approxlmately at mid-height

of the‘ cyl1nder, and a magnettc mlxer whzch the eyl;nder

A

*
ot
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measurement tank sits onptop of:

A sample of activated sludge is punped‘\into \the
cylxndrxcal measurement tank through valve Q(v1)' ‘After aﬁ
desired volume of sample (whxch is controlled by the pumpxng
»txhe) is quped into' the the cyllnder the air valve (VZ)”
automatlcally»opens and the sanple‘ls aerated. The sample is‘
constantly mixed to " help the oxygen gdistribution and
uniformity "of the’ sample Valve (V3) which ‘is an exhaustf
valve,.wlll stay open durlng»the aefataon to prevent any
‘pressure build up. After the sample is- aerated the a1r valve -

" and the exhaust valves are closed The DO concentratlon -of

’the‘ sample uis monitored by the DO probe and‘recorded with

. respect to time. At the end of a run the exhaust valve. (V3)

'opens and the sample is dlscharged thr6ugh valve (V4) The
‘gvcyllndrlcal tank is washed at the end of each run by opening |
‘the valvé (V5) and pumping. clean water 1nto the tank.

'fThe de51gn of the‘ cylzndrzca1r4un1t appeared - to ‘be -
‘ sultable. However, two problems were 'foreseen w1th thls*

‘des1gn One was the variation of sludge ,volume in the

’ sampler. The ‘volume of actlvated sludge sample in- the tank

1 is dependent upon the pump1ng durat1on and any change of the

: pump1ng ‘rate would cause a change in the volume of sample
vused from ‘one- test run to another. The second problem that
‘was foreseen was the f1nal washlng operat1on ef the tank ItA
1s 1mportant to start each test w1th a relat1vely clean tank;h
.{51nce leftover mxcro organxsms could affect the next sample;

of:ﬂact1vated sludgerp However, problems mxght arzse at‘

e
'8
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locations where there are no'accesses to clean water to wash

the > cylxndrlcal tank. Therefore,‘ a second des1gn.T was

con51dered in order to overcome these problems.

3.2.2 Cone;?ype Desigan

' The dlagram of the: cone shape 'deSign of the OUR,

apparatus is shown in Fxgure 3 2. To develop this des1gn of

the OUR apparatus two new object1ves _were con51dered © One .

was ‘thel self cleanlng feature of the apparatus, the second

b
each test run.
The self—cleaning characteristic of the apparatus can

best  be’ abhieved by a 'cone shaped measurement: tank.

Therefore, at the end of each test‘run'the‘outlet'valve (V3)‘

opens up and the .sample volume‘will flow oUt under gravity.

iTHe outlet openlng under the cone tank must be blg enough tor

allow a. free outflow of the actzvated sludge sample. Some
suspended sol1ds can settLe dur1ng the testlng operatlon and
~cause an’ obstructlon thh» the outflow. In th1s case the

A

j The cons1stency of the sample volume between each test

| :run can prove to be 1mportant in’ relat1ng and comparlng the.

mflts from one. run to another.<To assure a constant volume

t

\:of sample for each run, "an overflow control system‘-was‘

'p'udesrgned~rfor 'the apparatus.v By pump1ng the sample volume”

g

: past the overflow cpenzng a constant he1ght of the sample-=‘

N \

‘:volume 1s ensured.

was some means of obta1n1ng a constant volume of sample for -
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The cone shaped OUR apparatus is made up of a .1000 ml

settling’ cone which is used as a measurement tank, a mixing

motor placed on top of the cone, three selenoxd valves tvo'

ffor‘ the sample inlet and outlet and one for aeratxon of the

e

sample an overflow openxng to 1nsure a Qonstant volume‘rof

sample ‘for each test run, and a DO probe whxch 1s ‘built on

‘an angle for a better measurement of the DO concentratxons
At the start of each run the. inlet valve (V1) and the outlet

E valve (V3) are opened to flush out all the old sample- whrch:

mxght be ' present in the lines. Then activated sludge is

pumped or let in under gravxty from ‘thef inlet‘ valve (V1)‘

‘1nto " the measurement tank. The sample is then aerated for a’

specified per1od of ‘t{me to generate an oxygen 'rich

'env1ronment for the‘ growth ‘of micro-organisms. The sample

aerat1on is achleved with a portable air compressor having a.

‘power of 460 Watts. Contlnuous mixing of the sample durlng

the operat1on results in an even dlstrxbut1on of d1ssolved

uloxygen and un1form1ty of the. sample. ‘The . DO concentratlon of
'"the sample 1s detected by the DO probe at any glven t1me.
’_The drop ~ln‘ the DO concentratlon “with respect to tlme
*,represents the oxygen uptake rate of mzcro organ1sms 1n the
psample of act1vated sludge. ‘At the. end of each test run the
'jsample is d1scharged through the qutlet valve (v3) pand, the

'apparatus is: ready for the next test run.

.o
‘-
'
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3.2.3 The Proposed‘Deslgn of the Apparatus

| From‘the preliminarcy studies'of the ‘tvo OUR devices,
fthe conelshaped design was selected‘ The advantages"of this'
"design are the constancy of the sample volume used for each
'test run and its self cleanlng feature. Thls design was also‘
found to be more flexlble for future alteratzons which might
larlse from experxmental runs.. The size and the shape of the;.
measurement tank can easxly be changed ‘Th ‘-deptht speed
,and dxrectlon ‘of the m1x1ng propellers can be ad]usted to
‘optxmlze the mxxxng of the sample A more, unlform aeration
. of the sample volume can’ also be achleved w1th tbls de51gn
of the apparatus, ‘ ;,‘ I :

The fpossible problems whlch can he:foreseen with this

‘design are} | ‘ |

1. The size of the openzng for the 1nflow and the outflow

4

of the ,act1vated sludge sample. ‘Depending on the

characteristics of the activated sludge sample this

2

'openlng m1ght get plugged and stop the operatlon of the -

apparatus.

J2.~\The szze and shape of the measurement tank The sxze' of

“the tank nght have to be 1ncreaSed to g1ve a better,”

'frepresentatxon of the orlg1nal volume of m1xed lzquxd

Also,, the shape of the tank m1ght have to be changed to. l

achleve a better m1x1ng of the sample.
‘3;.‘The self—cleanlng 'feature‘uof . the happaratUS;;‘ The .
x‘rat1f1catlon \pf~ this‘ feature, as‘ to whether vfn

. 4
acceptable cleahlng of the apparatus is. ach1eved or not,



39

g | will be determined,through‘experlmentaliruns;“
4: 'variation of the sample temperature | ‘Thef sample
rhtemperature ‘changes after xt is taken .out of the volume
of the mxxed 11Quor. The duratzon of each test run is
short and the’ sample temperature is nottexpected to’

" . change enough to affect the mxcrororganxsms activity and -
theh oxygen ut;lxzatxon rate, 1In the case of large
temperature varxatlons the sampler tank can be 1nsulated‘~
to | keep the temperatures constant throughout the
operatlbn.

The signifiganCe of' these foreseen and other unforeseen
problemsrwere‘investigated through a series of test runs.
3.3 Automatlon'of‘the OUR Apparatus;

One of the" major objectlves in the de51gn of the OUR:
apparatus uas " its automat1on; A sample volume mustf
“automat1cally be‘drawn into-the 'measUrement‘ tank,’ aerated
‘untzl an oxygen r1ch env1ronment 1s obtalned monxtor the DO
concentration and temperature varxatzdn then dzscharged. At:
tmthei éomplet1on of each test run the apparatus must record

the collected data then proceoe to the  next ‘test run.‘lTol‘
acqu1re this .type of automatlon, computer and electron1crs
fsystems were 1nterfaced to. the mechan1cal structure f"the
tvapparatus, and a sof%ware program was wr1tten to carry out
'the operatxon of the OUR apparatus.
. Thel mzcro computer>' was programmed beforehand ‘&’

‘ systemat1cally collect the sample monltor and record the DO -



=
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and the temperature values of the sample at a given”‘time.
1nterval ' then‘ rélease the sample. The inlet, ouslet, and

the aeratxon valves of’ the OJR apparatus are all

'1solenoid type which can be opened and closed at. any time

w;th a 51gnal‘through the mmcro~computer. by the software
Thex mixing motor and the inflow pump are also controlled by
the‘ computer program. The. DO concentration and ' the

temperature values' of"ther sample are detected  with 'a,

'dlssolved'oxygen probe wh;ch is lnstalled in the apparatus

'

The detected values are then- slgnalled back to the computer‘

to be stored on magnetxc dlSk '

-

‘3 3. 1 Computer and Electronxc ank

The total automatxon of the OUR apparatus is achieved

through ‘the lxnk of -the computer and electron1c systems with
‘the - mechanxcal structure» of\ the apparatus. - The

micro—computer system applled to control the operat1on of

the apparatus is operated through software programs,_‘and'

o erator's. 1nstruct10ns. This m1cro-computer system jis
capab of storing ‘the collected, 1nfq£va1°n ,an.a;‘data

: N\
reglstry\\system, elther a floppy dlsk or a tape. The stored

{
1nformat1pn can- then be‘saved for the product1on of a hard

/

,copy.// These technlcal requ1rements of vthe controlllngf

14

m1cr -computer system are avallable by ‘ most 'fof‘ the. .

~~~~~~ . \

;mxcro computer systems/ on ‘the market-‘ however the main

: ob)ectlve whlch led us to the system selected was‘ the ,¢ostj,

\of; the ,systema one of ‘the older models of the Commodore'
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micreecomputers was used in this studf.‘lt will be described
in’detail in later sections. In future developments of the
automafic OUR apparates, ehe Commodo:e‘ 64 or IBM PC
mi¢ro-computers are _reegmmen@ed;v These system are more
édeaHCed than. the -one used and’afe still available at a

' reasonable prxce. Also ‘the software pregrams . developed vin
this' study can be eaeily modified to operate with these
micro>¢omputers. | RS

The electroniC‘bsystems which weére required in the

éﬁtdﬁation of the OUR apparatus are an AC solid state
switching device' and an . nput/Output system in conjunction

" with a DO and temperature measurement metes. The AC solid
state swig??ing device is used to control the operation ,of
the 120 volts AC devices 'on the OUR structure, such as tﬁéw"
opening and closxng of the solenoxd valves. The Input/Output

- system in; conjunctzon ‘with a DO meter is used ‘to collect DO
and temperature»’measurements, and to relay these values to
the micro- computer system. These two electrlcal units can be

‘Eff”ér in one box to form a single electr:cal system

which " is greatly 'rebpmmende§  for - the future designs.

. However, 1n thxs prelimiﬁary .deeign and Stedy ef the OUR®

‘apparatus these un1ts were developed separately and are
ref to separately Tﬁe‘ AC solid’ stq5e system is
referted to as the D1ssloved Oxygen Chamber Control (DQCC)V
un1t, ane the Input/Output system plus the DO meter is,. .
|be£erredi to -as the Dissolved Oxygen and Temperature

; Mon1tor1ng (DOTM) unzt.



oo
3.4 Computer and Electronic Systems Used.

The computer control and the electronic systems used in
the dgvelopment of the automatic OUR apparatus can be broken
down to three units. The main computer unit Which controls
the two electrical units, is the Commodore 2001 series‘ﬂPET)
micro computer. The second unit is the DO and temperature
measurement device which is connected to a dissolved oxyéeh
probe to detect the DO and gemperatu;e of the colleéted
sample; The thirdA unit 1is the Dissolved Oxygeﬁ Chamber

control device which is responsible for sample collection,

aeration, mixing, and discharging of the sample. The

'

" relationship of these three units with each other’ and with

the apparatus is illustrated in Figure 3.3. The Motor Speed

-

" control unit shown in this figure is a temporary unit which
b -

“controls the speed of the mixing motor on the apparatus. In

future designs this unit can be included with the other two
units or it can. be totally'EITﬁiﬁ;ted if through out the
experiments we find that the vafiation of the sample's
mixing speed -dose not affect it's OUR measufements.,For
detail operation manual and thke - instructions of the
Automated O;ygeh ﬁptake' Raté_'Méasurment system refer to
Appendix F. ; |

The Commodofe 2001 series (PET) computer is programmed,
using a Basic 1anquge program, to operate the Dissolved

Oxygenl Chamber Control’ devi;e and the DO and Temperature

Measyrement device. Signals are sent out from the PET "to

these units to carry out their task. The ‘Dissolved Oxygen
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Chamber - Control unit handles the opening and cloéing"of the
soiénoid'valves on the OUR apparatus, the_turning on and off
ﬁhe pumping and mixing moﬁors, andﬂoperating the compressor,,
for the aeration of the sample. ‘The DO and Temperature
Measurement unit,'in response to PET's message[-detecxg the
DO concentration or the temperature of ‘the‘ samplé. IThe‘
measured vaiues are Eransmittedlback to ﬁhe Qain computer to

'be stored in-its memory bank. The stored values are finally

dumped \into a floppy disk for storage and print out .

3.4.1.Micro—computer System.

»The micro-computer system associated with the OUR
apparatus is a Commodore ' 2001 'series (PET). This system
consists of a screen and keyboard with a 32k memory,?a
.Commodore model 4040 dual disk drive, and a Commodore 2022
series printgf. The Commoﬁo;e series ZOOT (PET) computer was
modified by the University of Alberéa,'Department‘ of Civil
Engineering Elecfrodics Group to interact_Qith-the”DissloQéd
Oxygen Chémbe; Control device and tﬁe DO andf‘femperature‘
.'moqitofihg déviée."

‘ To -progréﬁ the PET computé; tol'dperéte the  OUR
app;rafus a software program called the "OﬁR;O?ERATION" was |
develéped.'This program is»loaded to thg- 6omputé: memory
ffom va floppy disk. By]runﬁiﬁg this interactiVe prpgtam'and
feeding all the required information, the computef- will be -

able to ope:é;e thé‘OUR apparatus.



The PET computer sends out messages to activate tne
Dissolved Oxygen Chamber Control and the DO'and Temperatura‘
monitoring ' units. ”Theret"is a one way communication line
between the computer and ytﬂe Dissolved = Oxygen Chanber
Cbntrbli‘de;ice. Messages are only sent from the computer to
thecdevice and there‘ are no messages returned from ' the
device. Howeuer, the 'DO‘and Temperature monitoring device
and the PET computer are on a two. waf ’communication line.
PET computer sends out messages to the device to'collect a
‘DO'or.temperature reading.‘This collected data are then sentﬂ
back }to the PET eomputer to be'displayed on the screen and
then storea on a floppy disk. | |

4.2 The_Disso{ved Oxygen(Chamber Contro; Unit. .

The Dissolved Oxygen Chamber Contro% (DOCC) unit is an
eiectrical control system‘ designed by the University of
| Alberta, Department of C1v11 Engineering Electronlcs Group
to operate 'the, soleno1d valves,,-m1x1ng motor, and other
‘electronlc devices on the OUR apparatus.' This un1t has a.
capacxty of controll1ng up to seven 1ndependent 120 volts aC
devxces and it is attached to the OUR apparatus structure.
| Computer signals are f1rst sent to the DO and Temperature
'monztor1ng unit, then the appropr1ate commands are sxgnalled
to the DOCC unzt‘to operate the,ACHdev1ces. R
’ Five c1rcu1ts of the DOCC unit are. currently be1ng ‘used

- to operate the OUR apparatus. TheV extra c1rcu1ts are

avaxlable for future control opt1ons. Each{ of . the three‘

I's
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solenoid valves,.the mixing‘motor, ana the inlet'tpump, ‘is
connected to a separate circuit. The switching on or off of
the cxrcuitsaare carried out by the ‘Signals from‘ the PET
computer. At the start of the operation all the circuitS'are

initialized to be closed. 1In “the case. of the solenoid

valves, if  a circuit is switched on, the valve is -open and .

llf the circuit 1s switched off the valve is shut closed.

L

With the ‘present desxgn of the DOCC unit the mixing
rate and the inlet pumping‘rate can not» be controlled In
the future these control options can be added easxly to the
system Presently, the mixing rate‘ of ~ the .cmotor is o
controlled by two other units,~one a”sichannel Motor Speed
Servo Controller'systembwhich is used to adjust the mixing
rate, , and a second dev1ce which switches the direction of
the propeller S rotation from clockwise to counter,

clockwise., These devices can be adjusted to optimize the

m1x1ng of the activated sludge sample.

Al

3 4.3 The Dissolved Oxygen and’ Temperature Monxtor1ng Unit

The Dissolved Oxygen and Temperature Mon1tor1ng (DOTM)

unit ’ has been put together by the Un1ver51ty of Alberta,.f

»

Department of Civil Englneerlng Electronlcs GrOUp, "using- a
51m11ar de51gn as a commowly used portab1e~Yellow Spr1ngs

Instrument - (YS;? DO meter. This system was 1nterfac€d with

- the PET computer. B - »‘ o S “' N

Like any ordinary Do meter, thlS un1t has been desxgned:

to be ca11brated for DO . readings. The operator has a choice
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of three calibration methods, Winkler ?itration,‘Saturated

©  water, and air. The three methods are described in _the

Instruction Manual for the Dissolved, Oxygen Meter. To

-~ calibrate the DOTM unit accordiné to these' methods the’

,detected DO values are . flashed on .the screen of’the PET

computer w1th the ‘aid of the software program. These .
readxngs‘ are then ad]usted to a determzned callbrated valué

by turn1ng the knob on the DOTM unlt/ thus ,callbratlng the

devxce. !

.\ The .DOTM unit is on a two way communication system with

the PET computer. Signalsnare sent by -the computer to the

unit to detect the DO or temperature of the activated sludge_
sample through an ordlnary DO probe which is inserted in the
lsample. ?hxs collected 1nformatxon is then sighalled -from

,,the DOTM un1t to the computer to be stored.

)
k)

3 4 3. 1 Adjustment of The: DOTM Unlt.

The DOTM unit had to. be adjusted to 1nsure an,

.

”\\ﬁ accurate reportlng of the DO ‘and temperature values. The

qf‘\compatab1111ty of the‘ DOTM un1t w1th»é Yellow Spr1ngs

;\strument (YSI) DO . meter._wasT exam1ned through many*

N\ e
prelxmxnary test _runs 1n whzch the results of these ‘two

un1ts were\compared w1th one another; In the f1na1 pset

v

or tests the DQ read1ngs of the DOTM un1t were compared

- to two portable Dp mEfers’andra randomly used W1nkler_

t1tratxon test method or determlnxng DO concentrat1ons.
These exper1menta1 tests 'were*‘run untll satisfactory

,results were obtalned (so e\*of. the testtresulté'are
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‘ ot ‘
shown in the Appendlx A.)

To adjust the DOTM. un1t s temperature readxngs, the
readxngs of this un1t_were tested against an ordxnaryi'
'thermometer.pHowever;'dUe to a non-linear relatlonshlp
:between the measured resistance of the DO probe and the
true temperatures measured ' by ‘the thermometer;,these.
ireadings dld‘d not compare. well. This non—linear
relationship is taken care of'ln the YSIK Dé’ meterl by
‘using a non~11near scale on the temperature read- out qf'
the meter. We were not able to compensate for this
nonflinearity in the software program, therefore; it was
decldeddto‘approximate a linear relationship> for the
true temperature and resistancel values within ‘the
operatlng temperature range of the samples and program“
the software accordlngly. Consequently, we are only able
to approxlmate the temperature values of the ‘sample, and:o
sometlmes the true, temperatures and dthe reported'
'.temperatures can vary. up to 2.5 to. 3. 0 degrees Celsfus;'
'To reduce the dlscrepancy of the temperature readzngsd”
the system was cal1brated for ' the expected -range of
temperature read1ngs '.ofl”the"mixed llquor ’samples B

' collected from.a wastewater treatment plant.

3 4, 3 2. Problems W1th The DOTM Un1t. -
| The des1gn of the DOTM un1t was adapted after ‘an:
| ord1nary portable DO meter. A number of problems were‘
revealed 'during ‘the‘ alteratlon of thlS des1gn"'tou*

- accommodate: a new set of requ1rements. These problems‘
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v,lFor wthe design‘of the DOTM unit‘the‘zero‘reading‘
"<1ndlcator and the red l1ne ;ndlcator of t&FV‘YSI
v‘portable DO  meter lvwere“ bypassed mﬁThese
_‘ alteratidnscaused‘an>error‘in the: operation‘vot
the“unit;;Thus, it was cbncluded that no chanées
“,can be ‘made to. 'the de51gn‘ of the DO meter
‘circuit‘ Therefore, on the DOTM unxt as. far as
lthe DO and the temperature readzngs are concerned,
, the deslgn is kept the same as the YSI}portable
DODmeterJ”The reQuired addltions which will allow‘{
ther interface 'of the unlt to the mxcro computer
'were separately ‘added to the end of the DO _and‘
temperature measurement clrcult. |

' ‘ o . ’ /\ \/,“
Some parts"of the portable DO meter(éircuit are

. .un1que to the system wh1ch caused some problems«e—
. A \
j,in the des1gn of the DOTM unxt. For example, he

fDO probe on the DO meter has fP‘ re51stor whlch‘
Trelates to“the ‘temperature read1ngs. The curve '(
relatxng th1s res1stor,r to-'nt,é:‘ tempe\ature

read1ngs s,fn‘ found in any electronlc hand

,book Therefore, ‘an. approxlmated curve for‘;the;\
:fre31st6r had to be manually determlned in §£aé}“
"‘to calculate the temperature values.‘ ThlS cUrve
Fflturned out to be‘ non l1near and caused many

1,the temperature values.

""a‘
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‘read1ngs.

w"‘y‘ “l g ‘., ' B

30 The unlt was. found to be ‘sensitive rto frequent
sw1tch1ng between DO and Temperature readxngs
The reason belng, that 4n the .case ‘of frequen
:sw1tch1ng ‘the4‘s;gnals from one channel were
produced,on’ top dthe. signa;s lfrom the'fsecondf

channel- ;i;e; dur1ng " the ‘alteration from DO

wo

""ki readlng to temperature readlng, the sxgnals from

the DO channel” were not settled down (gone to
zeroi before“the s1gnals for the temperature
‘readxngs were passed through To over come thzs
‘problem a short time delay was created in' the
software program to allow enough time for one
' signal to 'go to zero, beforevavsecond' signal is

‘read.
3.4.3.3 Recommendations.”-’ ' ~
It is recommended that for the future de51gn of the

DOTM un1t a separate probe‘ should - be - used for‘

\temperature and DO readlngs.-There are many dlfferent S

-ﬁelectronic temperature imeasurement systems ava1lablew

that ‘ ”n“ be adopted to the DOTM un1t However, the

s

' system wh1ch is chosen should have'a llnear\ reszstance-

versus’ temperature relatronshlp, hence, th1s liqear

: relat1onsh1p can be pr ogrammed 1n the software to result_

in Ia- more accurate. calculatron_ of “the ,temperature

r
/‘.

| The DO measurements c1rcu1t and the temperature'§f

'measurements c1rcu1t should also be separated Thzs wzll»

T -
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reduce the* background noise on the circuits, therefore,
s . S o . .
no.. overlapping of the signals can occur to cause any

error in the readings. 3
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B 4..So£tware Dereloped

Two different types of computer software programs ‘were'

'developed to carry out the requxred tasks of the automatic

i

,O*ygen Uptake Rate measurement apparatus -~ One ‘was‘_the”

‘"bUR,OPERATION" program which operates the’ OUR apparatus to

coIleqt samples and contlnuously measures, the avaxlable

dlssolved oxygen and ' the temperature of the sample.‘Thxs

.program .controls the sampllng txme and the 1ntervals at

which. the ‘data are collected{'The collected data are then

stored by the program on a floppy disk. The second type of

.program devéloped is the Printout program, which is used to

’ obtain‘a hard copy of the collected data and a plot of thé,

’

&, ! ' ) N .
data points with respect to time. There are three versions

of the printout programs developed, two of ‘which are

“designed to produce a hard‘éopy on the Commodore printer,‘

and one which produced a hard .copy through the Unlver51ty of

Alberta S computlng system.
The OUR operatzon and the Prlntout programs,are wrztten

in BASIC programm1ng language for the PET computer and in

,,FORTRAN banguage for the Unzvers1ty of Alberta S computlngu“

‘|"\‘

‘ s}s@e&ﬁ The BASIC language is popular with commercxal

‘m1cro—computer ,system5° by using th1s | language 7\the

[

interehange " from One computer to another computer is

'-p0551ble. The detall ‘flowchart"pand‘ the"l1st1ng of the

programs are shown in Appendlx B.

52
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4.1 OUR Operation Program.

The OUR Operation Program‘interactively collects the

necessary - lnformatxon to operate the OUR apparatus then the

xprogram accordxng to the glven 1nstructxons, obtains and

‘stores ‘the DO and temperature measurements of .the sample.

]

' The OUR Operatxon _Program s deszgned to"be simple to

operate and flexible to any‘changes which may ‘be necessary

in "the future. Thls program has been contlnuously revxsed‘

"Vand 1mproved in order: to achieve a more eff1c1emt‘ operation

technxque, and a better method - of'data collection,‘data

1

\ storage,landhdata‘presentation. The .operation of the OUR

‘operating program can be broken down into four stages; first,

is the program initialization stage, second is  the

_instruction and’ information collection stage, third stage is

the actual mechanlcal operat;on of the apparatus, and‘ the

[ ’
fourth stage is the decxslon—maklng stage of the program

where the dec151on 1s made whether to cont1nue or to .stop

The general flowchart of . the program g1ven 1n F1gure 4. 1

‘1llustrates the relatlons of these stages WIth one another.

The deta1l flowchart and l1st1ng of the program is glven 1n‘

-

Appendxx B.“

‘.Thev OUR OPERATION program can be '1mstructed to run

contznuously to' collect and analyze a number of samples. For

3

.each testlng ‘cycle the program creates one data f1le to

store the collected data. Each floppy dxsk s' capable 'ofw

'reglsterxng upf to 144 data f1le5° therefore, w1th a dualf

“‘dssk drlve the program can store up to 288 test runs w1thoutu

4
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Flgu;e 4.1 General flowchart of the OUR operation program.

- -
Initialization ot the"
Dissolved Oxygen & Temperature Monltonng umt “
and the Dissolved Oxygen Charmber Unit, '
’l | I’
,1. ‘ C . 4 S
.| Interactive collection of the required instructions
N to operate the OUR apparatus and collect data, ‘ ‘
| : The actual operation of the unit.

1. Collect sample, aerate & mix the sample,
' 2, Collect data-points and store them.
’ 3. F(e!ease the san'ple '

‘ Making a decksion; !

~ 1.To continue with the same instructions. -

‘ 2. Collect new set of instructlons
~_3. Stop. -

| #28#3

| ‘¢‘ . — - f\'l:" ! “ . . \ '
- #2 | Printthe summary.of the operation schedule -

I and ihe name of data file(s) where the data is stored.

n
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:any supervision. To increase this data storage capacity, a
A ) ' ‘ !
full data disk can easily be replaced with. an empty disk
during the operation of the program; thus, an unlimited
-v.\ ’ ‘A ) N .
number of test runs are possible without stopping the

program.:

\

4 1.1 Inxtxalzzatxon Stage of The OUR Operatlon Program.
~ At the begxnnxng bf the OUR operation program the DOTM
and the DOCC electronic ,gp'ts are initialized.  The

initialization of these sets up the communication

~1ines between them and the eomputef. The initialization 1is
7done by inieiating the Versatile Interface Adaptor (VIA)
computer chip' NO. RSSZQ, of éhe DOTM unit.. .The 8-bit
Si—directional' 1/0 of thﬁﬁ chip:are half-initialieed_to act
”‘es 'iﬁput, communication .iines and half as output
'_;communication lines. : . /
| | To insure a~§ucceseful initialization.'of, Eﬁis chip,
‘firét' the DbTM -unit. and then the DOCC-‘unit hes to be,
switched en before the OUR operation program is run. After

[

' the ch1p has been 1nit1a11zed signals .are sent'by the
"program to the DOCC unlt to shut off all the’ c1rcu1ts onh the
apparatus. At th1s po1nt all the communlcatxon 1Lnes between
the electr1cal unxts and’ the computer are identified. Many-
' compute:_ memory }ogat1ons are elso a551gned, at this s;age
of the‘prégeam, to receive and 'store data poiﬂts from the
DOTM unit. 1 | | |

-
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4.1.2 Instructions and Information Collection Stage. -

After the ihitfalization of the DOTM and the dOCC,A'
units, the OUR operating program looks for an inputtof the
opefation instfuctions. This- section of the Program is -
self~exp1anator¥ iﬁ the order and method it expects the
required information. There are two modes of obtaining
instructions by the program; one is the detail questionnaire
‘which is suitable for the . beginner, aliowing him  to
Qnderstand fully the‘questions.and‘the systqm'ﬁvoperation,
lané the second mode is a short questionnairé which |is

designed to spéed up the. data input progess: The full
' A ]

listing of both the detail questionnaire and the short

questionnaire are shown in Appendix D.
- The information collected by the prdéram is not all

.1
v

directly wused 1in the operation of the apparatus. Much of.
‘this information is used to guide the program during the °

operation: of the apparatus and some is stored with the

collected ' data points. for: future reference and

identification of the files.

4.1.3 MechanicaI'Qperatioq of The Apparatus.

This portion qf the OUR prograh is'responsible'ﬁor
", operating thé;appafatus'ana collecting fhe‘dé;a points; All
“the (operatio;ai ‘commandS.of th;\;bpaqg£g§i4§uch as opening
ahd closing of ;hg valves, are time-dependent. The Operatibn

of these ‘commahds Lwill‘ Be signalled according tolpre-set;

intervals of time. The reference time for -each of the



-

'57

intervals is the initiat&on of the operation. There is an
1nternal clock within the cemputer'which is set to zero &t
the begxnnAng of each sampling cycle. This 1nLernal clock is
cpntynuously chefked against ‘the startlng time of the
commands and as soon as the time is reached the command will
be signaled to be carried out.;

At the beginning of each sampling process both the

inlet and the outlet solenoid valves on the apparatus are

- signalled to be opened. This will allow for the flushing of

the o014 samples " which exist in the apparatus sample lines

. ‘ ) '
for approximately 15 seconds. Then the outlet valve on the
apparatus is closed _and the sample starts to fill the

»
1

measurement tank. At the same time, the miiing motor, the
air compressor, and the air valve are signalled to start

mixing and aerating the sample. The sample inlet line closes

after the measurement _-tank is full. The aeration of the

'sample contlnues as long as 1t has been instructed by the

ope:ator, usually 3 to 5 m1nutes. The sample is mixed for
the total duratiqnﬁof the test run. ‘ )
The colltection of the DO and the tempereture ;eadéhgs
will start after -the measurement tank is full and ghe inlet
valve is closed. The' frequency of ﬁhese' readings is
dependent on the instructions g1ven by the operator at ;he

beginning ' of the OUR operat1on program. The time at- whlch

“each DO and tempe;ature measurement is taken, and the

' Tioe : /
measured values are .listed on the computer screen for an

instantahedds show of the values. These data values are then
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stored in the computer memory and-eventuallyisaved under a
aelected file name ‘on a floppy disk. In the case of a series‘
of ‘test runs only one flle name is needed by the program.
The' program w;ll automatically .add to the end of the
origxnal file name the test run number; hence, each test run
can be dlscingq}shed with an original file namevplus its
numerical suffix.

To ’identify + the time of che'day at wnich a sample was
collected and"analyzed, the program has'a sub—routine' which
keebs track of the.time on a 24 hour clock; this sub-routine
also controls‘the daily, montnly, and annual‘increments.‘The
sub—routine?whas to.be set‘at the scart of the proéram; then
1t will automatically register the incremental changes.r The "

" time and ‘the ‘date at which a sample is tested are stored by
the program w1th each data file to 1dent1fy the file.'

At the \end qf each test run rhe«outlet valve on the
*apparatus will be opened and the sample "is washed out by

gravity. The progfam is’ then continued into the decision
making stage ro evaluare whether to Continue~nith_ the ’eame
information, or whefher to obtain a new éer of information,

bor whether to stop.

4.1.3.1 Communication .Between the ‘Computer and ;he

'
a

’Electronic Devices :1 . .

Theifoperational' commands are' signalled by khé
computer to the DOCC unit threugh a BASIC. command called
POKE. A computer memory locat1on is poked w1th a pre-set

binary numbérs. to carry “out " an operation. Memory

Y
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»
-~

location 36864 on the PET computer is a message route to

AR

the .DOCC wunit. The - single operation of the binary,

“numbers whi¢h can be poked at this location areé:

1- To open the inlet valve._
S 2- "To open the air valve. |

4- .To start‘the air cempressor.

8- To start the mixind motor.

16~ Tc open the outlet‘valveh

64- To start the inlet pump. )

128- Extra circuit.

By entering the ‘command POKE 36864,1 the inlet valve

ol

will open. A combination of these binary, numbers can .
also‘ be use’ fo’ carry out a series of.commands. For
‘example, by’ POKING the number 14 whlch is "the sum of
‘2+4+8 , ‘'the air valve, the air compressor, and the‘
m1n1ng motOr are all signalled to turn on at once.

The cemmunicaticn .lines between the computer and
the DbTM unit is a 1little mcre “cemplicated.“ Memory
’lecation 36876 o the PET computer is the commﬁnlcation.
. line to the DOTM un1t to read xeither the, DO - or- the
temperature measurements. BY pok1ng the. number 205 to
‘this locatxon temperature “measurementsw are collected
and number 237 will start the DO readzngs. The measured
values can be signalled . to the .computer thrbugh the
_memory locat1qn - 36865. ' To receive data from the DOTM
"unit'a.combinatién of ~BASlC; commands,. POKE and PEEK
| statments are_ used. The ,measured data. p01nts are

Lt A - ‘. .
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transferred one digit at .a time, and the commands for

\

each digital reading is:

»e

POKE36865,00 r DO=(PEEK(36865)AND15) . . First digit.
POKE36865;32 : D1=(PEEK(36865)AND15) . . Second digit. -

POKE36865,64 : D2=(PEEK(36865)AND15) . . Third digit.

POKE36865,96 : D3=(PEEK(36865)AND15) *. .. Forth digit.

‘.

-For each DO and Temperature reading three sequental
p :

measurements are ofgéined by the program_ and averaged;

the average values. are then stored. This averaging
process 'is designed "to reduce vthé error .in the
measurements. Electrical instruments are guite sensitive

to .small variations and can be disturbed easily.

" Therefore, Tby obtainihg three consecutive readings,,and‘

’avgraging.them, the error which. can be caused by a

. single ‘disturbance is reduced. The'thrée.readings‘whichi

‘are averaged are taken less than one second apart;

[

-

therefofé} :the:e should be. no meaSu;éble changé of théﬁ

valpeS‘betwéen the readings..

4.1,4'peéisibnrmakiné Stage

-«

the féqui;ed aata sets have beén collected and stéred, the

stage the program, - according -t6- the‘.initia1 input

After the operational stage'of theAgrOQ:am'is over and’
program continues to the Decision-making stage. At this

‘ipstrﬁctibns, decides'whether“to continue with the same

X



instructions, to obtaln a ‘new set of instrhctions and
7cont1nue,‘or.to stop. A |
f the program is 1nstructed to continue ‘for a given
number of tests, a counter sub-routlne is checked fo
determzne whether the total number of runs have been reached
or not. If th1s number is not reached the program is
1d1rected to the start of the operational program. 1f the
total number of test runs has been reached the computer is
finstructed to stop. . | | |
ﬁefore ‘the proéram is stopped it willnlist on'the
- screen the summary of all the operat1ons it has done and it
will give the name(s). the data flles under which the
collected aata arewstor%d‘ This summary is also given\if the

program is’ 1nstructed tor collect a new set of 1nstructxons

s
N

for its next run.
& 2 Data Prxntout Programs by the Micro- computer
d, The data pr1ntout programs by the m1cro—computer- are
spec1ally deszgned to read and prlnt a set of data stored by -
t!the ‘OUR.OPERATION program. The means of access1ng 'a ‘data
'£1le and the- format used by the data prlntout procrams to
:read a set of data are comparable to the method in which the
‘OUR OPERATION program' has stored the data vpo1nts. This
f-unlformlty between the programs w111 allow access“ tof‘thep
stored data flles and ~an accurate readout of the data

values'.'Ther data fxles collected by ‘the QUR. o‘PERATION

.. program COnsists'.of three sect1ons. First s the f11e5



-identification‘osection where all the inﬁormation regarding‘
the test run are stored The second section contains all the
collected DO concentrat1on data“ poxnts and the third sectxon’
contalns the recorded temperature measurements To ldentxﬁy:
the end of each file sectlon‘ in the data file, 'a dummy
variable is used. This' method of sections identification:
gives ‘the readout program. " the lflexibilityl of reading a
dlfferent number of data p01nts for each data section.; A
copy of the raw data flle is shown in Appendix C. |
Two- versions .0f the ° printout ‘vprograms by ,gthe
micro-computer“have been developed. One 1is a- detailed
:printout program (BA.PRINTOU”), this program reads . and
prints out all the collected data and 1nformatlon for eachl
test run; . it also plots two graphs, one being: the measured
\ DO concentratlons of thef‘sample vS. tlmeftand'seCOnd the'
'measured temperature of the sample‘.va. time. . The oxygen_
vvuptake rate value (OUR) of each test run 1s also calculatedh‘
‘and prxnted by th1s program. The second ver51on ‘of“the
pr1ntout program by the micro- computer 1s a summary prxntout
\‘program (BA. SUMMARY) Th1s program reads all the collectedl
DO concentratlons for each test run and calculates the OUR‘

5fvalue_of 'the‘ samples accordlngly.} These calculated OUR,,

,Galues“‘are f1nally l1sted and plotted agalnst the t1me of'”

| day at whlch the samples were collected : A more. detazledclil

descrlptlon of the data pr1ntout programs is .as follows.
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éjﬂo j4.2;1,mhefnﬂ.éRINroum-program"
The BA.PRINTOUT. program' is ‘the (detailed | printout

.‘program “through which 'all the‘collected,data‘points of an
individual test vrun‘ are listed. The. plots. of thet DO -

| concentratxons"vs. time and'.the‘temperature‘vs. time are
xalso constructed by this program. The‘plots created by‘ this

'program illustrate in deta1l the. var1at10n of the dissolved

/

test 'run. The program will also calculate and print the
‘Oxygenluptake Rate of the micro—érganasms for egch-‘sample.
The flowchart and the listﬁng'of thlslprogram arelpresented
,1n Appendlx B. o S K o |
The' requxred‘ instructions for the'BA.PRINTOUT“program
':5‘ find ' the 'data lees 'aﬁd to. operate ijhas"”to ~ be
interactively ‘1nput 1nto the program There is an opt1on‘
.w1th1n the program wh1ch g1ves the operator fthhf choice :of\:

/of selected flles,'

‘pr1nt1ng only one data f11e, or. a number
_or a serles of data f1les from a contlnuous test run. In thé.
'f“case where the- program 1s 1nstructed to read a ser1es of
T'data flles only the or1glnal name of the f1le and the number7
ﬂHofy test runs whxch have been stored under thzs name must bef
| gzven to the program. The BA PRINTOUT program, in the. same ‘1
”‘manner as the OUR OPERATION program,‘w111 automat1cally addy‘
“to the end of the orxglnal f1le name the test run number and
"ﬁpw1ll search for the data f1le on the floppy d1sk."‘ ‘
A copy of the przntout produced by ‘the BA PRINTOUTf:

Ei;nf-program 1s g1ven 1n Appendlx ¢. Th1s r1nt0ut refers to the‘

oxygen and the temperature values of the sample durxng the -
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‘sample collectéd‘ on Aprxl 19, 1985 at  14:04 ‘P.M.‘The
jBA PRINTOUT program plots consxst of“ three sectxons. The‘
first - ls the llstxng of 1nformatlon whxch glve the detaxls
‘dof the test run, such as the time" and date at. which the

samp1e4 was 'collected and analyzed. Also’ llsted in thxs |

section are the testing procedures including the,total test‘”'

‘time, ‘the total aeratzon time, and the frequency of the DO
and the temperature readxngs.' The . second /sectlon _ofl the‘

prxntout conslsts of the l1st1ng of txme 1n seconds and in
| 1nutes after the start of the test run-‘at' whzch the hﬁO_
preadlngs were taken, the measured DO values,‘and a‘plot of’
the DOfvalues vs. t1me. The OUR ’value of the sample 1is
"calcglated and printed at the end of thls sect1on. The third
sectron of. the<pr1ntout is the llst1ng ,9f3 the recorded“
'Lsample temperatures ‘made durlng the tezt run and also a plot

i

of the’ temperature vs. t1me.v'- ﬂf_; B

’

Accordlng 'pthe ‘1n1t1al 1nformatlon and DO vs. time','

‘plot shown' 1n Appendlx c sect1on C1 the sample was aerated\

—

for _the f1rst 4 1 m1nutes, shown by the 1n1t1al 1ncrea51ng':
Do concentrat1ons. After aeratlon “of he | sample. \the;
1 ava1lable‘ DO concentratlons ar gradually decreased as a{

,result of the m1cro organlsms ut111zat10n. The d1Ssolved.

_oxygen exhaustxon is reached about 25 mznutes after theg‘i:=

\IStart of the operatlon.‘The slope of the ava11able DO Lvs:

«

'.ht1me‘ plot represents the OUR value of the sample and 1t is~

-

‘calculated usxng the Least Squares method The jnumber of

data. p01nts whzch are used by thls method to calculate the_?

I '
. P ' e o p R Vo
t R ‘ 1
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.kdﬁk valde 'depends,'on~ the rate at which ‘the available
dissolved ‘oxygen _is decreased. Any | DO .fCOnCentrations
collected after‘ the ;aeration‘ stage,‘;down to‘_the DO
qoncentrations‘of .0 mg/L, are included in this analyszs |
g \,_‘Thls gradual decrease of the DO concentrations as a
result of m1cro organisms oxygen’ utiliZation is' ' very
similar_ to gthe results obtained through manual tests. The
slope'of:the available DQ vs. time graph varies dependlng on
the' number of micro—organisms.present, the degree of the;r

'_activity, the avallabilxty of 'substrates,‘ and many other

parameters which have been dlscussed 1n the second chapterh

”

ry
i

”4 2 2 The BA,SUMMARY Program. . . .
The purpose in developlnglthzs program was to calculate
I'the OUR value of a number of sample test runs from ‘their
collected data p01nts, and plot these calculated OUR values'
u'd(mg/L hr) w1th respect ‘to the t1me at wh1ch the samples were
_‘collected.v.* plot constructed DY ,thxs program‘ wllrv
*wzllustrate the varlatxon of the 'm1xed l1quor s OUR value'
dur;ng the operatxon of the apparatus. The flowchart and the'“

11st1ng of th;s program 1s shown 1n Appendlx ‘;‘
”‘The‘ means‘ of h program acce551ng ‘a data f11e and'

obta1n1ng the data po1nts from a 'szngle‘ test _run ‘is‘p

basxcally‘ the same as. the BA PRINTOUT program- however, the.,a~\’

data p01nts are not pr1nted or plotted for each ‘test -run.:“"

Instead the OUR values of the samples are calculated by ther'"

program u51ng the least squares method and the temperature
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measureménts of. the samples‘are averaged throughout the- test
' runl and stored in the computer memory All the calculated ‘
OUR values and the ‘averaged temperature measurements and

their correspondxng sampling "times are thehn 'listed and

plotted by the program. |
A copy of the BA. SUMMARY progr&h prxntout is ngen in
. Appendix C. This prxntout is made up of two parts Exrst is
the lnformatxon section wh1ch 1dent1f1es the date, and the
time at which the operation started and the names of ‘the
datav files vunder ‘which the data are Stored In the second
.‘sectxon a’ llstlng of the samplxng time and the correspondxng
OUR and the’_average temperature values of the sample are
' given. A pLotrof‘the OUR and the average temperature- values .
- with respect to :the sample collection time‘ is also
constructed 1n thxs sectlon, for a qu1ck v1sual study of .the
OUR 'and Temperature var1at1ons during the test perxod The

,vertlcal llnes ‘1ntersect1ng the plot _ 1dent1£‘bs' ‘the‘

’m1d n1ght of the testlng perlod

‘4 3 Transfer of Data to' University of Alberta' Computing .

. ]

System o

| More powerful and extensive methods of "data ’analysisﬂ7

\

‘and Q presentatlon-.‘are ”avallable on “the Un1verszty of :

/Alberta s computlng system.‘ Transferr;ng ;th data poxntsr

collected of thlS system w111 allow for further analysxs.'
) Wlth the Unxvers1ty of Alberta computlng system (MTS) ‘an

?brmous number of data po1nts can be stored and analyzed at
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a . much'greater speed than on"tﬁe Commodore’micro~computers.
Therefore, in general, it is more, advantageous 'to usejda
large system in data processxng ‘and’ analyzxng

In the followxng sections a description of the hardware
and software programs whxch were used to transfer the ' data'
files to the MTS are- given. Two‘ software programs were
‘developed in this stage of the study, one to condense a
) series of data files’into one large file. to be transferred
and a ‘second software‘program, developed on‘MTS using.the
Fortran‘language, to‘analyze and plot the htransferred data
polnts." © - -
4.3.1 Transferring Technique

To transfer data files from “a floppy disk to the
‘Unzverxty of Alberta comput1ng system (MTS) a unlt Carled a
MODEM and a software program known as the XMODEM was used..
Th1§‘un1t and the software program are compatible fto Tthe.
o‘Commodore 64 Im1cro computers."Therefore;’,r rCommodore 64
vmzcro-computer\was used to transfer the flles._ : |
L Thep MODEM, attaches to the Commodore 64 keyboard. Thxs |
unlt is-thenlconnected to=a telephone llne, wh1ch 115* the
‘commun1cat1on 11ne between the Commodore 64 m1cro computer"
and MTS Through a. software program (Master Modem) Whlch FlSl
‘loaded ”inf to the m1cro computer, the phone number to the
‘AUn;versltYnof Alberta computlng system Tisf d1aled thus
‘connectinga‘the' two systems together. After a successful~

1‘connect1on of the two systems, the Commodore 64 w111 act



. a terminal onﬁthe U. of A. system.

The XMODEM software program is a program which will ’
allow‘ for‘ the ‘enroréfree - transfer of gthem files.‘ This
software program must‘be~avallableyboth‘on the microcomputer
and‘MfS ‘The XﬁODEM software is loaded on to”dthe' Commodore
64 mxcro~computer by loadxng the Master Modem program wh;ch
also operates the modem connected to the keyboard. On the
Unxversxty of ‘Alberta s computlng system (ﬁTS) the xMObaM
program 1s available in a library flle, and 'is activated by

L

the "$RUN pcs XMODEMF'P command,

N

4.3.2150ftware Program to Condense the Data‘ Files !for‘
| iTransfer | | |

As mentionednearlier, the OUR operation program stores

the data po1nts~ for 'each test run under a dlfferent fxle‘
name. It would be 1Q§fact}cal to. transfer each one of these

small files 1ndependently to the MTS Thereforel a softqa{f,i

program called a "DTD. CONDENSER" was developed in the - BASICj

language to‘ condense a ser1es oi data flles 1nto one large'

data f11e to be transﬁerred to -the MTS A flowchart andf a

115t1ng of hxs program is glven in Append1x B. Dur1ng the‘

ogerat1on of the DTD. CONDENSER program,- the p?bgram opensw."

one .data‘ flle at a time from the data dzsk It then cop1es““4

: that lee onto the second dlsk wh1ch has a flle open at all

2
tlmes. Therefore,,zt 1s 1mportant that durlng the operat1on

1‘o£ the program the dlsk drlves are dot dxsturbed atp all

When a ser;es,‘of data‘ f11es are stored on more than one -

2




floppy disk, the program is designed'to read as many data
i A
files as it can fromvone disk, then it will automatically

ask- for the second disk to continue with the operation of

the program. '

Y AT , . , .

¥ Ag{,% The information required by Lthe program to locate a,
series of data .files are inserted in the program "
, . \7‘}"‘,;“ ' ) \ i i - ,
 interactively. For -thxs program to operate ‘the

\

- 2

micro- computers must be eﬁhxpped with. a dual dxsk drxve <The
.program reads thefdata vaﬁues “from the &ndlvxdual data files

through the first, dxsk drxve and then it copies “them

4d1rectly to’ thej condensed- file‘on the\second”disk drive.
N . .

' This program has been,designed to fot oniy copy the data

‘points from a series of files into one file but also, to
Jdondense\the data file by eliminating any extra'hspaces
' - ' \ ‘ ‘e : ' .
between . the data point and ignoring any fepetltlous

1nformat10n whxch may exist tin. the data ‘file. The/xprOQram

r

elxmxnats any . dlssolved oxygen data pblnts lower than 0.5
. A v K

mg/L whzch will not be used'ln the least squares analysxs of

N the OUR calculat1on. . o N '
, | o R .. - ‘
In developlng the DTD. CONDENSER . program, - special

t
‘e

4‘attentlon <had to be g1ven _in proper readlng of the data

poznts and in copyzng thexr condensed ver51on onto the new’

Y

data 'f1le. The ‘format J% the new condensed f1le had to be

‘ g f‘ ? e *»'
ip_acceptable to the Fortran programs wh1ch was used on MTS to
4 “,

ﬁ“analyze ‘the data p01nts. In addxtxon, to properly copy each

L3

.data pornt from one dxsk td 3nother, .the condensed data

‘Eflles had‘”to be properly labied by the program for future .

" -" . “'“ J i o4 co "o
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identificatiﬁ.oﬁ the file.
,

4.3.3 Software Programs Developed on the University . of

g Alberta Computxng System '
| There is one program that has been developed on the
Univerayty of Alberta computznf systém (MTS) to analyze the
raw data transferred to this system.‘Thia\program is known
‘as the OUR.PCOT program, written in Fortran language. The
1i§ting of this program is'given in Appendix B. The main
objectibe_ in de;eloping the OUR.PLOT program was to produce
an accurate plot of the OUR values and to geaerate a
formattédl listing ~of the coliected data points to help in
analyzing and documentxng the experlmental test runs. With
the aid of this progrém a plot of the OUR values with
respect to their collectzon time .and a tabulated llstlﬂg of
the data values are made available in a matter of hours. Tﬂb
‘overall analyszs and comparlsoﬁ)df the experlment ~are made

eas1er w1th th1s type of documentat1on. RN

s -
al

* The OUR.PLOT program consists of four parts. First _is

.the data readout sectlon in which data 901nts are read from

.

a data file accord1ng to the format that they were stored in
_the- f1le. ‘The secoﬁd part is the data ana£y51s sectxon,'zngi

whlch the OUR values of each test fun is’ calculated by the“

*

program usxng the least squares method of slope analy§&s. To wg?

calculate Jte OUR values *y theCLeast Squares 'method' -hefrfﬂ“
program des1gned to e11m1na€e any data p01nts with a.
d1ssolved oxygen VQ%*?”’oj oless'htaaavr1.0 : mg/L.' ?réﬁﬂ

-

G
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- existing program to’ 1mprove.”the data. ,collection and
: .
.presentat1on techn1ques- the second 1s, write new programs

‘ , A

experimental runs it was noted that the rate of oxygen

‘utilization at ¥ lower concentrations of available dissolved:

oxygen did not correspond with the general rate Of. oxygen
utilization of the sample through out the test run. The
third section of the OUR.PLOT prgoram is designed to arrange
the data points in a tabular format and copy them onto an
output file. The fdﬁrth and final section of -the‘ program
ealls for a PLOTIT program to construct a plot of the OdR
and the average temperature values of' the sample versus"
their collection time. A copy of the table of data points
and the plot constructed by this program is .shown :in
Appendix C.

N

4.4 Recommendation and Improvements of the' Software Programs7

To 1mprove the practxcalxty of the OUR apparatus and to
I

: L ] N .
use it as a control parameter in an actlvated sludge‘-

wastewater treatment plant some alteratiOns“and'expan51onsu
T T N ‘

of the softmare».programs are ‘-suggested. " The ;suggested‘“

improvements are of .two kinds: one is the al;eration'of the

to 1mprove the data handllng and analyzlng methods. These .

1mprovements can be made as the need for them arises.

The OUR OPERATION program whxch operates the apparatus

.{and the pr1ntout programs wh1ch produce a hardcopy of the

'%data po1nts are the fxrsr ver51ons of thexr' type. Aithough ,

thesem_programs -were altered and expanded throught out the



. , l : 4 . .12
\ oo \

)

course of this study to improve the apparatus operation,
A

data collectlon, and presentatxon of the data; however, _the

ma in objectlves uof these programs were to be used as a
prellmlnary study of the OUR)apparatus and its capab111t1es.
Now that some of: the <capabilities of such apparatus are

understood, new softﬁare'programs can be developed to best

. [ . '
suit the requiremén;s of an on*~line automatic monitoring

system. With the exlstxng program 72 hours of half-hour

sampling data are collected on one floppy disk and a hard

"copy of the data is obtalned after 3 days for studying. Thxsp

\

delay between the data collect1on and analysis defeat the

main purpose fof the tproposed automatxc OUR measurement
apparatus' whzch is to be used as. an on-line controlling
parameter in an, actLvated sludge wastewater treatment plant.
The’ OUR apparatus can be used to detect any unusualf
‘changes of the okygen uptage rate of the mixed‘liduor‘inyﬂan

‘ .
activated sludge wastewater treatment plant. The cause of

-

these 1rregulac1t1e§ can then be looked 1nto 1mmed1ately to

'mznlmlze their . effect on the treatment process. In such a

Y

case, a qu1ck visual representatlon of the calculated OUR
values and a warn1ng ”tb"the‘ operatqr is 1mportant.«The‘

'Suggested recommendatzons to meet these object1ves are:

.\ b .‘ .
: I ' K\ e .
. . P ¢ -

Comb1n1ng the OUR program and the BA PRINTOUT program‘o'

Thls w111 result in ‘a s1multaneous przntout of the data
g values as .they‘%are be1ng collected Therefore, any

o unusual read1ng can be detected 1mmed1ate1y




o

73

’

3

2.. Expanding the OUR program to plot the calculated OUR
values vs. time of day on the computer screen. This plot

. ! N * | . ) . .
which has to be updated after each test ron will allow

for a visual detection’of any unusual OUR values.

3. Through many experimental runs, a band of acceptable OUR
.o . e

values can be détetmined'in‘whiCh“the normal. fluctuatfion
of thé OUR values takes plaée. Hence, the software can

be,.programméd to detect 'any“viqlations“ of these

acceptable limits, .and activate an alarm to warn the
operatorﬂof'this violation.
4. The data collection technique has to be studied further

to condense the number of data ﬁbints stored or

F o ‘ ) .

~collected. Only the important 'data  points should be
stored for hard copy 'and future reference.

‘ - / 5

,

§. Use .. of  the statistical..packages“ availabie on the

University of Alberta's computing system to‘analyzé the

‘ 'coilectedl data and 'fofmulatea~a relation of the OUR
values and the effuent qualkity pf‘the‘plant, Tﬁ}s will

o

'.l?“ l.:f
E ‘ o o SRS

- treatment plant.

%f‘

N ] .

% give. the ‘operator an excellent Tonitoring tool of the



5. Evaluatxon of the OUR Apparatus.

' The collectlve operatlon of the, .hardware and the
.software - systems was the next stage of development of the o
= : ‘ . . ‘ »
Automatic Oxygen Uptake Rate measurement system. These two'{

A

‘systems were found to work well independently, however,

‘after their initial collective operationg,;a few design’.
changes. had to be made dto improve the operation of the'
. ) . . 5]
{system A control 51: val;e had to be 1installed aftert the
N . ! ’ . Xl
air inlet solen01d valve' to control the amount of a{r
entering the COnef‘measurément'rtankﬁe‘Al%o, tlme:ﬁ;delay

DO-loops had to be insected into the software program=to

W

allow for the dra1nage of the old samples 1n"the lxnes at

the start and’at the completlon of the test run.. wo T
The apparatus was flrst tested with actlvated sludge
sample which was obtained from the Gold Bar treatment plant
in ah laboratory ‘envxronment. A se:1es ‘of' tests 'were .
conducted‘ nith ‘this sample to observe any flaws with-the

.

des1gn or operatlon of the apparatus.vIt was found that ?the‘

s

actlvated‘ sludge ‘sample was well aerated and mixed durlng

e the operatlon of the"'apparatus and’ the<'1nflow and ~the

)

outflow vl1nes were " never plugged therefbre, no add1t1QnaL

- P . -
v S e RS

alteratlons were necessary gﬁvg' R

Th-‘ system s operatzon and prec1sxbn of the apparatus P

°

'has been evaluated through three dlfferent testlng programs.

Flrst testxng sphedule was set up to show the accuracy and

Ly ot

; competency of the data collected by the apparatus. tﬁé fl

secondﬂ teStlng schedule was of long term to’%valuate the

. o R i REERE BN . N "‘,'0 ty
« ot * . - N . . . N N . . Y

s
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RS

apparatus as an on-line automatic monitoring system. The

chxrd set of  tests was a detaxled and short term study of

the results‘collected by the apparatus with respect to other

{ '
wastewater parameters.

t

5.1 Tests to Calibrate TheVApparatus

'~ . The competency of then system s operat1on and. the

accuracy of 1ts collected data values were examlned dur1ng
this preliminary testing. program. The DO and temperature
measurement of the-AutOmated Oxygen Uptake Rate . measurement

system were tested aga1nst two portable DO meters, random

~ Winkler DO measurement. and a thermometer. A typ1cal \set‘jof

*)the apparatus and a thermometer was +0. 996 Thls con51stent,'_fh

‘*vﬁ¥, The samples' temperatures vere also varled durlng tth‘;fd

m‘cglxbration test runs and were measured by:the apparatus andf'-'"

.comparzng

'data 'collected by these methods is shown in Appendix.A-
. Figures A1 A2, A3 and A4, All the ‘preliminary test» runs

uere conducted on tapwateru The samples were f1rst aerated K

3

to 1ncrease the1r avallable dlssolved oxygen‘ and then ‘the -

J;hoxygen was slowly scrubbed usxng nltrogen (N ) gas.

A h’xgh correlatmn of +0.99¢ to 40, 998 vas’ found in

‘M

over. e1ghty ‘DO data vaﬁues.measured by,the OUR -

fapparatusw" the DO meters and the W1nkler method ‘e"

fcorrelatxon between the temperature readlngs collected by -

o

N close relatxon f the results 1llustrates the accuracy ofﬁﬁ¢3;

the system.,ﬂ fﬁij'¢?f)fgf'?u - ‘-h g*'«7ﬁﬂ.hyf;gjf

I
v

a thermometer.t These data p01nts als“ﬁagreed well wlth one;fJ‘”




~another, as shown in the above mentioned figures.
After the preliminary test runs the apparatus was moved
'to the Gold Bar Treatment Plant for actual testlng and data -

'collectlon.

5.2 Long Term. Tests
R . The OUR' apparatus was moved to the Gold Barg Wastewater
| Treatment -Plant on March 25, 1985 and was set up at the
. aeratlon tank No 4 The_sampllng line was connected to the
end of the f1rst pass of the aeratlon tank. At the head of
the aeration tank, return sludge and‘prlmary effluent« enter-‘
‘ the ltank ,and are well mixed before sample 1ntake. The plan
view, of the aeratxon tank and the sampllng location is "shown
W1n Flgure 5. 1 | | | ‘
The-automated OUR measurement system was tested forW:a
'perlod of. six‘ months atl thzs‘ locatlon. Dur1ng the six

months, the apparatus operated for contlnuous runs of three;

":,cat txvej day perlods.‘f?h operat1on was only stopped toQJ

-

‘“'ealibrate the. DO meter and .as 'al result tof occa51onalrff

-electrlcal power fa11ures¢at the plant.

-

Dur1ng the L1rst three weeks at the Gold Bar wastewater

”'eatment plant, the apparatus .was‘ calzbrated.every daypf‘

L agalnst a’ portable Do meteq, however,,later, callbrat1ng the

»

be adjusted between 0 1 to 0 7 mg/l DO each tlme. ThlS smallj:f

adJustment is” normal for most commerc1a1 DO meters.

S B
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A problem whlch was noted durxng ‘the long term study,
b

.was, jthe‘ operatlon of the DO probe As a result of the long

term contac of the probe with the activated sludge ‘sample,

the~ anode (sxlver) part of the probe was tarnished and

.

'became less' sensxtlye ‘ Thxs did ;not‘”effect‘ tbe OUR’

measurements because the probe was perlodlcally calxbrated

o -
"'however the‘probe had to be.replaced every two: months. 'One

'

_aspect of the apparatus wh1ch needs more study is f1nd1ng of .
‘1-a new probe ‘that can wzthstand the- long term contxnuous o
nb;testlng w1th ‘the actlvated sludge samples or 'examine a guxck

"and'lnexpens1ve method of generat1ng‘the DO probe for reuse.

“The DO probe'used on this_apparatus was manufactured by YSI

| Ltd;"v"“ o | g o U | ' |
5 2, 1 Long Term Collected Datay

Durlng.the flrst three weeks. of the operat1on ,at}‘the
Gold Bar wastewater‘ treatment plant prellmlnary test'runs
: C_were conducted to con51der dlfferent testlng tlme duratlons o
'.iand measurement 1ntervals of the samples HDO and temperature o
;w_values. From these exper1mental runs 1; was noted thatwethe~l
Tmaxlmum .avallable dissolved oxygen reached as a result of

'df'aeratxon, was between 7 to 9 mg/l DO and that the d155°lved

"oxygen:ava1lab1e ?n the sample ‘was exhausted w1th1n 15 to 25
- AR

'f[;mlnutes after thé'aerat1on dependxng'on the t1me of the day.ur,:

- ?W1thr thls informatlon

N)._--

fe \ ..",‘?" Sl
4 RS ' . A
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follows' S

- Total tesc time of 20 minutes.. . o b

“

Every 20 mxnutes a: new sample of actxvated sludge .was ',
ollected by the apparatus for analysxs.

- Total aeratlon txme of 4.1 mznfte.; , e

s

It was found that ,w1th 4 1 m1nutes ‘of"aeration the

\

aE d1ssolved oxygen in the act1vated sludge would reach the:-

max imum range of'7 to 9. mg/l

v Y

- 'DO readtngs collected every 30 seconds.

.

| With thlS 1nterval enough Dlssolved Oxygen data poxnts
" are collected to calculate the Oxygen Uptake,Rate of the

'sample and also it does not overload the(system S memory
LN .

\

and the dzsk space.~
- Temperature readzngs collected every 240 seconds. BT,
I‘Th1s ¥ t1me ‘interval . forv temperature readxngs was -

”arbltrarlly chosen‘f‘to)* spot "bheCk“;thef, samp}e's )
l.temperature dur1ng the test run.n_t3157“7f‘v | ‘
. ! ? ' e

| Tables of data and plots of the data po1nts. collectedc;ﬁ‘"

o -

a;“dur1ng the s1x month testlng per1od are g1ven 1ibAppend1x E..,

iﬂfAs 1t was expected the OUR of the aeratlon tank does ‘not-{hf%Q

o




- o " - ‘.&1“; "};3 o ‘ ‘,. . . o o ‘. I‘ . |
” the" varing hydraulic‘ inflow of the plant“‘Theihydraulic

f1nflow to the plant adjusted for the detentlon tzme of .five_

.
N

ﬁ.\ hohrs 'Rrior to sampllng locatlon fis transposed on top

'

ﬂmeasured¥ values of a [contxnous test run,' 'is‘ shown ‘in
. ! . : L
"' Fxgure 5

A ! A

From thxs plot it can be noted ‘that the changing _
A ;nflow«rate and the ost11€at1on of the.OUR values correspond'
well with one andther. During thxs perxod a, storm passed by ﬁf

Edmonton and as a result of'hlgh runof f inflow and hlgher

dxlut1on of wastewater the OUR values have allfdropped.

‘Q*ﬂ‘ r ' s
¥3. [ ! 14
T, ‘ |
5 2ﬂ2 6peratlona1 Analyses oy T ‘o

Ay LA A . N )
From the six’ month operatlon of the apparatus and the

large number of data collected in thms perxod a number of

*

oy problems and phenomena were noted both w1th the operatlon of

—~,
T

<f?3 the apparatus and wlth respect to the treatment processr "The

1
o

K noted problems and phenomena can- be l1sted 1nto three

general categorles- one be1ng system_*fa1lures, the second Vf

process 1rregularaties and the th1rd be1ng the observed

.u(

process phenomenalwhich may be useful n' controll1n9;“he

Three types— of system fallures were noted dur1nqr,

the 51x month operat1on °f the apparatus. TheSe problems%f«

cons1st of mechan1cal falIures, electrxcal problems and”
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5, August 15,‘ July 2, 19, 20 and etc. (Appendxx‘ E)

, Lo . - ) )

. . o oo

PIE . ) . ‘ ‘ / " ‘ . ' . 82
.

' , RS ) » ‘ P .

These‘ types\lof probléms can be nﬁted durlng October 2,

Hhen the sample cOLleCtlon lxne or the dlscharge 1xne 1s

owlugged, no new sample is collected and the measurement

‘ N '.r .

\Fﬁitfsnk 'will not fxll, therefore as a result' of DO Probe' .

1

[

meter and the mlssed .measurement of thew tempera

'_readings.f Oca551onally it was Lound that the system

”(Append1x E), when Ithe system was callbrated and the
'fOIIOWIng OUR,T‘Values 3 dzd jnot agree o Wlth | the

» preegallbratlon OUR values wh1ch were generally lowerﬂ_.“

i“apparatus were noted throdghoutf
breported temperature readxngs wed

ltgdegrees Cels1us higher than the actual temperature.,Th1s

not hav;ng contact with the sample no drop 1n DO 'values

is ‘megxstered and the OUR values are, calcugated to be‘

0.0 mg/L hr or close to it. o "‘Ar'.“i_ R

., ~ '
" Another. type of mechanical“faifbre was the‘hxr_

1.

:compressor and the air lipe, which resulted in 1mproper

- ‘G

aeratlon of - the sampﬁts and’ varyxng OUR mea5urements ¥
These types of 1rregular OUR values cé% be seen durlngf
July 23 to August 5 (Appendlx E).

The only electrzcal problem that was noted thh the

system was the occa51onal out of callbratzon of’ the DO ,

Gy , i > o, A : 4"r

very much out of callbratlon. Thzs may be caused by th@

u**

probey{p,?,the electrzqal system An example of thls out‘T

_ofncalzbration can be seen on Apr11 1& and September 27 ,l

T e

o

. the ':‘ v

the test nrunSa Theww

.generallyﬁone to two1
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missed measurement can ‘'be related to the electricai
system which réquires imbfbvehent in the future.

The problems, with the micro~cqmpdter were mostly
reiated to the‘d}Sk drive and the data registrating
system., Occasjionally, for no apparent reason, a number
of data files were scratched or (lost on the ‘magnetic

a
disks. This loss of data files may be explained by disk

’

drive failure or by individuals tampering with the

”~

computer system. ;o

»

"5.,2.2.2 Process Jrregularities

1

From the data cpllected during the six month long
. , . .
operation ofpthe appatratus a general daily trend of the
~varying OUR values can be concluded. This'general trend
consists of oscillating OUR values with a épan of twenty
four hours. This oscillation consistently reached its
maximum around midnight and its minimum at approximately
midday. During the six month operation of the apparatus,
on many occasions this general trend‘of the QUR values
was violated which ~shows an upset of the treatment
procesé. Identification of thesg occasions to prevent an
upset of . the ;reatment process 1is one of the more
obvious and valuable applications‘ 6f. this; apparatus.
v‘Examplesl of some of the OUR irregularities and possible.
process disruptions causiﬁg the irreguiarities are
pointed out in the following.
Slug'inf%éw of toxic or inhibitory substances into

the treatment plant is a serious type of process



* . B4

d?étuptioﬁ. Toxic or inhibitory materials reduce the
micro~organisms' activity énd. their waste utilization
Abilities.  This type of ingib;tion can be noted from a
sudden degrease of the mi xed liquonKOUR values. Ekamples
of such occurrences,can be seen onf}ugust,]Z, 22, July
f6 and July 18 (Abpendix E).'Dgfing/ﬁhese dates the OUR
values of & group of samples have suddenly decreased
which violated the daily trehd.ilh Figure 5.3 a vfypical,
example " is given. The exten:R of 'proces§ disruption

N -

caused by the inhibitory subst

bce can be measured by
the magnitude and duratioﬁ of 'the irreguia?itieé-of the
OUR values; L | ‘
. A second typé of process?disrdption*is the inflow
of highly biodegradable subéténqes ‘which suddenly
increase the OUR -of the mixé@ liqdor‘and overload the
treatment process. Examples of éqch events can be noted
‘from' the .élo s of the Qata'éélleCted on Apfil«Jannd
Juﬁe 23‘(Appendix‘E). Iﬁ Figure 5.3 a typical exaéplekis
given. Thev increase‘ of ﬁhe‘ measured OUR values of a
group of samples which 'violates the regular trend
suggests inflow of highly biodégradaple substances.

A natural type of éisruption in an activated sludge
treatmént 'process is lthe effect of rain/snow fall and
runoff. In aamonton, a portion of the street runoff is
directed to the wastéwatef ifea;ment plant. ?he‘sudgen

—increase of the infléw and.. the street runoff, which
carrieg with it both toxic materials and biodegradéble

[

3
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‘ Fiéure‘5.3 Typical example of bﬁR irregularities- which may

be related to slug of toxic ‘ané“"highly‘biodeg:adabale

materials.



- stable and efficient operating treatment plant.

*5.2.2.3 Process Phenomena

] o | . 86

materials, cause disturbancé of thg treatment o process.”

After a storm, ,usually lower OUR values“in a-mixed

liquor are noted. Thls can be related to higher dllutxon
of vastewater, lower'temperatures, and street washout. A
clear‘example ot lower measured OUR values after a storm
is illustrated in Figure 5.2. In,‘this “figure, the
hydrauliec inflow and the measured OUR values before and

after a storm perxod are plotted on top of one. another

;Other examples of the decreaslng OUR values as a result

of rainfall can belnoted durlng May 24-25, June 13-l§f

23-24, July 16, ‘and August , 14-15 (Appendix . E).
!

Disruption. of the OUR values in an activated sludge

. treatment process caused by precipitation and runoff are

easily detected with . this type of automated OUR

monitoring system.
. ' o _
Jn general, detection of process problems and.

' . . \

irregulérities which have an .effect on the OUR values of

the‘miied liguor are made possible through the automated

. OUR measurlng - system. Identification of such

1rregular1t1es and responding to thelr cause before they

can upset the treatment process will result in‘ a' more,

P

From the data: collected dur1ng the six month

operat1on of the apparatus and mon1tor1ng of the mixed

;lxquor OUR values at the Edmonton actlvated sludge

- treatment plant, ‘three distinct and expected trends of -
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OUR varxatxons were noted One was the daxly trend.landf*

. B
variation of the OUR values whlch has already been'

.

 discussed in some detail. Second ‘is the weekly varxatxon

of the. OUR values and thirdly, the seasonal va

N | | N

the OUR values. ' ‘ 'l

:lathn of

. ) A'g\‘
Weekly variatifon Gf the OUR values‘ indicate that in

general the OWYR values of the mixed lxquo: are measufad"

. ‘
to be higher during the week . in compap%son to the |
. ' , ‘ h ‘ \ N . ‘\\' \. o .
measured values ‘'on the weekend'. This- treﬁd“ can be
’ : v

related to the higher 1nflow volumes durlng the week and
0 v .
‘lower inflows on the weekend A gn;me example ‘of the

. \

weekly trend of the OUR values 1s shown in Flgure 5. 4‘

The plot of the data during the‘two week-span of. May 9
to May 16 show a lower maximums and minimum QUR values.

“on Saturday and Sunday with respect to'the rest - oOf ‘the

week. : ' o o PN 4
The seasonal verlation of the OUR values is'eviaent )
by the lower OUR values during the spring endihigheg;OUﬁ

values during the summer time. This seasonal varizf?oh
of the OUR :values can be attrlbuted to the seaSonal
vasxatzon of the xnflow wastewater. Durzné the sprlng,v
as a’ result of hzgh raxn fall snow-melt and Stfee£<
rupoff ‘the 1nflow 1s dzluted and atna lov temﬁefe;uref
vtherefofe, lower. OUB values ate expecteé. Where Ss,'in"
she.’summefi ;ime,‘ theilinflow“ wastevaten isi~.more_
conCentrated ‘vith uiébef temperatures, and higher OUR

values.. are expectedJ Tﬁe' summary of ythe" seasonal

) 4
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variation of the OUR values in the aeration tank, noted

‘durxng the six month operatxon of the apparatus is ngen
i L

in Table 5.1. It is expected that duflng the fall and

wlnter the mlxed lxquor OUR values wlll decrease because

a

of lower temperatures and hlgher prec1p1tatxon

Adjustment\of ‘the treatment process ' to meet - the
'needs of the OUR. trends and varlatxons can prove to be

very important in reduclng the annual process costs‘ and‘
fimproving' the “effluent quaritv, An . obvious type of
f ' control is the adjustment of the‘blovers in.an’ aeration ~
tank The. blowers ' can be adjusted.to aerate the mlxed.'
llquor with a high xntens1ty durxng high. OUR demands and

at ~lower lnten51ty durlng low OUR demand This control

' r

of, the blowers' can cut down on the cost by effxctent use
of electrlcal power Controlllng ‘the aeration 1ntensxty

vill also reduce the overload1ng-,problems of - the'x

[

~treatment plant which are ‘caused ‘during high ‘OUR

) demands, hence, improvement of the effluent qual1ty w1ll

\
! ;,,‘ ', .

‘result. * T R
- ‘ L o . e ‘ DR o o

. . ‘l . 3 ot ) .~ . .
A | v

5. 3 Short And Detaxled Test1ng Program ;, L

Thxs testxng schedule featured a short detalled study

A

,of the OUR values measured by the apparatus Ln relat1on w1th

.- . ~

.I

the ' more common panameters of’ wastewater examznatxon and’

/ tl
’ |Iv/

1 ’

’ . " ) /

.openataon, of the OUR apparatus samples were collected every

’:‘analy51s."/§or a per1od 7of elghteen hours.‘dur1ng ‘the.‘fl

ijtwo,hours for ana1y51s. M1xed 11quor samples were collected '

Y , . o -A‘ .\ . ' y,. ot - . " . . " \ R
’ ., ‘."(‘ . . e W M : . . . , ) . o . o : : \ FL
. . LA o " . o L .ot o . ' o Domere . . -
v . . . : ; A . . . Ve .

» A
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,'h,values;collected by - the apparatus and- those of

. 9
. . S " S .

i
1

" from the end of the fxrst pass of hef aeration , tapk. The |

samples' were examxned for flltered and unfiltered BOD,

e \

suspended soljds'(ss),‘volatxle suspended solxds (VSS)' and

- manual OUR meéasurements. Fxgure 5.5 xllustrates all!the data

. colleCted'during thiS"intensive ‘testxng period.  The .top

‘graph presents ‘the relatxonshxp beteen OUR values measured

manually and those collected by the -apparatus. The manual.

~ and automated measured OUR values corresponded well w:th one
another The adjusted hydraulxc flow var1at19n the letered
%hd unflltered BOD, SS, and VSS measurements of the samples
vcollected in, conjunctlon w1th the - operatxon of th%‘apparatus
are also "shown in this flgure.' C “ - e

| The'objectives.behlnd this set of tests were;. one," to

N . o . T N ) t C ot
confirm ‘the reliability of the OUR values measured by the

[

.apparatus with those of manual. measurements. Secondly, to

v ‘ - ‘k r ' ‘l ’\K \I ' . B
record ' the changes 1in the common~parameters of wastewater

-

analy31s wzth respect to the var1at1on of the OUR values andi

: thlrdly, to explaln the OUR varlatxons of the mlxed l1quor*t

o

, w1th the a1d -of more detaxled study og‘ the wastewater.

I 3 A s
® B /' .
N v

characterzstzcs.'

The accuracy oﬁ the OUR values measured by the

. ~ o
' 5apparatus is \conf1rmed from the close agreement of Ege OUR -

K
\

‘gvmeasurements.. However there were no’ conf1rmed relationshlps

b

,establzshed between the‘ OUR measurements and rthe _common“’
. parameters of wastewater analys1s ‘such as’ filtered ang - f

lunfiltered‘BOD,vSS and VSS values 1n our study. In general |

':

G,

anual .-
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1t can be sa1d that the va:xat;on,of these parametefs are in
/ !
d1rect rel tzonshxp thh the OUR varxatxon of ‘the aeration
S : N . S
tank. L/ . L /‘ ‘ ' ‘ 3 Lo
. ' ./ N i .
e To identify any confzrmed relationship between these
/
paramaters and che OUR variations ‘it 1s recommended that
o o/
: / / ' ,
longer studies of this ﬁype be carried opt with a more

A

intensibe and detaxled analyszs of the data. p01nts. and1ng
‘such a relatxonshxe/was noththxn the scope of thxs study,,

therefore, the data values were not analyzed in detail.

)
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T 6. Summary; | ,\\ '

From ‘tlie literature ﬂlvxew of the oxygen uptake rate

(ODR) measurement in an activated sludge treatment process

it can be . concluded vthat this parameter has been wxdely

'1nvestlgated by researchers and has been acknowledged to

acou:ately reflect ‘the mxcroblal activity in. an act1vated
sludge: tfeatment process. This parameter is also been
tepQrted: to be .an. excellent‘ tool fin‘ monxtorlng and
COnttolling an aoti it ~s dge treatment process - (Block

‘1976;‘ Benefield, et'al., 1975; Mona, et al;, 1979; Andrevws,

1977{ Huang and Cheng, 1984). There are many advantages in,

uSing ‘this parameter as an on-line monltorlng tool whxchl

A

have been dxscussed in the .thesis.

‘Routlne‘ on-line measurement of the oxygen uptake rate

.

N\

‘values in an activated sludge treatment process has not been

»possible until the development of . the automated oxygen

uptake rate measurement system wpxch has evolved from this

study.~The objectives which’ were consldered in the de51gn of .

\\thls system are,v‘.' o . R “ o -
',1;. Total Automat1on | o

”The system automatlcally on a routxne bas1s collects a

volume :of_ sample and measures“Lts OUR 'value.g The;i

measured vaIUes are then seored by the appara*us foer”

process. ”‘fd . ‘

| 2;7aMeasurements accordzng £o Standard Methods.

Thzs nges some’ credlbzlxty to the measured OUR values,,,‘

9

ffuture study or 1mmed1ate monztoring of fthe_ treatment .



[

askajcontrolling parameter in “the treatmeut‘plant.p“ ,

To meet: the ' objectives in design of ‘the'.automated
oxygen uptase ' rate measurement system,’.a combination of
mechanical electrlcal “and computer systems wvere used;; The*
operatioQ :of the apparatus is COHC:Olled w&th the axé of a
software . program operated through ,the mxcro.computer. ‘Th9,
software‘ Programv interactlvely collects‘ all the‘reQuired
instructions to operate the apparatuS— from the’ ope?ator.
Then the program . lnstructs the apparatus to collect a volume
rof sample aerate the sample whlle 1t is being mlxed and
after the aeration per;od, measure and store the dxssolved‘
oxygen and temperature of the sample, all accord;ng ‘to;‘the
xnput 1nstructxons of the operator. The OUR value of the
sample 1s calculated trom the dissolved oxygen readtngs The

desxgn detalls of the apparatus and the softwarffptggram as.

) well as the operatlon schedule of the system xs ngen W1th1n

" %

the thesxs.
The deszgned oxygen uptake rate measurement system was.”

evaluated through three dlfferent testxng schedules‘ _

ST, Cal1bratzon Test

'conf1rm the rel1ab<j§ty of ' the OUR measurements

obta1ned by the apparatus.

-

2. Long term tests.or field exper1ment.

'For a perxod of‘sxx mopthS‘the apparatus ‘wa' put intof
:'-operat1on at‘ﬁthev City of Edmonton 8 Gold Bar Sewage‘
V?TreatmentﬂPlant‘ The objectlve of th1s testxng -schedule-

\‘iyas‘ to evaluate the system "as ‘a Hlong term routine;.

v
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monitoring unit.

3. WwShort and detailed tests.

the

For a "period of 18 hours in conjunction with the
operation of ‘the apparatus, samplés ware collected and
analyzed for filtered and ‘unfiftered BOD, suspended
soiids;" voltile | suspended solids, and manual OUR
measurement., The objective'Of this set of tests’ was to
téqord 'the changes. of the more common parameters of
activated sludge treatment process with respect to the
variation of the OUR valuess |

Some very interesting observations“were‘concluded f rom

long term tesiing period, the details 'of which are

discussed in the conclusions.



>

7. Conclusions
The conclusions that can be made from this study are:
Oxygen uptake rate measurenent~in an activated sludge
treatment process is an excellent monitoring tool for
the treatment process. This . was concluded from the
literature review.
The ' designed Ag;oﬁated Oxygen Uptake Rate Measurement
System is:
a. - Reliable both in measuring the OUR values of the.
samples and the operanxon technxque.
Thls can be €oncluded from the calibration tests
durlng which the accuracy of the measurements
collected Sy the syntem was investigated. ' The
system's operation was evaluated by the multitude
of test runs.
b. Able to withstand long continuous testing
periods.
The apparatus is totally automated in collecting
sample, measuring its OUR value« and storing thg
measured value. This was.‘éng_.of the design
objectives ;f the system which,wnuld qualify éng
‘system as an vod‘iine monitoring wunit. Thi§
feature ' of the system was confirmed from the six
‘ months of contlnuous,.low maintenance operation

of the apparatus at the Edmonton Gold Bar Sewage

Treatment Plant.

97
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éood as a monitoring system 15' an acéivated
sludge treagment process. . ‘

From the six month field 5pératipn of the system
obgervations such as daily trends, weekly trends
and seasonal variation of the OUR values were
noted, which may be helpful in monitoring an
activated sludge treatment plant. Irregularities
to these trends were also identified throughout
the stuayl These irregularities were related té
the bvariagion & the infléw such as the possiblé
inflow of'prig materials or thé increaseAvin
biodegradable \concentrations. Monitoringr and
resolving the cause of these irregulafities

before they can affect the treatment process can

be helpful in operating a stable treatment plant.

3. Observations-that were concluded from the examination of

the data values collected during this study include;

a.

Daily trend of the OUR variation at the sampling
site. | o

The OUR values in a 24 hour period were
consistently ﬁétea to vary in- an, oscillating
manner with a span of appréximatly 24 hours and
its minimum dccurring at' about midday; ang‘

F

maximums at approximately midnight. This

~_oscillation was found to be in direct relation

“with the hydraulic flow at the sampling site.

Weekly trend of the,OUR vartiations.
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During _ some weeks it was noted that the daily
oscillation of the OUR values consist of higher

maximums and minimums during the weekday in

~comparison to ,the daily oscillations on the

wéekends. This can be related teo the more

concentrated inflows occwrring during the weekday

with respect to the weekends.
Seasonal variation of the OUR values in an

aeration tank.

During the months of April to mid~June ah average

" OUR value .of 22 to 27 mg/L.hr with maximums of. 30

-

to 35 mg/L.hr and minimums of 15 mg/L.hr were
noted. However, during the months of July to
October average OUR values were noted to be 32 to

37 mg/L.hr, with maximumxs of 50 mg/L.hr and

"minimums of 25 mg/L.hr. This general difference

of the OUR values can be related to the seaéonal
variation of the inflow. During Spring, between
mon;ﬁs of April to June, there are precipitation
and spring run-off causing a mofe dilutéd inflow
and ’lower/ temperatures, therefore} lover OUR,
values are expected. During the summer:the infloy
is much more concentrated ‘and ' at higher
temperatures, therefore, higher OUR values are
found. . ' L - _' .
This distinct seasofal variation of the OUR
. . . )

values ‘'suggests the need for seasonal adjustment

~ . b
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\

N

of the aerators to reduce operation costs.

Irregularities to the observed trends.
tan

Oécasional irregulafities toktbe«above mentioned
trends were noted which according to iiterature
can be related to, ‘inflow of toxic materials, . -
sudden ihcredsé of biodigradable materi§l§ or
stofms and sﬁreet washquts enteriné the plant and

¢

effecting the process.

Q

S
.
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8. Recommendations

Two major recommendations can- be made’' from this

research during which an automated 'oxygeh~ uptake ‘rate

‘ | - , :
. measurement system was designed .and evaluated. ‘These

‘ » ‘ . [
recommendations are as follows: . S

'v%;‘ ) * L

s

1. Further study and analysis'of the collected OUR values.

During this study a tremendous number rof\.data,

T

Values were collected. However'athe scope of~this thesis'

did not allow for deta1led study and analysxs of the OU?

data values. It is recommended that a detalled study of

i)

these data points be carried out. Durlng this analysis .

the variation of the OUR values ‘in the aeratxon tank can

be stud1ed with respect to different components kof the
actxvated sludge treatment process.
The collected OUR data J%lues.during the six month

operation‘vofv the apparatus at the Edmonton Gold Bar

Sewage Treatment Plant  shows .a'r very cons1stent

1

oscxllat1ng varaatxon. This suggests an analytlcal study

of the variation to determlne a formulated expectancy of

o

the OUR values in. an aeratlon tank. Fxndxng of th1s

relation can be very ‘.useful in monitoring and

controlling an-activated sludge treatment process.

B

Another recommendation‘under this‘ category  is to

.

study the relation of the OUR var1at1ons in an aeratlon”

'tank w1th respect to ‘other parameters of wastewater;

such aS'BOD Ss, and VSS An attempt’ of such a study was

done 1n this research however no relat1ons were' found;

101
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g

fItv'is“'suggested that longer tests and more.intensive

analysis are needed before any conclusxons can be made.
Future development of the system ' and its use as an

on~line monitoringltool in.an activated sludge’ treatment

The initial design of the Automated Oxygen

Measurement system 1s more of an experimentai design

This system ‘has' to be refined before it can be—esed as‘

\

an on- 11ne monztorxng unit. Further development of thxs

system is highly recommended

The automated OUR system is recommended to be used

as . an on-llne monitoring wunit in an actxvated sludge“

treatment process tO" .-

a. Detect .influent toxicity.

N

By locating this system at the head .of the

treatment plant and sampling inflow (either raw,

or a mlxture of ray and’ actlvated sludge) and by

’measurxng the OUR of Samples, any 1rregular1t1es

1) Consistent effluent quality.

caused " by toxic mater1als_can,be‘identified.7By*'

‘1dent1fy1ng these_.lrregularities 'early,;' the
'n'loperator w111 have plenty of time to reroute the’
vd'slug of toxic materxals before it can ‘enter lthet
aeratxon tanks and upset. the treatment process~
.or adjust the treatment process to overcome the

'~ problem, | |

H b. ‘ \‘stabiiize tne.treatment pfoCess‘result;ng in

Lo
R
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Lol

2) Lower operation costs..

'V.Through oh*line and automatxc monxtorlng of the"

OUR -value ‘and meetxng it's demands in_ an aeratxon

'

tank ‘the overloadlng; of ‘the: tankS».tan. be

3

e11m1nated to improve and stabilize the éffluent
qualzty Also dur1ng lowk OUR~ vdemands the

1nten51ty Vof‘ the’ blowers ‘can  be reduced

¢

I3

resultxng in the savxng of operatlon costs.»

.
y

-
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APPENDIX A. Results of The Calibration Test Runs.

This Appendix containes the.plots of the Bata'collected‘
during the calibratijon ‘test run of the apparatus.  The

@bjective of these tests was to confirme the anurécy of the -

measurements‘collected by the  apparatus with respect to
other ' measurement techniques. To meet this objective, the

OUR values and temperature measurements <collected by the

apparatus were ploted with reSpeCt to manual measuréement

techniques of these values, These plots are illustrated’ by

- Figures A1, A2, A3, and A4 of this Appandix..

N
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Appendix B. Flowchart and Listing‘of~TheMprdgrames.

The flowchart and 1listing of the computer programs

developed in this study ar€e -given in this Appendix. The
order of éppearance is as follows: | ﬁ

Section ‘ 'Flowchart & Listing

Bl. ', OUR.OPERATION
B2.  BA.PRINTOUT ‘
B3. . BA.SUMMARY .,
B4, . DTD.CONDENSER |
BS. - OUR.PLOT |
s

All the programs have been copyrightéd;
‘ N ‘ ;
To use these programs in whole or part requires

the approval of the author.

e L



‘Section ‘Bl.‘ ‘

Flowchart of The “OUR.O?ERATION" Program .

“Initialization of the;
Dissolved Oxygen and Temperature Monitoring Unit
and, the Dissolved Oxygen Chamber Unit.

!

Initialize the date and time of the day
by registering it into the memory.

Will the
" required information
be given on the screen or read ‘
from a data file 7 _~

Collect information
from a given data file

115
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Input one line of comment, _
) which will register with the data
| file for future reference.
; 'Dbyou Y
C A subroutine is called want fo calibrate
' ‘measurements to be
calibrated. ’
want to look at the ™\ NO N
ibrated values 2 ]
SHORT - _—"Doyoi~. " DETALE
. wWant the data input questions ‘ET‘ .
~In short or in detail ?
. e P_vrint_asu,mmaryk‘
. . | - ofthe operation
‘ procedure.”



e

| Usting of short:
questionnaire as is
- given in Appendix .’

Y

17

Uisting of detailed
questionnaire as is
given in Appendix

E)

What do you
- want to do at the end of
the test run ?

1. Opntlriﬁe with th:e' same data.
-2. Change the data.
. ,Stop the program

: Number of runs
with the same data
| isprinted. .

Startthe codnter‘for' the.hUmbqr of files. | -

>



‘ > A subroutine is called to
.+ | read the DO and Temp .
-measurements for
caliberation. ‘

Do you

want to look at the

calibrated value,

Pnnt the summary of the mput |
informatlon '

- Openmeoutietandmemletvalvesto | |

ﬂush the line

T

S

L Opentheinletvalve to ﬁll thesampler

Tum on thr zr compressor and open the

the air valv - _
“Tumon the mixing moter - ;' '

118



Record the sample collection time,

Check if the
_sample inlet time
is over ?

‘Close the inlet valve.

Take a DO and Temp reading. |

Call a subroutine to calculate the ﬁiriq of
the day and pfintiton the screen.

_~" Check 0 see’ .
. If the aeration time is
N\ overor not ?

“Sh‘btt\he.alvrw -
valve and the | -

COMpressor.

119



lf the mixing time is
over of not ?

.
!

‘Stop the mixing motor.

Check o see |

if the test time duration
is over or not ?7_.~*

Check 10 see
it it s time to Tollect

—y-ammy/

Call a subroutine to read three

|- DO values and average them.
~The average value and the time of *°

the measurement are stored in the

SCYGGI'I

'Euter memory and also pnnted 1

l : T
. [N
—

'Next DO reaqing time is calculated. |

B

120



Check o see

1'21‘.

ifit is time for Temb ‘
, readiM :

Call a subroutine to read three'
Temp values and average mem

computer memory and also printed

on the screen L

Next Temp"readin'g time is calculated.
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o o .| stwrethe collected DO, Temp; and
‘ - their respective collection times on
the floppy disk. ' ‘

’ Open the outlet valve to discharge the sample,
‘After 30 seconds close the outlet valve, .

Decide wethar to;

Increase the countser

"Continue with the same instructions ? ~

: ‘ for number of runs. 2, Obtain new get of instructions ?
' . counter to stop or
CONTINUE ™tinve L~
Prim on'the screen a summary of the ,
instructions followed dunng the Iast
. ,' ‘test R .
[T . ' ‘
v DR
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10 REMASAMRAon K A R ks n e .

20 REM , .

. 30 REM THE PROGRAM TO OFERATE THE

40 REM . OXYGEM UPTAKE RATE DEVICE.

" S0 REM MERSURES AND RECORDS THE DO

69 REM  AND TEMPERATURE OF AN . .o , Co,
70 REM  'ACTIVATED SUUDGE.SAMPLE. . . : x

© 30 REM  THE COLLECTED DRTA IS THEN X N ,
20 REM  5TORED. . , ) S

. 100 REN. T

110 REM  PROGRAM BY: BIJAN axnun.

120 REM. DATE i JAN 5 1585 °

136 REM '

140 REM*#**!t!*!!!*****4*!#*!**!4‘»‘1#1

15@ REM .
T 160 REM+++++4++SET UP VIA+++strtsrs ‘ |
. 170 REM

180 DIn DR3(209) DIM TR(108) ‘ : G
136 REM DDRA SET TO $FQ 1=0UT @=IN : oo RN
‘ 200 POKE36867,290: POKE36866,255  POKE36864, 0 ‘
' " 210 REM DRA SET ALL OUTFUTS TO © !
.. 220 POKE36€3865,0 ' . ,
230 REM PCR :ET CA1,CAR2, CBc,SCD L <
POKE3€876,205 . Lo S .
REM IER 'SET IRQ FLHG ON CﬁlCLOSE5Q2
POKE3€878, 130 )
FEM ‘ ‘ B
260-REM+++ GO TO bTﬁRT OF THE PROGRHH e
" RENM, ‘
GOTO €3999 ‘ . ‘
REN . PR o i ‘ .
REN**********'*****‘*‘******'ﬁ*‘*** / ‘ o . . .
3 REM
. 340 REM~ 'ALL THE SUBROUTIMES IN THE "
.~ 350 REM - PROGRAM ARE STORED' HERE AT
360 REM  THE BEGINNING TO: °PEED UP THE
370 REM  OPERATIOM PROCESS. )

380 REM  LINE#32@ . OPEN CIRCUT e

390 REM "LINE#350 ' CLOSE CIRCUT . - . N -
400 REM ° LINE#408 . RERD DO & TEMP S - SRR
319 REM LINE#?GB STOR DO & TEMP = L .
' 420 REM - , ' R : L

430 REM - a , '

446 REM

‘459‘REM!**#***#**#*‘******ﬁ*****i#*#*tﬁ . oo
468 P=PEEK(36864) 4 o e
L 47@P1=P AND.XC - .
430 IF P1=1 THEN.RETURN . . ' .,
- 430.P=PsXC:POKE36BE4.P - .
/568 RETURN . o . o
. -S10 P=PEEK(36864> .~ | . N o R
" S20P1sP AND XC. . 0 .o : S A
' S38- IF P1=0 THEN RETURN . o R S
548‘P=P—XC POKE36864.P: o o :
S50 RETURN . R ‘ S
SGG‘REM S SR o
. S70 'REMMMSET CA2 HI $CF .~ . -
'S80 POKE- 36876, (205%MC> . e e
S0 FOR WA=O TO 1560 “NEXT WA © . - " .. %

¥

e L
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600 BOD=0:BET=0

610 FOR A=1 T0 3 ..

620 POKE36876, (287 +MC)

630 REM®*SET CA2:L0 $CD

530 POKE36876, (205+MC)>

650 REMWRCHECK FOR CON.COMPLETE CC

660 FOR X=0@ TO 1350:NEXT X

670 REM®#LORD IN DATA

680 POKE3666S, 00 ,

630 DO=(PEEK(3686%5)AND1S) : POKE3686S, 32 :

' 700 D1=(PEEK(36865)AND1S) : POKE36863, 64

710 D2=(PEEK(36865)AND1S) : POKE36863.96

720 D3=(PEEK(36865)AND1S) ' : .
730 ROD=QD3!1000)+\D<*100>ﬂ(DlllO)*DB

' 740 BOD=BOD+AOD L

TS0 NEXT R
760 VYOD=BOD/3
770 D3=INT(V0OD/1808)
7680 D2=INT((YOD~(D3%1000))>/100)
790 D1=INTC((VOD-(C<D321000)+(D221080)>)>/10)
300 DO=INT((VOD-C¢(D3%1000)+(D2%108)+<(D1%10))))
310 REM.
370 REM+++++ PRINT THE RECORDED DATA. #++++
330 REM
340 IF MC=8 GOTO 2950
350 Tn(JNT((TI/3680)t100))/109
360 PRINT " 20N
70 PRINT~ZODOATIME; (MIN)® ,T,"-uun)o *:D3;D2;",";D1,D0
880" D3$=STR$(D3) : D2$=STR$(D2) : D1$=STR$(D1) : DO$=5TR$(DO)
890 DsaD3s+D2s+". ~+Dis+DoS
300 DX=DX+1
310 T$=STR$CINT(T1/60))
928 DR$(DX)=T$+Ds$

. 330 REM TO CONTINUE

340 RETURN

350 DT=D3+(D2x. 1)*(Dll.01>*(D0* 001)
960 DT=DT/0.8 ;
370 TD=(INT(((DT/0.0429>-5)%18)>/1@ :TD$=STR$CTD>

980 T=(INT(¢TI/3600>%100>)/100

998 FRINT"® ‘ . "
1080 PRINT"MTIME. CMIN>";T," TEMPERATURE *“;TD$;" C
1010 D3$=STR$(D3): DZS‘STRS(DZ) D1$=STR$(D1): DBS=STR$(D0)
1020 TD$=D3$+D2$+D15+D0S.
1030 TX=TX+!

19040 T$=STR$C(INT(TI/60))
1030 TR$(TX)sT$+TD$

1060 REM TO CONTINUE ' 3?;"\‘
. 1070 RETURN ' ‘ N
%eea REM '

050 REH*++¢+*+ STORE DO & TEMP +++++44
1100 REM 4
1110 .REM TO CONTINUE

" '1120,REM TO CONTINUE '~

1130IX=DX+1 : DR$(DX)=" 999"

1140 T0R ZX=@TODX: PRINTHS, DR$(ZX) : NEXTZX

1150, DX=0:RETURN , ‘ - f
1168 REM TO, CONTINUE o S (
1170 REM TO CONTINUE

1180 TX=TX+1:TR$(TX)="399" ~

1190 FORZX=0 TOTX:PRINTHS, TR$(ZX) :NEXTZX

xzee CLOSE, 5.8, 3: rx-a RETURN .

”,

%
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12
1220
1230
1240
1250
1260
1270
1280
1299
13500
13160
1329
1330
1340
1359
1260
1370
1230
1390
1400
1410
1420
1430
1440
1450
1466,
1470
1480
1490
15600 X
1510
1520
1536
1540
1550
1560
. 1570
1580
1590
1600
1619
1620
16320
1640
185
1660
1670
1680
1620
1700
1710
1720
1730
1740
1759
17606
1770
1780
1796
18006
1310
1820
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Rgnunnunwnna"n/munnnnnnnmn"nM"nnnnnnnnn"n
REM

REM OPERRTION PROGRHN

REN
REm"nnnnn*nuu"\tnnnMnnnMMMM"n"nnn""""""nm
Hms=vaL<Hmss>+vaL<ra;>

HMS$=STRE(HMS) : HXMS$=RIGHT$ (HIMSS,6) : H$=LEFT5{HXMSS, 2 >':H=\"HL(HS)
S¥=RIGHT$(HMSS, 2) :S=VAL(SS) : mss =RIGHTACHMSS, 4)

M=(VALCLEFTS$ ¢SS, 2))>)

IF S>59 THEN M=M+]1:5=5-60

IF M>S9 THEN H=H+1:M=M-60

IF H>23 THEN DMY=VAL(DMY$)+ 10000 : DMyY$=STR$ ¢ DMY) : H=H~~4
HMS=(H#18000) +(M*108)+S+100000Q -

HMS$=STR$ (HMS)

T1$="000000"

PRINT""

PRINT"unnnuunmanunnnuu--nscr RUH TRV

MT=0:ND=0

FOKE 36864,0

%C=16:G0SUB 460

XC=1:605UB 4€0

#¥C=32:G0SUB 460

REM

REN*4* OPEN UP QUTLET VALVE TO LET OUT OLD SAMPLE

REN

FOR BB=1 TO S0@@:NEXT BB

XC=16:60SUB Si@

REMN++++START THE AIR V¥ LVE & THE COMPROSSER

XC=2 :GOSUB 46@:XC=4 :GOSUB 460

XC=8:GOSUB 460

REM

Rgn*+4 STORAGE OF INFO TO THE DATA FILE

REM ,
HMS=VAL(HMS$ > +VAL(TIS)

HYMS$=STRS (HMS) : HXMS$aR1GHT$ (HYMSS, 6) : HS=LEF T$ (HXMSS, 2) : H=VAL (HS )
S$=RIGHTS$(HXMSS, 2) : S=VAL (S$) :MS$=RIGHT S (HXMSS, 4)

M=(VAL (MS$)>~VAL <S$)>/100

IF $>59 THEN MaM+i:S2S-60

IF M>59 THEN HaH+1:MaM-60

IF H>23 THEN DMY=VAL C(DMY$)+10000: DMY$=STRS$(DMY) : HeH-24
HMS=(HR10000) + (M¥108) +S+ 1000080

HPMS$2STR$CHMS) : DMYP$=DMY'S

GOTO 1800

IF WZ=XD+1 'THEN DD$="1» - .. e
IF WZ=(XD+141)> THEN DD$="@" _ .
IF WZ=(XD+281> THEN DD$="1" .

IF WZ=(XD+421) THEN DDs="g“ .
IF W2=(XD+561)> THEN DD$="1" ‘ , ,
IF WZ=(XD+781> THEN DD$="@" °
IF W2=(XD+841) THEN DD$="1* ' __ -
IF W2=(XD+981)> THEN DD$="¢" : -
IF_W2=(XD+1121) TREN DD$=1"
‘OFEN 5.8,5,DD$¥": "+NF$+",S, W"
PRINT#S, DMYPS : PRINT#S, HPMS$- PRINTHS, TT$:FRINTHS,ATS PRINTOS nT$
PRINT#S, DR$:PRINTHS, TENPI$:PRINTHS,COMS .
RETURN
REM ..
SEWM*NSHUT DOWN ALL ' THE CXRCUITSHMMM
M
IF INT(TI/60)<IPT GOTO 1860
XC=1:GOSUB 510
XC=32:G0SUB 510
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1830 REM .
1840 REM+++++5TART THE DO READING+++4++tss o

1850 REM+++++STOP AERATION & MIXING++ - - ~
1860 REM

1876 REM

1860 PRINT"2" B

1890 PRINTMUOODODIDISSERESRIBITEST KON & " ;W2 :

1900 HMS=VAL (HMS$)+VAL (TI1$) s ,

1910 HMS$=STR$C(HMS) : HXMSS=RIGHT$ (HAST, 6) : H$=LEF T$ CHXMSS, 2) 1 H=VAL (HS$)
1920 S3=RIGHTSCHMSS, 2) : S=VAL (S$) : MSF=RIGHT $(HMSS, 4) .
1330 M= (VAL (MS$)-VAL(SS$)) /100

1949 IF $>60 THEN M=M+1:5=5-60

1959 IF M>68 THEN H=H+1:M=M-60

160 IF H>23 THEN DHY=YAL(DMY$)+10000: DIY$=STRS (DIY) 1H=H-24

1370 HMS=(H#10000)+(MR100)+S+1080000

1980 HMS$=STRS (HMS)

1950 T1$="000000"

2000 MC=32:GOSUB 570

2018 MC=@ :GOSUB 57@

2020 DD=DR

2030 TMaTEMPI .

2040 H1MS$=MMSS L

2050 HMSaVAL (H1MS$) +VAL(TIS) ‘

2060 HZMS$=STRS (HMS) : HXMS$=RIGHTS (H2MSS$, 6 tHS=LEF TSCHXMSS, 2) : H=YAL CHS)
2078 S$=RIGHTS(HHSS, 2) : SEVALCSS) :MSS=RIGHTS (H2MS$, 4)

2080 M=(VAL CMS$)>-VAL(S$))/100 .

2090 IF $>59 THEN M=M+1:$=5-60 : -

2100 IF M>S9 THEN H=H+1:M=M-60

2110 IF H>23 THEN H=H-24

2120 PRINT" SOOOOOONMXIODEBBBESSIT [ME OF DAY, GH IR S

2130 REM
IF INTCT1/68)>=>AT THENXC=2:GOSUBS10:XC=4: GOSUB Si@ °

2150 REM++++SHUT OFF THE AIR VALVE & THE COMPRESSOR
2160 IF INT(TI/68)=D>MT THENXC=8:GOSUBS10
2170 If INT(T1/6@)>=>TT THEN GOSUB 1640 :GOSUB165@:GOSUB1160:G0T02340
2180 IF INT¢T1,60>=>DD THEN GOSUB 22% ,
2190 IF _INT(TI/6@>=>TM THEN GOSUB 22 g
2200 GOTO 2058
2210 1F MC=32THEN GOSUB 680:GOTO 2230
2220 MC=32:GOSUB S70
2230 DD=DD+DR

2240 RETURN
2250 IF MC=@ THEN GOSUB 60@:GOTO 2270
2260 MCx=@:GOSUB S7@ ‘
. 2270 TM=THM+TEMPI :
2280 RETURN - - : o

2290 REM.
2300 REM+*+#++DISCHRRGE 0F#*ﬂ*f’++*++

. 2310 REM+++SAMPLE HFTER TESTING++++++++

2320  REM o

2330 REM - ‘

2340 XC=16:GOSUB .460

2350 IF NPS=) GOTO 2410

2360 IF NPS=2 THEN GOSUB 2380: GOSUB 2490:60T028350

2370 IF NPS=3 THEN GOSUB 2380:GOSUB 2490:END u
2380 FOR OU=1 TO 6500:NEXT OU .

2398 POKE 36864.,0

"

2408 RETURN
2410 REM

2420 IF WZ=WX THEN GOSUB 2380:GOSUB’ 2490: .60T0 2890
2438 WZHZel

2440 W2$=STRSMZ) . . -

2430 NF$=NOF $+UZ$

2460 POKE 36864, 16 ‘ o

. 2470 FOR OU=1 TO 6€350Q:NEXT OU ‘ -
24808 GOTO 1268 '



3130
3140
3150

EM

QEN*MM PRINTOUT OF THE SUMMARY +++4++ -

REM .

PRINT*3OMMMTHIS [S THE END OF TEQT RUN™ ,

PRINTXBRTOTAL TEST TIME NRS"TRB(32)<TT/69>TRB(3?>"NIN"
PRINT"I.ID 0 READINGS COLLECTED EVERY"TAB(32)DRTRB(37)>"SEC",
PRINT"I.ITEMP READINGS COLLECTED EVERY"TRBC(32)TEMPITAB(2?7)"SEC"
IF HX<1 GOTO 2610

‘PRIN}"‘W*THERE WERE TOTAL OF '"WwWZ;" RUNS MADE"

PRINT*XBPMATA WERE STORED UNDER "
PRINT*SBFILE NAME,";NOF$;" 1, THROUGH, " ; W2
HZ=0:GOTO 2620 x

PRINTNRODATA WERE STORED UNDER FILE; “;NFs$
PRINT*XOBION THE DISK DRIVE. #";DD$
PRINT"sIOBPITO GET THE FRINTOUT OF DATAR "
PRINT IDD BA.PRINTOUT PROGRAM AND"
PRINT"SBBENTER THE NAME OF FILE."

FRINT" 0 START THE RUN TYPE IN -S’"
GETKYS$: IF KY$="S" GOTO 2690 -

3} GOTO 267 C
RETURN o
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REM¥ExRERR *##*****l*l*!ﬁ*!!**t****l*l!!!*#*ﬁ!*!***t*‘*lﬁ!i!*****!l&l!t!

REM

REM

REM - GET THE INFO FOR THE F‘ROGRHM
REM

REM \

REI’I!!!****!******l*l******‘*ﬂ*****!l**!!*!#l*l‘#***#"**!*#!*l!"‘«!«ﬂo

3 PRINT""DODOAMHAT IS THE DATE TODAY?"

PRINT"MGIVE THE INFORMATION AS DAY/MONTH./YEAR. "
INPUT"MIE. .9/JAN/8S RS 090185 ,";DMYs
PRINT"XDGT IME\ OF THE DAY IN 24-HR CLOCK 7"
INPUT"MIE. Fog 1:45 PM, 134500, ";HMSS
TI$=HMSS$: DMY=VAL(DMY$ > : DMY=DMY+ | 000000 : Dnvs-STRS(DMV)
HMSts"IGOQBOQ"Q

PRINT"DOOOGJILL. THE REQUIRED INFORMATION BE oxvsn"

INPUT"XI ON THE SCREEN OR DRTA FILE":INFO$

IF ASCCINFO$>=68 GOTO 2840 o s
IF_ASCC INFOS3=83) GOTO 2899 |

INPUT" #%%%#ERROR ' TYPE IN 3CREEN OR DATA FILE“'INFOS GOTO 2860
INPUT " sDIEANY coﬁpENTs FOR FUTURE REFERENCE";COMS
PRINT""IRIIDO YOU\WANT TO CALIBRRTE" .

INPUT"RFOR D.G AMD, TEMP";CALS e i

IF -ASCCCALSY=P8 GOTO 3000 - ‘

IF ASCCCAL$ICO89 GOTO 2900 ‘

MC=0: GOSUB 3628

MC=32:G0SUB 3620 )

PRINT"-DODMODO YOU WANT TO LOOK *

INPUT"XRT THE CALIBRATED VALUE".HS$

IF ASC(H$)1=69: GOTO 2944

IF ASCCHS)CO?8. GOTO 2360

PRINT*-2000NDO_YOU WANT® N - S

INPUT"MITHE QUESTIONS 1
4F ASC(Q$>=83 GOTO 4179
IF ASC(Q@$)=68 GOTO 3050
GOTO 3080 = :
PRINT " DOOMOTE : ™ \
PRINT"XBPORCTIVATED SLUDGE WILL HUTOMHTICRLLY "
PRINT"BE PUMPED INTO THE SRAMPLER, THE RERATION"
PRINT*AND MIXING OF THE SAMPLE WILL ALSO™
PRINT*START AUTOMATICALLY BND CONTINUE"
PRINT“AS LONG AS REQUIRED. »
PRINT"XIPBI.0 AND TEMP RERDINGS NILL START"
PRINT"AS SOON AS THE SRMPL A

PRINT"AND AS OF TEN RS REQUIRED
GET KY$:IF Ky$="" GOTO3150

SHORT OR DETAIL";Qs



3160
3176

3180

3190

3200

3210
3220
3230

13240

3250
3260
3270

. 3280

3250

3300

3310

3320

3330
3340
3350
3360
3370
3380
3390
3400
3410
3420

,3430

3448
3450

3460

3470
3430
3490
3%00
3510
3520
3530
3540
3550

. 3560

3%70
3580

. 3590

. 3600

3610

- -3620
© 3630
- 3640

3650

3660
| 3670
' 3680
3690
' 3700 DOmCPEEK(36865)RND1S) : POKE3686S, 32.
- 3710 D1=(PEEK(36865)AND1S) : POKE36865. 64

PRINT"DOODHOWN MANY MINUTES WILL IT®
[NPUT"AITAKE TO FILL THE SAMPLER";IFT
PRINT*“DODMHON MANY MINUTES DO YOU WANT"
INPUT*XITO RERATE THE SAMPLE";AT ‘
PRINT"DOONXHOW MANY MINUTES DO YOU WANT™
INPUT"MITO MONITOR ¢TOTAL TEST TIME)";TT ,
PRINT "-IOMMXHOW MANY MINUTES DO YOU" -
INPUT*XWANT TO MIX THE SAMPLE";MT 7
PRINT " “DOKXXHOW FREQUENTLY IN SECONDS*
INPUT"XDO YOU WANT D.0O READINGS";DR
PRINT " INHOW FREQUENTLY IN SECONDS"
INPUT“XDO YOU WANT TEMPERARTURE RERDINGS"}TEMPI
PRINT " “DOMMUNDER WHAT FILE NAME DO YOU™- :
INPUT"XWANT THE DATA STORED ";NF$
PRINT*-DIOIMNHAT DO YOU WANT TG DO THE NEXT RUN?®
PRINT"XIBBBIL. ) CONTINUE WITH THE SARME DATA"
PRINT"IOBBIR.> CHANGE THE DATR."

PRINT*SDBRIZ, ) STOP THE PROGRAM. "

INPUT“ADITYPE IN THE RPPROPRIRTE NUMBER“,NPS

IF NPS<O1 GOTO 3430

PRINT " X)IXHOW MANY TIMES SHOULD THE®
INPUT*MTEST BE RUN WITH THE SAME DATA" ;WX
PRINT"XNMTHE DRTR FILE WILL BE"

PRINT"XNAMED, *;NF$" 1, THROUGH, " ;NF$; ux

NOF $=NF $ _ -

NESaNFF$en {»

GET KY$:IF Kys="" -GOTO 3420

IF NPS>3 GOTO 3340

1; NPS=2 THEN uz=wz+1 UX=8:. GOTO 3468

W2=1.

PRINT " “DOOMENOTE FOR conrxuous RUN. FIRST DISK"
PRINT"HAS ‘TO BE .IN .DRIVE #0".

PRINT“XMHOW MANY DATA FILES".

INPUT"XDO YOU WANT STORED ON THIS nxsx- xn
PRINT*XDODMIHICH DISK DRIVE IS » -

INPUT"NTHE DATA DISK UNDER":DD$

PRINT " DODIXHAYE YOU CALIBRATED THE D.0 METER"
INPUT"XFOR TEMPERATURE AND PRESSURE"; YNS$

IF .RSCC(YN$)>=89 GOTO 3929

.

IF ASC(YN$>(>78 THEN | INPUT“TVPE IN YES OR NO"; VNS GOTO03549

MC=0:GOSUB 3620

MC=32:GOSUB 3620 -

PRINT *"IxiedO - YOU WANT TO LOOK HT TENP "
INPUT “AND CALIBRATED D.O";FF$

1F -FFgmnyn GOTO 3560 - '

GOT0 3920

PRINT“1ﬂﬂﬂﬂlllmﬁTﬁ TO CﬂLIBRﬁTE THE D. 0 METER "

PRINT* 20000000031 ,
BOD=0 | L

FOR A=1 TO 3 . -
POKE36876, (207 +HC) e :
"POKE36876, (205+MC) : T
FORX=QTO150:NEXTX . -

POKE36865,00

3720 D2=(PEEK(36865)AND15) : POKE36865., 96

13730 D3=(PEEK(36863)AND1S)

3749 aon-<n3:1eee)+<n2*1oe>+kn1*1e>+na

- 3730 - BOD=BOD+AOD

3768 NEXTA. .

-3770 'VOD=BOD/3 °

3780 D3=INT(V0D/1000>

- 3750 D2'INT((VOD-(D3I1009))/189)

~3
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3800
3818
<3820
3830
3840
3856
3860
. 3870
3886

Dl=INT((VOD-<<D3*1009)+(D2l108)))/19)
D0=INT((VOD-(<D3*1900)«(D2*100)*(Dl¥10>)))
IF MC=@ GOTO 3860

PRINT " 200000 SBD, O ; D3; D2;".“;Dl Do

GET, KY$: XFKYS=""GOT0 3640 :

RETURN

DT=D3+(D2x*. 1)+(Dl* 01)+(D0!’001)

DT=DT/0.8 -

TD=CINT((¢DT/0. 9429) 5>%10))>/10 TDSlSTRS(TD)

3838« PRINT "D SBITENP" ; TDS, " C

3900
3910

. 3920

- 3930

3940

3930
22€0
. 3970
. 3580
3990
. 4009
0le
020
4030

1040

4050
1060
1078
4080
1020
4100
. 4110
T4120
4130
4140
4150
4160
4170
4180,
4190
4200
4210
4220
4230

GET KY$:IF KY$="" GOT0364Q
RETURN |
PRINT "TIOSUMMARY OF INPUT INFORMATION: "

PRINTXBBBITIME TO. FILL THE SAMPLER: “THB(ZB)IPTTRB(3S)"NIN”

PRINT"DBBRERAATION TIME:"TRB(28)ATTAB(3S) "MIN"
PRINT"IBBMIXING TIME: "TAB(28)MTTAB(35) "MIN"

PRINT*IBBMONITORING TIME: "TABC28>TTTAB(3S) "MIN"
PRINT"XdDBID.0 READING EVERY:"TAB(28)DRTAB(3S)"SEC" .
PRINT"MRBITEMP RERDING EVERY: "TRB(28)TEMPITRB(35)"SEC"

PRINT"¥DATA STORED UNDER FILE. ";NF$
PRINT*DISK DRIVE #";DD$." WILL BE USED."
PRINT"X¥#D.0 METER HAS BREEN CAL IBRATED##x"

PRIRT"MADO YOU WANT TO"'INPUT"CHﬂNGE THE INPUT DATA Y/N";NY$

IF ASC(NY$>=89 GOTO 3160

IF ASCCNY3)<O78 THEN INPUT"TYPE IN YES OR NO";NYs$: GOTO 4030

PRINT " XXXNPBBBRITHE OPERATION MAS STARTED. "
IPT$=STR$CIPT)

IPT=IPT*60"

AT$=STR$CAT)

AT=(AT#60)

MT$=STR$(MT)

MT=(MT*60)>

TT$=STR$(TT)
TT=(TT#60)

DR$=STR$CDR)_

TEMPISsSTRS(TEMPI)

GOTD 1260 o
INPUT*SDONTIME TO FILL samPLE, MIN®; IPT
INPUT"XONRERATION TIME; - . MIN";AT"
INPUT"XINTOTAL TEST TIME; ©  MIN";TT
INPUT*XOMIXING TIME; . . . MIN"MT
INPUT"XIND.0 READINGS EVERY;  SEC";DR
INPUT®XIITEMP READINGS ENERY; SEC"; TEMPI

-

5oTo 3280
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‘Section'az;

Flowchart of The
. ./“ »

!

want to look at the
disk directory ?

Input the name of
the‘data file.

[

" Data files ™\
1 Each have a different
. 2 A{e in a stnng of .

Input the common fle o

name wuthout the sufﬂx
number S

"BA.PRINTOUT"

N m' 1C'R‘E ~
TN FILES

Pfogram

Input which disk
drive is the disk
under, -

L

Press the RETURN key

to look at the directory.

rs

Input the file name.

to see |f there are more
: ﬁ!es or not '

)
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\ | 'nput disk drive number.

Print on the screen summary of the
|nput information

4

Determin if there is only one file to be read or it
there arg a number of files to be read

1K there is only one data ﬁle to be read bypass all the counters

and do only one run through the program,

2. if there are a number of dlfferent files, set up the counter to

_ onefileata tlrne - oo
3. If there is asting of files, set up the counter to mcrease ’. v
' the sufﬁx nurnber of the file after each R

e ' e

‘Set up the prmtout format,




/
\ |
v y if ‘
Open the data file'to be\re'ad. ,-

Read the identifecation " . . .
| Information on the file. | - . oo

- - ' ‘
’rint the identifecation information;
1 such as the file name, the sample
" Collection time, and some of the ,
" | testparameters.

Print the headings of the

|. data table and the plot -
which-are to be.printed. | 1‘ '

-'Readonenneof}aw_wn‘datava% -

Adjust the @iata into.jci.‘.pré;s“enfa‘ble' format. gf . -




Check for” "\
the dummy variable .
to show the end of DO
data points.

‘THERE ARE | MORE DATA.

Check the dR™
point for OUR calculation.

'Time > 4.5 min
>0.5mg/L.

133

Store the data to calculate the |

OURof the sample using the
Least Squares method. -
N .

Print the DO data point and the
comesponding time. .

| Also plotthe pointonthe
plot. o

-

-




1 : \
—
Calculate the OUR value uslng the Least Smares me

Print the calculated '
OUR value. '

Print the heading for the
Temperature values and
.the plot of temp vs. time

S Readaline of rawtemperature
-+ | datavalue. "

T

" Ajust the raw data into a préséntable format.

Check for the

134
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Close the data file,

DATAFILE.

-~ counter to see if the -
program should read another
\ Jdata file or if this is '

Chetk o see
if the program should read;
1 One data file only

2. Number of data ﬁles
3. Stnng_ of data files. _

A summary pnntout of the mculated :
OUR, , average temperature values, -
‘and a plot of these values, withe :
respect to the sample collecnon tlme

'isproduced




520 NEXT LZ

Listing of The "BA.PRINTOUT" Program

L )
% ’

"

100 Rsmnunuunutnnnmuuu
1186 REM

120 REM PRINTOUT PRW T0 PRINT
130 REM THE ‘0.0 & TEMP IHTR CQ..LECTED

140 REM o
150 REM PRmHBY BIJHNRXDUN : .
160 REM . DATE —- - JAN, 18,1983 Lo

17@ Rsnmnmtmmnnnntm Lo

189 DIM ZNN$(280) :DIM SH(290) :DIM ST$(2060)

.190 PRINT“200ME0O YOU WANT TO LOOK AT - :

200 INPUT"THE DISK DIRACTORY Y/N*"; YN: Lo
218 IF ASC(YN$)>=?78 GOTO 370 o o
1 228 IF ASCC(YN$>COO89 GOTD 190 ' '
+ 230 INPUT"XBHICH DISK DRIVE 0',DD8
' 240 PRINTT20@DS$"+DD$

250 PRINT*XHIT RETURN KEY.* PRINT"!‘ END R

268 PRINT " XODXIOOONROOOOOONDEN0 YOU WANT TO" -
@70 INPUT"GET A PRINTOUT. OF YOUR FILE. OR STOP",NYS
280 IF ASC(NY$)#83THEN END

290 PRINT " JDBMIUNDER WHAT FILE NAME IS\ ‘
380 INPUT"THE DﬂTB STORED “; GNNS ’

310 NNS=ONNS .

320 PRINT“MTE THE FIRST DISK HAS 70 BE®
1338 PRINT"IN DRIVE #@"

340 PRINT"MMXHON MANY OF THE DATR FILES®

350 AE'ZJUT.“RE ON THE FIRST DISK";XT

. 370 REM CLR L

"368 PRINT-DOSOMMON MANY CONTINUOUS RUNS® ‘

390 INPUT"MDO YOU WANT THE DATA FOR®;NZ'
499 IF NZe1 GOTO 540 -
410 PRINT*XOM4AS THE DATA STORED UNDER; *

420 PRINT"X 1. DIFFERENT FILE NAMES," L
430 PRINT® ' 2. STRING OF FILE NAMES.® )
.440 INPUT*X "~ TYPE THE APPROPIATE NUMBER;";D2 ' .
438 IF'DZw2 THEN GOSUB 290:G0TO 570

469 IF Dz=1 GOTO 480 ,

. 479 GOTO 388
"' 480 FOR L2=1 TO N2 . .
‘ .490 PRINT"-30008INAME OF DATA FILE # *;L2 -

xw*umnn»»unnn»m-,nm
© 510 ZNNSCLZ) =itts' . s N

%39 Nm-zms(n 0010 570 PR e
%48’ PRINT"-DOMXUNDER 'WHAT FILE Nnne THE" ‘

= INPUT"DATA IS STORED *

; 570 INPUT ‘HICH DI‘SK DRIVE !S Tl-E DATA. DISK INHDD:
- 580 PRINT"28SRETHE : GIVEN: IN-'OR“!TIW IS AS SUCH™ -
599 PRINT“MMADATA .IS: STORED UNDER: , ";NN$ L
. 600 PRINT"JRSTHE: DISK 1S IN'DRIVE . ,DDS
61Q° INPUT"XMDO YOU. WANT TO' CHANGE, - Y/N il

szexr ascwo-esmmwr 70260 s e |
s S

630 IF_ASC(Y$){>78 GOTO 610 o
e gmmmnuunuuuun R
' 66R'REM.’ . START OF PROGRAM.TO . -~ =
'670'REM < READ & PRINTOUT DATA . = A
688 Rmtuuumumautmumuu R,
1690 IF. 2= GOTO 86 :

........
........

et
,._:v‘ C
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- 970 INPUTHS.TT$: INPUTHS,ATS

. 1850 PRINT#?,“COMMENT :";COMS$: PRINTG?, "
-"1060 PRINT#7, TRBC12)“THIS TEST WAS CONDUCTED ON THE .Ds,"/',ns,"/',vs
- 1970 ‘PRINT#7, TRB(12)"THE TEST STARTED AT (HR: HIN):’ "iHS; "I MTS
“1980 PRINT#7,TRB(12)"TOTAL TESTING: TIME WAS, (MIN)Y . “;TT$ .

1290 PRINTHG.CHRECZE) -‘.~.'
1300 DX=9: INPUTHS,DOMS - -

11328 INPUT#1S,ENS,EMS: IF eus<>"ee-
.- 1339 FOR 2X=1 10 100 .
' 1348 INPUTHS, TDO -/ :

'13%8. IF - LEN(TDOS)(? ooro 1540 A
. 1368 LN*LEN(TDOS) 3P BN -

700 02=0 .
710 FOR yX=1 T0 NZ . ;

720, IF D2=1 GOTO 750:IF VX=(XT+1) THEN nns--x"

730 IF yX=(XT+141) THEN DD$=“@" L :
748 IF D2=2 THEN GOSUB 770. o o -
750 IF Dz=1.THEN GOSUB. 820 . o -

760 GOTO 868 = = - o ‘ FE
770 QZaG2+1 - B o U
760 QZ$=STR$(G2

790 NN$S=GNN$+Q2$

"800 RETURN

810.REM
828 QX=@X+1 -
838'NN$=ZNN$(QX)
84@ RETURN

858 OPEN 6,4,6:CMD 6 R
878 PRINT#6,CHR$(24)' ,

880 OPEN 7,4:OPEN .15.8.13 o R |

899 OPEN. 2,4.2 ‘ o : n o

i

' 850 REM e : B

/900 OPEN 1,4.1 =~ ' | TR

918 PRINT#2, 9999'1RB(3) 999, 99'THB(4)'99 99' CLOSE2

520 PRINT#?7, TABC?) "wiomminikyde THIS IS THE DATA COLLECTéD " PRINTOG CHR$<¢24)

930 PRINT#?7, TRB(?) “ankikaiionk U DER THE FILE NAME,",NN$
940 PRINT#?, "

''95@ OPENS, 8,5, DD$+": "+NN$+* ,S,R" N o

968 INPUT#HS, DMY$: INPUTHS, AMSS

988 INPUTHS,MX$: INPUTHS,DR$: JHPUTRS, TEMPIS: INPUT'S coms

" 990 DHYSHRIGHT‘(DMVS 6) :HMS$=RIGHTS$(HMSS,6)
~+.1080 D$=LEFT$(DMYS,2): HVS’RIGHTS(DNV$,4) Me=LEFTS$CMYS, 2> YSIRIGHTS(D"Vt,Z)
1010 HR$=RIGHT$(HMSS, 6) : H$=LEFT$ (4R$, 2) : MS$=RIGHT$CHMSS, 4)

1020 MT$=LEFT$(MS$,2) : S$=RIGHTS$(HMSS, 2) : TEMPI$=RIGHT$CTEMP1S,3)

. 1830 TT$=RIGHTS$(TTS,3>: ﬁTSﬂRIGHT TS 3) MX“RIGHTS(MX’ 33 DR‘-RIGHTS(DRS <)) S

1840 PRINT#6,CHR$(48)

’

9g PRINT#7, TABC12)"SAMPLE WAS AERATED FOR, (MIN) - ";ATS , .
1188 PRINT#7,TRBC12)"SAMPLE WAS MIXED FOR,  (MIN> = "iMX$ | -

' 21110 PRINT#7," ":IF Q2=1 THEN D1$=D$:M1§=M$:Y1$nyS

1120 PRINT#?,TABC12>"D,0 'RERDINGS WERE TAKEN EVERY' (SEC) “;DRS o :
1139 PRINT#?, TRB(IZ)“TEHP RERD%NGS NERE TRKEN EVERV (SEC) - ";TEMPIS

.1 1148 PRINT#?, "

{150 PRINTHG,CHR$(50) =
1160 PRINT* '
1170 PRINT#7, TﬂB(S)“TIME“TRB(9)“D o~

"1188 PRINTTAB(8)"TIME"TAB(25>"D, 0"

1198 PRINT#?7., THB(Z)"SEC"TRB(4)“MIN‘TRB(S) HG/L

. .120@ PRINT#6,CHR$¢1) '
1210 PRINT#?, TRB(24)"@"TAB(4)" | ~Tn3<4>-2~rnn<4>-3"Tan<4z-4~'nn<4>~5-raa<4>-s-

1220 PRINT#?.TRB(SS)“?'TRB(4)'8"TﬂB(4)'9'TﬁB(3)“IB”THB(S) 11'
1230 PRINT#6,CHR$(2%)

1248 PR:NTTﬂB<4>-sec~Ta§<12>~nxu"ras<24> HG/L ,‘“ ‘ o

1250 PRINT®. ' * R o B Lo

1260 PRINT#?, TRB(24)“" ey +D. 0+——-M0/L e A AR
- 1270 PRINTHE,CHR$C1) rﬂ.\ o B S
. 1280 'PRINT#7,"* - ‘

1310 DXaDX+1:DX$=STRECDX).

A



e
7
4

1370 LN=LN-8 - C .

1380 T$=LEFT$(TDOS,LN) v
1399 DOS=RIGHT$(TDOS,8) _
1400 TWS=RIGHTS(TS,LN-2) : TS=VRL(THS)

1410 T-(INT(<VﬂL<Tus>/sa>-1ee>>/xae

©1420 OD=VAL(DOS)

1430 WO=INTCODS)>+24

.1440 PRINT#1,TS,T,0D

<1430 PRINT#6,CHR$(1)
11460 IF 2%=1Q THEN SIX-TSXSSY'OD PRINTQ? TABCWO+1) 9"

1470 IF 2%=26 THEN S2X=TS:S4Y=0D:PRINT#7, THB(NOﬂ)"O"
1480 PRINT®7,TRB(24)" 1" TRB(N0-24)'4~“ y

1490 PRINT®6.CHRS$(24)>,
1 PRINTTRB(4)TSTRB(13)TTR3(23)OD

1518 NEXT 2X
1520 REM TO CONT

1570 SLOPEa(S3Y-S4Y)/(S2X-S1X) .
1580 XH-(INT(SLOPE!SSOQO))/IOGG

138

1590 XH=(XM®E68)
‘1 PRINTH?, m OUR =" XM "MG/L. MIN" ;" mesmsnnns ™ XH; “MO/L . HR "

1610 PRINT#?,"
1628 PRINT® .

1630 PRINT#Z,* . = i
1649 PRINT®

10 ERINTN?. TABCS)*TINE *TAB(9)> *TENP"
1660 PRINTTAB(8) "TIME*TAB(2S)"TENP" -
11670 PRINT#?, TRB(2) "SEC*TAB(4)>“MIN"TAB(7)"C*

1680 PRINTS6,CHRS$(1)

n

1690, PRINT#7,TABC24>"10"TABC3)"12"TAB(3>"14"TAB(* 16"TRB(3) 18"TAB(3) "20"
1700 PRINTH?. TRB(54)'22"TRB(3) 24°TRB(3)>"26"TAB(3> 26" TAB(3)>*308"TAB(2)"32"

1710 PRINT#6,CHR$(24)
1720. PRINTT98(4>"SEC'TRB(13)“MIN"T83<26>"C'

1730 PRINT”

F

1740 PRINT#7.TAB(24) " 4———+ + ——tp 4 —~TEMP4+C—t +
1750 PRINT#6.CHRSC1) . ' ‘
1760 PRINT#?." " '
1770 PRINTHG,CHR$(24) :

1780 Tx=Q: INPUTHS, DOMS .

. 1799_FOR Z¥=1 TO %0
1898 INPUT#15,ENS,EMS: 1Feuso"ea~comxssa
‘1810 INPUTHS, TTES

- Age0 IF Lsnmesxe ooro 1990

1830 LNnt.EN(TTF, -0 : o

1840 LNsLN-7 ~ .

1850 TS$=LEFTS$CTTES,LN) ,

1868 TES=RIGHTS$(TTES,?) .

1878 TUSSRIGHTS(TS, LN-2) : Té=VAL CTWs>*

1680 T=CINTCCVALCTHS)/60)%100))/100 -

1890 'rs-ummm.ass)/eom/a.a429>-sma>)/w

1500 WO=INTC(TE-10)¥2,5)+24
1918 PRINT#1,7S.T,TE S
1920 PRINT#6,CHRS$(1) .

1930 PRINT#?7, TAB(2 )- -mmuo-w-o- -
1940 PRINT#6,CHR$C2¢4
o1 mns«nsramammczore t -
- NEXT. 2X . £
{978 cLoseS. 8.5 3
: 7’1980 GOTO 2010 : :
1999 CLOSES.8.5 -
2008 PRINT* . .~ .~ : . .
2010 PRINT#?," - . .

S
‘ mmmnm END DﬂTﬂ ok i1 o
2040 PRINTHE/CHRS (24) oF kil
2030 PR"‘".? 15)'*%%""'“ FOR THE FILE; “";NNS$

[0

e 3



24060
2410
2420
2430
2440
2456
2460
2470
2480
24950
2500
2510
2520
2530
2540
2530
2560
2570
2580
23590
2660
. 2610
2620
2630
2640
2630
2660
2670
. 2680
2690
2700
2718
2720
2730
2740
2750
2760

PRINT®?7, " " .
CLOSE 15.8.,13

PRINT " daAbiknas END OF DATA MMMmmmnn

PRINT "ot FOR FILE;"»NNS
PRINT#6,CHR$(O)

FOR R=1 TO 3 "
PRINT#?,"

NEXT R

PRINT#6, CHR*(‘4)

QLOSE 7,4

CLOSE 2.,4,2

CLOSE 1,4,

CLOSE 6,4.6

-IF N2=1 THEN END

SHVYX)=XH
STH(YX)eHS+: “+1T $
NEXT VX —
IF DZ=1 THEN END
OPEN 7.4

OPEN 6.4.6:CNMD§
PRINT#6,CHRS$(48)
PRINT®?7,"
PRINT®?7,"
PRINT®?7,"
PRINT#7,"~ .
PRINT®#?," "
PRINT®7," "

PRINTRZ, " : SUMMRRY OF THE DRTA COLLECTED "

PRINT®?,"
PRINT#?7,* *

PRINTS&?7," STRARTING FROM ",;D1s;~/™;Mis$;"/",;¥Y18$;"
PRINT#?7," . FROM DATA FILE * emssssm ", QNNS, " 1

THROUGH

PRINT#7, "
PRINT#7,"

PRINTH?Z, "

PRINT#?7, "COMMENT" ; COMs$
PRINTHZ, "

PRINT#7,".

PRINT#7,* TIME (  OUR"
PRINTR?7,"OF DAY |. MG/L.HR"
PRINT#?,TRBC20>" 17 18 19
PRINT#6.,CHR$ (1) .
PRINT#7, TABC6S>" 26 27 28
PRINTH#6, CHR$(24) .
PRINTH?7, "
PRINT#6.CHRS(1)

20

21 22 23 24

PRINT#7, TAB(20) " ++ +
PRINT#7, TAB(?3) " ———
PRINT#6,CHR$(24)

<+

JFOR OX=1 TO N2

W2=(SHCOX)~17)%5

IF W2<O@ THEN W2=0

IF N2<50 GOTO 2620 :
NS=VALCLEFT$CST$C0X),2))
ég :gCOS THEN GOSUB 2700

PRINT#7.5T$COX)>; " “;SH(OX)

PRINTH#6,CHRS$(1)>
PRINT#7,TRB(20>" I"TAB(W2) "+"
PRINT#6.CHR$(24) »

NEXT 0% :
CLOSE 6

CLOSE 7

END
PRINT#6.CHRS$(24)
PRINT#?,*" - "
PRINT#6,CHR$(1)

-+

+———+OUR-H10/L.. HR

PRINT#7. TRB(20) " ++- + +
PRINT#?7,TAB(75) " ——
PRINT#6,CHR$(1)

RETURN ' ‘

———+=0UR#G/L . HR

25"

' e
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AT ";ST$(1)
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Section B3.

'Flowchart of The "BA.SUMMARY" Program

(Copyright)

want to look at the
disk directory ?

Qeustionnaire for input of instructions:

Input the file string name
under which the data is stored.

Input the number of continuous fiies.

Which disk drive number
is the first disk in ? .

How many files are there on the first disk ?
Y . v

Input the disk drive
number which the
disk is under ?

l.

Press the RETURN key

to look at the directory.

140
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Are thére

any files to be

Input the files to be missed.
missed 7. i

Input the suffix number of the
| file(s) to be missed one at a time,

\

Print on the screen the

summary of the input instructions.

~ Do you
~ want to change the input
‘ instructions ?

The counter that counts the number of files.
‘ FILE = FILE +1




(e

.Read the identification information
. of the data file; store the time and
the date at wifich sample was analyzed

Read the Time and the DO concantration val%

the dummy variable to .
see if there are more datg.

"N within the requireg

seg'ifthe datais

' Iimits

Using the Least Squares method;
czlculate the OUR value and store it.

Store the data pdint to
calculate the OUR value.

and store the average value.

. . L4

"Close the data file. |

The required hmlts are

any DO measuremems after

Read al the temperature values, N\, |
ead all the temperature valugs\ NOTE u

142

areation of the sample which

has a value of greater than -

I:O.S mg/L.

=y



Set up the printing format.

“ |- Printthe headings |
for the data table
_ and the plot.

~

Counter forthe OURand the .
and the average temperature values.

l’

Recall the average Temperature, the OUR values |
and their collection time. - - )

—_ Doesthe
time show midnight ?

' N v !
¢ T ! N
~ e

_ midnight.

Print a vertical line
to identify the °

143
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Print the calculated O R,average temperature,
and their correspondinyg collection time. 4

Also plot these values against their collection

time.
’ MORE | Checkto
- DATA see if there are more
SN data values o be



168
110
© 128
. 130

‘610
620
€30

L 640
. 650

669’
67"

" €80 DS=LEFTH(DMYS,2): H?S'RIGHTS(DM?SM) MS-LEFTS(MYS 2) Y
690 HR$=RIGHT$(HMSS, 6> :H$=LEF T$CHRS, 2) : MS$=RIG T$CHMSS, 4)

Listing of The fBAﬂSUHMARY"'Program

(Copyright)

REM!*!*#!*********!****i*#**#*****

REM o |
REM  PRINTOUT PROGRAM

REM T0 DO A STATISTICAL ANALYSIS ON THE DATA |
REM CALCULATE THE OUR PER HOUR AND

REM PRINTOUT THE SUMMARY OF THE RESULTS.

- REM.
'REM PROGRRHE BY: BIJAN AIDUN -
REM ‘DATE : MAY, 06,1983

RE MO IR

PRINT"ZDOONDO YOU WANT TO LOOK AT "
INPUT"THE DISK DIRECTORY Y/N"iYN$

IF ASC(YN$>=78 GOTO 280 o

IF ASC(YN$><>89 GOTQ 210

INPUT“XOBHICH DISK DRIVE 0‘ DDs$’
PRINT" DS "+DD$ * * -

PRINT"XHIT RETURN KEY. " :PRINT"#" :END
PRINT""DOOMINDER WHAT FILE STRING NAME 18"
INPUT"NTHE DATA STORED ";QNNS

NN$=ONN$ '~

‘PRINT™ “INHOY -MANY CONTI NUOUS RUNS"

INPUT“XDO YOU WANT- THE DATA FOR";NZ

" INPUT*XWWHICH DISK DRIVE IS THE DATA DISK IN";DDS

PRINT")MRONOTE THE FIRST DISK"™ ..+ -

PRINT"HAS TO BE UNDER DRIVE #8"

PRINT"XMHOM MANY FILES ARE® .

INPUT"MTHERE ON THE FIRST -DISK*;XT
PRINT"DOMITHE GIVEN. INFORMFITION IS AS SUCH
PRINT"XMAXDATA 1S STORED UNDER , ";NN$ .
PRINT*XWHTHERE WILL' BE *;NZ;" DRTﬂ FILES REHD"
PRINT“YWATHE DISK IS IN DRWE % ";DDs

"PRINT"XNKTHERE ARE .“;XT:;" FILES ON THE FIRST DI:K"

INPUTXIDQ YOU WANT TO CHANGE, Y/N";Y$
IF ASC(Y$>=89 THEN PRINT"1":GOTO 230
IF ASC(Y$)O?8 GOTO 430

vggn**#{“*#*ﬂl*#*#mﬂ*****t**t!l**

REM  START OF PROGRAM TO
REM ° READ & PRINTOUT DATA

REM#*********##t***t*t#t*t*!&t!t
FOR VX=1 TO N2 . Y

CIF YX=(XT+1) ~ THEN DDS"‘I"

1F VX‘(XT+141) THEN DD$="0Q"

IF ¥YX=(XT+281) THEN DD$="1* . LA

IF VX=(XT+421> THEN DD$=“Q"

CIF VX=(XT+561) THEN DD$="1" :

IF YX=(XT+701) THENGDD$="@"

IF VX=(XT+841> THEN DDS-"I"
RZ=Q2+l
‘02$=STR$CR2). -~

NNS=QNNS+Q28.. = ' © - ‘
OPEN 15.,8.13 -
OPEN 5.8;5:DD$+" "+NN5+".S R"
INPUT#S; DMY'$ : INPUT#5, HISS -
INPUTHS, TT$: INPUTHS, ATS

s

) DIM ZNN$(600) i DIM SH(600):DIN ST$(660>:DINM nvrceee>,”‘"\

INPUTHS, MX$: INPUT4S, DR$* IhPUTQS.TEMPIS INPUTOS COMS e

DMY$=RIGHT$(DMY$; 6)-

. 700 MT$=LEFTS$(MSS, 2) : S$=RIGHTS(HMSS, 2) : TEMPI$= IGHTS(TEHPIS. 3.

s-thuTstnhvs,2>

;?10 TTSSRIGHTS(TISJ) RTS'RIGHTS(FITS 3) I‘IX#-RIOHTS(MXS 3) DRS-RIGHT#(DR‘ 3)



1340 PRINTEZ.® %

1350 PRINTHZ. e

TR 1360 PRINT#7, *
© 1370 PRINT#?Z,"

‘720 IF vX=1 THEN nxs-ns mxs-ns Y1says
' 730 DX=9:INPUTHS, DOMS
' 740 DXmDX+1 : DX$=STRS (DX)
759 REM TO CONT | ,
* 760 PRINT"READING FILE",NN$
770 INPUT#1S.ENS,EMS$: IF EN5<>"00- Gorossa
780 0D=0:TS=0:CU=Q:(X=0:CYy=0: SX=8‘NP=0
. 798 FOR 2X=1 T0 109 :
., 800 INPUTHS. TDOS : R ‘
810 IF LENCTDO$)<7. 60TO 9?6 .
. '820 LN=LENCTDOS) )
. 8308 LN=LN-8 .
840 T$sLEFT$(TDOS,LN)
850 DO$=RIGHT$CTDOS,8)-
8608 TWSSRIGHTSC(TS,LN-2): Ts-VﬂL(TNS)
‘870 T-<INT((VRL(TN‘)/GG)*!OG))/109 ot
880 .OD=VAL(DO$)
890 IF TS<270 THEN NEXT 2X
© 908 IF 0D<@.%58 THEN NEXT zx .
910 NP=NP+{
9208 CU=CODATS)+CU
930 CX=(TS+CX)> -
948 CYs(OD+CYD
950 SX= TS!TS)*SX
960 NEXT ZX :
970 LS=((NP¥CU)- (CX!CY))/((NP*SX) (CXACX)>
. 988 XM= INT(LS¥60000) > /1000 4
990 XH=XMEECON(1-2)
1000 TXs=0: INPUTHS, DOMS$
1010, TX=TX+1: sz-srRs<Tx> ) ‘ ‘ o
''1020 ATE=Q:TE=Q L ' . 0O
1030 REM TO- CONT o :
1840 FOR 2X=1'TO 5a

1050 INPUTHS,TTES

1060 IF LEN(TTES)(8 GOTO 11?9
'1070- LNsLENCTTES) - ‘

1080 LNsLN-7 o :
' 1890 TS'LEFTS(TTES'LN) o -

1108 TE$=RIGHT$(TTES.?) . ‘ o
1110 TWS=RIGHTS$(TS., LN=2): TS‘VRL(TNS)

1120 ‘T=(INTCCVALCTIS)/607%100))/160 '
1130 TE=CINT(C(CVRLCTES)/800)/0. 0429)-5)*10))/10

1148 WOmINTC(TE-10)42.52424 . |

. - 11% ATE=TE+ATE . = . A
1168 NEXT-ZX . ¢ r;:
'1178 AVT=ATE/(ZX-1) L

1180 CLOSE 5.8,5

'1190. CLOSE 15,8,15
1200 SHCVRYSXH
1210 STECYRISHS+" :"4MTS
1220 AVIsCINTCRVTIIOD 10
(1299 RVTAVORAVT L

;. /1240 'NEXT. VX .

1230 OPEN 7.4
1260 OPEN. 6, 4;6 CHDS

1270 OPEN 2.4.2: PRxNTaz;Tan<a>~99 99"rn3<3>~99 9 CLOSEZ o
1260 -OPEN 1.4, | .

1299 Pﬂmne.cms(w
100 PRINTHZ . o e
CCABGPRINTHR, ST LUy e
Y320 PRINT#Z, S < o v T

1330, PRINT#? . * iy

Bk B I

sunnﬂRv ARV OF THE nﬁtﬁi "COLLECTE‘ .

146

1380° PRINTH?., "

T 1390 PRINTAZ. TRRTING . .ms,'-/",ms,-v-,vu,* AT ",smu
1400 PR!NT»?. L

e FROM DF!TR FILE S— MANNS; '

- THROUGH

o 1410 PRINTA?, "

j u,Nz N



L

1420
1430
1440
1458
1460
1470
1480
1490
1500
1510
1520
1530
1540

1550,

1560
1579

1580.

1596
1600

- 1618

1620
1630
1640
1650
1660

" 1670

1688

- 1690

1760

1710

1730,
1740
1750 END
- 1760
1770
- 1780

1790

© . 1800
. 1810
" 1820

PRINT#7, TRB(?5)> "

PRINT#?,"

PRINT#?7, " :
PRINTO?,"COMNENT “,CONS
PRINT#?,"

‘PRINT#?, "

PRINT#Z," TIME . .OUR TEMP“
PRINT#7,"0F DAY MG/L.HR . C "
PRINT#?,TAB(28)>" @6 - 10 14
PRXNT#S,CHRS(I) ‘ ‘

'PRINTH?7, TRB(63)" 42~ 46. 50

PRINT#6, CHR$<24)
PRINTH#?, "=
PRINTH#6, CHR$C 1)

38!L§

+

147

PRINT#7, TAB(28)> "4+ +

T

PRINTHG, CHR$(24)
FOR OX=1 TO NZ ,
W23 (SH(OX)~6)%(2.5/2>

IF W2<O THEN W2=0
W3=CAYTCOX)~12)#5

IF W3<O THEN W3=0

NS=VAL (LEFT$(ST$(0X),2))
IF NSCOS THEN GOSUB 1760
0S=NS o

PRINTH#?, ST$(0X>

PRINT#6, CHR$C1) ,
PRINT#1, SHCOX) , AVT (OX)
PRINT#?, TAB(20) * 1 "TRBCW2) "+
PRINT#?, TRBC20)>* I"TAB(K3)" . *
PRINTHS, CHR$ (24)

NEXT OX

CLOSE 6

CLOSE 7:CLOSE 1

PRINTHG , CHR$ (24)
PRINTH?, "~ _
PRINTH#6, CHR$ (1)

+OURHIG/L. HR

PRINT#7, TRB(20) * +———ip—t
PRINT#?, TRB(75) *——"
PRINT#6, CHR$C1)

RETURN

o

S

-+

dun

-4

T



‘ ‘ Sectxon B4
Flowchart of "The "DTD CONDENSER" Program
>
N Questionnaire for input of instrucnons A | \
| Nameofthe file .. . | ‘
- which is to be'condenced ? ‘ ‘
" In the case of a string of files
only give the original or the main name?.
" Number of fles to be read 7
I wmch disk drive is the data disk Gnder 7
" How many ﬁles are there |
on the first disk ?
Questvonnalre for. lnput of instructions IR | :‘;":h':i"t"oﬁgsmisse‘ 42
“Under what file name should ‘_— o
tho new condensed ﬂle tobestored ? 1 - 1 Typethe'suffix |
" .:|-ofthe files to'be missed .
Underwhlchdlskdrive" . :/, g | N S S

148

a



O

b - Press any key to start the operation. . |

o ' te ol ! ! ' .
) o) .
4 . . ,
. oo
y ' [ o
I i

Open a recsiving file on a specified
disk to store the condensed file -

T

_ Calculate the total number of files to read;

.« if there are any files which have to be
missed this number will differ from

the input number.

l

v Print in the input-file the total number of files.

149

I e ~_ "~ VX>Total number

* Do the following for

’ VX=1 to Total number of flles, _—~

. of files. .

. ‘SCl'bs"ej the ‘lrybut‘;ﬁi"e‘ :




150

dheck to see:
if the data file is on thls
disk drive or if the disk has

tobechanged”

Call on a subroutine which

requests\flbr‘ne\oy‘disk; - - . N B ‘ NOCHANGE
by flashing a essage on the screen. | - . ‘ T e T

Lo
. N .
Y - . r. . A ,
| Lo
. ’ l ' g
. 0
‘ . . . . )
' ' ' . '
' B . [
: L ! = .
- i .

Calculata the next ﬂle number ‘
atwhlchthedlskhastobechanged .
Knowlng that each dlsk can hold up to 140 ﬁles

cnéw't@sée ~

) . lncreasetheﬁlenumber
— byone ‘ ‘
‘ VX VX+1




Open the appropiate file on the data disk. -

T

Read the ﬂrest 8 data values
from the data file whlch are .

‘ vthe input mstructlons of the test run.

Is this the
first time these
lnstmcnons are read ?

o

Store the input
instructions in the
input data file.

LR

Read the nme and the
Do values from the fle

| Condense the ime and the DO valuss.
' Take-out extra spaces and R |
any DO valué& offess than 0.5 mg/L

151



~ | ' _ - 152

Read the time and
temperature values from the file.

' 2 .
’ . . |
. ' .

, tempefé e values.
' Take-out extra spacss.

¢ .Close the data file.

Store all t_he timo, DO, and 7
. | temperature values, ato the ' :
input file.

)

Increase the file ngrj_iber by one.. |
o . vX -'VX+1 ’ ‘

b

»
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P

Listing of The "DTD.CONDENSER" Program

10 REMSARERARRRRRERRERRARRESEREREREANR
20 REM .

29 REM THIS PROGRAM WILL CONDENSE

40 REM A SET OF FILES INTO ONE

50 REM .LONG FILE, THE OBJECTIVES

60 REM  BEING TO REDUCE THE NUMBER OF

7O REM FILES WHICH ARE TO BE

30 REM  TRANSFERRED TO UNIVERCITY OF

3@ REM  ALBERTA COMPUTING SYSTEM (MTS)

190 REM EACH DATA FILE WILL NOT

118 REM BE INDEPENDENTLY IDENTIFIED

120 REM EXCEPT WITH TME EXIATING

130 - REM INFORMATION WITHIN THE FILE

140 REM

158 REM ‘

1€0 REM PROGRRNED BY: BIJAN AIDUN BT
170 RENM :
160 REM DATE © SEPT 19, 85 -

130 REM ‘

200 REM!!!**!*#!l**‘tl!**#‘*i!l!l!**l!

210 DIM X$(S@8) . .

<20 DIM WZ(189) ~

230 GOTo €20 -

240 REM*!!*ll*ii#*l‘!#!!*t!*#!l!t!!l

250 REM :

260 REN SUBROUTINE TO COMPACT DATA

270 REM

260 REMRBMAMERIEREEEARAARRL IR RRANAN

290 LN=LENC(XDS) ,

380 IF LNC2 THEN RETURN

310 DOX$=RIGHT$(XDS.6)

320 FITX$=LEFT$(XDS$.LN-9)

338 ITX$aRIGHTS$(FITXS, UN-10)

340 IF VALC(DOX$><B.S GOTO 420

250 D1s=LEFTS$(DOXS, 1)
+ 360 BSO$=RIGHTS$(DOXS, 3> .

370 D2ss EFT$(BSOS, 1) o e
380 D3$-RIGHTS(3808,1> i .
350 2=2+1° ' o _—
400 X$(2)=ITRS+", '*DIS*Dzs*D3S B

419 RETURN -

420 MO=10+1

430 IF VAL(ITxs$)><eed ooro 350

440 IF MO<3 GOTO 35

458 RETURN

438 REM!!!*****!**#*lt!**t#l#!#*llt#!*t

Kt
48@ REM  SUBROUTINE TO CALL FOR NEW DISK
490 REM
$00 Penx*tittt*tt*ﬁtttmt:tﬁt*t*mittmxa

510 PRINT" DIOONMMNEY ~ CHANGE THE DARTA DISK IN DRIVE 0“.DX8

520 PRINT"W . ST FILE RERD WRS ";CNs
530 PRINT M RESS ANY KEV TO RESTART"
£48 OET Kvs - %

SS9 PRINT ~-mmmu ' "

560 PRINT“Eﬂﬂuunuuul#!!*!**!***‘t**t**#t*#t!t*l*l*!t*!ll*"
576 PRINT * SOOI g

530 PRINT“EﬂﬂuuuuunﬂﬂﬂmﬂﬂﬂnH**t**!**ﬁ!*!**!'**#*!ﬂ*ﬁ!#!lﬁlll!*tt‘“

590 IF Kvs="“ GOTO 540
€00 NDO=NDO+140 ¢ .~
610 RETURN - .

-



620 PRINT"DDXNAME OF THE FILE "

539 PRINT*WHICH .IS TO BE COMDENSED 7° :
-PRINT“NIN THE CRSE OF STRING OF FILES"

es PRINT"OMLY GIVE. THE ORIGINAL OR MAIN NAME "

660 INPUT" M. e teneetonnenannoncanonss cee "iXNS

670 INPUT"XXINUMBER OF FILES TO BE READ";NO ‘

680 PRINT"XMMHICH DISK DRIVE":INPUT™IS THE DATA DISK UNDER"'DXS

690 PRINT“XDHON MANY FILES ARE" ,

700 INPUT"THERE ON THE FIRST DISK ";ND@

710 ANO=Q: LNO=0 '

720 PRINT"ZDIXNRRE THERE ANY FILES "

730 INPUT"XWHICH HAS TO BE MISSED"; ¥Ns

748 IF ASC(YN$)=89 GOTO 770 \ o

7590 IF ASC(YN$){O?8 GOTO 720 '

760 GOTO 810

770 INPUT“XADINUMBER OF FILES TO BE MISSED";WN

780 FOR Mi=1 T0 WN

790 INPUT"MNSUFFIX ,NUMBER OF FILE TO BE MISSED"; WZ (W)

800 NEXT Wi

810 PRINT":DOOOMNDER WHAT FILE NAME SHOULD®

820 INPUT"MTHE NEW CONDENSED FILE BE STORED" ; NNAME$

830 INPUT"XXMUNDER WHICH DISK DRIVE";DD$ ]

840 PRINT" DI PRESS ANY KEY TO START"

850 GET Kvs

860 PRINT * SOOI "

R I T p——

868 IF Ky$="" GOTO 850

830 REMUGMERIEEHREEORE R

A

* 500 REM

210 REM READ AND STORE DATA POINTS .
R i L a——— = '

340 2=0:2X=]:SN=0

. 1140 'IF LN¢(=1 THEN XS(Z)'XTRS GOTO 11690

950 OPEN3,8,3,DD$+* : "+NNAMES+", S, W"

960 IF ASC(YN$)>=89 THEN KK=N0—NN GOTO 980

970 KK=NO

950 PRINT#3,KK:PRINT#3,NNAMES : . .
998 FOR vX=) T6-NO

1000 Z2=0:M0=0 . .
1010 IF VvX=(NDB+1> THEN GOSUB 510 . ’
1020 IF ASCCYNS) <089 GOTO 1060

1030 FOR Wh=1 TO WN

1048 IF VX=W2(WW) THEN NEXT vx

1050 NEXT Wi

1060 SF$sSTRECVYX)

1078 CN$=XN$+SF$ ,

1080 PRINT*XREADING DARTA IN FILE 22> ",CNs¢

‘1090 PRINT"XD>> READING THE FILE™ =

1100 OPENS.8,5,DX$+": "+CN$+",S R"

1110 FOR 2=1 T0 8 ,

1120 INPUTHS,XTRS’

1130 LNsLENCXTRS)

1130 X$(2)=RIGHTS(XTRS, LN~1)
NEXT 2 -
IF VXO1 THEN 2=2-7 .

90 S$=RIGHTS(XDS,3)
1208 IF VHL(SS)ISSS THEN Z'Z+l X$(2>="999,999": GOTO 1230

GOSUB 290
132 0OT0 1108
1239 INPUT#S,XD$
1240 S$=RIGHT$(XDS$.3) -
1259 IF VAL(S$)%999 THEN 2=2+1:X$(2)="999,999": GOTO 1280
1260 GOSUB 1420 | : |
1270 GOTO 1230

1280 CLOSES. 8,5

se .
89 INPUTHS, XD$ - ' |
30 \
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1290

. 1380

1310
1320
13308
1340
1350
1360
1370
1380
1396

1460 R
REMAERRm iR sk oo

1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530

PRINT">>> SAVING THE FILE"
PRINT#3, vX
FOR I=1 TO 2
PRINT#3,X$(1)>
NEXT 1

NEXT VX
CLOSE3, 8,3

-

.END ‘

RE MRS SRR AR AR AR RN

REM

REM "SUBROUTEINE TO COMPACT DRTA
M- :

LN=LEN(XDS$)

IF LNC2 THEN RETURN
TEX$=RIGHT$(XD$,5)
FTTX$=LEFT$(XDS,LN-8)
TTX$aRIGHTS(FTTXS,.LN-9)
T1$=LEFT$(TEXS,1)
BST$=RIGHT$(TEXS, 3)
T2$=LEFT$(BSTS.1)

T3$=RIGHT$(BSTS, 1)

=2+ /
XE(Z)=TTXS$+", "+T1$+T25+T38
RETURN ‘
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Section BS. A . - -

Flowchart of The: "OUR.PLOT" Program

Dimension the variables. -

Read data points from the data file. \
" The first 11 data points indicate the |
: parameters with which the test was conducted.

* These data points will also identify the
_ total number of test runs, the date and tlme

" of the first test run. .

For IRUN 1to Total number of. tests
Do the. following

7
. .
. R .

Head#'romﬂwedatéﬁle," L
- | the testrun number, date; and
, the ume at whlch the sample was taken
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J=0
JJ=0

| gaan o

~Read a setof @
Time (J), D0 () «,|

NUFE'

The Time, DO, and Temperature values
are not directly read from the data file.
The data file contains the raw form of
these values, some calculation have to

" be done to détermine the true values.

— — L " The reason for tranforming the raw data'
VRN 1 ismsave on storage space and '
: l — on trasférring time. -

Readasetof &
Time (JJ), Temp (JJ)




| value of the test run, using the least squares methed.

* [IRUN =IRUN +.1

Call 'on a subroutine OURCAL to*calaulats the OUR

Call on a subroutine AVE to average the
Temperature values oollected :

| . F |
R : I\D‘ st run number = Total number of
. ©test runs.

| determine the number of foays for which OUR values

Do a DO-IOOp check of all the samphng times to

‘have been calculated:

b Also, identify the test run number at the beginmng of ‘
| each day o setup the data table. ‘

) calculated the program
output of the data

Co, . .
. . . . f b - .
. . . N .

By ldentifying the number of days for which the oun and
)| -the Temperature values have be
ywill prooeed to produce a tabul
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Set the program to produce K .

' For 1 day of datago to 850 .
a second page of data table. ‘1day of datago to 850

For 2 days of datago to 851

For 3 days of datago to 852
for 4 days of data go to 853

Produc the tabular form of the data.

- 3

“Go b the next page.

., | callona PLO'nT program whrch is made available to the
~.|" program by running GS46 PLOTIT to plot the calculated
' data values." ‘ P
‘ To arrange for the plot output ﬁrst the requlred‘ R
‘ -parameters of the plot are given to the subrounne
T and lhen the data polnts are transfered to be ploted. '

-t . s . -
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~Are there more tham

‘ < our days of data ?
Set thilprogram to produce S DN ,
: ! t g \ ... | For A day of data go to 850
-a second pageofdatatable.. . N For 2daysofdatagot0851 '
' ‘ For 3 days of datago t0 852
‘§or4days otda{taogoto‘853._

Produce the tabular‘ferrn of the data.

y 'lsthe'r'e' N
another page 7.~

‘ :Go'te tﬁe next page.',

=l cal ona PLOTIT program whieh ls made avaﬂable to the

o 'program by runnlng GS46 PLOTtho plot the mlculated I

~.datavalues. . . o e

) arrange for the plot output frst the required\ Lo I

- parameters of the plot are given to the subroutine, . B
'and then the data points are transfered to be ploted,' s




', ‘ ; . ‘. » ‘ , | ) \
r ' . '
. . . . St

1
- ’ . , t
. -, ¢
OXYGEN UPTAKE RATE DATA ANALYSIS PROGRAM
This program reads the data sets and 1nfprmatton
.collected by the QUR apparatus and clculates the

COAOU DWW =

N NN Ko e N Re e e Rz o N2 e N e N2

[oEoNsNoNoN

000000 -

‘300

Oxxgtn Uptake Rate yalues of the samples acc¢raing

to ‘the Least Squers method,

The calculated values are then pioted,

to -

N

*11lustrate . the OUR ‘vareations of the samples duning

the sampling period,

Programed by:

QIMENSIQN DOTIME(SOO) XDO(500), ST(SOO) OUR(500) . START(500)

Bijan Aldun,
‘Date : November 09 85

"I/'

OIMENSION AVTEMP(500):DATE(500), DAI(10),TEMP(S00) .

. DIMENSION LH(S00),LM(S00). LD(10) LMO(10) LY(10) .

INTEGERS COMM(10) FILE(2)
LOGICAL *1 FMT(1)/"'/

0 4

‘ READ(5;FMT) NTESTS
" .READ(S5.41) FILE - ‘ al
'READ(S.FMT) RNO
READ(S.FMT) DATE( 1)
READ(S.FMT) RTIME o
READ(S.FMT) TESTT .- o
" READ(5,FMT) -AIRT s C
READ(S,FMT) TMIX
READ(S,FMT) DOT
/'READ(S,FMT) TEMT
READ(5.40) COMM
LDAY=INT(DATE({)), Lo
" DM=DATE(1)/100. '_ ' .
D=DATE(1)/%0000, = T
LOM=INT(DM) ;
L -LDO=INT(D) .
T EMO=INT((D- FLOAT(LDO))‘tOO)
LYO=INT( (DM~ FLOAT(LDM))'ioO)n,
;EXTRA-o 0. N e .

data for each .test run and calculato
OUR and AVERAGE TEMP values '

oo 19 IRUN-1 NTESTS .
‘[F (IRUN EO 1) Go 1O 300
" .READ(S5,FMT)RNO ' =
. -READ(S,FMT): DATE(IRUN) ,
* READ(S,FMT) RTIME i
RTIME-(RTIME 1oooooo )/1oou
- LHM=INT(RTIME) v
HM-FLOAT(LHM)/100

Q‘LHH!lN?(HM) ;;_g'v s _ Lﬂ,“

Starart of  the program to read data points

Start of ‘a do-loop to read ali'the,f‘-'
the’




o L. v o - . 162
' [
‘ 61 . XMIN1=FLOAT(LMH)*60.. '
;827 © 7 XMIN2=(HM-FLOAT(LHM))*100. =~ .
'+ 63" ‘, LM(IRUN)=INT(XMIN2) o } .
64 ‘ LH(IRUN)=LHH S ‘ ‘ .
R -1 SN START(!RUN) (xuxn1¢xu1~2)/eo‘ ‘ ' ‘ o
‘ 66 ', . J=0 . ‘ ,
67 o JU=0 , , ' ‘
68 '400 - umy+i ' o ‘ T
[ READ(S5,FMT) STIME DOX R .
\ © 70 -X00(J)=DOX/100. )
N 71 , i - DOTIME(J)=STIME/3600.0 ‘ »
\ 72 < 1F (XDO(J) ,EQ.9. 99) GO T0.500° o
73 ' - GO TO 400 : , : o T ,
*74 S00 ' JJ=JU+t . ! c , ‘
. 718 7. ' - READ(S,FMT)STT,vOLT"
76 ’ TEMP(JJ)= (VOLT/(BOO‘O 0429))-5.0 oy
77 IF (VOLT.EQ.999) GO TO 600 ‘ v
78 . ‘ GO TO 5oo ‘ o
79 c
. 80 c. : ; , . , L
81 c call on subroqtines to calculate the OUR and :
82 c Averege Temperature values. o . -
83 c
84 c o ‘ AT
85 600  CALL OURCAL (DOTIME,XDO,J, IRUN,QUR) ‘
86 . ‘ CALL AVE(TEMP,JJ, IRUN,AVTEMP) i
- 87 .. . IF(RND.EQ.NTESTS) GO TO 444
' 88 19 co~rx~ue ‘ ',
89 ' ' C ' ) ‘ . . K
90 c . Lo
‘91 ] Aranging the colldction times for ploting. '
22. C. - ‘ ' ‘
"‘ 93 ’ ’ c ' . . 'K N
94 444 Ioon-o ' s . L -
©. 9%, ' .DO 700 IX=1,NTESTS . : ,
N o . IF (IX.EQ, NTESTS) GO TO 7oo" b
97 .. . L IIX=IX41 - '
98 ' 7. IF (START(IX). LT START(IIX)) G0 TO 700
'98 100M=IDOM+ 1
100 L 'DAI(IDOM)=1X’
© 101 v.‘* LDAY-INT(DATE(IIX))
102 . & . DM=DATE(IIX)/100.
403 ' . D=DATE(11X)/10000. ,
104 ‘71 LOMSINT(DM) = . o S v A o
- 108 ,  LD(IOOM)=INT(D) . - = : oo ‘ '
L 106 .,‘,' - LMO(IDOM)=INT( (D~ FLOAT(LD(IDOM)))‘!OO) ; oo
AT o LYGIDRM) = INT((DM-FLOAT(LDM))‘100)+1 . S
77108 11 700 . CONTINUE . * S ‘ S
‘408 - 7 .7 IF. (iDOM. EO o) GO To aso R S L
“110 0 DO 800 ID=1,IDOM. - [ENEE Ce
BEIEIE £ B R xP-oAr(xo)+1 P o
B K - S R j DO 750- 1Z2=1P, NTESTS ‘
C413 7 0. START(1Z)=START(12)+24.0
114 ¢ B { LH(IZ)-LH(IZ)*24 o
SSANs T 780 . CONTINUE Co i
~ 116+ 800 ‘CONTtNUE
B & SEERRY T
118 ‘fc-w '
19 '“c‘-
120 < ' ‘ S
121 3 Hrite the’ data mto a Hlo Co .
122 N Dopmdjng on tho numbor of days ' .
123. ., ¢ ‘ . , ‘ . .
. 124 . C- L Lo e N :
‘eEx:o SO L S A
‘IF - (IDOM;EQ. c e T e e
“IF_(IDOM.EQ,’ ,‘4’7{;,“

.. 1F-(IDOM.EQ
TR (xoou GE.




132
133

134 -

135

136 -

1137
138
139
' 140

141

. 142.

143
144

145

146
147

179"
180"

0O0O00O0

RYEREN

cooo

900

Axf

850

A

the data is collected for less than 24-hr,
' Data {s printed one after anothen,

. -
WRITE(6. 180)LDO LDO,LMO,LYO
WRITE(6.140) "5 ., ' , | |

. WRITE(6,160) -

WRITE(6.170)LDO.LMO,LYO

' WRITE(6.120) S

Two

851

891

781

791
291

91t

WRITE(6, 100)
WRITE(6. 120)
. D0 800 JUX=JNX,NTESTS
WRITE(6.,110) LH(JX) LM(JX) ouﬁXux) AVTEMP(JX)

‘WRITE(SG, 130)

GO TO 999

‘'days of data C '

WRITE(G 180)LDO, LD(IDOM) LMO( IDOM) , LY(IDOM) B
WRITE(6,141) .
WRITE(6,161)" ‘ .
WRITE(6.171)LDO,LMO,LYO, LD(1).LMO( 1), LY(t}

WRITE(6, 121)

WRITE(6,101)

WRITE(6,121) ‘

IF(EEX.EQ,1,0) GO'TO 291

KN=0 o

JMAX=INT(DAL( 1)) , ‘

JMAX 1% JMAX + | ‘

JIX=JMAX 1+5 R ‘
DO 891 KX=JIXNTESTS T

LHZ=LH(KX) , .
. IF (LH(1) .NE.LHZ) GO TO 891 .
"IF (KN.NE.O) GO TO 891
KN=KX
CONTINUE
IF (KN.NE.O) GO TO. 781 , ‘ ‘ .
KN=NTESTS » ~
DO 791 JJUX®=JMAX1 KN s
WRITE(6,151) LH(JuX), LM(Jux) oun(qu) AVTEMP(JJX)
00 . 901 JUX=JUNX, JMAX . . ; ’
© o JUX=KN+UX - UNX* 4 4 ' L ~
. IF (JUX.GT.NTESTS) GO - TO 911
“WRITE(S,111) LH(JX), LM(JX) oun(ux) AVTEMP(JX) LH(JJX)

‘LM(QJX) OUR(JJX) AVTEMP(JUX) -

0}1rmo‘

Three days of data

852

GO TO 901 .
WRITE(6,111); LH(ux) LM(JX) OUR(JX) AVTEMP(JX)
 CONTINVE . . ‘ .
" WRITE(6, 131) ', Lo o
GO TO 999 - S .

v

VRITE(G 180)LDO LD(IDOM) LMO(IDOM) LY(IDOM)
WRITE(6,142)

WRITE(E,162) . - L :
. . \WRITE(6,172)LDO.LMO.LYO, LD(1) LMO(i) uv(t) LD(2) LMD(Z) Lv(z) o
" WRITE(6,122) . . . . o :

WRITE(6.102)

 WRITE(6,122) . '
IF(EEX.€0.1.0). GO To 292

KN=Q , - , . R
JMAX-INT(DAI(i)) “ R N A
JMAX 1 = JMAX+1. : ' ‘ ‘

 JUMAX=INT(DAI(2)). . - e
CJUMAXA=JUMAX+Y T o
C JUUXBJUMAX o o -

JIX=UMAX14S . . R




203"’

'223
224

228
229
230
231
232
233

"234

238
- 236

237"

238
239
240
241

© 242

- 243

' 244 .
248

246

247
248"

248

. 280
. 281

- 282
283
254

258

256

287
‘258

289
260
. 261

. 262

263
264

268

266 -
267
268
269
270 .

3N
272

Sar3
L2714

. '892

692

292

"912:

DO 892 KX=JIX.JUMAX =

‘ "LHZ=LMH(KX)
IF (LH(1).NE LHZ) GO T0. 892
IF (KN,NE,O) GO TO 892
KN=KX

, CONTINUE *' o ‘ ' T .

DO 792.UJX=JUMAX1, KN -
NNN; CONN) S
IF (JUJX.GT,NTESTS) GO TO 692
WRITE(6,152) LH(JUX). * \

*LM(JUX) . OUR(JUX), AVTEMP(JJX) LH(JJJX) LM(JJJX) OUR(JJJK)
" SAVTEMP(UUJX) )

v

' GO TO 792 '

WRITE(S, 152)LH(JJX) Ln(uux) OUR(JUX) . AVTEMP(qu)

CONT INUE ,

00 902 JX-JNX JMAX ,
JUXSKN+UX-JNX+1 .
JUUX=UUUX et
IF (JJJX,GT ,NTESTS) GO TO 912 :
WRITE(6, 112) LH(UX) . LM(UX) ,0UR(JUX) ,AVTEMP(JX) ", LH(JJX)

*LM(JUX) . QUR(UUX) , AVTEMP(JJX) LH(JJJX) LM(JJUUX) . OUR(JJJX)
- *AVTEMP (JuuX) 3 ‘ v,

GO 70 902 ‘ ' b "

 WRITE(6,112) LH(JUX) LM{JX), OUR(JX) AvTEMP(ux) LH{JUX )},

_ =LM(JUX) .OUR(JUX) . AVTEMP (JUX)

802

i

853

-

893’

693 - |
~ SLM(X) ,OUR(UUX) . AVTEMP(JJX) LH(dudX) Lu(uuux) oun(uuux)

793"

CONT INUE . R
WRITE(S6, 132) ‘
GO TO 999 .

Foure days of data. : ) ‘ L.

walrs(e 180)LDO LD(IDOM) LMO(IDOM) LY (IDOM)
WRITE(S, 143) ‘

WRITE(6, 163)
WRITE(6, 173)LDO;, LMO Lyo, LD(1) LMO(1) LY(1),L0(2), LMO(Q)

*LY(2),LD(3).LMO(3), LY(G)

WRITE(6, 123)

'WRITE(6,103) y S e

' IF(EEX.EQ.1.0) GO TO 293

WRITE(6, 123)

KN=O | o S,

%“dMAx-INT(DAx(i))

JUMAX 1= UMAX+ 1.
JUMAX=INT(DAI(2))
JUMAX 1= JUMAX 41"

‘JJUXEJUMAX

uuunAx-INT(DAI(a)) : .

JUUXAMRJUUMAX+1 - T ‘
JUUUX=JUUMAX - L S L F— , =
UIX=JMAX 145 ‘ ; . . _ '

‘DO 893 KX=JIX JUMAX : ..' .. .

' ‘A KN=KX
CONTINUE

" LHZ=LH(KX)
'IF. (LH( 1) .NE. LHZ)GO TO 893
IF (KN.NE 0) GO TO 893 Y

v

'HDO 793 ddX-dMAX1IKN

JUJX=Judx+t .
JUSUXEYJUUX T

_ IF (UJUuX.GT. NTESTS) GO TO 693
"WRITE(6, 153) LH(JYUX),

-‘L“(JJX) OUR(uUX), AVTENP(JJX) LH(dddX) LM(dddX) OUR(JJJX),
“ S AVTEMP (JUJUX) , LH(JJUJX) LM(JJJJX) OUR(JJJJX) AVTEMP(JJJJX)

GO TO 793
" WRITE(S6, 153) LH(JJX)

‘AVTENP(JJJX) :

CONTINUE .. "'
' DO 903 UX=UNX,JUMAX . 3 e
‘ uux-xu+ux-u~x+1 T T T
R D

"‘.‘,. . L : . L e
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i

e 0 1es

: ¢
275 ‘ Juoox-uuqu*t
276 ' ... . ' IF (JUJUX,GT, NTESTS) GO TO 913
277 ' WRITE(8,113) LH(JX).LM(JUX).OUR(UX) . Avrampgux) LH(qu)
. 278 “LM(JUX) . OUR(JUX ) LAVTEMP(UUX) . LH(UUUX) ,LM(UJIX) 4, OUR(UJUX ) ,
279 . =AVTEMP(UJUX) . LH(JUJIX) . Ln(uauux) oun(uuuux) AVTEMP(JJJJK)
‘280 GO TO 903
281 ' 813 . WRITE(6,113) LH(JX).LM(JX), OUR(JK) AVTeup(ux) LH(UUX)
282 ~LM(JUX) . OUR(UUX )} AVTEMP (JUX) , LH(uaux) LM(UJUX) . OUR(JJJX) ,
283 " sAVTEMP(UJUX)
284 903" CONTINUE . S .
o 285 : ~, "WRITE(6.133)
286 " GO TO 999 o ‘
; 28 ¢ \
28 [ lf there are more than. 4 days of data the data
289 € willlonly be printed for 4 days: on one page
290 e and the countinuation will be on the second. page,
291 c ‘ Lo .
) 292 855. EXTRA=IDOM . ¢’ ‘ < \
293 ' EEX=2.0 s ‘ - -
.. 294 . 100M=3 : : L )
v 295 © GO TO 853 ‘ ‘
‘296 c : ' ]
297 ¢, T \
298 ' C wWrite the second page of data if 1t s pessacenly.
299 ¢ . ' = . »
. 300 C L, ‘ .
30t 999 WRITE(6,180)FILE | ’ .
) 302 ., IF(EEX.EQ,2,0) GO TO 908 o
303 . ' GO TO 909 ,
304 ' ' 908 EJN=EXTRA-3,0 _ ,
305 . WRITE(6,105) : S : ‘ o
306 | ' EEX=1,0 : ‘ . -
307 . | LDO=LD(4)
y 308 . LMO=LMO(4)
- 309 " LYO=LY(4)
310 , 1boM=4, .
311 ) © L UNX=INTABALL4))+1 ‘
312 . IF(EJUNJEQ,1.0) GO TO 850
313, " ' 1D0M=5 : » S L "
314 . LDG1)=tD(S) - . :
315 - LMO( 1)=LMO(S) v Y
. 316 17 LYCIY(S) ,
37 JMAX T(DAI(S))
318 - T KNeUMAX .
319 . ' ' IF(EUN.EQ.2. O)GO TO 851 .. , o S
320 .. % IpOM=6 o Lk o C
- 321 ~'LD(2) =LD(6) L R
0332 - .LMO(2)=LMO(6) ‘ ‘ -
© 323 : LY(2)=Lvy(6) .
324 ' y\uuax-xnr(ggx(s)) —
325 S IF(EJUN.EQT3 -0) Go TO 852 , ,
326 - ) 100}4-7 : : S
327 Lo _LD(3)=LD(7) SR i ‘o 3
328 | TLMO(3)=tmMo(7). . ' U . :
$ 329 - S LY(3)eLy(T) e e o
330 T uuuux-xnr(oax(7)) . , o L e
©334 .. '~ . GO TO 853 . o Co ~ /
332 e ‘ | N
333 c. v ~ .
334 [ Call thePLOTIT program ‘to plot tho data valu.s A '
335 B Option of ploting scalos are 4,5,6.7 days on the x-,.x.g,,-_ o
.. 336 . ¢ ‘ , o
¢ 337 ¢ L ) o . . . . :
338 ' 909 cALL GPEP1(0.18,0.15.0.1) . S
339 ' CALL GPEP2(0.5.0.8) S N ¥
‘840 . CALL GPEP3(1,2,0.5,TRUE.1,.5,-1,0,TRUE). ’
. 341, CALL . GPEP4( “ROMANTX ") - L S
342 ' .CALL GPEPS5(1,1.,2) .. . o e i ‘
1343 .~ CALL GPEP6(1.5,0.7,1.55) P ' ' L ot
@44 . CALL GPEP8(0.5,0.05.0, 12, 'LEGEND' e) L
345 . ° . .. ‘CALL GPEP13(0.05) - - R P
. 346 . f'-“CALL epep14(rnus 0.5.8.0.4, 0. o 4) L A

! v £
A, . L e o N ‘ ‘ ‘
‘ . ' ! ' ! ¢ . " g

R i
A . te



‘--'399

407

C310

307 -

306

308

‘CALL GPEP{5(30.0,52.0.60,0.59.0)
IF(EXTRA.LE.3) GO TO 304

1F (EXTRA.£Q.4) GO TO 308
[F(EXTRA €Q.5) GO TO 306
IF(EXTRA.GE.6) GO TO 307

CALL PLOTIT(START OUR,NTESTS. 1,
+6.0.9.0.0)

CALL PLOTIT(START AVTEMP NTESTS.4. 1, 1,1.0,0,6.0,28.,0,

*8,0.6,0,9,0.0)
60 10310 ) ,
CALL PLOT T(START.OUR,NTESTS.i.
*6.0.9.0,0)

CALL PLOé;T(STAET AVTEMP NTESTS.d,1,

*8.0.6.0.9.0,9) [
GO TO 310
CALL PLOTIT(START.OUR.NTESTS.1,
*6.0,9.0,0)

N Y

" CALL PLOTIT(START,AVTEMP NTESTS.4.1,

304

310

*8.0.6.0.9.0,0)

GO TO W10 4

CALL PLOTIT(START.OUR, NTESTS 1, l
*6.0.9.0,0). .

CALL PLOTIT(START AVTEMP, NTESTS;A 1.
*8,0.6.0,9.0.90)

CALL PLOIT(START,OUR, NTESTS 0.

'*4.,0.10.0.0)

CAL/L GPEP1(0.093,0,08S5, o 055)
CA{lL GPEP2(0.25.0.25%) b

CALL GPEP3(1,5.0.8,TRUE, 1,

CALL GPEP4( 'ROMANTX’)

catL GPEPS(1.1,2)

CALL GPEP6(O. 75 0.45.0. 82)
"CALL GPEP8(0.25.0.025.0.07,
. LALL GPEP13(0.03) - .

CALL GPEP14(TRUE.0.1,4.0.4 o o. 4)
.+ GALL GPEP15(30.0,52.0,60.0,59.0)
‘'IF(EXTRA.LE.3) GO TO 404

IF(EXTRA.EQ.4) GO TO 405

IF(EXTRA EQ.5) GO TO. 406

'IF(EXTRA.GE.6) GO TO 407

(CALL PLOTIT(START cun NTESTS, 1,

11,~0,5.TRUE)

’LEGEND’,G)

,1.2,0,0,6,0,28,0,8,0,
AR

1,1.2,0.0.6.0,24.0,8.0,

1,1,0,0,6.0.24.0,

1.1,2.,0.0,6.0,20.0.8.0,

1.1.0.0.6.0,20.0,

1.2,0, o 6.0,16,0,.8.0,
.1.0.0.6.0.16.0.

1:1,2,0,0,2.0,10.0,5,0,,

a
ad

f‘2}0.0.12.0,14”0.§"0H

- 406
1

€12.0,4.5.0) " .
CALL PLOTIT(START,
*8.0,12.0,4.5,0)
GO TO 410
CALL PLOTIT(START,
©+12,0,4.5,0)

CALL PLOTIT(STARf

*8.0,12.0,4.5; O)

~ G0 TO.410. -

AOOON:

5,190

CALL PLDTXT(START
 *8.0,12.0,4.5,0)
a GO To 410 PR

\ CALL 9Lorxr(sranr
< *42,0.4.%,0) *
CALL PLOTIT{ snm

*8.0,12;0.4.5.0)
i govrouo «g'
+410  CALLIPLOTIT
L 1% o.tokg:o)

'}annét gtatcncnt&.

" 40 PORMAT( gno)
41 FORMAT(

AVTEMP NTESTS 4,

[]
OUR NTESTS 1

AVTEMP NTESTS 4 1.

.

1.0, 0, 12 o 12, p

L CALL PLOTIT(STAR? oun NTESTS, 4. 1, 1.2,0.0, 12.0.10.0.8.0.
R X *12.0,4.5,0) .

AVTEMP NTESTS 4 1, 1 1.0. O 12, 0 10 O

-‘.- - .
.
\ [

OUR NTESTS t. 1, I 2, O O 12.0, 8. 0 8 o,

AVTEMP NTESTS 4,1.1, 1 0 0., 12 O 8'0

N “‘,‘ . . P -.4"_

ART OUR NYESTS 0.1 1, 2 0.0, 2 O 10 O 5. O

: . 2

oty
» s
£

FORMAT()’//iSX."‘Thq:d pata wcro collccted under fne ‘ 2M)

N f£~"»-u,. : . : @

V . o i
L - =~
oot . L . NN
Coa ' [ to i

1.1,1.0.0.12.0.14.0,

1.1, 2 O 0 12 0. 12 0.8.0,

166
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a8 , 100 FORMAT(47X.’ TIME TEMP ¢,
419 */47X."  HriMin mo/ 1 c ¢
420 110" FORMAT(SOX,I12,/:",12,3X,F7,2.F7 1) .
421 101  FORMAT(33X, " TIME OUR TEMP TIME OUR"
422 . *4aX,’ TEMP’
' 423 ° /33X’ Mr:Min mg/ ) c Hr\ Min mg/ 1,
424 *4x,.’7 C r) .
425 111 FORMAT(37X.12,’:'.,12,3X,F7.2,F7,1,6X,12,':',12,3X,F7.2,F7 1)
426 151  FORMAT(64X,12,*:°,12.3X,F7,2,F7,1)
427 102  FORMAT(20X, ’ TIME OUR TEMP TIME QUR"
428 “ax,’ TEMP TIME OUR TEMP /|
429 | ‘/QOX.'I Hr:Min mg/ 1 [ Hr (Min mg/1°’,
430 - *4x,r C HriMin mg/ c )
431 112 FORMAT (23X 12, " f.xz.ax;F7.2_F7 1.6X.12,/:/,12,3X.F7 . 2,F7 1
432 *6X.12,° '.xz.ax F7 J1)
_ 443 152 -Fonmnr(ssx 12, 12, ax F7.2.F7,1, /
434 e6X.12, 77,12, ax F7 2.F7,1) .
435 103 FORMAT( 10X, TIME OUR TEMP TIME OUR"
436 *4x,’'TEMP TIME OUR TEMP TIME OUR‘
437 . *aX,'TEMP’
438 "*/10X.’  Mr:Min . mg/i C Hr:Min mg/ 1’ ,
439 *4x.,’ ¢ Hr:MIin mg/ | c Hr:Mtin ° mg/1’
. 440 . *ax,r ¢ ) .
441 113 FORMAT(13X,12,;',12.3X,F7,2,F7,1,6X.12,:,12,3%X.F7.2.FT .1
442 *6x.12, JI12,3X,F7,2,F7,1,6X,12,":",12,3X.F7.2,F7.1)
443 153 FORMAT(AiX,I?.': 12,.3X.F7.2 F7, 1. .
444 . *6x,12, .12,3%,F7,2,F7,.1.6X,12, J12,3%.F7.2,F7,1)
445 105 FORMAT('i //////////////////50X 'Continuatton from the -,
446 *’last page, ')
aatr 120 FoRMAT(47X"1 « 1 l. 1)
448 130 ~FORMAT(47x ' { 1) .
449 1214 FORMAT(Q?X | | || 1.
450 *8X, ‘) ,
451 131 Foamar(aax " ! ! 1,
452 " o.8x, 1)
453 "122 FORMAT(2OX o |- | i
454 '8Xxy, | | | )y,
! 455 132 #bnmnr(zox " ! " 1 1.
Y 456 . BX, 't N ! 1 1) N
457 123 FQRMAT('OX l I | || .
4ss8 . *8x, 1 | | Sl .
) 459 *TX, X. 1) ‘ .
460, 133 FORMAT(iox ] 1 1 H te,
461 *8X, 1t 1 ! "t re
462 “TX, '!’ x.10) .
. 463 .140 FORMAT(47x. ‘] .26x, '|') ' .
464 - 160 FORMAT(59X, ‘DAY 1°/) e
465 141 -FORMAT(33x,‘|/.26k,"|]|’, 26X, '| ) N
466 16 FORMAT(45X, DAY 1’ 21X, ‘DAY /)
467 142 ‘FORMAT (20X, |’ sx.'ll' 26X, || 26X 1y '
. 468 162 FORMAT (32X, 'DAY 21X 'DAV +21X, ‘DAY 3°/)
469 143° FORMAT(10X,‘|’,26Xx,‘| |’ ,26X, | . 26X, || 26X "1
‘ 470 163 FORMAT (22X, 'onv 17,21X, ‘DAY L21X, ‘y -
471 *23X.'DAY 4°/) R
472 170 FORMAT(S57X,12,2X.12,2X.12) = !
473 171 FORMAT(43X,12,2X/12,2X,12,17X,12,2X,12,2x,]12)"
474 . 172 FORMAT(30X,12,2X,12,2X,12, 17x, 12, 2x 12 2x,12,

475 C. *17TX.12,2X,12,2%,12) , =
= 476 173, FORMAT(20X 12,2%,12,2x, 12 17X 12, 2X 12 2X 12 !
- 477 *17X,12,2X,12,2X,12,17X, 12, 2X; 12 2x,12) .

." 478 180 ° FORMAT(///////?///////51* ‘The Roaultm oft" Thc Automatod' .
&479 */LB1X, ‘Oxygon Uptake Rate Apparatus"' . [P
480 ‘//47X (For- the period of ‘,I12,’'~" 12,7 / . . Lol
481 LA LRI2,7 /e, If ') 11007711 ) / LN S
482 P ’* STOP - R TR
483 e END T
4‘84 i c“ \? A \'\ ' B ' v
485' C vl e R « - -
486", 7. C'' Subrutines .7 R ‘ C s
487 c T . X

: 488 c - 7 . 3
o .o
h"'.i : 6. o
NN T R . ,




489
480
491
492,
493
494
4995
496
497
498
499

301
502
$03
804
30%

507
508

C

00

,

1{st Subroutine to calculate the OUR values,

~

- 1000

S09

310
St1
512
513,
514
515
516
517
518
519
$20

522
523
524
525

' 526
837
528
529
530
531
532
533.
* s34
535
536
537
538

539 -
540
541,

842

C

1Q10

SUBROUTINE OURCAL (DOTIME,XDO.J, IRUN, OUR)
DIMENSION. oua(1) DOTIME(1).XDO( 1)
SUMX=0.0
SUMY=0,0
SUMXY=0 .0
SUMXX*=0,0 .
CN=0.0 ‘
NENES!
DO 1010 I=1,y
IF (DOTIME(I).LE.O.07S) GO TO 1010
1F/(X00(1).LT.1.0) GO TO 1010
IF (XxDO(1).£Q,999,0) GO TO 1010
CN=CN+1
SUMX=SUMX+DOTIME(I)
SUMY = SUMY+XD0( 1) .
SUMXY=SUMXY+XDO(1)*ODOTIME(L)
suuxx-sumxx»DOTIME(x)-‘z
CONT INUE

C Compute averages

C

[}
C
o]

[
c
C

1020
1025

1021

Compute corrected sums and cross products,

~

If (CN.NE,0,0)GO TO 1021
OUR{ IRUN) =0, 00

GO TO 1030

XAVeSUMX/CN

YAV=SUMY/CN

-

CSCP=SUMXY -SUMX * SUMY /CN -
CSS=35UMXX-SUMX**2/CN

Calculate the QUR .values

' 1030

OO0O0OON

“ﬁooa

%43

544
545
546.

-

547

End of

2ED Subroutine ,
. Te calculate the average téemperatures.
X = . .

IF (CSS.€Q.0:0) GO TO 1025
OUR( IRUN) = (CSCP/CSS)*(1-2)
RETURN . )

END, (" . Lo .

v |

P -

"

L)

L ‘ R
SUBROUTINE AVE(TEMP,Ju, IRUN,’AVTEMP) "

DIMENSION AVTEMP(l) TEMP(‘)

NJ=yJ-1 :

IF (NJ.NE.O.O) GO TO 2002 -

AVIEMP(IRUN)=C.0 « . '

G TO'2001 .

TOTAL=0.0 - .- ,
D0 2000 I=1,Ny .,

2000 TOTAL'TOTAL+TEMP(I)

200t

AVTEMP ( IRUN) =TOTAL /Ny
RETURN
END

168
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APPENDIX C. Listing. of Raw Data and Printout Examples.

In .this Appendlx a lxstxng of the raw data for a test
run which is. collected on - a flopy. dxsk"is given as an
example. A copy of the orintours produced by different
software programs, are also included’in this  Appendix. The
Appendix consists of‘the.followind sections. .

) Section ~ ) o .
c1. Listing of the raw data.
cz2. Printout of the BA.PRINTOUT program.

*(On Commodore Printer)
C3.‘ " Prxntout of the BA. SUMMARY program.
(on Commodore Printer)
~C4. . Printout of the OUR.PLOT<program.'
. , :

R f .~ (On The U. of A Computing System)_

169




 GBT#17
180485

30
4.1

' - 30

45
240

G B 96-HR CONTINUES SAMPLE 0 SEC#4 1ST PASS.

7,402

52 572

92,668

136,738
181,758
227,77

277,744
317,744

362,734

407,714+

452,694
502,674

542,654

587,634
631,614

677,594

« 721,564
772,544

SN

»

1121833 .

 section C1.

Listing of The Raw Dafa

!

e

- Time & DO
Data points

o

Txme & Temperature |

Data Points

170

Test Run

\

N

+ Informations -




Section C2.

24 26 29 %
=€t .

Printout of The "BA.PRINTOUT" Program.

. \ N ’
\ : *
\ , . -
" ®s3sasssee THIS IS THE DATA COLLECTED - )
88 UNDER THE FILE MAME, OBTM)T S0
COMmENT . .
0.3 96-tR CONTINUES SAPPLE @ SECM 1ST PASS,
. Con Ty '
. ] o !
N
, THISTESTH\SCMEDNTDG.AW .
THE TEST STARTED AT (MR HIN,. 14.04
« rofR tesTii TIeE wRs. <um. 32
- . .
- 3APLE WRS AERATED FOR. MINY - 4.1 ., t
. T
SAPLE WRS NINXED FIR:  «mIN> 39 «
" . .
D.0 -READINOS WERE TAKEN EVERY (SEC) (4d8, . 1~ ' 7. "‘?},
TEMP READINGS WERE TAKEN EVERY (SEC) 240 - '
. A -
TimE 0.0 N Lo o R
EC AN ML 2 1 2 3 4 s 6 7 8 3 1@ i
. — + + +———+-D. 0+—BN.
. 7 MY TN . ’ (N
s2 .86 S.82 4 . . o
o 3R 1.%3 6.97 1 , . ' .
A 136 2.26 .47 . . "
181 3.8 . 7.77 ’ . ’
> 3.78 7.87 0 , . .
. 27? 4.61 ?2.57 1 ' .
316 S.26 7.5 . . e v .
. 6.83 .20 1 e
T 6.78 6.97 | . . -
to452 ?.53 6.67 | . « 7
502 .36 © 6.27 ’
© 541 9.91 6.87" i’ K "
386 SRS S B . < e
B €32 10.53 S, i . o .
677 11.28 8.3 a0, R .
v 722 12.03 .82 1 o |
L, 12,88 .57 i R . .
: ‘ 812  13.23 4,0 . .
856 14,26 .97 L. LRI - .
992 - - 15,03 " 3,67 - v . o
. 947, 15.78 s . . ‘ C
. \ 997 16.61 - 3,07 ) * H
109? 12,88 2.872' 1 . . ,
1062 18.03 . 2.57 e |
1126 18,76 2,271 . .. .
1171 19.5¢ .07 | ..
20.36 .72 ) e :
1 21.03 1.472 .
1302 21.78 4.27 . - .-
1332 22.53 92 e ;
. 1396 - 23.26 e B . . :
1441 . 24001, 40 . g .
v 1492 " 24,867 20 1. >
18327 - 125, ST IR TR . .
1576  25.26 10 e . . R Lt
1621, 27,01 .10 e ! Yo
AR 16667 27,76 .- ' .10 1+ S S e ST
R 1717 2Be6) . . .10 e ‘ e . . .
: T A8, 29.28. . 10 e S VU o,
« Y SEGESSEEEEREES OUR = ,392 NO/L.NiNeemumm 23.52 NO/L.HR ;

0
.
N
el
. \
. L 4
.
L
P
. v
.
- .
. -
Al
,
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k \ ro Section C3.
Printout of The "BA.SUMMARY" Program. .
o ' SurTvey OF THE DATA COLLECTE L - ‘ "\
. ‘ . B | | |
T i Grai 1 e 81 . o

' S o | | ’
53 S CONTIMUES SAPPLE @ SECS4 18T PRSS. ‘ L
e T
* ) 12 14 16 18 20 ‘
et -OUR WG, MR ————+

- ‘ 123851216
: TR TR
20.34

o s s e

-
-

BuRRERIBS
a ﬂ&::ﬁ;a:s

S3ACURRBB2EYN

anawssuon--se3388IIRRATLLIIR22

—h.
N
I

'L+ . .. .+ OUR. Valies

s . . ' X \

£33SREREGIRABLBES

-
L ]

© Ave, " Temp.

o

el K . . i RS .
e

B VR RN

qe i . . . O
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'APPQNDIX D. Listingvog The‘Spftware?Questionnaire, o

A

\

R The” spec;fzc ‘opeatlon 'instructions requlred by the
programs are. 1nteract1vely glven to .the programs. A llst1ng e
'of ‘vthe quest1onna1reﬁ through which ithe programs are

1nstructed isg given in the followlng order.

‘Section R :"' ‘Program Qnestlonna1re
o1, ow. OPERATION
D2 o BA.PRINTOUT
D3 ‘ma.suMerr

be. .. DTD.CONDENSER

|

i)

v

By operatxbg each of these programs the correspondxng-
- .

’ questzons are llsted on the 'PET, computer screen one by one,f

der as they are llsted here. Answer to each,‘wﬁ

[
I

Linp the‘ same

‘Jquest1on has to be typed and then entered into the computer
*gby press:ng the RETURN key Before the program can cont1nuep"

*to the next questxon.,p"




)

Sectxon D1

Lxstxng of The "OUR OPERATION" Program Questlonnaxre

Both in Short and Detaxl Versxons.“.

o . The common portion of the
detail & shqrt vesions.

T

Will the requzred 1nformat10n be glven
on the screeﬂ or read from a data file :?

What 1s the date today? Ce
Give the information as day/month/year.
i.e. 9/Jan/85 as 090185. 2

:Time'of the dhy in 24- hr clock ?
i.e. for. 1 45 pm. type 134500 ?

Any comments for future reference ?

- Do you want to callbrate
the DO meter on the apegratus ?

i ' ' . o ' ".

IF you want to cal Ibnate the meten
“the cal Ibrat fon mode can be enter'ed
e Do you want i
_ the quest1ons 1n short or deta11 7

W




'The detailed version. . = '  The ghort version.
t e-questionnailire: . ..of'the questionnaire:

“. ‘ § N .
“. A , '

NoTE: . e T
“Activated sluﬁge will . TR R .
automatically be pumped . , o ‘ S
into the sampler.‘The BEKEN o
- aeration and mixing of
- the sample will also o
‘start automat1cally and ; . ¥ ‘ ‘ _
"continue as long as o _ AT :
required. DO and Temp Lo f IR
readings will start as = . Lo »
'soon as the sampler' is \ ‘ ‘ ‘
full. Collected data
- are stored as long as oo .
you requ1ﬁx o , ‘ ‘
How many minutes’ will it ' Time to 'fill Coo Lo
take to flll the sampler ? ' the sampler ........... min ? .
. oo | A . . :
How many minutes do you want  Aeration time’........ min ?
to aerate the sample 2 + =~ - ‘;/“ ' S
How many minutes’ do you want - . Total test time ...... min 7?2
to monitor the sample. L S

@Total test time)? RPN ﬁ Lo
?,How many minutes do you . Mixing time ...........min ?
t,want to m1x the sample 2o e

‘ o . o h

- How ftequentlyh 1n seconds, *ﬁ_Dof:eédzngsaevery'..;; sec ? .
jdq want the DO read1ngs 2 Lo }g;‘L.f 1 = \ comhro

fHow frequently, in seconds,<
‘do you want Temp readlngs 7




" w"‘"j"'
<

J

R ' . 3) Stop.the program. ? ,
“ ! TYpe, in- the apprppriat'e number'?

- ,'\;,r .

% ' ‘
q”@ﬁ; ‘ ‘The commen portion. .of the
- : - . short & detail versions.
What do you want to do for the next run 7
IR | 1) Continue  with the -same" data,

2) Change the data. T e

;' o If Aumber 1 is typed‘ )
. The next quest fon Is asked S
. other'wise contfnue to the pr'oceed Ing quest ions

.\.

k How many . t;mes should the .. -
test be run with the same data ?
. Under what file name do you
., want the data stored ?

-
~

‘Which dlsk drave is “‘L’{,‘~° B Mo
-‘the data dlsk 1n ? ‘

7.‘<a "NOTE: for contlnuous run the flrst
: dlSk has to be in dr1ve #0
. 'How many . data lees do you

; 7‘ want to" store on the: flrst disk ?

‘Have  you callbrated the DO meter R
for temperature and pressure 7

- .. Lt K T Wt

IF you want to cal Ibr'ate the meten
T the cal Ibr'?t lon' mode: can. be enterveq
oo Re el

LY ;

A Summaf'y of the. Input Infonmat ion
ij‘ vf 177 théh gly@n,h‘n_ SR
. ,‘;P‘ »‘ \',‘,.. . . i 1 :.-‘.‘: " ’(.,.? . V. ' ‘ )

Do you want to‘Z

R P [ . oo,
IS L

IF a: change I s. necessary

v :‘{‘

the pnogr'amv wi?l .go-.back to the ddta” Inpt)t sectlon‘

f-;not the openatlon wlll begln.,,

o

‘to Appéndix F. Ll |

177 .
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v o ”‘,Secfion‘DZ; . : ' 
'ﬂQuGStionnajfefiistiﬁg ofythe‘"BA.PRINTOUT? Programs-

1 ! . '
' : ' A

Do you want. to look at . X ‘ ‘
the dxsk directory Y/N° T

. 'How ' many contxnuous runs " S
do you want the data for7 L e,

Was the data stored ‘under 7. -
1.. Different file names ?+ -~ ' ° :
v 2. Strlng of file names' ¢ BT SN
Type the approprlate number? BRI . v

i . P “

' ,‘ L ey , . P A
‘V"‘ . " under wnat file name C o SR
‘ S is the data stored7.‘-;'ﬂ,’.‘;

i : : . ' .
LA . . ' ' ”
A ! .
f Wt -

LE e Note that the flrst dlsk drlve )
- has to be.im’'drive #0. o
Which. dxsk drlve 1s the data dxsk under?*
vf\;xHow many Qf the data flles | l
- ‘ “%‘ are ‘on.the fzrst dlsk? ' o
e Summary of the Input Informatxon e B

13{~ .. . pata: 15 ‘stored underr,.‘.j. . . R
’ o 3‘The disk 'is in'drive. . . . .. . - '
. Do you want to;change Y/N? . - . o+ .

'
R

i
5
.. . )
. . ! u ‘-
v [T T
' “‘v\ ’ L "

. v‘ " N
o " . N
,-_.,_\ i ' .

- S

D 7 ¢ t ' - .
. . R . PR 4

e - . PO

P
\ ! e o
.
..
—
v
. "y




\

3y -

e Sectxon 'D3. - ‘
, A . , Lo i LY N ) N K

0w )
\

Quostxonnaxre lxstxng of the "BA BUMMARY" Qrogram..‘q‘ ~

' . } i : ) "

Do you want to look at C v
the: dxsk drlve dLrectory Y/N? I

. . Under what flle St:rlng name R o

is the data stored7 ' o "

o - How many continuouS‘runs . . o
’,do you want. the data for° 4 .

[ [ | ' ' : W
‘ . e '

'Note that the f;rst disk drive .
"has to.be under drive #0. . F Tt ea
Wh1ch disk drive is the daga d;sk 1n7 :

" How many files,ate there } e
on .the first" 'Sk dr1ve° - T P R v W

A ' . . .
re ‘' ! N . vt

FSummary of the Input Informatxon ’f“ T
‘5**Data is. stored under the- file name: -
"=sThere W1ll be -~ data files. re@d ,

' **The disk is in, drive -, ‘ ' '
' *:There are ~~‘f11es on the flrst d1sk R

\",‘ s

Do you want to change the 1nput~Y/N?‘?‘\‘ 'pruf”
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Ly

Section D4. -

Questionnaire of the "DTD.CONDENCER" program.

)

\

Name of the_ file C
which is to be condenced ? ‘

In the case of string of ffles ,

only give the original, or!main name.

. - Iy . A - - - . A oA A - - & Iy " - " ?
Number of files to be condenced 7

Which disk drive
is the data disk under ?

How many files are :
there on the first disk ? '

Are there,any files
which has to be missed ?

If there are any flles
Which have to be missed, the program
will require. the name and number of them,

Under what file pame
should the condence file be stored 7 .

Under which disk drive 7

If there are no changes
press any key to start the program.

A
t

‘ The program will automatically
inform the the operator when all the f ffes
on the avalable disk are read,

‘and the disk should be changed.

’ o |



WAV
APPENDIX E. Listing of The Data.
' \‘ e
Plot and tabulated listing gf éhe data collected during

the six months operation of the apparatus at the Egdmonton

Gold Bar sewage Treatment Plant, are given in this Appendix.

- 4

——
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' I
The ARAasultia &t he Auyremajzso Y
Omygen Uptana h‘AVq Apparazus
1POr the perieq n'l L AT ST T Y N

. | .

| |

z ‘ -
. ] '

DAY oar 2 oar 2 oAy 4 !
) A 8y s a s . A  as 7 LY )
T ous TEme Tane oum 1 TAme oun Tame Time oun tama
ne MR mQ/N Pe 4 YY) YA [ LU Y Y ne Ml LI YANLL [y
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APPENDIX F. Operation Manual. | 7

. This Appéndix contains a detail 'opération manual,  and ,
the setup instructions of the automatedioxygen uptike rate
measurement system. o . ‘ N e ‘
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User's Manual
of The Automatic’'Oxygen Uptake Rate

'Measurement Apparatus = .

’ \

I. Introduction

-

[

The cohputeriséd OUR measurement, apparatus is made up

of three separate parts; one is the structural unit, second

v

\ is the computer hardware and software systems, and third is
the electrical wunit. The electrical unit is instructed Py
* the computer system to carry out different tasks of the . OUR

apparatus. In this manual a general description of these

+

units and their relation to each other are given. Refer to

Figure 1, for the. schematic diadram of the unitsfset up. Tﬁe

manual will also describe in detail ‘the ' steps of how to
_start the operation of the OUR apparatus, and how to

‘calibrate the DO meter on the apparatus for a more accurate

‘measurement of the dissolved oxygen. '
- )
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IIﬁ Descrjption oi'the Individual Units.

A. Structural unit

The structural unit consists of a cope  shaped

-

measurément‘tank, and thee‘solenoid valves for sample‘inlef
(V&), sample oﬁglet (V3),wand‘an‘air vaiQe (V2) for ‘sample
aération. The méasufement,tank and the mixing motor aré‘held
ﬁpfight by & metal® stand. ‘The solenoid .valves and their
respective pipe,lines‘are fastened on a wooden base to glve
~a solid structure shown in figure 2. Two other items wh;ch

.

can be consxdered as a part of the 'structural unit are the
a1r ébmpressor whxch provldes the air for the ‘aerqcioi of
the sample,‘ and ﬁhe inleé ‘pump which is needed‘in some
}6cations where thé sample has to be pﬁmped into the

measurement tank.

Connections of The Structural ﬁnif
_ There .are two types of connéctions‘for the structural
, co ,
un?t, one is the electrical conﬁections, and sécond is ‘;he
“pipe1 aﬁd hose connections. The electr1cal w1r1ngs of the
sq;enbﬁd valvés} the air compressor, and the 1n1et pump (if
it is‘ needed) are allh connected to the.Dissolved“Qxygen
Control Chamber KDOCC)‘eléctronié device. The description of
this ’ééviée. will ~bé éiven in latér sections; however, the
approp1ate channel connections on the dev1ce for the ébége

' !
ment1oned connectzons are as follow~

'El
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8
Inlet solenoid valve " Channel 1.
Ai:ksolepoid valve L Channel 2.
Air Cémpressor, f C Channel 3.
Outflow solepoid valve - Channel 5. '
Inflow Pump | Channel 6.

' ' f ,

\. ' ’ . ' ™

N

The mixing motor has to be'conhected‘to the smaller unit
‘which is atgaéhed‘to the 5 éhahnel‘_Mocor Speed Céntpol
system. ‘A gé;eréi* description of this dévigé‘-and its:
‘conhectigas will be‘given in Tater seét%oqs. |

The ‘pipe (and"kthe ho§e;cdnnections‘qn the structural
 unit should be connectéd in the following order. Aqu inlet
éolghoid‘ vélve conriects to the samplé withdraw location; in
ﬁhe case Qhefe the - sample ' has ‘ﬁo be pumped ,intok the
measurement ‘gank-,the inlet phmp is‘éonhected on tﬁis line.
The.ai: solenoid vaive_connects to the air compressor érlany
other source . of .air supply which is qvailable; The outlet
solenoid valve connects to the draining system into which
the 'sémpie‘ can bef‘aischarge..The drain has fo.be lécated‘
‘lower than éhe samp1er for ‘an éasy discharée of the sample

under gravity.

B. Electrical Unit ' - SRR
Currently there are three electfical devices within the .

electronic unit which control the operation of the OUR.

apparatus;‘These three devices are, the Dissolved Oxygen and

/,» . ‘:l
{
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Temperature measurement (DTbM) unlt ‘the stsolvea Oxygen‘
Conttol Chambef DOCC) system, and the 5 Channel Motor Speed
Control systemﬂ‘ The DOTM and the‘DOCC-unlts‘were specially'
,designed for the operation of the .OUR appafatus and are
controlled by the computer system. The S5 Channel Motor Speed
Control device'is a temporapy de?ice thch is used to
.control the speed of the mixing motor. In future designs .
either a snaller\versmon of thxs device wlll be buxlt or thef

whole device will be eliminated and a constant speed mxx;ng

1
i

motor wxll be used.

The. 5 Channel Motor Speed Control Devxce

The 5 Channel Motor Speed Control devgce,pas mentioned
béfore, ls a' temporary device which cont:ols the speed of
'the mlxing motor. The significance of this 'deviCe and the
importance of havlng the control of the mlxlng motor speed

.

will be discovqﬁed from the prellmenary studies., of ‘the
- apparatus, hence resolvingftne fnture'of the aevice.‘The 5
Channel Motor Speed Controll1ng dev1ce has ‘a"smaller' nnlt
attached to it, which is called t R tetlonal Control
dev1ce because it controls the rotat1onal d1reét1on of the
propellers on the mixing motor.nThe mixing motor connectg to
this smaller device. The Rotatlonal Control dev1ce ‘has - tw9‘
linee cgoing ’out ftom 1t,,one l1ne connects to' the back of‘
the § Channel Motor Speed Control-unlt and the,secono‘ line
:._connects to ‘the Channel 4 of the DOCC unit. o
The 5 Channel Speed Control unit has ‘to be plugged 1nto

., a power outlet for power, supply o ...‘}

Ny
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1:3iThe’ DOTM Unit.
Rk ‘ t .
%%3%- The DOTM devxce is a ‘combination of an ordinary DO

e
AN
§meter-.and a sophlstxcated electronic communxcat;ons system

}ﬁ D '
Sk
qugh pecezves xnst:uctxons " from the computer and sends

!

1nfo:matlon back to the computer. This device is mainly in
' )

charge of the DO and Temperature data collection and

) conveying the “meégﬁred values to the computer. This device
.also receives‘sighé%sifron the computer which are to be send
'1t9‘the DOCC unit;" |
K Thi DOTﬁléev}ée is ;onnected to the PET computer with
twg ELbbon cables. | Thése cables, establishes' the
communxcatxon l;nes between the <omputer and ‘the device. The
Lo
DO probe connects to the back of the DOTM device, which can
then be inserted into the open}ng on the cone shaped
|
méasuremént tank from Where the DO and Temperatufe readings
of the sample are taken. A cable taken from the back of the
DO’ swaevxce to‘the back of the bocc dev1%ﬁ'6§¢ablxshes the
communecation line from the computer through ghe DOTM device
to the DOCC device. ' |

" The DOTM device has to be connected to a power outlet

for power supply.

The DOCC Unit

The - DOCC »_devié% controls the opetration of the

Ll

_,electricélﬁdévices on the structural unit. This device will

nw

recexve 1ts instructions from the computer to open and close

solengla valves, and to sw1tch on .and off the mixing motor,

;4[

the dit compressor, and the inlet pump. Each one of these
e ‘ . - ' St
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devices is connected into a special channel location at the
back of the device. The seven channel connections of the

DOCC unif are as follow;

! Channel 1, ‘Inlet Valve,
ChanQel 2. Air Valve,
gﬁ Channel 3, Air Compressor,
Channel 4. . Miiihg Motor (from the Rotatjonal

Control device)

v

Channel 5. Outfléw Valve.
Channel 6. Inflow Valve.
Channel 7. Extra . !

The DOCC device iS‘conneéted to the DOTM device with a

cable, this cable establihes ‘the communication lines between
' RPN .

the computer and;tﬁe DOCC 'unit, through the DOTM device. The

{ 1

DOCC device is then piugged'into a power outlet for power

supply.

C. The Computer-'Hardware and Software Systems

4

The Computer Hardyarel

| The computer'gardware system consists of a Commodore
2001 Series (PET) micro-computer, and a Commodoré,4040 dual
q3sk drive. A printer is not necessary inr operating the
automatic _OUR apparatus; however, it is neéded;tp get a
printout of the collected data. It is suggested ' that the
prﬁntout.Aof the data Se oﬁtained at a differeﬁt PEf set up
locétion, because the printihg process ties up the computer

and much valuable testing time will be lost.
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The PET computer and the disk drive are cohnected with
? cable to setup the communication limes between theée two
units. The cofnpuigr is also connected to the DOTM electronic
device by two ribbon cables. After these connections are
made . the computer and the disk drive can be plugged into a
power outlet and switched on.

‘Thelicomputer itself 1is not capable of operating the
Automatic OUR apparatus. Instructions must be given to it to
‘communicate with the other wunits on the apparatus and to
proceed with the operation of the apparatus.’' These

instructions come from the operator and the software program

which has been designed to operate this apparatus.

“

The Coﬁputer Software

\J/T%e software program is called the "OUR.OPERATION"
program. This progrém was developed by Bijag\ Aidun to
operate the Automatic OUR _Measurement  apparatus. The
"OUR.OPERATION" program can be broken down' into two major
parts: one is tﬁe in;eractive instruction collecéion by the

program, and the second is the actual operational program of

the apparatus.

—

The interactive instruction collection of the prégram
is in two versions, a detail questybnﬂaire.which is good for
beginners to know exactly what type of“information is
requiréd, and a short version which is designed to speed up
the instruction . input process. Access to both of these
versions is possible at the beginning of the program. A
liSting of the questionnaires is given in Appendix 1 of. this

N
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manual. An example run through the questionnaire is also
given in this Appendix.

The detail desgription of the operational portién of
the "Pprogram 1is not necessary. However,, it should be
menﬂioned ' that ' the ‘program is capébre of ‘running an
unlimited number of continuous test runs, and that for each
test run one déta file is created on the computer flopp?
disk..The floppy disks can register up .to 140 files. To
avoid Jlosing any data files the programhis designed to

automatically switch from one drive to the second drive

after ‘every 139 test runs. Note that for this gjpe of

automatic switching the first set of files must be stored on

the drive number "0". The alterations between thg drives
willgellow the operator to exchange a full disk with a ‘new
or emgty d%ﬁk; hence, increasing the storage capacity of the
computer. IE éhoﬁld also be mentioned that for a continuous
set of runs only one file name is needed by the ﬁrogram_ The
program will automatically add to the end nof‘ the original

file name ‘the test run number; hence each test run will have

a different_file name.

Y
T
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—

I11I. Setup and Opera£ion of The Automatic OUR Apparatus
It is necessary for ghe operator to read the previous
.sections regarding the differenE units i?vglved in the oOfR
apparatus and 'iearn‘_the basic purposemof each unit béfore
attempting to operate the appafatus. These sections also
generally describe the setup and the connéctions of the
units wich each other. - ‘l} | : .
After setting wup and connecting all the units on the
OUR Qpparatus, the operation of the apparatus can be

started. The following instructions are the step by step .

directions of how to start the operation .of the OUR

& :
apparatus. It should also be noted that these directions are

to be followed in the case of a power failure which erases

all the memory locations -of the computer and the operation

1

has to be started from scrach.

Key Notes :

3

"

- The operator should type the underline commands into
the computer. - ‘

- #. Indicates the pressing of the RETURN key (Bbo Not
type it in). ¥
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Starting operation steps. o -

1.

Y .
Switch off all the wunits on ‘the Automatic ' OUR
Measurement 'Apparartus. ) .

. a) PET computer and the disk drxve.’
b) DOTM device. - ~
. c¢) DOCC device. :
d) The S5 Channel Motor Speed Control device.

~a. In the case of power failure first remove the disks

from " the disk drives because by turning the power on
without removing the disks the data files and the disk
can be damaged.

~b. Switch on the AC Dropout Relay unit which will let

the power back into the lines.

Switch on the PET computer, then the disk drive.

[

After the disk drive has setteld down insert the Main
Floppy Disk into the drive 0 of the dlSk drive.

Then type in LOAD"*" 8 #. .

Followed by RUN #.

To load up and run the DOS SUPPORT 4.0 from the floppy
disk. This program is a disk operatlng systems program,
and wxll load up the computer's memory.

Type -in /OUR.OPERATION #. '
This will load up thé\"OUR OPERATION" program.

F

‘Switch on, in order, the ¢ DOTM 'devxce, the' 5 Channel

Motor Speed Control devices, and the DOCC device.

(The apparatus will then start working and making noise
because "-all the circuits on the DOCC un1t are s1gnaled
to -be turned on. DO NOT PANIC._! 1) : -

' . N
. N ~ \J\\Q)
»

. ;
. . "
< . ©
'
'
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(e

Type in RUN #o :
This. will run the OUR OPERATION program which is in the

~computer memory, and it will initiate the DOTM device

and the DOCC device by setting up the communication
lines between them and the computer. . ‘

I1If a volume of wastewater has been collected in the
measurement tank as a result of the DOCC circujitry being
on for a short time, or in the case of a power failure
when the sample was not dralned brake the program and.

type in POKE 36864,16 #. i
This will open :'the outlet valve on the structural unit .

‘and the sample will be allowed to discharge.

)

To 'store 'data files on a disk the disk first has to be
initialized. Therefore, calculate the number of disks
which "are going to be used during the continuous
operation of 'the program, and initialize them all at
once. (Both sides of a disk can be used by cutting a
notch opposite the existing notch.) ‘

To initialize a disk type in >NQ:--------- ,*¥* # and fill
in the --~---~-- with a name which you like to give to
the disk, and ##* with a disk number. ‘

When you are ready to start.the operatlon (have enough‘

initialized data dlsks) run the OUR.OPERATION program, by
typing RUN # '
The computer program always stays on the computer memory

unless there is a power failure or when a new program is -

loaded into the-memory.

Answer the questionnaire.
The lxstlng and an example run through‘the quest1onna1re
is given in Appendix 1.

. For ' the calibration of -the: apparatus also refer to the’

Appendlx 1A .



13.

ain

—~

12. To stop 'the operation during the questionnaire the

RETURN key has to be pressed twice; however, during ' the

-operation the RUN/STOF key must be pressed to 'stop the

program,

To. read the 'data disk's directory,
type >»$0 # if the disk is in drive 0,
and >$1 # if the disk is in drive 1.
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' 1v. Calibration of The Appatatus

n
4

The ;calibration techniques of ,the DO meter on the
Automatick OUR apparatus are similiar to those of the:
“portable DO meters hence ;or the detail explanat;on of the
technlques ‘refer to ‘the Standard Methods. - e
The fastest cal;brat;on technxque of the DO meter;onl

o

the, apparatus 1is .to calibrate it against a  calibrated

porftable ' DO meter. The portable DO meter first has to be

ca :brated accordlng to the Standard Methods then ‘taken to
the apparatus to be tested against it. r,‘ﬂ g' | b
‘ The probe of the calibrated DO meter and _the probe 'of
the OUR apparatus are placed together in a flask of water,
'the,water‘must oe mixed at all trme to cause a unxform
fdistributidn of\themDissolved Qxygen‘throughout the sample.
‘The measured DO readings of the apparatus are then adjusted'
" with a knob on the DOTM device tb agree w1th the readings of

“

the callbrated portable DO meter

N

'The quest1onna1re portlon of. the OUR. OPERATION program
wxll allow the operator to enter the cal1brat10n mode of the.
program to cal1brate the apparatus. In the callbratlon mode"’
“the program wlll first flash the Temperature readlngs of the
probe -on-. the screen, then by - pre551ng any key on the
keyboard the readlngs will swztch “to . the probe s~ DO
'readlngs.i The‘ ﬁél readlngs can be adjusted to any value byp
dadjustzng the -knob on the DOTM device. Eor‘"a‘ detail
_description of the calibration mOQe'and‘the step‘by step

N

directions, refer to Appendix 1.
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vl Data Printout Softwage
Three.-software program were developed by Bljan Aidun .
which will allow the operator to obtain a hard copy of the
‘data COllected by the automatxc OUR apparatus The means of
*access;ng a data file and the format used by these printout
programs to' read a set ‘of data, are compatable with the
method in which. the ‘data files are stored by the OdR
operation saftware pédgram Th;s uniformity'“betweenxthe
programs wxll allow access to the stored data flles and an
accurate readout of the data values. Two of these prlntout‘
progransv are designed to produce a hard ‘copy of ithe
collected data on ‘the‘ Commodore printers,' they are the‘.
“BA.PRINTOUT" ~and ‘the "BA;SUMMARY" ‘programs; lThe third
program produces “'a tabular listing of the data points, and
constructs'a plot of the calculated OUR .values and the
temperature 'measufements of each sahple.yith respectfto to
the sample's collection time on the University of Alberta's
cOmputing‘system (MTS)s |
The BA.PRINTOUT program allows the operator ‘to access ‘
'onebuor a series of data files at one time to obtain a
printout of all the data p01nts and 1nformat1on collected
'during ~a specified test run. This program will list all the
bO andvtemperature values collected during the test run*’.it‘
will also construct ‘a plot of the sample s DO values and
temperature values vs. tlme. ‘The Oxygen Uptake Rate value of'

a test .run is also calculated by’ the program and prlnted

with the data set.
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The BA.Summary“program can only access a series of
'files compiled through a continuous test-run. This program‘
reads all the data points in the data 'file and calcUlateS"
'the‘ Oxygen Uptake Rate (OUR) values of each testfrun using:
the Least Squares method and it wxll also average the
temperature 3alues collected during the test run. The
fprogram'wiil list all"the ‘Calculated ‘Oxygen Uptake Rate
values and;fthe ,.average temperature values with.respect to
their sample collection time. A plot of these values uith
respect' to the sample collection time are also oonstructed
by the program to 1llustrate the OUR -and the temperature
variations of the samples during the continuous test period
‘ To operate these ‘programs, the selected program must be
&oaded on to the computer and ran. The data, K disks whlch are
to be read by the program, to produce a hard copy, have also
to be made avai;able tovthe program by inserting them into
thetdisk-drives; thevfirst data disk'has to be inserted‘into
the drive No.O0. The 1nstructions and 1nformation which ire
required by the program to access the data files are - 1nputed
1nteract1vely into ‘ the computer. ‘Thé’.listing of thef
“guestionaire through which the required ‘information rare
collected for ‘the BA PRINTOUT and the BA. SUMMARY programs,"
. and an example run throught the questlonaires are’ given ‘in
‘Appendix 2 of thLS manual At the end of the questionaire

the program automatically accesses the datat files‘ and

produces a printout

'I“'
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A. Directions forvtoéding_thé Printout Proéraﬁs

In tois séctioﬁia set of diféctions are given for
loading and ;unning the BA,PRINTOUT .and the BA. SUMMARY
programs. AS ;entloned before these programs produce a hard
| copy of the data- collected by the OUR. OPERATION program on

‘the Commodore 2022 printer.

Key Notes

~ The operator should type the underlxne commands' jinto
the computer.

~ #. Indiéates'éhe‘pfessing of the RETURN key (Do  Not
type it in). .

. 7‘;.45;“"“5\" -
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‘Lbadfngfgé,fhe Printout Programs.

Switch on the PET computer, the ‘disk drive, and the
printer. ‘ ' < ,

[

After the disk drive has settléd down insert the Main

floppy disk into the drxve‘o of the disk drive,

Then type in LOAD"*",8 #.

Followed by RUN #.

This is.to load and run' the DOS support - 4.0 program
from the floppy disk. This program is a disk
operating systems program. If the computer is already
loadeq’-winhb this program you can.proced to the next
step. : )

Type in /BA PRINTOUT # OR /BA. SUMMARY #.

Depending on the type of output that is requzred
Refer to the Data Printout Software section of this
manual for the detailed descr1pt10n of these programs
and their results.

Type in RUN #. S ‘ ,

To run the program which has been loaded into the
computer, a set of questions are.then listed on the
screen, one at a time; by ansewering these questions
the operator instructs the program to locate the data
files and produce a hard copy. The listing and an
example run through the guestionnaires are given in

)

Insert the data disk(s) into the disk drive. Note

~that in the case where there are more than one disk,
the first, disk must be inserted in drive 0 and the

second disk in drive 1, the third disk again in drive
0 and so on. ‘ - C

¢
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. Recommendatxons'

The followxng suggestlons and hjgommendatlons are a’

[

pesult “of six '‘months. of operatxng -and working thh the

Automatic OUR Measurement apparatus; and are intended to

solve any problems which can arise in the future. LA

1.

"each one plays an 1mportant role in the operatzon of the

apparatus.'
' R

Fi:St it his recommended. that the operatoh be - totally

ﬁamlllaKAZed with this manual and follow lthe step by

stepf di@ectiona of setting up. and operatxng the

apparatus. The operatxonal procedures are carpzed out

every .time there is a p0wer failure, and the\answering

stopped; therefore, the . operator's ease ‘with these
prdcedures can not be overemphasized.

In the initial set up of the apparatus, care should  be

taken.. 1h connecfing the electrical. attachment§ because

b

,
A

rAléo; it is recommended that all' of the power lines

of the wunits be connécted to a multiple outlet power

‘strip which is turn in connected to the ACVDropout Relay'

’l

and then to. a power supply. The use of the. AC Dropout

Relay can prove to be crucial in the 'case‘ of 'poue:

"

failures. A sudden power failure and sudden power excess

‘can be damaglng to the. d1sks, and can cause the loss Qf

.not let the power back- on to the"system 'untll the‘

o

‘operator turns the unit on‘aiter,;he'power failure.

of the questionnaire is done every time the program is

’

all’ the collected data files.. This AC Dropout Relay does

LN
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In the case of a powef‘failure or any powér'interruppion
to the system the OUR.OPERATION program fshould be
reloaded imﬁovthe computer to guara against any ddmages
which céuld be caused in the prdgram.

The appafatus should be céiibratgd fof DO readings at
least every once or twice a week, Thé‘Db meter on this

apparatus is like any ordinary DO meter and can very

easily go off calibration; therefore, a routine

calibration of the system is essential.
A close eye should be kept on the RO probe. Because of

its continuous Qse, hydrogen sulphide gas is built up on

”

the silver portion of the probe. This can cause an error

on the «collected data. Therefore, in the .caSe<‘Qf“

! .
etk

hydrogen sulphide build up, the probe should be qhaﬁged
and repaired. |

The apparatus should regularly be inspecied to engure

. P
good electrical connections and clean pipe line!i B

The structural ' unit of”wthe apparatus should -be kept

S

clean at all times. Sludgé‘dgposits tend to get built up

.inside the coné,éhaped measurement tank, .and inside of
51 @ﬁ‘ ;

the coppér pipings of the apparatus. Theréfore,‘ regular .
waﬁdtenacé 'andircleaning Of‘the apparatus Y}th a strong
cﬁiorine?sdlutign'is recomﬁended. The dppaﬁﬁtus kshould
be washed at least once everf three to four wﬁfks.

. R .
' 1
” ]
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Aépendix 1.

In this Appendix, a listipng of both the detailed and
the sh0ft versions  of N{the OUR.OPERATIQNn program
questionnaires are given;f3§me parts of the questjionnaires
are common to both versiohg; therefore, only one listiné of
these parts is made,

By running the OUR.OPERATION program these questions
are‘listed on the PET computerlscreen one by 6ne, “in  the
same order as they are Jlisted here. The answer to each
question has to be typed, and then entered into the computer
by pressing the RETURN key before the program canlcontihue
to ‘the next question., An example run ., through  the
questionnaire and directions to calibrate the DO meter on
the automated OUR apparatus are given in the latter section

.of this Appendix.



Listing of The OUR Operation Program Questionnaire

The common portion of the
gquestionnalire.

Will the required information be given
on the screen or read from a data file ?

»  What is the date‘today?'
Give the information as day/month/year.
i.e. 9/Jan/85 as 090185. ?

Time of the day in 24-hr clock 7
i.e. for 1:45 pm. type 134500 ?

Any comments for future reference ?
Do you want to calibrate

the DO meter on the apparatus 7?7

IF you want to cal ibrate the meter,
the cal fbration mode can -be entered.
Refer to the end of this Appendix.

Do you want .
the questions "in short or detail ?.

320
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: , , .
The detailed version . The short version

of the questionnaire: of the questionnaire:
; e
NOTE:

'Activated sludge will
automatxcally be pumped

into the sampler. The
aeration and mixing of x
the sample will also
- start automatxcally and \\
continue'as long as )
required. DO and Temp
readings will start as
- soon as tﬂe sampler is

full. Collected data g o .
are stored\as long as <
you requirﬂ. : .

How many mixuces will it . Time to £411° o

take to filll the sampler ? the sampler .......... min 7,
\‘ ‘i (\J “
\ . ) i

How many mxnutes do you want  Aeration time ......... min?

to aerate the 'sample ? .
N o |

How many minutés do you want Total test time ...... min ?

to monitor the S$ample .

(Total test timei)? :

] \ . b

How many minutes do you . Mixing time ....... «.. min ?

want to mix the SQmple ?

How frequently, i&\seconds; DO readings every .... sec ?
do want the DO readings ?

How ffequently,'in &econds Temp reédings every .. sec ?
do you want Temp rea 1ngs ? '

\ »

\

\
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The commen portion of the |
questionnalre.

What do you.want to do for the next run 7
1) Continue with the same data
2) Change the data.
' 3) Stop the program.
- Type in the appropriate ‘number ?

If number 1 |s typed .
The next question. Is asked
otherwise continue to the proceeding quest/ons.

_How many times should the
test be run with the same data ?

Under what file name do you NG
want the data stored ?. Tq\\\7

Which disk drive is.
the data disk in ? \ \

NOTE: for continuous run the f1rst
‘disk has to be in drive #0.

How many data files do you
want to store on the first disk ?

,Have you calibrated the DO meter
for temperature And pressure ?°

IF. you. want to calibrate the meter,
the cal ibration mode can be entered.
Refer to the end of this Append:x

A summary of the lnput informat ion
‘will then be gliven.

Do you want to,
change the 1nput informations Y/N ?

If a change is necessary
the pnognam ‘will go back to the data input sectron
‘ If not the operation wlll begin. :



323

Example run thrbugh‘the OUR;OéERATION program questionnaire

An example’ run ﬁhrough the short. version of the
QUR.O?ERATION program éuestioﬁnaire is .ligted in this
sectioﬁ. - The short  and the  long versions of thé.
?ueétionnaire are,vefy similar and by 'Rndérstanding this:
- example run there ‘shou;d be no problem in opefating the
- apparatus. | |

The: DO meter of the OUR apparatus has also been

caliberated in this example run.’' For the details, of the

. . . b ~ ’ O . V)
caliberation technigques refer to the next section of th&s
il . " ‘ . 0

Appendix. .

Key Notes: =~ |

.~ After typing in the answer to each question, the
RETURN key must be pressed to register the answer. ‘
- If the RETURN key is accidently pressed more than once
int this mode the program will stop; however, by typing
in CONT the program will proceed’ from where it was'
stopped. ' ‘ ' :

- To stop the program during the questionnaire stage the
RETURN key has to be pressed two or three times. However
to stop the program during the operation the RUN/STOP
key has to be.pressed. . o ‘

a



I

" Questions. / Answers.’

1l
'

will the requxred information
be given on the sreen or read’
from a data file ? Screen

What is the date today ?

Give the information 1n

day/month/year i.e.
9/Jan/85 as 090185 7 190685

Time of the day in 24-hr clock
i.e. for 1:45 pm.
type 134500 ? 0971200

Any comments for
future reference 2 Example

Do you want to calibrate
the DO meter ? Yes

Do you want the questions
in short or detail ?. Short

Ty
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Comments.

~ Readout from a data file is
not possable as of yeat.

\
L
. I{)

i

- This information is to be

saved with the data files for

future reference.

?

-~ Make sure you include the
seconds as well.

-~ Comments can not be more
than one line.

- For .the.‘detéils of the
caliberation techniques and
use of the caliberation mode.

of

next
Appendix.
to calibrate

the program refer to the
section = of this
'If you do not want

the apparatus,

type in NO for the ‘program to

contlnue.

\

- The detailed version of the

questionnaire is very - much

‘the same as this example. For
detailed

the llstlng of the
version, refer to the first
section of this Appendix.
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Questions. / Answers. C Comments.

>

Time to £ill the sampler, .min 7 7

Aeration time, ........... min ? 4,71
Total test time, ......... min ? 20
‘Mixing tim eeederi i ii.. min 2 20
D.O readings evéry, e séq 7?30

Temp readings every, ..... sec ? 290 - : ‘
L o - Note all Ahe input units.

‘ -~ The temperature readings
are " in seconds and they
should not  be more frequent
than one every 120  sec (2
‘min).

Under what file name do you - i
want the data stored ? TEST - Only one file name is
required even if a  set of
continuouse runs are to bey
operated.~ The program will
" automatically add the . run
. ' number of each test to the
, end of the given file name,
: _ \\ "7 For example in this case for

\ 4

run number one a . file TEST 1
and for run number two a file
TEST 2 will "'be created to
store the data. ' :
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Questions. / Answers. Comments.

what do you want to do
for. the next' run 7
‘1) Continue with the same data.
2) Change the program,
, .3) Stop the' program. _ . o
Type in the number ? 7 - By typing number 2, after
S one . run the program.‘ will
o stop; give a summary of the
R - operation which was
- o completed, ~and go back to the
questlonnaxre to collect new
v o instructions. "
How many times should
the test be run , o ‘ o ‘ :
with the same data ? 72 - This question will only
g : appear if the answer  to the
: o previous question was 1.
' The data file will be named :=~
TEST 1 through TEST 72 ° ‘ - This: 1nformat10n will then
‘ : ' _appear on the screen. For the
program to proceed any key on
the keybord can be pressed.

NOTE :
for continuous run the first
disk has to be in drive #0

How many data files do

you want to store - . : ' '
on:the fist disk ? 95 - The .number of files on the
- " - first, disk depends on the
number of files which are
rexisting on the disk already.
C ‘ S - - Knowing that a disk ‘can
‘\ : : o ' ~only store 140 files, if you
- ‘ - have 45 files on the disk-
already then' you can only "
store 95 more files .on that

o L - : dlsk , :
L : S : - There w1ll be up‘ to 140

' . A files stored on -the second:
: o disk. SR T |




Questions. / Answers.

Which disk drive is
~the data disk in ? O

327 .
Comments.

f

~ Iflit' is intended to  run

'more than 139 tests the data

disk should be placed i'in

drive "0" to start with. Each

data disk is capable ' of
registering yp to 140 files,
and the program  is designed

.to swich from drive - 0, to

drive 1 to' start with 'and
continue to swich from one

drive to the other as long as

Have you calibrated the
DO meter for Temperature
and'pressure ? Yes

is required.

~ If the calibration has not
been done the program will
enter the calibration mode .
for the operator to calibrate

.the DO meter. Refer to the

end of this Append1x

‘Summary of the 1nput 1nformat10n.

Time to fxll the»sampler. . 1.
. Aeration time . . . . . . . 4.
‘Mixing time. . ~. . . . . 20.0
Monatoring time. . . . . . 20.0
DO readings every. . . . .. 30.0
Temp'readings‘every . . . 240. 0

’Data will be stored under f1le
Disk dr1ve # 0 will be used

%% DO meter”has been %%
**x*x%x calibrated. #xx%x%

min e ' C
min /

min |

min - . C

sec ' \

sec ‘ :

name‘.‘;fTEST
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Questions. / Answers. o Comments.

Do you want to : : ~ -

‘changé the input data ? NO . ~ If the input data has to be

- ' ~changed: the the program will
go back’ to the start of the
instryctions input.

Wwith the lést confirmation that the input data are all
correct, the program will proceed to_operate the apparaﬁus

. as it has been instructed.
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;‘Calibration‘of‘The DO meter“on the,Apparatus

| The technique of calibrating "the DO meter on the
“apporatus Has been described in Chapter IV of .the OURd
Apparatus User's manual. There are two occasions during tne
l questionnsire of ‘the ‘ OUR OPERATION progranlyhen the
calibration of the DO meter is possible (refer to the
,listings| of the ;questionnairef or the example run through
‘the‘questionnaire) In both xnstances by ‘properly answerxng

A

the questlons the program will enter the callberatlon mode .
In the caliberation modevflrst'the‘measured temperatune'
values by the 'probe are fleshed on the screen until the
! ) ' 4
operater présses any key of the PET computer ‘to“proceed;
next the DO readings are flashed on the screen. The‘Do
&gedings“oﬁrtne probe may be . fluctuatxng to start with-
, howevér;‘they'nill‘settle down. The DO measurements can then
be calibrated bY‘adjusting the knob on‘the DOTM device to
the" desired readlng After thlS ad]ustment has‘lbeen‘
completed, again any key on the PET. computer can be ‘préSSed-
to proceed the program At th1s stage the program will ask'
the operater’ if he/she wants tod look at- the cal1beratedﬁ
- values. If"the the - answer . to ‘this querst1on is YES, the’
program” will return Ito tne callberatlon mode .and the
.apperatus can* be’ adjusted agaln' 1f the answer 1s NO tne

»

kprogram w1ll then proceed to-the next stage.w

\ o >

\
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In this Appendxx, a listing oﬁ\Fne questlonnaxres tor
both the BA PRINTOUT and the BA. SUMMARY programs are glven.
‘By 1oading chese programs into the cahputer and running tnem‘
one at a time , a set  of quest;pns 'will .appear on nhe
computer screen wnich 'will\allow thé‘operator to instruct
the program to locate the data fxles and produce a prlntout

" An example rgn thpough tnese quest;ons is also given at .the

end of this Appendix.
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Questxonnaxre lgitxng/of the Data Prxntout Programs'

Questfonna/re ] Ist ing oF rhe BA PRINTOUT Qrognam,‘

| Do you want to look at
< the disk directory ¥/N?

How many continuous runs
do.,you want the data for?

Was the data stored under,
1. Different file names:?
2. String of file names ?
Type the appropr1ate number7

Under what file name
ys che data stored? | ,

Note that the first disk drive
has to be ih drlve #O‘ ‘

which disk drlve is the data disk under?

3

How many of the data files
are on the first disk?

‘Summary of the Input Information.

Data is stored under. . . . . ~---
The disk is in drive." . . . . . -

Do you want to'change Y/N?

»

]
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Quest jonnaire 1isting of rheuBA.SUMMARY program,

Do you‘want to look at
the disk drive directory ¥/N?

Under what file string name
is 'the data stored?

How many continuous runs

do you want the data for?

Note that the first disk drive
has to be under drive #0.
Which disk drive is the data disk in?

How many files are there
on the first disk drive?

Pl .
Summary of the Input Information

#sData is stored under the file name ~-~--.

sxThere will be -- data files read.
#xThe disk is in drive ~--.
*sThere are -- files on the first disk.

Dofyou want to change the input Y/N?

At

]

332
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Example run through the PRINTOUT programs questionnaire

An example run through the BA.PRINTOUT and the

"

BA.SUMMARY questionnajire are listed in the following

sections.

Key Notes:

~ After typing in the answer. to each question, the
RETURN key must be pressed to register the answer.

~ If the RETURN key itc accidently pressed more than once
in this mode the program will stop; however, by typing
in CONT the program will proceed from where it was
stopped. ‘

-~ To stop the program during the guestionnaire stage the
RETURN key has to be pressed two or three times. On. the
other hand, to stop the program during the operation the
RUN/STOP key has to be pressed.
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An example run through the
"BA.Printout” Program questionnaire.

Questions / Answers.

Do you want to look at
the disk directory Y/N? NO

How many continuos runs
do you want the data for? 95

4

Was the data stored under
1. Different file names
2. String of file .names
Type the appropriate number? 2

Comments.

-~ In the case when you would
like to look at the directory
type in YES.

~ Depending on the number of
data files you want the
detail data printout for. The
operator can get a prjntout
for one file, a number of
files with different names,
or a series of files with an
increasing suffix number. If
a number 1 is inserted, the
program will only ask for one
file name and the disk drive

number where the file can be
located.

- If a number greater than
one is inserted the
questionnaire will follow as
lisﬁed.

-~ If number 1 is typed the
program will ask for 95
different file names. In this
case the full file name must

be given.



Questions / Answers.

Under what file name
is the data stored? TEST

[N

¢

Note thdt the first disk drive

has to be in drive #0.

\\
How many of the data files
are on the first disk? 75

335

Comments.

)

the case where we have
directed the program we like
a ''printout for a series of
files, only the original file
name ' must be given. The
program will automatically
look for ‘files Test 1 through
Test 95. :

~ In

~ The number of files on the
first disk ' is . flexible;
however, the program will®
look for up to 140 files, if
necessary, on the second disk
which must bé inserted in
drive #1, then it will look
for another 140 files on the
disk in drive #0 and etc.

Which disk drAVe is the data disk under? O

Summary of the
DaEa is stored
The disk is in

under. . . .
drive. . . . .
Do you want to change Y/N? NO

r's

Input Information

TEST

#0

start
files

. The program will
looking for the data”
and produc1ng a prxntout
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‘An example run through the

"BA.Summary" Program questionnaire.

Questions / Answers.

Do you want to look at the

f

7]
n

' Under what file étring‘name
is the data stored? TEST

a

How many continuous runs
do you want the data for? 95

/

disk drive directory Y/N? NO -

Comments.

)

-~ In the case where you would
like to look at the directory
type in YES.

~ This.programa is designed
to access only a string of
files which have been cfeated
through a continuous run off -
the OUR°" apparatus. The
program calculates the OUR
values and the average
temperature of each test run
and plots them against their
collection time. The original
file name only is needed (no
numercal suffix).
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Questions / Answers.  Comments.

Note that the first disk drive
has to be under drive 0.

whxch disk drlve is the data disk in? #0

How many files are there ‘ I

on the first disk drive? 75 + - The number of files on the
‘ : , first  disk is flexible,
however,” the program will
look for wupto 140 files, if
necessary, on the second disk
which must be inserted' in
drive #1, then it will 1look
1 for anotheﬁ 140 files on the

disk in drlvﬂ #0 and etc.

\ L)

Summary of the 'Input Information
' **Data is stored under the file name TEST
' **There _will be 95 data files read.
*xThe dlSk is in drive #0. :
~*xThere are 75 files on the first dxsk .

- Do you want to change the input Y/N? NO-
- 'The program will start
looking -for the data files
and calculating the OUR.and
average temperature values.

i< S



