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lig:uor suspended solids less than 3000 It should 

be noted that there is a wide misconception that the SVI 

represents the settlins rate ot an activated sludge. The 

half an hour of settling reg:uired by the test is not meant 

to be a measure of the rate, but merely provides a reasonable 

time for which the sludge to achieve close to the ultimate 

compaction. 

R. v. Villiers (51) performed laboratory scale 

settling column studies and arrived at the correlation 

XRSS = 556 (GSS) 0 • 494 

(MLSS)l.82 (TA)0.439 
(6.2.3) 

This correlation does not include the effect of the 

food to microorganism ratio, as does the previous correlation 

by Rex Chainbelt Inc. However, there is quite a significant 

difference in the exponents on the variables, between the 

two studies. 

In a preliminary study, P. Leung from the Chemical 

Engineering Department, McMaster University, using laboratory 

scale experiments, arrived at the correlation 

XRSS = 2560 (6.2.4) 
(MLSS)l.57 (TA)0.20 

This correlation does not include either the food to 

microorganism ratio or the overflow rate. However, the exponent 

that he obtained for the effect of the mixed liquor suspended 
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solids is intermediate between those o~ the earlier studies, 

but he found a very much smaller effect o~ aeration time 

than did the other two investigators. His results are 

tabulated in Appendix F. 

The disparity between the three correlations could 

be explained if the nature of the raw wastes entering the 

plants from which the sludges were taken, were somehow 

significantly different. It would seem necessary to obtain 

a correlation based on a sludge actually produced by the 

plant. 

In the absence of a good correlation for the sludge 

produced in the Burlington plants we have to choose either 

Equations 6.2.1 or 6.2.3. It should be noted that the 

above equations are reveloped from quiescent batch column 

studies and to apply them to real settling tanks, a correction 

factor of 1.5 is suggested by most authors. We will use 

the operating data for the Drury Lane Plant, in 1969, as 

a comparison: 

OR = 960 usgpd/sq.ft. 

MLSS = 2200 mg/1 

TA = 9.6 hrs. 

F/M = 0.3 lbs BOD5/lb MLVSS/day 

and the obtained XRSS = 0.090 
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Using Equation 6.2.1: 

XRSS (calculated) ~ 0.019 

XRSS (corrected) = 0.019 X 1.5 = 0.029 

Using Equation 6.2.3; 

XRSS (calculated) = 0.054 

XRSS (corrected) = 0.054 x 1.5 = 0.081 

The Rex Chainbelt correlation gives too good an 

effluent, whilst the Villiers' equation gives a result which 

is closer to the actual operating condition. Hence, Equation 

6.2.3. will be selected for use in our program. 
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6. 3 The Secondary ,clarifier Model - SECLAR 1 

The listing for the pr?gram is given in A~pendix K. 

The equipment vector for the model is reproduced below. 

EN VECTOR 
********* 1.-15· STANDARD FORMAT _ 
4 • NUMBER OF CLARIFIERS IN PARALL~L OF WATER) 
5. HEAD LOSS THROUGH CLARIFIER (FEET 
12 FIRST OUTPUT STREAM (EFFLUENT) 
13° SECOND OUTPUT STREAM (UNDERFLOW) 
14: THIRD OUTPUT STREAM (SCUM TROUGH FLOW) 
16 MODE OF OPERATION 

• = 1.0 FOR FIXED FRACTION OF RECYCLE 
= 2.0 FOR MAXIMUM CONCENTRATION OF UNDERFLOW 

17 FRACTION OF RECYCLE IF MODE=l _ SQ.FT. 
18: SURFACE AREA OF CLARIFIER (PER TANK> 
19 SCUM FLOW CONCENTRATION (MG/l l 
20: NUMBER OF UNDERFLOW SLUDG~ PUMPS 
21. CAPACITY OF PUMPS IGPH EACH 
22. FRACTION OF CAPACITY USED 

The computations carried out by the program can be 

explained in the following steps: 

(1) The Sludge Volume Index of the activated sludge is 

first calculated, based on operating conditions 

in the aeration tanks. Equation 6.2.2. is used. 

(2) The concentration of solids in the effluent,is then 

calculated from Equation 6.2.3. 

{3) Secondary clarifiers can be operated with either a 

constant fraction of recycle of the underflow or 

with a constant depth of sludge blanket. In the 

second case, the underflow-solids is at its maximum 

concentration, which can be estimated from the Sludge 

Volume Index. In the first case, the sludge blanket 
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depth is not constant but could drop when the underflow 

pumps are set too h~gh or could ri~e and finally 

escape over the wiers when the underflow pumps are set 

too low. When there is no sludge blanket, the 

concentration of solids in the underflow is below the 

maximum value, as calculated from the SVI. EN(l6) 

determines the policy used in the plant, and the 

underflow is calculated accordingly. 

(4) The sewn flow is then determined assuming 100% 

removal of all incoming scum. The scum solids 

concentration is determined by EN(l9). 

(5) Dissolved components are split according to the 

water flows. 



CHAJ?TER .7 

7. ANAEROBIC DIGESTION 

The "Sewage Treatment Plant Design Ivlanual" (38) 

adequately describes the purpose of anaerobic digestion as 

follows: 

" ••••• A primary purpose of sludge digestion is to 

reduce the complex organic matter present in the 

raw sludge removed by sedimentation processes 

to a simpler, non-objectionable state. Digestion 

produces a sludge more amenable to dewatering 

without nuisance, and it renders the sludge fit 

for easy disposal by lagooning, dilution or 

similar means .•.••• Digestors also reduce the 

volmne of sludge and in so doing produce gas which 

can be utilized for heating purposes." 

The anaerobic digestion process has several disadvantages 

which may discourage their use in a wastewater treatment plant . 

. Firstly, a high capital outlay is required, amounting to 

about 25-35% of the total capital cost. Secondly, digester 

upsets are frequent, thus requiring constant attention, and 

thirdly, there is always the hazard of a gas explosion. 

7.1 . Theory 

There are two distinct processes occuring in an 

anaerobic digester- liquifaction and.gasification. Liquefaction 

of the sludge solids is brought about by the extracellular 

101 
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enzymes secreted by the bacteria, which hydrolyses the com~lex 
. . 

solids. Cellulose and carbohydrates are converted to simple 

sugars, alcohols and fatty acids. Proteins are converted 

to amino acids, while fats and grease are converted to 

glycerol and fatty acids. The formation of o~ganic acids 

could result in a depression of the pH, if the alkalinity 

in the digesting sludge is not sufficient for neutralization. 

This liquefaction stage of digestion, is also called the 

acid pnase, for obvious reasons, and the bacteria responsible 

are usually referred to as acid-formers. 

In the gasification process, the end products of 

liquefaction are further broken down ·to gaseous end products. 

This could involve the activity of the same bacteria in the 

first phase, but with the exception that they are not capable 

of utilizing their OWn acid end products. This requires the 

work of a second group of bacteria which metabolize the 

fatty acids to give methane and carbon dioxide, and convert 

.amino acids to ammonia. The ammonia released tends to 

neutralize a portion of the acids remaining and raise the pH. 

The gasification phase is also sometimes referred to as the 

methane phase, and the bacteria involved as methane-formers. 

The digestion process can be schematical~y represented 

as: 



ORGANIC 
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FATTY ACIDS 
. . . AMINO .ACIDS 

l1quefact1on~ ALDEHYDES ·~· t' METHANE 
gas 1~1ca 10n~CARBONDIOXIDE 

ALCOHOLS AMI-iONIA 

Figure 7.1.1. Schematic Representation of 

The Di~estion Process 

Since the digester is operated under anaerobic 

conditions, the bacterial population has to be composed 

of either the facultative bacteria or the strict anaerobes. 

The acid-formers are predominantly facultative and many of 

them originate from the activated sludge fed to the digester. 

The methane formers are strict anaerobes, and are a small 

specialized group of bacteria. They are highly sensitive 

to pH changes and have an optimum pH range of 6.4 to 7.2. 

When a digester goes "sour" (or acidic) the methane-formers 

die off, and the gasification phase is seriously retarded. 

A properly operating digester should have the 

liquefaction and gasification processes proceeding at about 

the same rate. An upset can be produced by an increase in 

the liquefaction rate, which could be prompted by a sudden 

increase in the solids fed to the digester. 

To provide a reasonable description of the digestion 

process we need an expression to account for the rate of 

liquefaction of the organic solids. If a steady-state operation 
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is r·eached, the rate o~. gasification should ecaual the rate 

of li·quefaction. We would also need an expression to 

determine the level of volatile organic acids maintained in 

the digester. This is necessary since the pH and the BOD 

of the digesting sludge would depend on the amount of 

volatile acids present. 

A model for the anaerobic digester was first 

proposed by Fair and Moore (13) in 1932. They followed the 

digestion process in batch reactors and concluded that the 

rate of gas production is proportional to the amount of "gas 11 

remaining in the digesting sludge: 

£x. 
dt 

k (G-y) 

where y = amount of gas produced up to time t 

G = total amount of gas produced 

and k = rate constant. 

-l 95°F. They found k to be 0.168 day , at 

(7.1.1) 

Since then, 

other workers have also obtained first order rates. Schulze 

-1 0 (36) determined k to be 0.14 day at 92 F., and Simpson (42) 
-1 arrived at a k value of 0.3 day • 

Since it would be useful to our modelling studies to 

know the rate of liquefaction of· the digesting solids, we 

have to rearrange Equation 7.1.1. If gas production is a 

measure of volatile solids destruction, then (G-y) is proportional 
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to the amount of o~ganic solids remaining. 

'i.e., 

(G-y) = a s (7.1.2) 

where S = amount of organic solids remaining 

and a = proportionality constant. 

The proportionality constant is the volume of gas 

produced per unit mass of organic solids. This has been 

reported to be approximately 16-18 cu. ft./11;>. solids destroyed, 

for digesting sewage sludge. 

Equation 7.1.1 then becomes 

dS = K S (7.1.3) 

dt 

Since most reactors are operated continuously or 

semi-continuously, rather than batchwise, we will assume a 

stirred tank model for the digester. The defining equation 

for the digester then is: 

s So = (7.1.4) -
-1 + Kt 

where s = volatile solids remaining 

so = feed volatile solids 
.... 

and t = detention time 

or 

R s 1 = = (7.1.5) 

So 1 + Kt 
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where R ~ fraction ot volatile solids remaini~~· 

Or 

-( 1 - R) /R ::: Kt (7.1.6) 

The relation here implies that the effluent volatile 

solids depend on both the influent volatile solids and the 

detention time, as contrasted to the theory of McCarty (see 

Chapter 2). This seems to be a more reasonable expression, 

and the importance of solids loading is supported by the 

observations of other workers (13, 19, 50). 

Rankine (32) has presented data for the fraction of 

volatile solids destroyed as a function of th~ detention 

time in a conventional digester. His data is tabulated in 

Appendix G. A plot of (1 - R)/R versus t is shown in 
-1 

Figure 7.1.2. K is found to be 0.025 day , and the correlation 

coefficient is 0.65. The range of solids loading employed 

as Oe033 - 0.135 lbs VM/cu.ft.jday. 

For the high-rate digestion process, the data of 

Torpey (50), Roy and Sawyer (34) and Estrada (12) are used. 

Their data is also tabulated in Appendix G, and the plot of 

(1,- R)/R versus t is shown in Figure 7.1.3. The reaction 

-1 rate constant K is found to be 0.085 day , and the 

correlation coefficient is 0.58. The range• of solids loading 

employed here is 0.101 - 0.575 lbsjcu.ft./day. 

Data on the dissolved biodegradable organic carbon 

in the supernatant is quite sparse. Hence, the equation 
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proposed by McCarty {see Chapter 2). will be used. He also 

estimated that the dissolved o:rganic carbon is mainly 

composed of volatile acids. 

The acidity due to the volatile acids is estimated 

by assuming that acetic acid is the major component, i.e., 

acidity {meq/1) soluble organic carbon {mg/1) 

24.0 

(7.1.7) 

The ammonia evolved tends to neutralize the volatile 

acids and raise the pH of the digester. Assuming that the 

nitrogen to carbon ratio in the feed sludge is approximately 

0.23 (based on a sludge composition of c5H7o2N), the ammonia 

nitrogen evolved is: 

fiN = 0.23.6C (7.1.8) 

where liN = ammonia nitrogen evolved 

and LlC = organic carbon destroyed 

Hence, the alkalinity due to the ammonia is given 

by 

alkalinity = liN = 
0.23LlC meq/1 (7.1.9) 

14 14 

The effluent pH is then calculated by the module 

described in Section 9.2. 

7.2 The Anaerobic Disrestor Model - ANDIGl 
. 4 ' • q 4 • • • ; 

A listing of the program is. given in Appendix K. The 

equipment vector for the model is reproduced below: 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c c c 
c 

EN· VECTOR 
********* 
1.-15. 
4 •. 
5. 
16. 
17. 
18. 

STANDARD FORMAT 
NUMBER OF DIGESTERS IN PARALLEL 
HEAD LOSS IN DIGESTERS 1FT OF WATER> 
DIAMETER OF DIGESTER CFEET) 
DEPTH OF ·DIGESTER CFEET> ~ 
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19. 
20. 

= 1.0 FOR CONVENTIONAL DIGESTER OPeRATION = 2.0 FOR HIGH RATE DIGESTER OPERATION 
TEMPERATURE OF OPERATION 
FRACTION OF WATER TO FIRST OUTPUT STREAM (SUPERNATANT) = 1.0 IF FIRST STAGE OF A TWO-STAGE SYSTEM 

21. 

22. 

23. 
24. 

FRACTION OF SOLIDS TO FIRST OUTPUT STREA~l (SUPERNATANT) 
(EXCLUDES SETTLEABLE INORGANIC SOLIDS) = 1.0 IF FIRST STAGE OF A TWO-STAGE SYSTEM 
FRACTION OF SETTLEABLE INORGANIC SOLIDS TO SUPERNATE = 1.0 IF FIRST STAGE OF A TWO-STAGE SYSTEM 
STORAGE SPACE FOR GAS PRODUCED · 
FRACTION OF VOLUME THAT IS EFFICIENTLY USED IN DIGESXION 

The computations carried out by the program can be 

explained briefly by the following steps: 

(1) The fluid detention time is first calculated. EN(24) 

corrects for the fact that a fraction of the digester 

volume may be filled up with _grit, etc., and hence 

is not available for digestion. 

(2) The fraction of volatile solids destroyed is 

calculated from Equation 7.1.5. 

(3) Based on a C:N:P ratio of 1.0:0.23:0.05, the amounts 

of nitrogen (as ammonia) and phosphorus released 

are then estimated. 

(4) The soluble organic carbon of effluent is then 

obtained from Equation 2. 

(5) The effluent pH is then calculated as discussed in 

Section 7.1. 
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(6) If the d~gester is used as the first st~ge of a two-

_st~ge digester, the contents are normally sent to the 

second stage, with little or no phase separation. 

This is maintained by constant stirring. Phase 

separation is used in the second stage to separate a 

a clearer supernate from a concentrated solids 

underflow. There is no known correlation for the solids 

concentration of the supernate and hence the phase 

separations is specified by EN(20), EN(21), and EN(22). 

Soluble components are split according to the water 

flows. 



CHAPT.ER 8 

8. OTH.ER UNIT PROCESSES 

Other unit processes commonly used in·wastewater 

treatment include pretreatment, the use of biological 

filters (trickling filters} and chlorination. The primary 

purpose of pretreatment ~ to remove large and abrasive 

materials from the wastewater, to protect downstream equipment 

and pumps. It includes screening to remove the larger 

solid objects and grit removal. 

Biological filters have been used as an alternative 

to the activated sludge process. In this process, the 

wastewater is passed over a biological growth, supported 

on a solid medium. The waste is absorbed by the biological 

growth and excess solids is sloughed off the "filter" and 

removed by sedimentation. The contact time is short, being 

of the order of a few minutes and the effluent is generally 

unsatisfactory. 

Chlorination is practiced to prevent the transmission 

of pathogenic microorganisms to the receiving waters. It 

is generally applied to the secondary effluent and in cases 

where no secondary treatment is supplied, to the primary 

effluent. In the few cases where no treatment is practiced 

at all, the raw wastewater is chlorinated, prior to 

discharge. 

112 
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The thickeni~g o£ waste slu~ges is also practiced. 

This ·reduces the volume o£ slu~ge to be handled, either 

for disposal or for further solids processing within the 

plant. Other methods of dewatering include vacuum filtration, 

centrifugation and air flotation. 

8.1 Pretreatment 

Screening devices are usually classified as fine or 

coarse screens. In the category of fine screens there are 

perforated plates, wire-meshes and closely spaced bars. The 

openings are generally 3/16 in. or less. Coarse screens 

include comminuting devices, bar screens and coarse wire­

meshes. The openings may be as large as 3 in. 

The choice for the size of the openings is dictated 

by the size of the largest object which may be allowed to 

pass. In the majority of cases, a 1 in. opening is quite 

satisfactory. 

The volume of screenings removed is difficult to estimate 

and depends not only on the screen size but also on the nature 

of the waste received, and the velocity of flow through the 

screens. The Rex Chainbel t Company . (33) has developed a 

graph from which the average and maximum amount of screenings 

may be expected as a function of screen opening. This is 

reproduced in Figure 8.1.1. The average curve is approximately 

described by: 
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V = 19 X 10-Q. 8d 

where V = volume of screenings cu.ft./musg 

and d = screen opening, inches 
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(8.1.1) 

About 30 lbs. of dry solids may be expected per 

cu. ft. of screenings. 

In grit removal, the object is to separate the non­

putrescible solids from the waste flow-with the minimum 

amount of entrained organic matter. This is achieved by 

differential sedimentation, which is made possible by the 

fact that the grit particles have subsiding velocities 

substantially greater than those of the organic solids. 'rhe 

flow-through velocities are also controlled to maintain the 

organic solids in suspension, by scouring the settled solids. 

Velocity control can be maintained by the use of 

specially designed wiers, such as the Sutro Wier .or the 

proportional wier. More recent developments in velocity­

control devices include the use of compressed air to create 

a spiral current within the grit chamber, More details of 

the various types of grit chambers in use may be obtained 

from the "Sewage Treatment Plant Design Manual" (38}. 

As is the case with the quantity of screenings, the 

volume of grit to be expected at a plant cannot be confidently 

predicted. The quantities of grit received will depend on 

the area served by the sewers, the type of street and land 
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surfaces prevalent in the district and on the percentage 

of storm sewers feeding into the plant. 

Due to the great variation in quantities of grit 

received, the model written for the grit chamber will require 

that we specify the volume of grit to be expected in cu.ft./mig. 

As a rough guide to use in Ontario, a survey of 28 plants 

having separate sewers gave an average grit volume of 

2.4 cu.ft./mig, while 20 plants having partially combined 

sewers received on the average 3.3 cu.ft./mig. 

8.2 Trickling Filters 

The theory proposed for the rapid rate of organic 

removal in a trickling filter is that the waste is biosorped 

and incorporated into the biological growth, supported on 

the solid media. As the wastewater passes down through the 

filter, progressive removal is achieved until the clear 

effluent emerges. Howland {21) and Schulze {35) have shown 

that at low concentrations, the rate of removal is of the 

first order with respect to the concentration of soluble 

organics remaining: 

i.e., c 

co 
(8.2.1) 

where C = effluent concentration of soluble organics 

= influent concentration of soluble organics 
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= reaction rate constant 

and t = mean contact time. 

Schulze (35) and Howland (21) have also shown that 

the mean contact time in a trickling filter is directly 

proportional to the depth and inversely proportional to the 

hydraulic loading to a power, n, which depends on the 

solid media used. 

i.e., t = k2 D/Qn (8.2.2) 

where t = mean contact time (min.) 

D = depth of filter (ft.) 

Q = hydraulic loading (usgpm/sq. ft.) 

k2 = proportionality constant 

and n = constant. 

Values of n range from 0 ~~ss for spheres (55) to 0. 6 6 

for a screen filter '(35). Then value for an increasingly 

popular media, the synthetic Dowpac Plastic Hedia, is 0.5. 

It has also been shown that the reaction rate could 

decrease with depth. This could arise if the more easily 

removable portions of the waste are removed at the top of 

the filter, leaving a less readily degradable matter for the 

lower portion of the trickling filter. Another possibility 

exists whereby the microbial population in the filter is 

stratified with the more efficint bacteria and fungi at the 

top and progressing downwards to. the predator microorganisms. 
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A general relationship can be developed by combini~S 

Equations 8.2.1 and 8.2.2, and with a modification for 

the effect of depth on the reaction rate: 

c 

c 
0 

= 

where k = rate coefficient or treatability factor 

m = constant. 

(8.2.3) 

In the case where there is no effect of the depth 

on the reaction rate, m = 1. This has been found to be 

the case for domestic sewage by several investigators. 

Schulze (35) determined k to be 0.020 m to be 1.0 and n to 

be 0. 66 for a screen treating settle.d sewage. McDermott (55) 

concurs similarly, but his rate coefficient is slightly lower, 

at 0.018. Germain (56) found m to be 1.0, n to be 0.48 and 

k to be much higher at 0.088, for the case of the Dowpac 

Filter Media. However, his data is based on only a few 

points. 

8.3 Chlorination 

The purpose of the model will be merely to calculate 

the chlorine requirements in a wastewater treatment plant. 

Since the effluent will not be directly used as a drinking 

water supply, but is discharged to a water-course, the criteria 

for chlorination is not so strict. 
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The chlorine dos~se re~uired de~ends on the d~sree 

of treatment the effluent has. gone thro~c;:rh. Raw sewage will 

require a higher chlorine dosage than the eftluent from a 

secondary clarifier. The "Sewac;;e Treatment Plant Design 

Manual" (38) gives the range of chlorine dosac;;es commonly 

used, and this is reproduced in Table 8.3.1. 

Stream 

Raw sewage 

Raw sewage (septic) 

Settled sewage 

Settled se\vage (septic) 

Chemical Precipitation effluent 

Trickling filter effluent 

Activated sludge effluent 

Sand filter effluent 

Chlorine Dosage mg/1 

6 - 12 

12 -. 25 

5 - 10 

12 - 40 

3 - 10 

3 - 10 

2 - 8 

1 - 5 

Table 8.3.1. Range of Chlorine Dosages Reguired 

for Disinfection. 

8.4 Sludge Thickenin~ and. Dew~ter~ng 

Sludge thickening performance is not very well 

correlated. Hence, only a simple mass balance model will 
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be used. This is a sl~ght moditication of the SEPAOl 

model available from the GEMCS library of routines, The 

fractions of wate~ ~nd water soluble components) and solids 

to the supernatant is supplied as inputs to the program. 

Other dewatering devices are also approximately 

described by the same model. 



CHAJ:TER 9 

9. MODULES FOR HANDLING STREAM VARIABLES 

There are certain calculations which occur ~requently 

in some or most of the simulation models used in this study. 

As mentioned in Section 3, the stream elements 13-22 form 

the basic components of a waste flow. The simulation models 

directly use these variables in their internal calculations. 

However, in wastewater treatment practice, the more commonly 

used variable are those of stream elements 8-12, which 

include the BOD, ss, VSS, TOC and DOC. Hence it is necessary 

to convert from the "working" variables to the commonly 

reported variables. 

Another area where calculations are frequently 

needed is in the pH - alkalinity relationship. Also in the 

activated sludge model, it is more convenient to use 

concentration variables (i.e., mg/1) than it is to use 

flow variables such as lbs./hr. Hence a module is also 

available to convert component flows into component 

concentrations. 

9.1 Inter-relationship of Stream Variables 

A series of experiments were performed to determine 

the relationships between the stream elements 8-12 and those 

of 13-22. Section 3.2. gives the relevant defining equations. 
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The Total Or<1anic Ca;r;-bon (TOC), which includes both - .. 

the particulate and dissolved o!ganic carbon forms, was 

first determined. To ensure that the injection needle would 

not "filter 11 out any solids, the sample was subjected to 

ultra-frequency sonication for five minutes. 

The Total Five-day Biochemical Demand (TBODS)' 

which includes the BODS of both the particulate and soluble 

components, was then determined using the original sample. 

The sample was then filtered on two Whatman's #40 

filter papers (ashless). One filter paper was then ashed 

in a muffle furnace at 600°C and the other was dried at 

This will yield the volatile suspended solids (VSS) 

of the sample. The filtrate was then used to determine the 

Dissolved Organic Carbon (SOC) and the Dissolved Five-day 

Biochemical Oxygen Demand (DBODS). All the above mentioned 

analyses were performed according to 11 Standard Methods" (48). 

The results are summarized in Appendix G. The 

average values obtained for the conversion factors are: 

(a} FACl = 

(b) FAC2 = 

= 1.91 

soc 

with a standard deviation of 0~17 

BODS (particulate) = TBOD5 - DBODS 

oc (particulate} TOC ..., SOC 

with a standard deviation of 0.12 

= 1.24 
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{c) FAC3 = vss = vss ;::; 2.09 

OC (particulp,te) .TOC ,.., SOC 

wi.th a standard deviation o;e 0.11 

Eckenfelder (8) derived the value of 1.85 for FACl. 

Smith (46) used the value 1.87 for FACl. These two values 

agreed with our data. Smith reported a value of 0.80 for 

FAC2, whilst our value of 1.24 is much higher. The value 

of 2.13 is used by Smith for FAC3, which is close to our 

value of 2.09. 

9.2 pH ~ Alkalinity Relationships 

The major contributors to the alkalinity of municipal 

wastewaters are the species in the carbonate buffer system 

and ammonia. To a lesser extent, the phosphates and berates 

could contribute to the alkalinity. 

The equilibrium conditions existing in solution can 

be described .by (49): 

For the carbonate system 

. H2co3* ~ H+ + HCO~ 

Hco3'"' F H + + co3-

where [H2co3 *] = [co2 dissolved] + C H2co3 j 

For the ammonium system 

NH
4
+ ~· NH

3 
+ H+ 

{9.2.1) 

{9.2.2} 

{9. 2. 3) 

(9. 2. 4) 
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Self--ionization o:f; water 

H 0 ~ H+ ... 
(9. 2. 5) 2 ~ + OH 

The equil~brium constants for the above ec;J;uations 

are: 

kl = lH+] [ HC03] = 10-6.3 (9.2.6) 

( H2co
3 
*] 

k2 
[ H+] [co

3 
= J 

1010.3 (9. 2. 7) = = 
[ HC03-] 

k 
[H+] [ NH3 ] 

10-9.3 (9.2.8) = = n 
[NH4 +] 

and 10-14.0 (9.2.9) 

The definition for alkalinity can then be 

expressed as 

[ ALK] = [ aw3- ] + 2 [ co3:J + [ NH3 ] + [oH- ] 

- [H+] (9.2.10) 

where [ALKJ = alkalinity equivalents/litre 

[HCO~ = bicarbonate ion concentration moles/litre 

[co~ = carbonate ion concentration moles/litre 

[NH~ = free ammonia concentration moles/litre 

[oHj = hydroxyl ion concentration moles/litre 

and [ H+J = hydrogen ion concentration moles/litre 
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Due to the conservat;ion ot mass, we note that 

~2co·3 *] + [Hco3-] + [ co3;:::J:::constant :::::; [cT] (9.2.11) 

and ~H3] + [NH4 +] :::::; constant :::::; 

[cNJ (9.2.12) 

Hence, from Equations 9.2.6 and 9.2.7, as well as 

from 9.2.11 

or ~co3j [cT] 
1 = 

[H+] ~ - + 1 + 

(9.2.13) 

k1 [H+] 

Similarly 

@o3=J [cTJ 
k2 

1 = -
[H+] [H+] + 1 + k2 

(9.2.14) 

kl [H+] 

and [NH~ [CN] {1 1 

1 = 
+ fu+J 

K 

(9.2.15) 

n 

Therefore 



1 

1 +[~ 

~ 
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(9,2.16} 

This is the defini~g equation used to relate the 

four variables [AL~, [cTJ , [C~ and pH. Given three of 

the variables, the fourth may be calculated. Note also 

that if streams are mixed, and assuming a closed system, 

there must be conservation of [AL~ [cTJ and !3N]. 
On expanding Equation 9.2.16, we obtain a polynomial 

of the fift.i:l order in H+: 

[H+] S + [H+]
4 

{ [AL~ + kl + kN} 

+[H+]
3 

{ [ALKJ (kl + kN) + k1~ + k 1k 2-kw-k1[cJ - kN [~} 
+[H+]

2 
{ kl [AL~ (k2+kN) + k1k2~-kJVkl ~ [c~ 
-k1kw -2k1k2[c~ -k1 kN [c~ } 

+[H+] { kl k2kN ~~ -k1 ~kw -2k1 k2kN ~~ 

-kl k2kw -kl k2kN [eN] } 

-k1k 2kNkw ;:::; 0 (9.2,17) 

We could simplify the above equation by making some 

order of magnitude simplifications. Roughly, [ALKJ ~ f~{cJ~lo-3 • 
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This means that in the pH ra~ge of 5-9, the terms ~H .... J - [H+] 

<< ~~ in Equation 9.2.16. Hence we can drop out these 

two terms resulting in: 

[cT ]t + ~ lf 1 1 ~KJ- L c.,] [I+~~')\ = 
[H+ Jj l (H+J + 1 +~ j Kl'J j 

kl LH+] 

On expansion,a third order polynomial in [H+] 
results: 

[H+] 3 [ALK] + [H+j 2 [!<, ( [ALK) - [eN J)+ k1 (I ALK] - [cTJ) ~ 

+[H+] [ kl~ ([ALK) - [C, J - [cT J)+kh ([ALK 1 -2fT 1 ) } 
+ k

1 
k 2kN [ [ALK] - [cN1 - l[CT l } = 0 

Equation 9.2.19 has been found for the several 

cases tried to give only one real root and two imaginary roots. 

This is very fortunate and helps simplify the solution 

of the cubic equation, for which a simple interval 

bisection technique is used. The bisection subroutine 

uses the geometric mean of the left and right estimates 

of the solution, in its convergence. 
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9.3 Inter~conversion Between Mass flow and Concentration 

Altho~gh the units used ;!;or the stream variables 

are for mass flow, it is ;f;requently useful to convert them 

into concentration units. The model for the aerobic biological 

processes has its rate equations all in terms of component 

concentrations. The summary report. generated has all the 

values expressed in concentrations, which is more meaningful 

than mass flows. 

Due to the analytical procedures used in wastewater 

treatment, soluble components are usually expressed as 

milligrams per litre of water, while solid components are 

expressed in milligrams per litre of sample. In the case 

where the concentrations involved are less than 1000 mg/1 

{0.1%) the difference between the two is negligible. However, 

since sludges of up to 80,000 mg/1 (8%) are handled in our 

system, the distinction should be made. 

For soluble components we then use 

c. = !i 10-6 
~ 

w 
(.3.1) 

where c. = concentration of soluble component i {mg/1)' 
~ 

Fi = mass flow of soluble component i (lbs/hr) 

and W = mass flow of water (lbs/hr) 



For particulate components we use 

Ci = (Fi) x lO~S 
Q 
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(9. 3. 2) 

where Ci = concentration of particulate component i (mg/1) 

Fi = mass flow of particulate component i (lbs/hr) 

and Q = total volumetric flow of stream (gal/hr) 



CHAPTER 10 

10. WASTEl~ATER TREATHENT COSTS 

Besides the technical aspects of wastewater treatment, 

w~ have to concern ourselves with the costs that such a program 

would entail. In the expectation of increased activity in 

the area of pollution abatment, it is becoming more essential 

that we have accurate cost estimates to base our designs on. 

A large part of current practice has been to use "rules of 

thumb" which have fairly large safety factors built into 

them. An optimal design for a treatment plant, subject to 

the requirements of the regulatory bodies, can be arrived 

at by combining the technical section of our simulation with 

the corresponding cost estimates. 

For each unit process in wastewater treatment, capital 

costs as well as operating and maintenance costs are available 

as a function of the most prominent capacity.factor. For 

example, the capital cost of the activated sludge tanks is 

derived as a function of its volume. Most of the correlations 

are based on the same idea as the six-tenths capacity factor 

used in Chemical Engineer~ng. 

The bulk of the correlations come from the work of 

Russell and Swanson as reported in Smith's paper in 1969 (46), 

and from Eckenfelder and Barnard (2}. Industrial waste treatment 

costs are ·also given in the latter report. 
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The capital costs are all updated to 1969 costs by . . 

the use ·of the E~gineeri~g News Record Index of; 112 0. This 

index, being based on cha~ges in the price ·of steel, cement, 

lumber and common labour, is most appropriate for wastewater 

treatment process equipment. The capital cost correlations 

used are summarized in Table 10 .1. 

The total cost of the unit processes (installed) is 

then the sum of the separate costs. It is assumed that the 

duplication of a unit merely doubles the cost for the unit. 

This does not take into account that there may be savings 

due to shared pipings or channels or other factors. 

The Physical Plant Cost can then be found by adding 

the cost of the control house and site improvements on to the 

total unit processes cost. The Engineering Costs added to 

the.Physical Plant Cost will give the Direct Plant Cost. The 

Engineeri~g Cost factor is obtained as a fraction of the 

Physical Plant Cost. As given in Smith (46) 

CEN G = 8 • 0 ( 1 I 0 0 0 , 0 0 0 ) 0 • 14 6 
~--~--~~---------

where CENG = 

Physical Plant Cost 

Engineeri~g Cost factor. 

(10.1) 

The Fixed Capital Cost can then be computed by adding 

the Contractor's fee (10% of Direct Plant Cost} and the 

contingency costs (15% of Direct Plant Cost} to the Direct 

Plant Cost. These figures are suggested by Smith (46) and 



Unit 

Pretreatment 

Primary Sedimentation 

Activated Sludge Tanks 

Air Blowers 

Final Sedimentation 

Return Sludge Pumps 

Anaerobic Digester 

Chlorinator 

Vaccum Filter 

Sludge Incinerator 

Sludge Drying Beds 

Sludge Thickener 

Capacity Variable 

Design flow, Q, migd 

Surface Area, SA, thousand 
sq. ft. 

Volume, v, mig 

Blower capacity, C, thousand 
cfm 

Surface area, SA, thousand 
sq. ft. 

Pump capacity, PC, migh 

Volume, DV, thousand cu. ft. 

Design flow, Q, migd 

Filter area, FA, hundred 
sq. ft. 

Sludge handing capacity, s, 
lbs/day 

Surface area, A, sq. ft. 

Capital Cost $ 

21800 (A) 0 • 63 

17300 (SA) + 6700 (SA)O.l 

27000 (V) + 67000 

13600 + 7600 (C)· 

16200 (SA) + 6900/(SA)O.l3 

4700 + 1700 (PC) 

1340 (DV} + 1 .800 (V} 0.13 

12600 (Q) o. 47 

16500 + 48000 (FA) 

1.1 cs> + o.3 cs>l.61 

2. 2 3 (A) 

Surface area, SA, thousand sq. ft. I (SA) (24200 + 11700/exp (SA/13. 3) )j 

Trickling Filter (Dowpac) I Volume, FV, thousand cu. ft. 66000 (FV)0.6 

Table 10.1. Capital Cost Correlatio~s 
1-' 
w 
N 
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. ~· : 
.. •·· FIXED CAPITAL ESTIMATE 

• '!'- -.~ 

~ ., ' .. .. '\• ..... -·. ~ ...... 
-~.' ; .. 

. ~:· 

··· DRURY LANE SEHAGE TREAH1ENT PLANT - BURLINGTON. CAPITAL COST IN 1962 

. ..;.. 

· PR ETREA TNENT • • •• •. •• .. .. .... J <.' ~ • • 

· •i.· PRIMARY SETTlING fA NKS 

· ... -~·ACTIVATED· SLUDGE TANKS 

., /AIR: ·BLOWERS •• ; • .I. ~- •••• : .-, . 
·••·· .. ,. r, 

.. , "···::.SECONDARY SETTLING· TANKS 

: ··<:SLUOGE.RETURN .PUMPS 
., 

'I. 

,, 

·'<ANAEROBIC DIGESTERS 

CHLOR IN AT OR 

'i TOTAL UNIT PROCESSES CINSTALLEO> 

.·_ CONTROL HOUSE 

PLANT SITE 
. .,. . ,.. .. ~· . . . . 

PHYSICAL PLANT COST 
ENGINEERING ~ .... '. . 

DIRECT PLANT CCST 

CONTRACTORtS FEE (0.1 DPC) 

CONTINGENCY <0.15 DPC> 

'' 

' I 

• •' ·" ; • • p' • • l ,, ' ~ • 

FIXED CAPITAL COST 

$ 28567.21 

32399.9lt 

. 115112.80 

36785.71 

56'352.29 

.. 6658.21 

. 118303.96 

. . - .. . . . 9 2 7 0 • 0 0 

-.... --.----------~- .... 
40~050.13 

81877.5lt 

_7579.74 ________________ .__ 

493507.41 

'. 

-~--~-.. 43768. 61 . ;r_ 

____ ._ .. _c:l> ___ ... __ o •• t ~.I 

537276.02' 

53727.60 

. ' :,,-; 8 0 s 91. 4 0 

:.:' ~----.-.---------

: s··· ·: . ::.671595. o3 
:-- ...... . 

Table 10.2. Capital Cost for Drury Lane Plant 
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are about average in the Chemical Process rndustry. The 

derivation o;f the Fixed Capital Cost is summarized in Table 

10.2 I .£or the case of the ·nrury Lane, Burlington Water 

Pollution Control Plant. The ·actual plant cost in 1962 was 

$676,033.78, while the estimated cost was $671,595.03. The 

difference is less than 1%. 

The operating and maintenance costs of the unit 

processes are normally reported in the literature together 

as one cost. Smith (46} and Eckenfelder and Barnard (2) have 

reported them in terms of annual costs (utilities excluded) . 

This necessitates the use of a "Labour Index" to bring these 
. 

costs up to date. However, we can avoid this by converting 

the annual costs to man-hours required per year, by dividing 

by the labour cost $/:man-hours for the year in which the 

correlations were obtained. This was calculated from the 

average wage of $110/week or approximately $3.00/man-hour 

in 1966 (26). The annual cost is then computed by multiplying 

the man-hours required by the current labour cost. Table 

10.3 summarizes the operating and maintenance man-hours used 

in the program. 

Again we have assumed that the duplication of a unit 

will double the number of man-hours required to operate and 

maintain the units. 

The sum of the Operating and Maintenance Costs for 

the unit processes will give the total labour cost. This, 
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together with supervision, .utilj..ties, .slu~ge haul~ge, chemical 

and plant supplies, .will_ give the Direct Operating and Maintenance 

Cost. Supervision_is assumed to be 10% of the Total Labour 

Cost. Chemical and plant supplies are ·assumed to be 6% and 

5% of the Total Labour Cost, repectively. These estimates 

are obtained from the Ontario Water Resources Commission 

annual reports on their plant operations. The estimates 

of power consumption provided by Michel (26) can be correlated 

to give the following annual power consumption P in kwh: 

For Primary Plant p = 101000 0o.65 

For Trickling Filter Plant p = 162ooo 0o.G5 

For Activated Sludge Plant p = 378000 Q0.65 

where Q is the plant flow in migd. 

Sludge haulage fees in Ontario vary and from the 

annual reports of the Ontario Water Resources Commission, 

an approximate correlation is obtained as: 

Sludge haulage costs = 8000 (Q)0.5 $/yr~ 

where Q = sludge volume hauled, mig/yr. 

Indirect costs are generally not significant, the 

most important of which is for laboratory analyses. The bigger 

plants usually conduct their own analyses, while the smaller 

ones tend to send them away to be done. The Net Operating 

and Maintenance cost will then be the sum of the Direct and 

Indirect costs. 
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To obtain the true annual cost, .we have to. take into 

account the cost of the Fixed Capital Investment. In the case 

of owned capital, we have ·to include depreciation and 

opportunity costs. The ·capital recovery factor to use is: 

CRF = 
. S' · (T + S) n. 

(1 + Sl n - 1 

where CRF = Capital Recovery Factor 

{10.2) 

S = interest rate that owned capital can obtain 

elsewhere 

and n = expected life of plant. 

The cost of the Fixed Capital Investment to the 

municipality of company, annually, is then 

R = CRF (Lo - Is) 

where R = amortization 

Io = Fixed Capital Investment 

and Is = scrap value of project at the end of n years. 

In the case of borrowed capital, which is the usual 

case with most municipalities, we have to add debt retirement 

plus accrued interest to the Net Operating and Maintenance 

Cost to obtain the true Annual Cost. The factor can be calculated 

from the same equation, but the interest rate on the loan s 

and the debt reitrement period n may be different • 
. •\ 

The der.1J<AtiDn of Total Annual Cost is shown in Table 10. 4, 

again, for the case of the Drury Lane, Burlington Water Pollution 
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Control Plant. The actual operating cost in 1969 was 

$103,520 .52, while ·.the 'project-ed co'st was $109,.116. 34, which 

is about 5% higher. 



Unit 

Pretreatment 

Primary Sedimentation 

Activated Sludge 
including blower 
and final sedimentation 

Anaerobic Digester 

Chlorinator 

Vacuum Filter 

Sludge Incinerator 

Sludge Drying Beds 

Trickling Filter 

Capacity Variable 

Plant flow, Q, migd 

Surface area, SA, thousand 
sq. ft. 

Aerator volume, V, mig 
and plant flow, Q, migd 

Digester volume, DV, thousand 
cu. ft. 

Plant flow, Q, migd 

Plant flow, Q, migd 

Plant flow, Q, migd 

Surface area, A, sq. ft. 

Volume, FV, thousand cu. ft. 

Annual Operation & Maintenance 
man/hr. Reguirements 

133(Q) + 510(Q)0.37 

222(SA) + SSS(SA)O.S 

720(Q) + S90(Q)/v0.67 

13(DV) + 144(DV)0.5 

30(Q) + 170(Q)0.37 

0.27(Q) + 154(Q)0.37 

400(Q) + 1600(Q)0.37 

O.Ol4(A) + 20(A)0.37 

lO(FV) + 210(FV)O.S 

Table 10.3. Annual Operating and Maintenance Man-Hour Requirements 

I-' 
w 
00 
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.· 
'· ANNUAL OPERATING COST 

... ... . ,.~ f w _; •! .... ·:· ... ....::-.. · .. ... •' . ; ... 

DRURY LANE SEHAGE·TREATNENT PLANT- BuRLINGTON. TOTAL ANNUAL COST IN 1969 

., 

. .,. 

., 

•. 't~ : .•.• ' .:""~ •. ~- : .. . -;:. ' ' ' 

_. ,: .. ~ :::~ /·· •' 

... ,_,;~UN IT .. PROCESSES 

PRETREA Hl£NT 

PRIMARY SEDIMENTATION 

·:·ACTIVATED SLUDGE. 

ANAEROBIC DIGESTION 

CHLOR IN AT ION. ·· 

SLUDGE'"HAULING •· · ····· ·· : ..... ,... ; 

. ·. ;"'• .. ~ 

••·· ·;·JOTAL UNIT PROCESSES 0 AN 0 M 

SIJPERVISION H! :1 U 

UTiliTIES 

CHEMICALS · CO. 06 L) 

PLANT SUPPLIES (~05 Ll 
., ............ ,,, .,, '!','' ,_.. I 

~. .. . ' ... 
. . 

. DIRECT 0 AND· M COST · 

.. , - ·•· -- .,.(ABORATORY 

· ~ ·: "· --NET .0 AND M .COST 

ANNUITY PAYMENTS 

' .. ... -' ... 

.; TOTAL ANNUAL CCST 

'•'·. -." ... 

·.MAN-HOURS 

.· 819.67 

;; 1442.33 

., '2850. 95 

1028e51. 

250.29 .. 

6391.74 

COST $/YR 

2868.84 

5048.16 

.,, .9978. 31 

3599.78 

·~ 876.01 

7332.12 

·. -----~~--G3C:.----=-

·' $ 

$ 

29703.22 

2970.32 

10261.24 

1782.1<3 

1485.16 

----------.-----...-
46202.14 

. ·. o. 00 

46202.14 

62914.20 -----... -- ... .,. ___ _ 
.109116.34 .... 

----- ... ----------~ ... 

Table 10.4. Operatin~ Costs for Drury Lane Plant 

. :·-: 



CRAl?TER 11 

11. INTER-ACTIVE VERSION 

An inter-active version of the simulation was written 

to enable the user to set up a dialogue with the computer. 

This can be used in the following ways: 

(1) As a teaching tool to train operators and other 

students, 

(2) To enable plant personnel to predict plant performance 

due to changes in feed flO\IlS and/or operating 

conditions, and 

(3) As a quick and accurate aid to plant designers. 

An important feature of the inter-active version is 

that it requires only a very minimum knowledge of the GEMCS 

system for its use. This is achieved through a series of 

questions and answers posed by the computer. Of course, a 

user with a good knowledge of GEMCS, can manipulate and use 

the inter-active version with greater flexibility. 

The inter-active version consists of four subroutines 

and a slightly modified version of the main program of GEMCS. 

The four subroutines are FLWCHT, CASET, ICLOAD and ENSET. Their 

functions will be described below. 

FLWCHT enables the user to set up his own plant 

layout, together with the physical dimensions of the various 

units. It has an enlarged :process flow diagram covering most 

of the common unit processes encountered in waste\'later treatment 

140 
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plants. This is shown in F~gure 11.1. Ths units are selected 

or by-passed by the use oj! the mi.xe;r ... splitter module. The 

majority of the data set is read in by DLOADl, to minimize 

the use of the teletype to input such information. Hodule 

numbers, module types, input and output stream numbers and 

s o on are predetermined for all the units in the process 

flow diagram and hence can be read in by DLOADl. The 

calculation order and the physical dimensions of the various 

units are determined by a dialogue with the user. 

CASET is used to generate a random case study. It 

generates a random feed by multiplying the average value of 

each component flow by a random factor ranging between 0.5 

and 2.0. It also generates a failure in one of the plant 

units. The purpose of the subroutine is to teach operators 

what to do in the event that such a flow or plant failure 

occurs, as well as to locate the cause of such a failure. 

ICLOAD is the analytical laboratory of the simulation. 

All information regarding stream flo\ffi and component concentrations 

are supplied through ICLOAD. A charge is levied for each 

analysis performed, the object of the game being to locate 

and correct a plant failure with the minimum number of analyses. 

A surcharge is also placed on any unsatisfacto~y effluent. 

Five cents is levied on each pound of suspended solids and 
....... 

Biochemical Oxygen Demand, above the regulatory level of 20 mg/1 

for both. This provides the incentive to correct a plant failure 

with the minimum delay. 



ENSET enables the user to cha~~e any operating 

conditions by changi~g the appropriate. ·values of the EN 

vectors. The proc;:ess flow diagram however, .cannot be 

changed. This must be ·done ·thro~gh ·FLWCHT. 
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In addition to the above: four subroutines, slight 

changes are made to the other modules, primarily to 

suppress excessive printing. 
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Figure. 11.1. Process Flow Diagram for the Interacti·v~e Version 
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Key to Figure 11.1. 

Module Number 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

18 

19 

20 

22 

23 

24 

25 
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I 
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Equipment 

SCREEN1 - Screens 

GRITl - Grit chambers 

1-:IIXERl 

PRISETl - Primary clarifiers 

MIXERl 

ACTSLl - Activated sludge tanks 

SECLARl - Secondary clarifiers 

SETSPl 

MIXERl - Control sludge wasting 

MIXERl 

SEPA01 - (Thickener) 

MIXERl 

ANDIGl - First stage digestion 

ANDIGl - Second stage digestion 

! 
i. SETSPl 

MIXERl 

CHLORl - Chlorinator 

MIXERl 

MIXERl 

C¢NTL1 

C¢NTL1 

REPTOl. - Report generator 

CASET - Case generat.or . . 



12 •· TEST J~UNS : 

The ·two plants selected for simulation are the 

Drury Lane and the ·skyway Sewage Treatment plants. The 

former is a conventional activated sludge process, whilst 

the latter employs the extended aeration modification. In 

addition to testing the various models developed, the two 

simulations should show that the same kinetics can be used 

for the activated sludge process, regardless of the process 

modification. • 

The base cases used will be the average flow and 

operating conditions for 1969, obtained from plant data and 

also from the Ontario Water Resources Commission's Annual 

Summaries. The 1969 data were chosen, as the operating and 

flow conditions were fairly constant throughout the year. 

Due to the diurnal variation in the feed flows, the steady­

state models can, at best, predict the average performance of 

the various units. It is for this reason that no attempt 

was made to collect base case data on any particular day, as 

this would require at least a twenty four hour sampling 

schedule, for a week. 

12.1 Simulation of the Drury, L·a.n.~,· Burlih'gton· Sewage· ·Treatment 

·Plant 

The process flow diagram for the plant is shown in 

Figure 12.1.1, and the design data is summarized in Appendix I. 
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Key to Figure 12.1.1. 

Module Number Equipment 

1 PRISETl - Primary clarifiers 

2 MIXERl 

3 ACTSLl - Activated sludge tanks 

4 SECLARl - Secondary clarifiers I 
5 C¢NT02 - Controls sludge wasting 

6 SETSPl 

7 C¢NTL1 

10 GRITl - Grit chambers 

11 CHL¢Rl - Chlorinator 

12 MIXERl 

13 ANDIGl First stage digestion 
( - 1 

I 14 ANDIGl - Second stage digestion 

15 C¢NTL1 

16 MIXERl 

17 SETSPl 
I 

18 MIXERl I 24 REl?TOl " Report generator I 
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I.t was origi.nally des:J.-~ed £or a flow. of 2 •. 5 ~C]d· However, 

due to ·the expansion of the ·skyway plant, J?art o;e the £low 

was diverted to the ·latter· plant, and the actual flow 

~eceived was 1.6 migd, in 1969. The aver~ge BOD and TSS 

£or the raw sewage is 215 mg/1 and 299 mg/1, respectively. 

The pretreatment section consists of l-inch bar 

screens and grit channels with a detention time of approximately 

one minutes. Primary treatment consists of two tanks with 

dimensions 29.3 ft. x 18 ft. x 12.25 ft. Secondary treatment 

is provided by two triple-pass activated sludge tanks, each 

with a total length of 321.5 ft., width of 18ft. and depth 

of 10.7 ft. Total air blower capacity is 3000 scfm. Two 

circular secondary clarifiers are employed, each with a radius 

of 25 ft. and depth of 10.6 ft. A two-stage digestion system 

is used to handle the waste sludge generated. The first stage 

consists of two 40ft. diameter tanks with a depth of 20ft., 

and the second stage consists of one 40 ft. diamete·r tank with 

a depth of 18 ft. A summary of the operating conditions and 

the parameters used for the simulation is shm·m in Table 12 .1.1. 

The data set used for the simulation is shown in 

Appendix I. The computer printout for the case is also included 

in Appendix I. A summary of the results from the simulation, 

together with the plant data is shown in Table 12.1.2. 

The removal of Total Suspended Solids by the primary 

clarifier was predicted to be 49% while the observed removal 
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wa~ 48%. The BOD .removal pxed:Lcted was 30%. compared to the 

actual removal of 33%, Bo.th. removals weie pxedicted very well 

by the ·primary. clarifier model. 

The ·Total Suspended Solids in the final effluent is 

identical with the value observed, which was 20 mg/1. The 

BOD of the final effluent was predicted to be 22 mg/1, while 

the observed value was lower at 15 mg/1. The agreement is 

quite good. 

The predicted Total Suspended Solids of the return 

activated sludge was 11,700 mg/1 with a volatile content of 

57%. The observed values were 12,000 mg/1 and 60% respectively. 

The simulation predicted that a greater volume of sludge 

should be sent to the digester than was actually observed. A 

raw sludge flow of 7600 igpd was calculated, while the 

reported flow was much lower at.5300 igpd. This is reasonable 

since a considerable amount of solids is lost during a rain, 

butwhich is not accounted for. The figures imply that about 

30% of the solids which should go to the digester was lost 

over the wiers of the secondary clarifiers, either during a 

storm or due to a plant upset. 

The simulation predicted a digested sludge flow of 

3000 igpd at a Total Suspended content of 5.8% as compared to 

the volumes of 2300 igpd hauled away for disposal. The 

anaerobic digester model predicted a much higher volatile solids 
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destruction than was observed. This is reflected in the 

lower' volatile solids concentration predicted for the 

digested sludge.· 

RAW SEliAGE: 

average flow = 1.6 migd 

average TSS = 299 mg/1 

average VSS = 195 mg/1 

percent of voltile solids settleable = (77%) 

percent of inorganic solids settleable = (46%) 

average BOD 

average DOC 

= 215 mg/1 

= (61) mg/1 

PRIMARY SETTLING TANKS: {using nomenclature of Chapter 4) 

W r = ¢ exp (-k to! /H ~) 

where k = 0.23 

= 

0.5 

0.25 

and ¢ = 0.85 

average underflow solids concentration = 60,000 mg/1 

ACTIVATED SLUDGE TANKS: (using nomenclature of Chapter 5) 

kl = 0.0028 hr-1 

k2 = 0.0014 hr-1 

k3 = 0.000002 hr-1 

k4 ,= 0.0010 h:r-1 

k5 = 2.2 hr-1/(cu.ft.air/cu.ft.reactor) 
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y = 0.54 

MLSS = 2200 ~g/1. 

RTD model: 3 CSTR' s. in series. 

SECONDARY SETTLING TANKS: (usi~g nomenclature of Chapter 6) 
. '5'5'6 . (GSS 0 • 49 4) :X 1·. 5 

XRSS = 
(.MLSS 1. 82) (TM 1. 5) 

SVI = 56.1 + 113 (FM) (1. osT-20) 

fraction of time return sludge pumps used = 0.3 

ANAEROBIC DIGESTER: (using nomenclature of Chapter 7) 

1st stage at high-rate, k = 0.082 

2nd stage at conventional rate, k = 0.026 day-1 

fraction of flow to supernate= 0.6 

Figure 12.1.1. Operating Conditions and Parameters· Used 

In the Simulation of the Drury Lane Plant 



. 
Flow(migd) BOD (mg/1) TSS(mg/1) VSS(mg/1) .noc (mg/1) 

Stream Plant Plant Plant Plant Plant: 
Data Predicted· Data Predicted 1 Data Predicted Data Predicted .Data !Predicted 

I 
Raw Feed 1.6 - 215 - 299 - 191 - (61) -
Primary Effluent 1.6 1.6 145 151 155 153 80 76 - 60. 

Primary Clarifier 60 
Underflow - 0.0069 - .... - 63900 - 41500 -

Secondary Effluent 1.6 1,59 15 22 20 20 8 11 .... 10 
. 

Return Activated 
Sludge (0.32) 0,30 - .... 12000 11700 7200 6620 - 10 

Raw Sludge to 
l;sooo I 65400 Digester 0,0053 0.0076 - "" 37000 45300 ~ 60 

Digester Supernate 0.0028 0,0044 - o::'< 8000 1 4300 . - 1600 "' 82 . . 
Digested Sludge 0.0023 0.0030 - - 57000~8600 22000 t2100 - 82 

~--· ----

Table 12.1.2. Simulation of the Drury Lane, Burlington, Water Pollution Control Plant 1-' 
Ul 
1\.) 

~----~---.------.---~- --~ ---~~-~ -~-~ ....---~-~ -~~~-~ 
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12. 2·. Simulation o;f. the SkYjlay, Rurlih<]ton·, .Sewage Treatment 
' 

· P"lant 

The proces:s flow diagram for the plant is shown 

in Figure 12.2.lr .and the des~gn data is summarized in 

Appendix J. The average flow in 1969 was 3.3 migd, but 

due to an expansion completed in 1970, it is now receiving 

about 6. 0 migd. 

Pretreatment consists of a 2~ inch coarse screen 

followed by a 1 inch screen, both mechanically cleaned. Grit 

removal is achieved by an aerated grit chamber with a 

detention time of approximately 20 minutes. There are no 

primary tanks in the Skyway Plant. The activated sludge 

process employed is that of the extended aeration modification, 

and consists of six single-pass tanks with dimensions of 

270 ft. x 27 ft. x 15 ft. The total blower capacity is 

18000 scfm. Secondary clarification is provided by four 

settling tanks, 60 ft. square and 12 ft. deep. Waste sludge 

is thickened in a circular tank, 20 ft. in diameter and 9 ft. 

deep. A summary of the operating conditions and the parameters 

used in the simulation is shown in Table 12.2.1. 

The data set for the simulation is shown in Appendix J, 

together with the computer printout for the case. A summary 

of the results from the simulation together with the plant 

data is shown in Table 12.2.2. 
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1 2 3 

4 

10 

000 
Figure 12, 2 ,1, Process Flow Diagram of the Skjrylay P,lant 

25 -

...... 
U1 
,j:>. 
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Key to Figure 12.2.1. 

Module Number Equipment 

1 MIXER! 

2 SCREEN! - Screens 

3 GRIT! - Grit chambers 

4 ACTSLl - Activated sludge tanks 

·f 5 SECLARl - Secondary clarifiers 

l 6 SETSPl 

wasting~ 7 C¢NT02 - Controls sludge 

8 SEPAOl - (Thickener) 

9 MIXER! 

10 CHL¢Rl - Chlorinator 

11 C¢NTL1 

12 C¢NTL1 

24 REPTOl - Report generator 
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The simulation predicted a sl~~htly better final 

effluent than was obse.rved. The BOD and TSS predicted were 

8 mg/1 and 10 .~g/.1, respectively, while ·the observed values 

were 12 mg/1 and 12 ~g/1 respectively. 

From plant data, the average suspended solids 

concentration in the return sludge was 10,000 mg/1, while 

the simulation predicted a value of 9,500 mg/1. The 

agreement is very good. However, the average volatile 

content of the sludge observed was 60% while the simulation 

gave a value of 42%. 

A greater discrepancy occured here than was with the 

case of the Drury Lane Plant, in the volume of sludge hauled 

away. The simulation predicted that a volume of 22,000 igpd 

at a solids content of 2.1% should be hauled away, but 

actual plant figures indicated that only 4000 igpd at 

2.0% solids were hauled away. Although upsets are frequent 

in a plant this size, the almost five-fold difference in the 

thickened sludge for disposal is unexpected. From a rough 

~alance on the solids over the entire plant, the volume of 

sludge produced should be approximately 

. 3.3 X 106 X (185 - 12). 

20,000 

= 28,000 igpd, at 2-Q% solids 

This figure is in better agreement with the predicted value. 

Continuous sampling of the final effluent will probably show up 

the difference. 



157 

RAW SEWAGE: 

average flow = 3.3 migd 

average TSS = 185 mg/1 

average vss = 85 mg/1 

average BOD = 155 mg/1 

average DOC = (62} mg/1 

ACTIVATED SLUDGE Tanks: (using nomenclature of Chapter 5) 

kl = 0.0028 hr-1 

k2 = 0.0014 hr-1 

k3 = 0.000002 hr-1 

k4 = 0.0010 hr-1 

k5 = 2.2 hr-1 

y = 0.54 

MLSS = 4000 mg/1 

RTD model: 3 CSTR's in series 

SECONDARY SETTLING DATA: (using nomenclature of Chapter 6) 

XRSS = 556 (GSS 0.494) x 1.5 

(MLSS 1. 82) (TM 1. 5) 

SVI = 56.1 + 113 (FM) (1.05 T-20) 

Fraction of time return sludge pumps used= 0.4 

THICKENER: Fraction of liquid to overflow= 0.6 

Fraction of solids to overflow= 0.1 

Table 12.2.1. Operating conditions and Parameters Used in 

the Simulation of the Skyway Plant 



Flow (migd) BOD (mg/1) TSS (mg/1) ! VSS (mg/1) DOC(mg/1) 
' Stream 
lPlantl Plant I !Plant Plant Plant 

Data Predicted Data Predicted Data PredictedjData ~Predicted!Data Predicted! 
' 
1 

Raw Feed 3.3 155 185 84 (62) 
1 - .... ... - - I 

Secondary Effluent 3.3 3.3 12 8 12 10 3 4 - 4 
I 

Return Activated 
Sludge 2.1 2.35 ... ... '.10000 9500 6000 4000 - 4 

Thickened Sludge 0.004 0.022 ... ... 20000 21000 12000 9000 - -

Table 12.2.2. Simulation of the Skyway,. Burlington, Water Pollution Control Plant 

1-' 
l11 
co 
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13. DISCUSSION OF RESULTS 

13.1 Discussion of Experimental Data 

13.1.1 Primary Settling Data 

Our settling curve analysis is based on the settleable 

solids present in the raw waste. The same analysis 

when applied to the total suspended solids gave less. 

consistent results between the runs, as can be 

seen from Table 13.1.1. 

I 
I i ' 

Run Number Source k I l s i 
0: ' 

! i 

A-1 Dundas (1971) . I l I 0.16410.372)0.216: 

I I A-2 Drury Lane {1971) 0.202 0.403,0.2~5. 

A-3 Dundas (1970) 0.211 0.410f0.3ll 

A-4 Dundas {1969) 0.150 0.39710.252 

Table 13.1.1. Correlations for the Batch Settling 

Data, Based on Total Solids 

An assumption made in our model is that the 

removal obtained is the same for all classes of settleable 

solids. The validity of the assumption, although not 

~~,-------~ .. \tested, can be checked by taking volatile suspended 
I 

/ 

:solids measurements, together with the usual suspended 
I 
J 

tsolids readings. 

159 
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A shortcomi~g of our data is the fact that our 

batch settling column is only 8 ft. tall. This means 

that an effective liquid depth of only 6 ft. may be 

used. ·ll.iost primary settling tanks have liquid depths 

between 8ft. and 12ft., thereby necessitating the 

extrapolation of our data, to predict their performance. 

13.1.2 Tracer Studies of Primary Sedimentation Tanks 

In an attempt to evaluate the level of turbulence 

existing in the primary settling tanks, tracer studies 

were performed. The results were discouraging. Tracer 

recoveries were of the order of 80% and consequently 

the detention times estimated from the exit age 

distributions were much lower than the hydraulic detention 

times. The loss of the tail end of the exit age 

distribution also affects whatever model we try to 

fit to the flow pattern. Another tracer system should 

have been used where the recovery obtained is much 

higher. 

The use of a pulse input is also a poor choice as it 

generates a tail end in the exit age distribution, which 

is very important but where the accuracy of measurement 

is poor. Time Series Analysis, using a series of random 

pulse inputs would largely remove this source of error. 
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We had to revert to a sim~lified treatment to 

coYrect for the effects of turbulence by defini!l<J the 

efficiency factor. The fact that a fairly constant 

·efficiency factor exists for the primary tanks in 

both the Dundas and Drury Lane plants seem to 

suggest that a correlation is possible, relating the 

efficiency factor with a parameter that represents 

the level of turbulence in the tanks. 

13.1.3 Data From the Chemostat Experiments 

Our Chem.ostat set-up is rather simple and lacks 

a good control over the operating condit;ions. A 

closer control should have been kept on the temperature 

in the reactor. With proper temperature control, the 

experiments could be repeated at other temperature levels. 

The flow rate from the constant head tank was found to 

vary and had to be adjusted about twice a day. 

We have assumed in our calculations that the original 

solids in the feed are not significantly solubilized 

during the experiment, and that the increase in solids 

in the effluent is mainly due to synthesis of microbial 

cells. There will be a slight solubilization of the 

feed solids, and hence our calculated value for I.JJ., the 

synthesized microbial cell mass, will be low. This 

problems can be corrected ·.by filtering the raw waste 
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thro:ugh a filter press or by using a "synthetic" raw 

sewage, havi~g only the soluble components. 

Another assumption made was that the effluent 

soluble organic carbon was entirely degradable. This 

was not checked by taking the Biochemical Oxygen Demands 

of the filtered effluent. Hm·1ever, the least squares 

fit of the data points gave a correlation u = 1.04. 

x 10-3 (C + 0.55). The intercept on the horizontal 

axis is not significantly different from zero (but is 

in fact even negative). A significant positive intercept 

of sa:y 5 mg/1 or greater will indicate that not all 
. 

of the effluent soluble carbon is degradable. 

13.1.4 Data on the Aeration Studies of Activated Sludge 

Since some of the biological rates in the kinetic 

scheme proposed in Chapter 5 are expected to be very 

slow, we had to aerate the return activated sludge for 

at least two weeks. No raw sewage was added to the 

return sludge. The reason is that the soluble degradable 

carbon in the raw sewage will have a very rapid rate 

of assimilation and hence creating a "stiff" condition 

in the solution of the differential equation describing 

its rate of reaction. 

Several assumptions were made in the analysis of the 

results. The conversion factors obtained in Section 9.2, 
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were used in calcul~t~~~ the soluble d~sradable c~rbon 

and in calculat~~~ the carbon e~uivalent o~ the volatile 

solids. Equation 5.1.12, relating the oxygen uptake 

rate to the rate of carbon loss due to respiration, 

and hence to the concentration of microorganisms, 

was assumed to hold, The above assumptions can be 

tested by integrating the area under the oxygen uptake 
. 

rate curve (which is the total oxygen consumption) , and 

comparing with the amount of carbon loss. for Run No. 

D-1, 

6200 3.65 

6C 1700 

and for Run No. D-2, 

= 5800 
= 3.86 

AC 1500 

Both values are close to the factor of 3.73 obtained in 

Section 5.1. 

A comparison of the results from the chemostat 

experiments and the extended aeration studies showed 

that the unit growth rate factor, k 4 , was much lower 

in the latter case. The value of k 4 obtained in the 

1 t t · t 0. 0010 hr""'1 (mg/1) -l c1emos a exper~men s was 

whilst ·that obtained from the extended aeration studies 

was 0.0006 hr-1 (mg/1)-1 • The former experiments were 
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run under conditions where the substr~te cc;mcent;r;-ations 

_were hi9h, .whilst the latter experiments we;r:e made under 

food-deficient conditions. This s~~9ests that an 

extended food~deficient condition could lead to 

decreased microbial activity, in what is conunonly known 

as a "lag-phase". This implies then that k4 is not 

actually a constant but could depend on the length of 

substrate privation. However, in activated sludge 

processes, the form~r condition normally occurs. The 

food-deficient condition would occur if we use the 

aerobic biological reaction in a solids disestion 

process. 

Only a few readings were taken of the soluble degradable 

organic carbon throushout the duration of the runs. 

This was because the BOD measurements required a fairly 

large volume of sample. A larger reactor should have 

been used. 

·13. 2 Discussion of J?lant Simuiations 

13.2.1 Simulat~on of, D!u!X L~ne, Burlipgton, Sewage Treatment 

Plant 

The agreement between the predicted and observed 

values for the primary and final effluents were very sood. 

The results show that primary sedimentation tanks can be 

modelled quite successfully if a sufficiently accurate 
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and detailed breakdown o;r: the ;f;eed polids are }?rovided. 

But normally a coro.J;>lete sol.i..ds analysis, as required 

by our stream list is never performed, .and the siro.ulation 

may require the use of a less detailed model. 

The activated sludge process was also modelled very 

successfully. The kinetic rates, ·measured experimentally, 

predicted the final effluent very well. An examination 

of the converged values for the return sludge stream 

showed that 42% of the volatile solids is composed of 

microorganisms. This is in agreement with the 

value of approximately 50% obtained in Section 5.3, 

for the return sludge from the Skyway Plant, 

Several other case studies were made under different 

operating and flow conditions. Table 13.2.1 shows the 

individual effects of increasing capacities in the 

primary clarifiers, aerati@n tanks, secondary clarifiers 

and of just increasing the mixed liquor suspended 

solids in the aeration tanks to 3000 mg/1. 

The effect of adding an extra primary clarifier was 

merely to improve the primary effluent to a BOD of 

146 mg/1 and a TSS of 141 mgjl. There was no 

significant improvement in the final effluent. 

The effect o£ adding an extra aeration tank improved 

the final effluent to a BOD of 15 m/gl and a TSS of 

17 mg/1. No improvements were expected to occur in the 

primary effluent. 



Stream BOD TSS 

Raw Sewage 215 299 

CASE STUDY WITH NORMAL OPERATING CONDITIONS 

Primary Effluent 151 153 

Secondary Effluent 22 20 

CASE STUDY WITH A THIRD PRII~RY CLARIFIER 

Primary Effluent 146 141 

Secondary Effluent 21 20 

CASE S'l'UDY WITH A THIRD AERATION TANK 

Primary Effluent 150 153 

Secondary Effluent 15 17 

CASE STUDY WITH A THIRD SECONDARY CLARIFIER 

Primary Effluent 150 153 

Secondary Effluent 21 17 

CASE STUDY WITH MLSS INCREASED TO 3000 mg/1 

Primary Effluent 151 153 

Secondary Effluent 16 16 

Table 13.2.1. Effect of Plant Alterations, at the Same 

Flow. 
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DOC 

61 

61 

10 

61 

9 

61 

8 

61 

9 

61 

7 
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The extra secondarx clarij:;ier reduced the TSS in the 
. - . 

final effluent to 17 ~g/1, with not much im}?.r:oyeJ;qent 

in·the BOD. 

The results of merely increasing the mixed liquor 

suspended solids in the aeration tanks to 3000 mg/1 
' 

were quite surprising. The final effluent improved 

to a BOD of 16 mg/1 and a TSS of 16 mg/1. This is 

just like having an extra aeration tankl This is 

quite logical since about 50% 1nore solids will be 

carried in the aeration tanks at 3000 mg/1 as 

compared to the operating value of 2200 mg/1. 

Table 13. 2. 2 shows the effect of increasing the ra.._,,, 

waste flow to 2.0 and 2.4 migd., with the same influent 

BOD and TSS, and with no change in equipment capacity. 

It should be noted that the plant was originally designed 

for a flow of 2.5 migd with an influent BOD of 200 

and an influent TSS of 180 mg/1. However, both the 

influent BOD and TSS have increased over the years. 

The reported influent BOD and TSS In 1969 were, as 

mentioned before, 215 mg/1 and 299 mg/1 respectively. 

At the o~erating conditions-of 1969, with a feed 

flow of 1,6 m~gd, the ~inal e~fluent BOD and TSS were 

predicted to be 22 mg/1 and 20 mg/1 respectively. This 

is just bordering on the limits set by the Ontario Water 



Resources Commission. At a teed tlow of 2.0 migd, 

the primary effluent deteriorated slightly to a 

BOD of 153 mg/1 and a TSS of 160 mg/1, while 

the final effluent BOD and TSS rose to 28 mg/1 and 

25 mg/1 respectively. At a feed flow of 2.4 migd, 

the primary effluent deteriorated further to a BOD 

168 

of 156 mg/1 and a TSS of 166 mg/1 while the final 

effluent BOD and TSS predicted were 34 mg/1 and 30 mg/1 

respectively, which is completely unsatisfactory. 

The limiting equipment was found to be in the 

aeration tanks. If expansion is to be contemplated 

at the Drury Lane Plant to handle a higher flow, top 

priority should be given to expand the aeration tank 

capacity. The problem can be ~lleviated by maintaining 

a higher mixed liquor.suspended solids in the activated 

sludge process. 
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Stream BOD TSS DOC 

Raw Sewage 215 299 61 

CASE.STUDY WITH 1.6 migd FEED FLOW 

Primary Effluent 151 153 61 

Secondary Effluent 22 20 10 

CASE STUDY WITH 2.0 migd FEED FLOW 

Primary Effluent 153 160 61 

S.econdary Effluent 28 25 12 

CASE STUDY WITH 2.4 migd FEED FLOW 

Primary Effluent 156 166 61 

Secondary Effluent 34 30 15 

Table 13.2.2. Effect of Increased Plant Flows, with no 

Change in Present Equipment Capacities 
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13.2.2 Simulation o! ~!\e. Sk~aX.'. B:Ur~.i;n;J,ton,, ~~.ant 

In this case the activated sludge ;process model 

predicted a slightly better final effluent than was 

observed. However, the results show that the extended 

aeration process is not something special, but is 

merely the same activated sludge process, under a 

different name. The results also suggest that the 

18 hour detention time required by the Ontario Water 

Resources Commission and other public agencies for a 

treatment plant without a primary clarifier is not 

necessary. 

To show the effects of decreased detention time, 

or increased feed flow, on the final effluent, case 

studies were made at 6, 8 and 10 migd using the same 

feed composition. The two new final clarifiers, which 

are now completed, are added to the process flow 

diagram, together with the new {third) sludge return 

pump. The resulting detention times are 16, 12, and 10 

hours respectively, all excluding sludge recycle. 

The results are shown in Table 13.2.3. The final 

effluent at 10 migd feed flow, is predicted to have a 

BOD of 15 mg/1 and a TSS of 20 mg/1, which is still 

acceptable. It should be pointed out that the feed 

to the plant (based on 1969 values) which has a BOD 
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of 155 ~g/1 and a TSS of 185 ~g/1 is a;:proxima.tely 

equivalent to the primary effluent of many conventional 

activated sludg~ plants, and hence a detention time of 

8-12 hours, which is sufficient for a conventional 

activated sludge plant, should also be sufficient for 

the "extended aeration" modification. The only 

justification for requiring more aeration time in a 

"extended aeration" plant is when the influent BOD 

and TSS are both higher than say 200 mg/1. 



Stream BOD TSS 

Raw Sewage 155 185 

CASE STUDY WITH 6.0 migd FEED FLOW 

Final Effluent 11 13 

CASE STUDY WITH 8.0 migd FEED FLOW 

Final Effluent 13 17 

CASE STUDY WITH 10.0 migd FEED FLOW 

Final Effluent 15 20 

Table 13.2.3. Effect of Increased Feed Flows, at the 

Skyway Plant. 
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CHAPTER 14 

14. CONCLUSION 

Simulation models for primary sedimentation, the 

activated sludge process, secondary sedimentation, anaerobic 

digestion and several other unit processes have been developed. 

The models were based on known and developed theories, 

supported by laboratory and plant data. 

The primary clarifier was modelled on correlations 

obtained from batch column settling studies. It was 

found that if settleable suspended solids were used rather 

than the total suspended solids, better correlations 

resulted. This is to be expected as the total suspended 

solids include the non-settleable solids as well. 

For the modelling of the activated sludge process, 

a new reaction scheme, based on the physiological activities 

of the bacterial and the bacterial cell mass, was proposed. 

Batch aeration studies of activated sludge were used to obtain 

estimates of the parameters used in the reaction scheme. 

This is an improvement over the use of mixed liquor suspended 

solids, as the fraction of "active mass" in the sludge is 

dependent on feed compositions and operating conditions 

in the plant. 

For the secondary clarifier model, use was made of 

correlations developed by Villiers and the Rex Chainbelt 

' . 
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Company, for the fraction of solids escaping over the 

wiers and the Sludge Volume Index of the sludge produced, 

respectively. The anaerobic digester model assumed a first 

order rate for the liquefaction of organic solids, the rate 

constants being obtained from experimental data published 

in the literature. 

Two plants were used in the simulation studies. The 

first is a conventional activated sludge plant, while the 

second is an extended aeration plant. The results from 

the simulation studies were in very good agreement with 

plant data for the liquid streams. The actual sludge volumes 

produced from both plants were lower than those predicted 

by the simulation. The loss of solids over the wiers of 

the secondary clarifiers, during plant upsets or storm 

flows, probably accounted for the lower production of 

sludge from both plants, 

An inter-active version of the computer simulation 

was also developed and tested under varying conditions. 

This can be used as an effective teaching aid for operators 

and students in the wastewater treatment area. 

< 
· .. 
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APPENDIX A 

PRI~U\RY SETTLING DATA ON BATCH COLU~ffi 

RUN #A.l Raw Sewage from Dundas W.P.C.P. 

RUN #A. 2 Raw Sewage from Drury Lane, 

Burlington. W.P.C.P. 

RUN #A. 3 Raw Sewage from Dundas W.P.C.P., 

1970 Data. 

RUN #A. 4 Raw Sewage from Dundas W.P.C.P., 

1969 Data. 
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RUN iA.l. 

Raw Sewage .from Dundas W. P. C. P. 

Settling Data: Original suspended solids -

average of duplicates. 

Time (min) 0 15 30 60 90 120 
Depth (ft) 

1.5 252 106 156 132 124 116 

2.5 247 210 164 146 129 122 

3.5 253 210 179 152 137 129 

4.5 248 209 180 156 147 151 

5.5 248 220 188 159 152 151 

Depth 0 0.1 0.2 0.3 0.4 0.5 
Correction 
(ft) 

Average of initial solids = 250 mg/1 {rounded up) 
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24 Hrs. 

82 

82 

83 

82 

84 

Average of final non-settleable solids = 82 mg/1 {rounded up) 

Hence total settleable solids = 168 mg/1 

% of settleable solids = 100 (SS - 82)/168 



Weight % settleable solids as a function of 

time and depth: 

Time (min) 0 15 30 60 90 120 
Depth {ft) 

1.5 100 62 44 30 25 20 

2.5 100 77 49 38 28 24 

3.5 100 77 58 42 33 28 

4.5 100 77 58 44 39 35 

5.5 100 82 63 46 42 35 

Depth 
Correction 0 0.1 0.2 0.3 0.4 0.5 
(ft) 

181 

24 Hrs. 

0 

0 

0 

0 

0 
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Fraction of settleable solids removed, as a 

function of time and depth, usi~g 

Equation 4.1.6: 

Depth Time Fraction Settleable 
(ft) , ,(min) Solids Removed 

2.0 16 0.47 

21 0.57 

28 0.61 

35 0.65 

48 0.69 

65 0.73 

3.0 20 0.46 

28 0.57 

35 0.61 

45 0.65 

62 0.69 

-84 0.74 

4.0 23 0.46 

31 0.57 

i 
41 0.61 

53 0.65 

74 0.69 

101 0.74 

(Con' t.) 



83 
Depth Time Fraction Settleable 
(ft) (min) Solids Removed 

5.0 25 0.45 

34 0.56 

46 0.60 

60 0.64 

85 0.69 

116 0.73 

6.0 26 0.44 

37 0.56 

51 0.60 

66 0.64 

95 0.70 

130 0.74 



RUN ·iA.2. 

Raw Sewag~ from Drury Lane, Burlington W.P.C.P. 

Settling Data: Original suspended solids -

average of duplicates 

Time(min) 0 10 20 30 45 60 75 90 120 24 
Depth(ft) 

2.0 282 208 178,157 142 135 131 128 120 

.181,167 3.0 272 225 161 154 144 128 124 

4.0 276 1 244 169 152 137 138 133 204:176 

5.0 278 251 203 176 1681154 1401135 132 

6.0 273 238j208 189 175_i169 156 1146 132 i . 
' 

f I l Depth 1 
Correctio· 0 0.1 0.2,0.310.3 t0.4 0.510.610. 7 
(ft) . 

Average total initial suspended solids = 275 mg/1 

Average final suspended solids = 88 mg/1 

Total settleable solids = 187 mg/1 

Weight % settleable solids = 100 (SS - 88)/187 

Temperature = 20°C 

Hrs. 

88 

88 

86 

89 

88 
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Weight % settleable solids as a function 

of.time and depth: 

Time (min) 
0 10 20 30 45 60 75 90 120 

Depth(ft) 

2.0 1001 66 48 37 29 25 23 21 171 

3.0 100 
73, 

50 42 39 35 30 21 19· 
I 

4.0 62 47 43 26' 100 831 34 26 231 

28 t I 
5.0 100 881 62 47 421 35 25 23~ 

i I 
6.0 100j 81~ 64 54 47' 43 37 :i 311·231 ~ 

Depth 1 I Correction\ 0 10.1,0.2 0.3 0.3 0.4 0.5 0.6 0. 71 (ft) 

185 

24 I Hrs •

1 

0 I • I 

l 
0 l 

I 
l 0 I 

J 

0 t 

' ' I 0 I 
1 
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Weight fraction of settleable solids removed, 

as a function fo time and depth, using 

Equation 4:.1.6; 

Time 
Weight 

Depth Fraction Settleable 
(ft) (min) Solids Removed 

2.0 8 0.50 

13 0.59 

17 0.64 

22 0.67 

30 0.71 

38 0.75 

so 0.78 

3.0 12 0.49 

18 0.58 
.. 

24 0.63 

31 0.67 
l 
I 

42 0.72 

I 54 0.75 

68 0.78 

4.0 15 0.49 

23 0.57 

·30 0.64 

39 0.67 

53 0.72 

(Con' t.) 
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Depth Time Weight 
(ft) (min) Fraction Settleable 

Solids Removed 

4.0 68 0.75 

85 0.78 

5.0 17 0.49 

26 0.57 

35 0.63 

46 0.67 

62 0.71 

80 0.75 

100 0.78 

6.0 19 0.47 

29 0.57 

40 0.63 
- ~-----

53 0.67 

70 o. 72 

92 0.75 

114 0.78 



RUN #A. 3. 

Raw Sewage from Dundas W.P.C.P., data 

of 1970. 

Settling Data: Original suspended solids -

average of duplicates. 

75, 105,120, Time(min) 0 15 30 45 60 90 
Depth (ft) ' i . I i 

; ! 

2.1 234 164 138 130 1231115!111 11011061 

3.1 243 186 151 140 132·126;12011161~12i 

4.1 246 193 162 147 139 133 127 1221118i 

5.1 262 1981172 1531143 138 133 129 ~ 123 -~ 

1411136,132~128~ 6.1 264 20011751158 143 
I l i ~ 

Depth I I t 
Correction 0 0.1 0.210.3 0.5 0.6 0.7 0.810.9: 
(ft) I i 

Average total initial suspended solids = 250 mg/1 

Average final suspended solids = 73 mg/1 

Total settleable solids = 177 mg/1 

Weight % settleable solids = 100 (SS - 72)/177· 

24 

188 

. 
Hrs. 

66 

I 74 

80 

72 

68 
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Weight % settleable solids as a function 

of time and depth: 

Time (min) 0 15 30 45 60 75 90 1051120 24 Hrs~ 
Depth(ft) 

2.1 100 50 37 
321 

28 24 21 21 18 0 

3.1 1001 64 44 38 33 30 27 24' 21 0 

281 4.1 68 50 42' 37 341 30 25 0 100 

5.1 100 71 56 45 40 37 34 32 28 0 

6.1 100 72 58 j 48 40 38 35 33 30 0 

Depth 
Correction 0 0.1 0.2 0.3 0.5 0.6 0.7 0.8,0.9 

(ft) 
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Weight fraction of settleable solids removed, 

as a function of time and depth, using 

Equation 4.1.6: 

WeJ.ght 
Depth Time Fraction Settleable 
{ft) (min) Solids Removed 

2.0 9 0.50 

13 0.58 

18 0.63 
' 

23 0.66 

31 0.70 

44 0.74 

3.0 13 0.50 

18 
I 

0.57 

24 0.62 

32 0.66 

43 0. 70. 

60 0.74 

4.0 16 0.49 

22 0.57 

30 0.62 

39 0.66 

·53 0.70 

75 0.75 



191 

Depth Time Weight 
Fraction settleable (ft) (min) Solids Removed 

5.0 18 0.49 

26 0.52 

34 0.62 

46 0.66 

63 0.70 
' 

88 0.75 

6.0 21 0.48 

29 0.56 

39 0.61 

53 0.66 

73 0.70 

],00 0.75 



RUN #A.4. 

Raw Sewage from Dundas W,P.C.P. 

Settling Data: Original suspended solids -

average of duplicates 

- data of Hudspith et al, 1969 

Time (min) 0 15 30 45 60 75 90 105 120 
Depth(ft) 

1.0 (218) * 192 158 145 133 152 160 144 1401 

2.0 (232) * 187 166 165 167 160 146 150 145 

3.0 248 204 178 163 156 158 157 188 145 

4.0 244 208 176 174 162 162 138 168 157 

5.0 246 202 176 172 164 164 144 156 158 

Average of initial solids = 246 mg/1 

Average of final non-settleable solids = 92 mg/1 

Hence total settleable solids = 154 mg/1 

% settleable solids = 100 (SS - 92)/154 

*Insufficient mixing? 

192 

24 Hrs. 

88 

93 

95 

93 

(158) 
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Weight % settleable solids as a function 

of time and depth: 

. 
120( 24 Hrs. I Time (min) 0 15 30 45 60 75 90 105 

Depth(ft) 

2.2 100 66 43 34 27 39 44 34 31 0 

3.2 100 62 48 47 49 44 37 38 34' 0 

4.2 100 73 56 47 42 43 42 62 34 0 

5.2 100 72 55 53 45 45 30 49 42 0 

6.2 100 71 55 52 47 47 34 42 43 0 

Depth 
Correction 0 0.1 0.2 0.3 0.4;0.5 0.6 0.7 0.8 
(ft) l ' 



Weight fraction of settleable solids removed 

as a function of time and depth, using 

Equation 4.1.6: 

Depth Time Weight 
(ft) (min) Fraction settleable 

Solids Removed 

2.0 10 0.46 

15 0.52 

20 0.58 

27 0.60 

38 0.67 

60 0.74 

3.0 13 0.45 

20 0.52 

27 0.56 

37 0.60 

53 0.67 

80 0.73 

4.0 16 0 .. 44 

24 0.52 

34 0~56 

46 0.59 

65 0.66 

97 0.72 
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' I 
l 

I • 1 

I 
I 

I 

I 
i 

1 
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Depth Time weight 
(ft) (min) Fraction Settleable 

Solids Removed 

5.0 18 0.44 

27 0.53 

39 0.57 

53 0.61 

76 0.66 

111 0.74 

6.0 20 0.44 

29 0.50 

43 0.55 

60 0.60 

85 0.66 

123 0.75 



Al;'>l?ENDIX B 

Exit A~e Distributions of :Primary Tanks 

RUN #B.l-3 Dundas Plant 

Rill~ #B.4~6 Drury Lane Plant 

SETTLEABLE SOLIDS REI·10VAL DATA 

196 



197 

N en . . . - -

C) 

co -

C) 

N -· 

-til 
(]) 
+I g 
·r-1 a -



It) CD . ·- . ... C") . 

198 

C> 
N ... 



199 

C) . .... 
(mdd) NOiiliVHiliN~JNOJ ~~JVHili 

Cl 
co .... 

Cl 
IN .... 

Cl 

CD 

Cl 
Cl 



oqt . 
1!1 

* 
z 
~ 

c ____ _ 
c 

• • 
N en 

• ... ... 

200 

. • 
cc . 

,, 

.. 

• 

C) 

co ... 

C) 

N ... 

. = cc 

• 

• 

rn 
Q) 
+.l g 
·r-1 s -



1.0 
• 

I:Q 
:#: 

z 
fJ 

c::: 

~· • . 
~· 

&I') N G) cc . - -
(Uldd) NOI.LW.LN3:0NO:J E3:0W.L 

201 

J 

I 

• 
Cl') 

. 

. 

. 

. 

. 

. 

. 

-

Q 

CQ -

Q 

N ·-

Q 
cc 

Q 

Q 

Ul 
Q) 
JJ 
:::1 
s:: 

·r-1 a -
~ 
E-1 



202 

..,., en . ... 

c 
N -

Ul 
(]) 
+l 
g 

·r-l s -



203 

Run Raw Settleable Suspended 
Number Flow Solids % Removal 

(mig d) Influent j Effluent ' I I 

B.l 2.1 285 I 171 
I 

0.40 

B.2 2.3 240 155 0.34 

B.3 1.8 252 159 0.37 

B.4 2.2 244 100 0.59 

t . 
B.5 2.0 207 75 0.64 

B. 6 1 .. 6 210 71 0.66 
I 

Table B.l. Settleable Solids Removal· Data 



APPENDIX C 

DATA FROM THE CHEMOSTAT EXPERIMENTS 

RUN #C.l, Detention Time = 40 hours 

RUN #C.2. Detention Time == 45 hours 

RUN #C.3. Detention Time = 60 hours 

RUN #C. 4 •· Detention Time = 30 hours 

RUN #C.S, Detention Time .:=: 45 hours 

RUN #C.6. Detention Time = 70 hours 

RUN #C,7. Detention Time = 50 hours 
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Run. Detention FEED 
Number Time 

C
0

(mg/l) SS
0

(mg/l) (Hrs.) 

1 40 69 

2 45 70 

3 60 65 

4 30 65 

5 45 62 

6 70 60 

7 50 72 

Average value of Y = 0.57 

Standard deviation = 0,037 

Temperature = 25°C + 3°C 

26 

22 

25 

28 

30 

24 

25 

EFFLUENT 

C(mg/1) SS(mg/1) 

45 54 

43 56 

35 59 

50 47 

35 64 

25 64 

30 73 

Source: Filtered raw sewage from Skyway, Burlington 

M = ASS U = k 4C . 2.1 y 
(mg/1) (mg/ll-1 

(hr)-

14 4,9xlo-2 0,58 

17 3.6xl0 -2 0.62 

16 3.2xl0 -2 0.52 

9 5.5xl0 -2 0.60 

16 3.8xl0 -2 0.59 

19 2.6xl0 -2 0.54 

23 3.6xl0-2 0.53 

(NOTE: M is ob~ained from the increase in suspended solids by the conversion 

factor of 2.1. Both C and Mare expressed in terms of carbon). 

I 

' 
' 

i 

I 

{\,) 

0 
Ul 



AP:PENDIX D 

EXTENDED AERATION STUDIES ON ACTIVATED SLUDGE 

{a) Two runs using return sludge from the 

Skyway, Burlington W.P.C,P. 

(b) Replicates analyses using five simulaneously~ 

drawn samples. 
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RUN #D.l 

I 

I 
i 
I 
\ 

Aeration of return activated sludge from the 

Skyway, Burlington W.P.C.P. 

Original Data: 

AerationiSuspended Oxygen 
Time l Solids Uptake 

(days) ; (mg/1) j Rate 
i 

1
(mg02/l/hr) 

0 6970 30.0 

1 I 6710 
I 

21.6 

2 ! 6260 18.6 I 

I I 

3 i 6040 I 16.2 
' 

7 I 5550 15.o· I I 8 l 5200 10.2 :· 

9 
I 

4710 12.0 ! 

10 
! . 
i 

4880 10.8 

11 I 4560 9.6 
\ 

14 ' 4670 9.0 
i 
; 

15 I 3960 6 •. 6 

16 
! 4250 6.0 
i 

17 
i 

3940 6.6 

23 
I 

3840 3.6 i 

24 I 3520 3.0 

25 3660 2.4 
l 

Temperature = 23 + 2°c 

pH = 7.5 + 0.3 

solublelBon5 (filtrate) 
Organic 

Carbon (mg/1) 
(mgC/1) 

24 16 

25 

29 10 

35 

39 

I 45 

52 12 

46 

50 

53 

55 

53 8 

60 

67 

65 

67 14 

Air 

Ash 

Rate = 

content 

1.0 litre/hr/litre reactor volume 

of sludge: 

initial 

final 

average 

= 

= 1650 mg/1 

1480 mg/1 

= 1520 mg/1 

I 

' 



208 
Converted Data: 

I 

I 

Aeration 
I vss I OUR SNDOC ~ SDOC 

Time (mgC/1) , (mgo2/l/hr) (mgC/1) r (mgC/1) 
{days) I 

0 2600 20.0 16 8 

1 2470 21.6 19 

2 I 2260 18,6 23 5 

3 I 2150 16.2 30 

7 l 1920 15.0 34 

8 I 1750 10.2 40 ' 
9 l 1520 12.0 46 6 

10 1600 10.8 41 

11 1450 9.6 45 

14 1500 9.0 48 

15 1160 6.6 50 

16 1300 6.0 49 4 

17 1150 6.6 55 

23 1120 3.6 62 

24 950 3.0 60 

25 1020 2.4 60 7 

VSS = Volatile suspended solids (mg/ 1) {see 
Section 9 .1) 

= {Total Suspended Solids - 1520)/2.1 

SDOC = 

= 

Soluble degradable organic carbon (mgC/1) 

BOD5 (filtrate)/1.9 

SNDOC = Soluble non-degradable organic carbon {mhC/1) 

= soluble organic carbon - SDOC 
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RUN #D. 2 

Aeration of return activated sludge from the 

Skyway, Burlington W.P.C.P. 

Original Data: 

........ «!v"'W T--~-- ,_ ____ 
!Aeration,Suspended Oxygen !Soluble .Boo5 (filtrate, 
1 Time Solids Uptake Organic 
, (days) {mg/1) Rate ! Carbon {mg/1) 

! 
I 
' 

I 
' I 

1 
{mg02/l/hr} i (mgC/1) 

0 7900 I 30.6 

1 7370 j 25.2 

2 7260 21.6 

3 7100 21.6 

4 6530 18.6 

7 5800 15.0· 

8 5900 15.6 

9 5290 13.8 

10 5380 11.4 

11 5290 10.8 

14 4700 7.8 

15 4950 6.6 

16 4850 6.6 

17 4910 5.4 

( 

Temperature = 23 + 2°C 

pH = 7.4 + 0.4 

I 21 

23 

29 

33 

37 

43 

48 

50 

I 55 

I 
57 

59 
I 

64 

59 

61 

16 

10 

8 

' 

12 

12 

Air Rate = 1.0 litre air/hr/litre reactor volume 

Ash c,ontent of s.lud9e: 

initial = 1700 mg/1 

final = 1890 mg/1 

average = 1800 mg/1 



Converted Data: 

Aeration vss OUR SNDOC SDOC 
(~!;:) I (mgC/1) i (mg02/1/hr) , (mgC/1) · (mgC/1) 

0 2900 30.6 13 8 

1 ' 2650 25.2 18 

I 2 ! 2600 21.6 24 
I 

3 ! 2520 21.6 28 5 

4 2250 18.6 32 
J 7 1900 15.0 38 I 8 1 1950 15.6 44 4 

9 1660 13.8 45 

10 1700 llo4 50 

11 1660 10.8 52 

14 . I 1380 7.8 53 6 

15 1500 6.6 59 

6 
! 

1450 6.6 54 
' ! 17 
i 

1480 5.4 55 6 . 

VSS = volatile suspended solids (mgC/1) (see 

Section 9.1) 

210 

SDOC = 
= 

soluble degradable organic carbon (mgC/1) 

BOD5 {filtrate)/1.9 

SNDOC = soluble non-degradable organic carbon 

{mgC/1) 

= soluble organic carbon - SDOC 



(b) Replicate Analyses on Five Simultaneously-drawn 

Samples: 

. Original Data: 

Sample Volatile Oxygen Solub~el BOD5 Number Suspended Uptake Organ~c 

Solids Rate Carbon (mg/1) (mg/1) (mgo2/l/hr) (mgC/1) 

1 3820 12.6 47 10.4 

2 3550 9.6 51 7.6 

3 3890 9.6 45 I 8.4 
i I 
I 4 3920 10.2 44 

I 
11.6 

I 5 3610 12.0 51 6.4 
I 

NOTE: (a) 10 ml samples were used for VSS 

(b) dilution for BOD5 is 25%. Filtrate 

is close to saturation. Hence no 

need for o 2 correction. 
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The above data is converted to the similar values 

used in the four responses for the objective function: 

Sample P+M OUR S:NDOC SDOC· 
Number (mgC/1) (mg02/l/hr) (mgC/~) (mgC/1) 

1 1820 12.6 41 s.s 
2 1690 9.6 47 4.0 
3 1850 9.6 41 4.4 

4 1870 10.2 38 6.0 
5 1720 12.0 48 3.3 

NOTE: (a) P+M = volatile suspended solids/2 .1 

(b) SDOC = BODs/1.9 

{c) SNDOC = soluble or']anic carbon SDOC 
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Variance - Covariance I>iatrix (18) 

Component 1 = .volatile suspended solids (mgC/1) 

Component 2 = oxygen uptake rate (mg02/hr/l) 

Component 3 = soluble non-degradable carbon (mgC/1) 

Component 

6450.0 

-7.5 

-332.5 

69.5 

4 = soluble 

7.5 

1.98 

0.75 

0.045 

degradable carbon 

-332.5 

0.75 

18.5 

-4.325 

Inverse of Variance - Covariance Matrix 

0.139 

-1.22 

4.19 

7.00 

-1.22 

11.2 

-36.8 

-61.9 

4.19 

-36.8 

126.3 

212.0 

(mgC/1) 

69.5 

0.045 

-4.325 

1.213 

7.00 

-61.9 

212.0 

358.0 



APPENDIX E 

DATA FOR THE STRIPPING RATE OF PURGEABLE 

SOLUBLE ORGANIC CARBON BY AERATION WITH AIR 

RUN #E.1 

RUN #E.2 

RUN #E.3 

RUN #E.4 

Air Rate = 2.1 cu.ft.air/hr/cu.ft. reactor 

Air Rate = 1.0 cu.ft.air/hr/cu.ft. reactor 

Air Rate = 0.5 cu.ft.air/hr/cu.ft. reactor 

Air Rate = 1.5 cu.ft.air/hr/cu.ft. reactor 
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RUN #E.l. 

Air Rate = 2.1 cu.ft.air/hr/cu.ft. reactor 

'!'ime (minutes) soc (mg/1) SPOC (mg/1) 

0 123 24 

1 118 19 

3 116 17 

5 115 16 

7 110 11 

10 113 14 

13 106 7 

17 106 7 

20 103 4 

25 102 3 

30 101 2 

40 99 0 

50 99 0 

Soluble non-purgeable organic carbon assumed 

to be = 99 mg/1 

soc = total soluble organic carbon 

SPOC = soluble purgeable organic carbon 

SPOC = soc - 99 



RUN #E.2. 

Air Rate= 1.0 cu.ft.air/hr/cu.ft. reactor 

Time (minutes) SOC {mg/1) SPOC (mg/1) 

0 126 20 

2 124 18 

5 121 15 

10 124 18 

15 118 12 

20 116 10 

25 118 12 

30 114 8 

40 112 6 

50 110 4 

60 109 3 

70 108 2 

80 106 0 

90 106 0 

Soluble non-purgeable organic carbon assumed 

to be = 106 mg/1 

SOC = total soluble organic carbon 

SPOC = soluble purgeable organic carbon 

SPOC = SOC - 106 
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RUN #E.3. 

Air Rate = 0.5 cu.ft.air/hr/cu.ft. reactor 

----

!Time (minutes) soc (rng/1) SPOC (rng/1) 

0 131 20 

5 129 18 

10 128 17 

15 127 16 

20 126 15 

30 124 13 

40 122 11 

50 120 9 

60 119 8 

80 I 117 6 

100 I 115 4 
I 

120 i 111 0 
i 

140 
I 

111 0 f ! f .. ·- JJ 

Soluble non-purgeable organic carbon assumed 

to be = 111 rng/1 

soc = 
SPOC = 

SPOC = 

total soluble organic carbon 

soluble purgeable organic carbon 

soc - 111 
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RUN #E.4. 

Air Rate = 1.5 cu.ft.air/hr/cu.ft. reactor 

Time (minutes) SOC (mg/1) SPOC (mg/1} 

0 130 32 

2 126 28 

5 121 23 

10 116 18 

15 113 15 

20 109 11 

25 106 8 

30 105 7 

40 102 4 

50 100 2 

60 98 0 

70 98 0 

Soluble non-purgeable carbon assumed 

to be = 98 mg/1 

soc = total soluble organic carbon 

SPOC = soluble purgeable organic carbon 

SPOC = SOC - 98 
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APPENDIX F 

DATA OF ACTIVATED SLUDGE 

SETTLING FROM P. LEUNG 

218 
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Aeration 1-ll.SS Effluent SVI l Frediction Effluent 
Time (mg/1) ss (mg/1) ss 

(Hrs.) 

' 
0.5 2100 35 101.3 

1.0 600 74 83.0 

1.0 3800 20 156 

3.0 220 93 91.3 

3.0 2100 34 97.9 

3.0 4000 9.5 171 

5.0 600 50 82.7 

5.0 3800 14.5 153 

5.5 2100 30 99.4 

Data of Peter Leung 

The predicted effluent sse was found to be 

or 

ss = e 

XRSS = 

2560 

(MLSS)0.57 (TA)0.20 

2560 = 

(mg/1) 

38 

68 

23 

96 

26 

18 

49 

17 

23 

(MLSS) (MLSS)l.57 (TA)0.20 

The SVI was not found to correlate well. 



' Figure F.l~ Comparison of Observed Effluent Solids with Correlation 

(Data of P. Leung) 

r-1 
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Using Correlation 

ss = 2560 
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APPENDIX G 

ANAEROBIC DIGESTION DATA 

(a) Conventional Digester -

Data of Rankine (32). 

(b) High Rate Digester -

Data of Torpey (50), Roy and 

Sawyer (34) and Estrada (12). 
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(a) Conventional Digester 
• ( .< ( . • • ( < '· t . 

Data of Rankine (32). 

Detention Fraction Reduction 
Time of Volatile Solids (1-R} /R 

(days) = {1-R) 

17 0.42 0.71 

26 0.39 0.64 

27 0.50 1.00 

29 0.37 0.59 

35 0.45 0.82 

35 0.63 1.70 

37 0.44 0.78 

39 0.52 1.09 

50 0.52 1.09 

53 0.55 1.22 

55 0.56 1.27 

65 0.64 1.77 

67 0.70 2.33 

75 0.57 1.33 

62. 0.53 1.13 
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(b) High Rate ~isester 

Source Detention Time Fraction Reduction 
(days) of Volatile (l .... R) /R 

.. solids. .= (1-R) /R 

.Torpey (SO) I 14.0 0.56 1.27 

10.3 0.45 0.82 

I 8.3 0.47 0.70 

6.4 0.45 0.82 

I 3.7 0.37 I 0.59 

Roy (34) 20.0 0.58 1.38 
J 

15.0 0.57 l 1.33 

10.0 0.56 f 1.27 
i 
l 

8.0 0.54 
j 

1.17 '· i 
6.0 0.52 

I 
1.09 ·' 

lEstrada(l2) ~ 22.5 I 0.61 I 1.58 
j 

22.0 0.54 l 1.17 

I 19.8 0.64 1.77 

18.8 0.61 1.58 

18.0 0.63 
j 

1.70 

15.9 0.68 2.12 

15.7 0.57 1.33 
I 

I 14.8 0.48 0.92 
c 

13.9 0.40 0.67 

13.3 0.52 1.09 

12.0 0.66 '1.94 

10.1 0.42 0.71 



APPENDIX H 

INTER-RELATIONSHIPS BETWEEN ORGANIC CARBON, 

BIOCHEMICAL OXYGEN DEI~ND AND VOLATILE SUSPENDED SOLIDS 
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Raw Sewage vss Filtrate DBOD TBOD-DBOD vss 
Sample TBOD TOC DBOD .soc soc TOC-SOC TOC-SOC 

1 220 160 230 114 60 1.90 1.06 2.30 

2 300 226 320 110 58 1.96 1.13 1.90 

3 260 177 224 110 68 1.62 b 1.37 2.05 

4 289 192 236 145 72 2.02 1.20 1.98 

5 315 218 286 149 85 1.75 1.23 2.14 

6 310 187 244 149 74 2.01 1.42 2.15 

7 308 196 272 151 70 2.15 1.25 2.15 

' Average = 1.91 1.24 2.09 

Standard Deviation = 0.17 0.12 0.11 
---- --~------ ---- - -· ---- --- -- ---- -- - ---- --- --------

TBOD = total BOD5 (mg/1) 

DBOD = BOD5 of soluble organics (mg/1) 

"' TOC = total organic carbon (mg/1) "' U1 

soc = soluble organic carbon (mg/1) 



APPENDIX I 

SIMULATION DATA AND RESULTS FOR THE DRURY LANE, 

BURLINGTON, SEWAGE TREATMENT PLANT 
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BURLINGTON DRURY LANE 
WATER POLLUTION CONTROL PLANT 

PLANT BYPASS 
INFLUENT 

r----- --.--------
1 

I 
I 
I 
I 
I 

' ' I 
I 
I 
I 
I SECONDARY BYPASS 
r---------, 
I I 

I~ I 
I p 1 , I 
I I 
I I 
I 
I 
I 
I 

I 
I .. 

AERATION 

p R I I!-! ARY 

SEDIMEN+T AT I 0 N 

L...---..1.....-T-' A I N ._K_s-+---' 

-- -=-=-~t-r------., 
~+ 
~I 
~ 

TANK §I 

~I 
i+ 

RAW SLUDGE 

TANK 

1 
I 
I 
I 
L_ --- :._-- _,""-- -· 

EFFLUENT 

CHAMBER TO LAKE ONTARIO 
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DIGESTED SLUDGE 

TO 

TANK TRUCK 

~ 
.. 
. 
" 

[ 



DESIGN 0;'\TA 228 

PROJECT NO. 

DESIGN FLOW 

BOD - Raw Sewage 
-Removal 

PIUMARY TREATMENT 

Screening 

1" bar screens 

Grit Hem oval 

Typ(•: Grit ch:umcls 
Helention: 0. 8 min 

Primary Sedimentation 

Type: Walker Process 

2-0051-60 

2. 5 mgd 

200 mg/.1 
90% 

Size: Two 49. 31 x 181 x 12. 25' 
(135, 700 gal) 

Hetention: l.:3hr 
Loading: Surface, 1400 gal/ft2/day 

Weir, 17,100 gal/ft/day 

SECONDARY THEA TMENT 

Aeration T~mks 

T~'pc; Diffused air; triple-pass 
S:iz(~: Two tanks, each with 

2 passes 118' x 18' x 10. 7' 
1 pass 85. 5' x 181 x 10.71 

( S~l:l, 000 gal. total) 
Hctention: s. 0 hours 

Air Supply 

One Sutorbilt- 1500 cfm 
Two Roots-Connerville- 750 cfm 

Diffusers:- (each tank) 

1) 132 Schumacher Brandel tubes in 
first two passes 

THEATMENT Activated Sludge 

DESIGN POPULATION 

SS - Raw Sewage 
-Removal 

30,000 

180 mg/1 
90% 

2) 41 Spargers on 2' centres in third 
pass 

Secondary Sedimentation 

Typl~: ~~~·x Unitulw Tow- Br·o 
Hi:w: Two 50' dia x I 0. G' swd 

(2GO, 000 ~al) 
Retention: 2. 5 hr 
Loading: Surface, 1000 gal/fl2/day 

Weir, 8500 gal/ft/day 

CHLORINATION 

Type: Kent 

Chlorine Contact Cha,11ber 

in outfall 

OUTFALL 

to Lake Ontario 

SLUDGE HANDLING 

Digestion System 

Type: Two-stage 

Primary--
Size: Two 40' dia tanks (313, 000 gal 

total) 1 de.p-t" -= 20' 
Loading: 2. 7 lb/ft3/mo 

Secondary --
Size: One 401 dia tank (143, 000 gal)' 
Loading Total: 1.9 lb/ft3/mo 

d.eMh = 1rs 1 



DATA SET FOR THE SIMULATION OF THE DRURY.LANE PLANT 

DRURY 
leO 
OeO 
l8e0 
16e0 
3e0 
l7e0 
l8e0 
-25e0 
leO 
leO 
leO 
leO 
leO 
4e0 
18e0 
660000e0 
OeO 
62e0 
55 eO 
OeO 
16.0 
1863e97 
OeO 
45le5 
54el 
OeO 
6.0 
149860e6 
OeO 
1845.8 
9e44 o.o 
7e0 
9074.6 
OeO 
1845.8 
9.44 
OeO 
l8e0 
1.0 
3.0 
3.0 
49.3 
0.85 
2.0 
2e0 

"leO 
leO 
3.0 
2·0 
leO 
32le5 
0.0028 
Oe08 
Oe07 
OeO 
OeO 
60000e0 
4.·0 
leO 
3e0 
leO 
?5000.0 
5.0 
leO 
2e0 
6e0 
1.0 
leO 
7.0 
OeO o.o 

LANE, BURLINGTON, STP 
leO leO 
OeO OeO 
25e0 leO 
lOeO leO 
4.0 6e0 
l3e0 l4e0 
1le0 24e0 

leO 
leO 
leO 
1e0 
leO 

7e0 
4.0 
o.o 
OeO 
OeO 
23e0 
9e0 
OeO 
OeO 
OeO 
OeO 
4499e4 
8e74 
OeO 
oeg o. 
0.32 
l2e75 
8.74 
o.o 
OeO 
OeO 
0.32 
12.75 

6.0 
13e0 
2.0 
18.0 
0.1 
leO 
2·0 
3.0 

7e0 
8eO 
4.0 
l8e0 
0.000002 
90000.0 
250.0 
OeO 
OeO 

9.0 
4e0 
s.o 
0.20 
Oe3 
17.0 
6e0 
8.0 
4.0 
6e0 
6.0 
2e0 
OeO 
OeO 

leO 
leO 
1.0 
1.0 
1.0 

66000.0 o.o 
48.0 
18e0 
100.0 
o.s 
186.7 o.o 
2751.5 
131.2 
15796.0 o.o 
15060e6 
OeO 
5086e3 o.o 
144.2 
31.71 
9lle98 
o.o 
5086.3 
o.o 
144e2 
31.71 

25.0 
16.0 
9.0 
12.25 
2e0 
16e0 
19e0 
OeO 

46.0 
3e0 
o.o 
10.7 
2.2 
OeOOlO o.o 
OeO 
o.o 
22e0 
OeO 
6.0 
982.0 

15.0 
o.o 
7e0 
15.0 o.o 
o.o 
50 eO 
o.o 
OeO 

1e0 
o.o 
2.0 
5.0 
15e0 

1.0 
1.0 
1.0 
1.0 
1.0 

25.0 
OeO 
56.0 
3.0 
o.o 
6e0 
40e0 
o.o 
14.5 
o.o 
OeO 
979e1 
25.04 
o.o 
OeO o.o 
OeO 
s.o 
25e04 
OeO 
OeO 
o.o 
OeO 
8e0 

2.0 
7.0 
10.0 
60000.0 
700.0 o.o 
o.o o.o 
2.0 o.o 
o.o 
3e0 
0.54 
Oe005 
3e0 
o.o 
OeO 

2.0 
OeO 
11e0 aoooo.o 
2e0 
o.o 
OeO o.o 
o.o 
OeO 
101.0 o.o 
OeO 

OeO 
o.o 
5.0 
12e0 
7.0 

1e0 
1.0 
1.0 
1.0 
1e0 

5.0 
o.o 
10.0 
6e0 
o.o 
o.o 
6.5 
o.o 
163.9 
28e4 
o.o 
o.o 
4.5 o.o 
1306.4 
OeO o.o 
OeO 
4.5 
o.o 
1306.4 
OeO 
o.o o.o 
1.0 o.o o.o 
soooo.o 
0.2 o.o o.o o.o 
1.0 
OeO 
o.o 
Oe0014 
Oe45 
Oe23 
1.0 
OeO 
3e0 

leO 
OeO 
o.o 
2e0 

2200eO 
OeO 
o.o 
3e0 
o.o 
o.o 
5.0 o.o 
o.o 
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l2e0 5e0 l6e0 Oe001 101e0 230 
lOleO OeO OeO OeO OeO 
OeO OeO OeO OeO OeO 
OeO OeO OeO OeO o.o 
OeO OeO OeO OeO OeO 
OeO OeO OeO OeO OeO 
OeO OeO OeO OeO OeO 
9e0 l8e0 62e0 3e0 a eo 
OeO OeO OeO OeO OeO 
OeO OeO OeO OeO OeO 
OeO OeO OeO OeO OeO 
OeO o.o OeO OeO OeO 
OeO OeO OeO OeO o.o 
OeO OeO OeO .o.o OeO 
OeO OeO o.o OeO OeO 
OeO OeO OeO OeO OeO 
OeO OeO OeO OeO OeO 
OeO OeO OeO OeO OeO 
OeO OeO OeO OeO OeO 
o.o OeO OeO OeO OeO 
lOeO lleO l5e0 Oe77 Oe5 
leO 12.0 OeO OeO OeO 
leO l3e0 OeO I 0 e 0 OeO 
11.0 l3e0 l5e0 5e0 OeO 
leO 25e0 OeO OeO OeO 
leO 25e0 OeO OeO OeO 
l2e0 leO l6e0 OeO o.o 
3e0 9e0 lOeO lleO OeO 
leO l4e0 OeO OeO OeO 
leO 
13e0 l2e0 24e0 2e0 2e0 
1e0 l4e0 OeO o.o OeO 
leO l5e0 OeO OeO OeO 
40e0 20e0 2e0 40e0 leO 
leO leO OeO 1.0 
l4e0 l2e0 24e0 1e0 2e0 
leO 15e8 OeO OeO OeO 
2e0 l6e l7e0 OeO OeO 
40e0 18e0 1e0 40eO Oe60 
Oel6 Oe08 OeO leO 
l5e0 2e0 50 eO 101e0 5e0 
OeO OeO o.o o.o OeO 
o.o OeO o.o o.o OeO 
lleO 10.0 4.0 0.001 leO 
leO OeO OeO OeO OeO 
o.o OeO OeO OeO o.o 
o.o o.o o.o o.o OeO 
OeO o.o o.o OeO o.o 
OeO o.o o.o o.o o.o 
o.o o.o OeO o.o OeO 
16·0 leO 18.0 OeO OeO 
1·0 18.0 OeO o.o o.o 
3.0 12.0 1.0 l9e0 OeO 
leO o.o OeO 
17.0 4e0 15e0 o.o 9.0 
1.0 14.0 o.o OeO o.o 
leO l4e0 OeO OeO o.o 
l8e0 leO l6e0 o.o o.o 
2e0 5.0 leO o.o o.o 
leO 25e0 OeO OeO o.o 
1.0 
24e0 16.0 35.0 o.o OeO 
o.o OeO OeO o.o o.o 
o.o OeO OeO OeO o.o 
l8e0 13.0 2e0 9e0 OeO 
4.0 OeO 5.0 6.0 a.o 
7.0 l4e0 l6e0 l7e0 o.o 
OeO OeO OeO OeO 0 e 0 , 

RUN WITH AVERAGE FLOW CONDITIONS -1969 



U$$$$$$$$$$$ C.ASE 1 $$~$$$$$~$$$$ 

RUN WITH AVERAGt FLOW CONDITIONS -1969 

END OF L OOF 1 

END OF LOOP 2 

END OF LOOP 3 

END OF L GOP 4 

tND OF LOOP 5 
•• ..... , ••• VALUE. • ••• ••• FRAC 

3 80940,35 -.OOOC34 
4 2 s • 01+ • 0 0 0 c 0 0 
5 2.50 o.oooooo 
6 808651.26 -.000034 
7 3.79 .ooa75S 
8 487.11 -.00015€ 
9 7.87 -.000537 

10 351.11 -.000526 
11 1779.03 -.000034 
12 1006.39 -.000151 
1 3 7 7 2 • 64 • 0 u 0 1 2 0 
15 198.70 .000375 
16 279.32 -.000527 
18 1.21 -.OOOG03 
21 7.61 -.000566 
23 117.30 -.00334~ 
27 10.32 -.00707~ 
28 25.65 -.001444 
29 6,47 -.003722 

END OF LOOP 6 
•••co NVE RGEIJ 

END OF LOOP 101 

END OF LOOP 1 ~ 

END. OF LOOP 2 
.v.r1 .. llCONVE RG£0 

END OF LOOP 102 
"'"'•CO NV£ R GEO 

$$$$$ FINAL OUTPUT STREAMS FOR MODULE 18 MIXER1 $$$$1 N 
w 

25.000 8. 7 46 6587b.308 
658757.355 0. 0 0 0 10.050 

13. 547 7.653 5.894 
1:.127 0. 0 0 0 o.oou 
6.194 .211 95.51? 
o.ooo 8.4 01 20.892 

25. 0 4 2 1.500 
.... 

6,406 14.324 
o. 0 0 0 1.517 
o. 0 0 0 .oo' 
0. 0 0 0 o.ooo 
5,2E9 o.ooo 

$$$$$ FINAL OUTPUT STREAMS F~R MODULE 11 CJwLOR1 $$$$$ 

25. 0 0 0 a. 7 46 65876.308 25.0.42 1.500 
·"·--~-=-.: ... :::::-=-~ ,.n -·- ·-·- - .. ..,r.-· x&i.e="t:c:i~±n--··~w· 



658757.355 o.ooo. 10. 05 0 6. 4 0 E 14.324 
13. 54 7 7 .b 53 5.894 o. 0 0 0 1.517 

2 .1.27 o.ooo o.ooo o.ooo .oo~ 
6 .194 • 211 95.515 o. 0 0 0 o.ooo 
o.ooo 8,4 01 20.892 5.269 o.ooo 

!$$$$ FI~AL OUTPUT STREilMS FOR MODULE 16 - MIXER1 $$11$ 

12.000 7 .o 0 0 66008.582 25. 0 0 0 s.ooo 
660000.000 2.& 4 0 101.640 40.260 14 2. 2 3 0 

197 .. 538 128,898 31.680 36. 9 6 0 6.€:00 
40.920 0. 0 0 0 11.880 1.980 3. ~ 6 0 
36.30 0 0. 0 0 0 66.000 o. 0 0 0 o.ooo 
o.ooo 15.180 .330 3.960 o.ooo 
1. 0 0 0 7,000· o.ooo 25. 0 0 0 5.000 
0. 000 0. 0 0 0 u.oou a. o o o o.ooo. 
o.ooo 0. 0 0 0 o.ooo o. 0 0 0 a.ooo 
o.ooo 0. 0 0 0 o.ooo o. 0 0 0 o.ooo 
0. 0 0 0 0. 0 0 0 o.ooo o. 0 0 0 o.ooo 
o.ooo 0. 0 0 0 o.ooo o. 0 () 0 o.ooo 

19.000 7. 0 0 0 o.ooo 25. 0 c 0 5,000 
0. 0 0 0 0. 0 0 0 o.ooo o. 0 0 0 o.ooc 
o.ooo o. 0 0 0 o.ooo o. 0 0 0 o.ooo 
0. 0 0 0 . o.ooo o.ooo o. 0 0 0 a. coo 
0. 0 0 0 0. 0 0 0 o.ooo o. 0 0 0 o.ooo 
o.ooo 0. 0 0 0 o.ooo o. 0 0 0 o.ooo 

$$$$$ FINAL OUTPUT STREAMS FOR MOCULE 10 - G~IT1 $$ $~1 

13.000 7. 0 0 0 66008.582 25. 0 0 0 4,500 
660000.000 2.6 4 0 101.64 0 40.260 14 2. 2 3 0 

194.176 128.898 28.318 36. 9 6 0 6,€:00 
40.920 0. 0 0 c 11.880 1.980 3,S60 
36.300 o. 0 0 0 66,000 o. 0 0 0 o.ooo 
o.ooo 15.180 .330 3.960 o.ooo 

$$$$$ FINAL OUTPUT STREAMS FOR MODULE 1 - PRISET1 $$'!$'! 

2. 0 0 0 8.9 92 66790.415 25. 0 4 2 3.500 
667851.4E2 o.oao 64.035 40.31E 100.Eo2 

102.242 49.809 15.615 36.818 3, E 6 3 
16. 872 0. 0 0 0 1.21(:: 1.971 3.995 
36.319 .003 96.833 o. 0 0 0 o.ooo o.ooo 23.570 .617 5.830 o.ooo 
g. 0 0 0 8.9 92 287.893 25. 0 4 2 3.500 

2800.000 O.:JOO 57.015 .16g 50.303 
183.813 119.376 64.283 .154 15.194 N 

41.n44 0. 0 0 0 o.ooo .ooe .017 w 
.15 2 • 0 0 0 .406 o. 0 0 0 o.ooo N 

0. 00 0 • 0 g g ,003 .0(4 o.ooo 
10.000 8.9 9 2 28.745 25. 0 4 2 3. 50 0 

276.080 0. 0 0 0 1 0. 93 8 • 0 :1 7 13.136 
22.957 2 2. 9 3 5 .006 • 015 .oo~ 

.007 0. 0 0 0 10.912 .001 .oo~ 
• 015 .ooo • 04 0 o. 0 0 0 o.ooo 

o.ooo .o 10 .ooo • 0 0 2 o.ooo 
-·-· -. -·-·=---·--~- ...... -- _,... ··~ 



.$$$$$ FINAL OUTPUT STREAMS .FOR MODULE 2 - Ml)CER1 $$ $i~ 

3. 00 0 8, g 8 8 66790.415 25. 0 4 2 3. s 0 0 
667 861. 4E"2 o. 0 0 0 64.035 40.31E 100.66~ 

102.242 49.8 09 15.615 36. 818 3,EE,3 
16. 872 0. 0 0 0 1.212 1.971 3.'395 
36,31S • 0 0 3 96.833 0. 0 0 0 o.ooo 

0. 0 0 0 23.5 7 0 .617 5,830 o.ooo 
~$$$$ FINAL OUTPUT 'STREAMS FOR MODULE 5 - CCNT02 ~$~~~ 

8,000 8. 7 46 14148,710 25. 0 4 2 4.500 
140787,010 0. 0 0 0 446.88J 1.3(:9 314.(:0~ 

1656.203 935.58C 720.E23 o. 0 0 0 18 5. 441 
260.073 0. 0 0 0 o.ooo 0. 0 0 0 • 0 0 0 

1. 324 • 0 4 5 20.413 o. 0 0 0 0. (J 0 0 
0. 0 0 0 1. 79E 4,465 1.12E o.ouo 
7. 000 8. 7 46 911.871 25. 0 4 2 4. 50 0 

9073.592 0. 0 0 0 28.801 .oee 20.276 
106.741 60.297 46.443 O. 0 G 0 11.<:52 

16.761 0. 0 0 0 o.ooo 0. 0 0 0 .ooc 
.085 • 0 0 3 1.316 o.ooo o.ooo 

0. 0 0 0 e116 .288 .073 o.ooo 
$$$'1$ FINAL OUTPUT STREAMS FOR MODULE 3 - AC1SL1 $$$$$ 

4. 0 0 0 8, 7 4E 8 0 94 0. 066 25. 0 4 2 2.500 
808648.472 3. 7 9 0 486,895 7,861 35 0.!; 2 2 

1 779. 02 s 1005.970 773.055 o. 0 0 0 198.'369 
278.858 0. 0 0 0 1.207 o. 0 0 0 .002 

7.600 .2 59 117.246 o. 0 0 0 o.ooo 
o.aoo 10.313 25.646 6,4E8 o.ooo 

~$$$$ FINAL OUTPUT STREAMS FOR MOCULE 4 - SECLAR1 $$ $~1 

5. 0 0 0 a. 146 65876.306 25.042 1.~00 
658757.~36 0. 0 0 0 10.048 6,404 14.;31£ 

13. 54 7 7.6 52 5,895 o, 0 G 0 1.~17 
2 .126 0. 0 0 0 o.oou o. 0 0 0 .002 
6.191 .2 11 95.513 o.ooo o.ooo 
o.oco 8,4 0 2 2 01892 5. 2ES 0. 0 0 0 

6. o a o 8, 7 4E 15060,581 25. 0 4 2 1. 50 0 
149 eto. c04 0 I 0 0 0 475.640 1.457 33 4. 75 4 

1762.944 995.784 767,160 o. 0 0 0 197.452 
·276. 731 0. 0 0 0 o.ooo o .. 0 0 0 .ooo 

1.408 • 0 4 8 21.728 o. 0 0 0 o.ooo 
o.ooo 1. 9 11 4.75;) 1.19'3 o.ooo 

N 
11.000 8, 7 4E 3,179 25.042 . 1,SOO w 
30.533 o. 0 0 c 1,207 • 0 0 0 1.449 w 

2.535 2.5 3 5 .ooo o. 0 0 0 .ooo 
.aoo 0. 0 0 0 1.207 o. 000 .ooo 
.ooc • 0 0 0 .004 o. 0 0 0 o.ooo 

o.ooo • 0 0 0 .001 • 0 0 0 o.ooo 
1$$$$ FINAL OUTPUT STREAMS FOR HOCULE 6 - SElSP1 $$$$ ~ 

6. 0 0 0 a. 7 46 15060.581 zs. 0 4 2 4.500 
149 660.604 o. 0 0 0 475.640 1.457 334.754 

''· ·,-· •• - • · •· · • .••. - •.. ,-,,..,o,- u . ..:L_~~~-="-----"'='-",..... __ .. __ , _ _.-o'". ___ _,_,__~,·.-· . ·"""·---.-.-_,....,:;_, ... 



1762.144 995.784 767.160 o. 0 0 0 19 7 ,l.j'5 2 
276. 31 o.u 00 u.oou u. 0 0 0 ,Q(JU 

1. L.Q8 • 0 4 8 21.728 o. 0 c 0 o.ooo 
0 • c 0 ( 1.911 4.753 1.1C.:'a 0. 0 0 0 

$$$$$ FINAL OUTPUT STREAMS FOR MODULE 5 - CCt\T02 $$$21 

8.ooo 8. 7 46 14148.721 25. Ql.j2 4. 50 0 
140 787.128 0. 0 0 0 446.841 1.3E9 314,4 8 E 

1656 • 2 04 9·35 .4 9 3 720.711 0. 0 0 0 185,497 
259.976 o. I) 0 0 u.ooo o. 0 0 0 .ooo 

1. 323 • 0 45 20.413 o. 0 0 0 o.ooo 
o.ooo 1. 7 9E 4.465 1.126 o.ooo 

7. 0 0 0 8, 7 4E 911.859 25. 0Lt2 4.500 
9073.475 0. 0 0 0 28.798 ,088 20.268 

106.739 60.2 91 46.449 0. 0 0 0 11.955 
16.755 0. 0 0 0 o.ooo o. 0 ( 0 • 0 0 0 

• 085 • 0 03 1. 316 o. 0 0 0 o.ooo 
0. 0 0 0 .116 .288 .073 o.ooo 

~$$$$ FINAL OUTPUT STREAMS FOR MODULE 12 - MIXER1 $$$11 

14.000 8,9 45 319.816 25.042 1.!;;00 
3106.613 0. u 0 0 69.160 • 18 (: 64.888 

209.305 144.84€: 64.290 .170 15.19€: 
41. 651 0. 0 0 0 12.119 .ooca .o1e 

.168 • 0 0 0 • 45 0 o. 0 0 0 o.ooo 
0. 0 0 0 .1 09 .004 • 0 2 7 o.ooo 

1$$$$ FINAL OUTPUT STREAMS FOR MODULE 17 - SETSP1 $$$$$ 

14.000 8.9 45 319.816 25.042 10.500 
3106.613 0. u 0 0 69.160 .18t 64.888 

209.305 144.846 64.290 • 17 0 15.196 
41. 65 j 0. 0 0 0 12.119 .oog • o 1 e 

.168 .ooc .450 o. 0 0 0 o.ooo 
0. 0 0 0 .1 0 9 ,004 • 0 ~ 7 0. 0 0 0 

~$$$$ FINAL OUTPUT STREAMS FOR MODULE 13 - At-.OIG1 $$11 ~ 

15.000 9. 0 0 0 314.448 40.000 8. 50 0 
310c.c13 o.u 0(] 14.065 .2CS 13.3t~ 

93.557 29.098 64.290 • 17 0 3.053 
8. 36 7 0. 0 0 0 2.435 ,0(2 .042 

.168 • 0 0 0 45.717 o. 0 c 0 o.ooo o • ·o o o 12.78E .004 2.7e3 o.ooo 
$$$$$ FINAL OUTPUT STREAMS FOR MODULE 14 - At-.OIG1 $$ $~ 1 

~ 

16.000 9. 0 0 0 186.728 4 o. 0 0 0 E.5no w 
1863.<.:68 0. 0 0 0 1.546 .154 1.595 ll:oo 

8. 095 2. 9 25 5.143 .027 • 3 0 7 
• 841 o. 0 0 0 .245 • 0 0 0 .053 
.101 • 0 0 0 29.962 o. 0 0 0 o.ooo 

o.ooo 8. 3 8 3 ,002 1. 8 2 4 u,OOIJ 

17.000 g. 0 0 0 127.218 l.t o. 0 0 0 E. 50 0 
1242.645 0. 0 0 0 7.415 .102 7.036 

74.645 15,3 5€: 59.146 .142 1.€:11 
4. 416 0. 0 0 0 1. 28 5 .001 .035 

·~·--=· 



.067 • 0 0 0 19.975 
0. 0 00 s.s 88 ,002 

i$$$$ FINAL OUTPUT STREAMS FOR MODULE 

25.000 8. 7 46 65876,30b 
658757.336 o. 0 0 0 10.048 

13 • 54 7 7.6 52 5.895 
2 .126 0. 0 0 0 0,000 
6.191 ' .211 95.513 
o.ooo 8.4 0' 20.892 

!1:$$$$ FINAL OUTPUT STREAMS FOR MODULE 

25.000 8, 7 46 65876.306 
658757.336 0. 0 0 0 10.048 

13. 54 7 7,6 52 5,895 
2.126 o. 0 0 0 o.ouo 
6.191 .211 95.513 
0. 0 00 8,4 02 20.892 

o. 0 0 0 
1.216 

18 - MIXER1 

25. 0 ~ 2 
6.404 
o. 0 0 0 o. 0 0 0 
o. 0 0 0 
5,269 

11 - CHLOR1 . 
25. 0 4 2 
6.404 
o. 0 0 0 
o. 0 0 0 
o. 0 0 0 
5.269 

o.ooo 
o.ooo 

$$~il 

1,SOO 
14.31S 

1,517 
.002 o.ooo o.ooo 

$$$$ !t 

1.500 
14.31g 

1.S17 
.002 o.ooo o.ooo 

N 
w 
U1 



$$$$$$$$~~2$~~$$$2$1~$$$$$$$$$$$$$$$2$~$$$$$$$$$~$$$$$$$$$$$$i$$$$$$$$$$$l$$$$$$!$$$$$$$$$$$$$$$$$$$$$$$$$ 

$ SUMMARY REPORT GN PLANT OPERATIONS - C~SE 1 

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$2$$$$$$$$$$$$$$$$$$$$$$$$$$!$$$$$$$$$$$$$$$$1$$$$$$$$$$$$$$$$$$$$$$$$$ 

STREAM NUMBER FLOW DO 

RAW FEED 18 66008.58 4.00 

INPUT TO PRI. CLARe 13 66008. 58 4.00 

EFF. OF PRI. CLAR. 2 66790. 41 0. 0 0 

UNCE~FLOk PRI CLAR 9 287. 8 g o. 0 0 

OUTPUT OF AER TANKS 4 80940. 07 4.69 

EFF. OF SEC. CL AR. 5 65876. 31 o. 0 0 

UNCE~FLOW SEC CLAR 6 15 060. 58 0. 0 0 

RETU~N ACT. SLUDGE 8 14148.72 o. 0 0 

WASTE ACT. SLUDGE 7 911.86 o. 0 0 

INPUT TO DIGESTER 14 319.82 o. 0 0 

'DIGESTER SUPERNATE 16 186. 7 ~ o. 0 0 

DIGESTED SLUDGE 17 127. 22 o. 0 0 

TOG DOC eoo 

153.98 E 1. 00 215.47 

153.98 E 1. 00 215.Lt7 

95. 87 60.37 150.71 

19804.14 60.37 17472.<30 

601.55 9.72 Lt33.06 

15.25 g. 72 . 21.74 

3158.18 9. 72 22c2.72 

3158.18 <3.72 2222.72 

3158.18 <3.72 2222.72 

21624.99 59. 87 2o2e9.o9 

828.20 82.43 854.23 

5828.41 82.43 5530.88 

ss 

2<39. 26 

2<34.17· 

153.08 

63847.75 

2197.95 

2U.56 

11705.68 

117 0 s. 6 8 

11705.68 

65445.39 

Lt335.31 

58674.73 

vss 

1<35.27 

1<::5.27 

74.58 

Lt1LtE5.40 

1242.86 

11.62 

E€11.85 

EE11.85 

6€:11.85 

452'30.35 

1566.42 

12070.57. 

"' w 
0'1 



APPENDIX J 

SIMULATION DATA AND RESULTS FOR THE SKYWAY, 

BURLINGTON, SEWAGE TREATMENT PLANT 

237 
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BURLINGTON SKYWAY 

WATER POLLUTION CONTROL PLANT 
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PROJECT NO. 

BOD- Raw Sewage 

PRETREATMENT 

Coarse Screening 

2-0105-62 

200 mg/1. 

Type: Link Belt, mechanically-cleaned 
Size: 2!11 space 

Lift Station Pumps (@ 30' tdh) 

2 @ 6 mgd each; 2 @ 5 mgd each 

Screening 

Type: Link Belt, mechanically-cleaned 
Size: 111 space 

Type: Air degritter 
Size: One 20. 3' x 25' x 14. 2' 
Retention: 20. 8 min 

SFCOl\lDAHY TREATMENT 

Aeration Tanks 

Type: Diffused air, single pass 
Size: Six 270' x 27' x 15' 

(660,300 ft.,or 4.12 mil gal) 
Retention: 16.5 hr 
Loading: 9. 5 lb BOD/1000 ft3 

Air Supply 

Type: Hoffman multi-stage 

239 

DESIGN FLOW 6mgd 

SS- Raw Sewage 200 mg/1 

centrifugal blowers 
Size: 3- 4000 cfm (max); 1-6000 cfm (max) 
Diffusers · 

Type: Saran-covered flexofusers 
Spacing: 2 50 tubes per tank 

Secondary Sedimentation 

Type: Eimco 
Size: Four 60' x 60' x 121 swd 

(538, ooo gal) ( o"lj twa '"ft\PI~ted) 
Retention: 4.1 hours 
Loading: Surface, 434 gal/ft~ /day 

Weir, 7, 100 gal/ft/day 

CHLORINATION 

Type: Fischer & Porter 
Size: Two 2000 lb/day 

Chlorine Contact Chamber 

-nil 
- chlorination in outfall 

OUTFALL 

- to Hamilton Harbour 

SLUDGF HANDLING 

Type: Thickening tank, decanted 
Size: One 20' dia x 9' depth 

(2830 ft3 or 17 60 gal) 

3 



DATA SET FOR THE SIMULATION OF THE SKYWAY PLANT 
240 

BURLINGTON SKYWAY STP 
1.0 1.0 1.0 1.0 o.o 
o.o o.o o.o o.o o.o 
14.0 25.0 1.0 
1.0 2.0 3.0 7.0 4.0 
5.0 6.0 7.0 8.0 11.0 
12·0 9.0 10.0 24.0 
-25.0 
1.0 1.0 1.0 1.0 1.0 
leO 1·0 1eO 1.0 1.0 
r.o r.o 1.0 1.0 1e0 
leO leO t.o leO 1~0 
1.0 leO 1.0 leO 1.0 
3e0 
1.0 7.4 140000.0 25e0 5e0 
1400000e0 4.0 OeO OeO OeO 
OeO o.o 40.0 60.0 9e0 
l8e0 o.o 5e0 8.0 7e0 
55.0 o.o 100.0 OeO OeO 
o.o 20.0 1.0 6e0 o.o 
7.0 8.585 100227.0 25.0 5.5 
998359e7 OeO OeO OeO OeO 
o.o OeO 5602.0 o.o 654.7 
1214.9 OeO o.o o.o OeO 
3e47 0.92 99.84 o.o o.o 
o.o 0.054 34.54 6e15 OeO 
10.0 8.585 1371.4 25.0 5e5 
13704.9 o .. o OeO o.o o.o 
o.o o.o 900e0 o.o 12.0 
zo.o o.o o.o o.o o.o 
4.0 o·o 10.o o.o o.o 
o.o .o 6 .o 10.0 o.o 
13.0 
1.0 1.0 17.0 o.o o.o 
2.0 1.0 10e0 o.o o.o 
z.o 2.0 12.0 OeO o.o 
1.0 o.o 
z.o r5.0 15e0 3.0 Oe5 
1.0 2.0 o.o o.o o.o 
1.0 3.0 o.o o.o -o.o 
3.0 11.0 15.0 1.6 Oe5 
1.0 3.0 o.o o.o o.o 
reo 4.0 OeO OeO OeO 
4e0 7e0 46e0 6e0 1.5 
2e0 8e0 4.0 OeO o.o 
leO 5·0 OeO o.o o.o 
270.0 27.0 15.2 3.0 Oe0014 
Oe0028 o.ooooo2 2e2 0.54 0.45 
o.os 120000e0 oeoo1o Oe005 0.23 
0.07 250.0 o.o 3.0 1.0 
o.o o.o o.o OeO o.o 
o.o o.o o.o OeO 3e0 
240000.0 
5.0 9.0 22e0 2e0 1.0 

·1.0 s.o o.o o.o OeO 
3e0 6e0 7e0 13e0 OeO 
1.0 Oe3 3600.0 8oooo.o 2.0 
125000.0 0.4 
6e0 4.0 15.0 OeO 4e0 
leO 7.0 o.o o.o OeO 
leO 7e0 OeO o.o o.o 
7•0 17.0 15.0 4.0 4000o0 
1.0 7.0 o.o o.o o.o 
2·0 s.o 9.0 o.o o.o 
8.0 s.o 15.0 0.6 0.10 
r.o 9.0 o.o o.o o.o 
2·£ 10.0 11.0 o.o o.o 
9 .. 1.0 16.0 o.o o.o 
2·0 6.0 12·0 o.o o.o 
r.o 25.0 o.o o.o o.o 
leO 
1000 
1· 

13·8 25. 
1500 o. 

5.0 
o.o 

o.o 
o.o 



1.0 25.0 o.o o.o o.o 241 
11.0 2.0 50.0 101e0 10.0 
OeO OeO o.o o.o o.o 
OeO OeO OeO o.o o.o 
9e0 10.0 5.0 0.001 1.0 
leO o.o o.o o.o o.o 
OeO OeO o.o o.o o.o 
o.o o.o o.o OeO o.o 
o.o o.o OeO o.o OeO 
o.o o.o OeO OeO o.o 
OeO o.o OeO o.o OeO 
12.0 2e0 50.0 101e0 5e0 
o.o OeO o.o OeO OeO 
o.o OeO OeO OeO OeO 
10.0 10.0 10.0 0.001 101e0 
lOleO o.o o.o OeO OeO 
o.o OeO OeO Oe 0. o.o 
OeO OeO OeO OeO OeO 
o.o o.o o.o OeO OeO 
o.o OeO OeO OeO OeO 
OeO OeO OeO OeO OeO 
24e0 16.0 35.0 OeO o.o 
OeO OeO o.o o.o o.o 
OeO OeO o.o OeO o.o 
leO o.o o.o OeO OeO 
5e0 o.o 6.0 7e0 a eo 
9e0 OeO o.o o.o OeO 
lleO OeO OeO 12.0 OeO 

RUN WITH AVERAGE FLO\tJ CONDITIONS IN 1969 





2. 0 0 0 7. 7 03 141384.741 25. 0 0 0 5. ·o o o 
1413731. 1>37 5, 0 0 0 147.109 86. 8 6 0 22 0. ~ 0 3 

279.356 126,522 68,835 84. 0 0 0 14.089 
2 7 , S6 0 0. 0 0 0 7.000 11.200 s.eoo 
77. 048 • 0 13 141.373 o. 0 0 0 0 •. o 0 0 
o.ooo 28.001 1.875 8,484 o.ooo 

12. c ou 7. 7 0 3 o.ooo 25. 0 0 0 5.000 o.ooo 0. 0 0 0 o.uoo o. 0 0 0 o.ooo o.ooo 0. 0 0 0 o.ooo o. 0 0 0 o.ooo o.ooo 0. 0 0 0 o.ooo 0. 0 0 0 o.ooo o.ooo o. 0 0 0 o.ooo o. 0 0 0 o.ooo o.ooo 0. 0 0 0 o.ooo o. 0 0 0 c.ooo 
~$ $$$ FINAL OUTPUT STRE~MS 'FOR MODULE 2 - SCFiEEN1 $$ ~ $ ~ 

3 • u 0 0 7. 7 03 141384.159 25. 0 0 0 4.500 
14137~1.237 5. 6 0 0 141.050 86. 8 c 0 213 .131 

266.632 113.797 0 8. 835 8l+e 0 0 0 14.089 
21.900 0. 0 0 0 7. 00 0 11. 2 0 0 s.aoo 
77. 048 • 0 13 141.373 o. 0 0 0 o.ooo o.ooo 28,0 01 1.875 6.484 o.ooo 

U$$$ FINAL OUTPUT STREAMS FOR MODULE 3 - GRIT1 $$$$$ 

4. 0 0 0 7. 7 0 3 141384.159 25. 0 0 0 4.000 
1413731.2J7 5. 6 0 0 141.050 86,8(:0 21.! .131 

251,669 113.797 53.872 84. 0 0 0 14.089 
21.90( o. 0 0 0 7.000 11.200 s.aoo 
77. 048 • 013 141.373 o. 0 0 0 o.ooo 
o.ooo 28.0 01 1.875 8.484 o.coo 

$$$$$ FINAL OUTPUT STREAMS FOR MODULE 7 - CCNT02 $$~~~ 

8. 0 0 0 8 .s 85 97938.673 25. 0 0 0 5 e 50 0 
975565.103 0. 0 0 0 18c2.428 4.291 142 3. 7 3 7 

9310.721 3818.087 5492.634 o. 0 0 0 637.072 
1181. 065 o. 0 0 0 o.ooo c. 0 0 0 .001 

3. 398 • 8 92 97.556 o. 0 0 0 o.ooo o.ooo ,053 33.719 5.9S7 o.uoc 
9. 0 0 0 8.5 85 2288.455 25. 0 0 0 5. 50 0 

22795.252 0. 0 0 0 42os583 .100 33.2€:7 
217.556 89.214 128.342 o. 0 0 0 14.€86 

27.597 0. 0 0 0 u.ooo o. 0 0 0 .tiOO 
.• 079 • 0 21 2.280 o. 0 0 0 o.ooo 

0 • 0 c c • 0 01 .788 .140 o.ooo 
1$$$$ FINAL OUTPUT STREAMS FOR MODULE 4 - AC1SL1 $$ $~~ t-V 

~ 

5. 0 0 0 8,5 85 239322e029 25, 0 G 0 2.500 w 
2389296.340 17.105 1880.367 10.510 1476.276 

9557.206 3926.100 5630.506 o. 0 0 0 65 2. e 1 o 
1210.113 0. 0 0 c 6.934 o. 0 0 0 .oo:: 

8. 324 2.183 238.930 o. 0 0 0 a. coo o.ooc .129 82.578 14.687 o.coo 
$$$$$ FI~AL OUTPUT STREAMS FOR MODULE 5 - SECLAR1 $$$1 ~ 

6. 0 00 e.5 85 139076.643 25.000 1.~00 
13907c0.532 0. 0 0 0 8.922 6.117 11.3 95 

• w ---· -~- ~. -· •• ·.' -·--'"-'---'---'-·•' ----~., • -'"''-'---" ~ ···- .• ,,_ ··-·-.' 
~-= .. -· --· ~-.. ...... ,,_ ....... ·--~-- ~- ..• -.. ' 



14.364 5.8 89 8.475 o. 0 0 0 .~83 
1. 822 o. 0 0 0 o.ooo o. 0 0 0 .001 
4. 845 1.2 71 139.076 o.ooo 0. 0 0 0 
o.ooo • 0 75 48.067 8.549 o.ooo 

7. 0 0 0 8, 58 s 100227.123 25.000 1.:oo 
998360.390 0. 0 0 c 1864.510 4. 3 s 1 145 6. 56 0 

9528.279 3906.2 50 5622.030 o. 0 0 0 65 1. 8 2 8 
1208.291 0. 0 0 0 o.ooo o. 0 0 0 .001 

3.478 .912 99,83E' o. 0 0 0 o.ooo 
o.ooo • () 54 ~4.505 6.137 o.ooo 

13.000 8.5 85 18.263 25. 0 0 0 1.:oo 
175.418 0,0 IJO 6,935 . .001 8.322 

14.562 14.561 .001 o. 0 0 0 • 0 0 0 .uoo o. o a o 6.934 o. 0 0 0 .ooo 
• 0 01 • 0 0 0 .016 o. 0 0 0 o.ooo 

0. 0 0 0 • 0 0 0 .006 ,001 o.ooo 

i$$$$ FINAL OUTPUT STREAMS FOR MODULE 6 - SETSP1 $$ i$~ 

7. 0 0 0 8.5 85 100227.123 25. 0 0 0 5. 50 0 
998360.390 0. 0 0 0 1864.510 4,3g1 1456.5b0 

9528.279 390E.250 5622.030 o. 0 0 0 651.8 2 8 
1208.291 o. 0 0 0 o.ooo o. 0 c 0 ,001 

3. 47 e .9 12 9 9. 836 0. 0 0 0 o.ooo 
o.eoo • 0 5 Lt 34.505 6.1~7 o.ooo 

i$$$$ FINAL OUTPUT STRE~MS FOR MOOUL~ 7 - CCNT02 'l$1li 

8. 0 0 0 8.5 85 97938.264 25. 0 0 0 5. 50 0 
975561.112 0. 0 0 0 1821.931 4.2'31 142~.:::97 

9310.685 3817.044 5493,641 a. o co 63 6. g 4 2 
j180. 698 o. 0 0 0 u.uuo o. 0 0 0 . • 0 01 

3. 399 .8 91 97.556 o. 0 0 0 o.ooo 
0. 0 00 .053 33.717 5.9S7 o.ooo 

9. 0 0 0 8.5 85 2288.859 25. 0 0 0 5,500 
22799.278 o. u 0 IJ 42.579 .100 3~.263 

217.595 89.206 128.389 o. 0 0 0 14.88E 
2 7. 59 3 0. 0 0 0 o.ooo o. 0 0 0 .ooo 

• 079. • 0 21 2.280 o. 0 0 0 o.ooo 
0. 0 0 0 • 0 01 .788 .140 0. 0 u 0 

~$ $$$ FINAL OUTPUT STREAMS FOR MODULE 8 - SEPA01 $$ 'l ~ t 

10.000 a. 58 s 1374.208 25. 0 0 0 5. 50 0 
13 733 .153 0. 0 0 0 4.308 .oto 3.4(12 

21.75~ 8.9 21 12. 839 o. 0 0 0 1.48<3 N 
2.759 0. 0 0 0 o.ooo o. 0 0 0 .ooo tl=>o 

• 048 • 013 1.373 o. 0 c 0 o.ooo tl=>o 

o.ooo • 0 01 .475 .oe4 Q,OOG 

11.000 a. s 85 914.650 25. 0 0 0 s.soo 
9066.125 0. 0 0 0 .38.271 .040 2c;:.e61 
195.83~ 80.285 115.550 a. o o o 13.397 

24.834 o. 0 0 c o.ooo o. 0 0 0 .ooc 
• 032 • 0 08 .907 o. 0 0 0 0. 0 0 0 

0. 0 0 0 • 0 0 0 .313 • 05E o.ooo 



25.000 8.582 .. 139076.643 
1390760.532 0. 0 0 0 8.922 

14.364 . 5.8 89 8.475 
1. 82' o. 0 0 0 o.ooo 
4. 845 1.2 71 139.076 
0. 0 0 0 .075 48.067 

1$$$$ FINAL OUTPUT STREAMS FOR MODULE 

25. 0 0 0 a. 5 sz 139076.643 
1390760.532 0. 0 0 0 8.922 

14. 3E4 5.8 89 8.475 
1. 82' o. a o o a.ooo 
4.845 1.2 71 139.076 o.ooo • 0 75 48.067 

25. 0 0 0 
6.117 
o. 0 0 c 
0. 0 G 0 
o. 0 0 0 
8.549 

10 - CI-LOR1 

25. 0 0 0 
6.117 
o. 0 0 0 
o. 0 0 0 
o. 0 0 0 
6.549 

1.!.;00 
11.395 

• ~ 8 ~ 
.001 

o.ooo 
o.ooo 

$$ $~1 

1.~00 
11.395 

.98~ 

.001 o.ooo o.coo 

to.) 

~ 
U1 



$$~$$$$$~~~~$$$$$$$~$$$$$$~$$$$$$~2$1$~$$$$$$$$$$$$$$$$$$$$$11$1$$$$$$$$$i$$$~~~~$$$$$$$$$~$$$$$$$$$$$$$$ 

$ SUMMARY REPORT CN PLANT OPERATIONS - CASE 1 

$$!$$$$$~$$$$1$$$$$!$$$$$$$$$$$$$!$$!$!$$$$$!$$$$$$$$$$$$$$$$!$$$$$$$$$$$$$$$$!$!$$$$$$$$$$$$$$$$$$$$$$$$ 

STREAM NUMBER FLOW DO TOG 

'RAW FEED . 1 140010.72 4.00 101.99 

OUTPUT OF ~ER TANKS 5 239322. 03 7.1E 785.71 

EFF. OF SEC. CLAR. b 139076.64 o.oo 6. 41 

UNDE~FLOh SEC CLAR 7 100227.12 o. 0 0 18E0.29 

RETU~N ACT. SLUDGE 8 97938. 26 a.oo 18E0.29 

WASTE ACT. SLuDGE g 2288. 86 o. 0 ~ 1860.29 

THICKENED SLUDGE 11 914. 65 o. 0 0 4184.22 

PL.ANT BY F P SS 12 o. 0 0 o. 0 0 0. 00 

ooc eoc 

E 2. 0 0 154.99 

4.40 E1E.86 

4.40 8.19 

4.40 1453.26 

4.40 1453.26 

4.40 14~3.26 

4.40 32E4.73 

0. 00 o.oo 

ss 

183.99 

~993.45 

1 o. 33 

9506.69 

9506.69 

9.50o.69 

21410.93 

o. 0 0 

vss 

83.99 

1€40.76 

4.23 

3897.40 

3897.40 

3897.40 

8777.71 

o.oo 

(I.J 

~ 
0'\ 
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Computer Listings 
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c 
c 
c 
c c 
c 
c c 
c 
c 
c 
c 
c· 
c 
c 

.c 
c 
c 
c 
c 
c 
c 
c 

c 

c 
c 

c 
c 
c 
c 
c 
c 

c 

LISTING OF THE GEMCS EXECUTIVE 

PROGRAM TST <INPUT,OUTPUT,TAPE5=INPUT,TAPE6=0UTPUT) 

GEMCS/6400 

248 

***** PRINTING CONTROL CHARACTERS ***** 
KPRNT(ll=l CAUSES PRINTING OF NCONT,LLST,NS 
KPRNTCll=O SUPPRESSES ABOVE PRINTING 
KPRNT(2l=l CAUSES PRINTING OF INITIAL STREAMS 
KPRNT<2l=U SUPPRESSES ABOVE PRINTING 
KPRNTC3l=l CAUSES PRINTING OF MODULES SETS 
KPRNT(3J=U SUPPRESSES ABOVE PRINTING 
KPRNT<4l=l CAUSES PRINTING OF NPOINT 
KPRNT(4)=0 SUPPRESSES ABOVE PRINTING 
KPRNT(Sl=l CAUSES PRINTING OF SN TABLE ON ENTERING LOOP 
KPRNT<5J=0 SUPPRESSES ABOVE PRINTING 
ISP =1 PRINTS BOTH THE INPUT STREAMS AND OUTPUT STREAMS LEAVING 
A MODULE - CAN BE SET BY HAVINGM~N NEGATIVE IN DATA SET 
!SP=U SUPPRESSES ABOVE PRINTING - DONE AUTOMATICALLY BY GEMCS 
AFTER TWO LOOPS 

***** COMMON DECLARATIONS ~ JUNE 8 ***** 
COMMON LLSTC5Ul,NS(lUOl,EN(lUOl ,SI(4,30J,S0(4,30),KPRNT<lO) 
COMMON IS,NE,JJ,LOOP,NIN,NOUT,MSN,ISP,NC'III'NCALC'NOCOMP'NSR 
COMMON MODE,NPLNT,LOOPC 
COMMON SN(25,3Jl,EEN(60G) 'NPOINT<z5,zl 

DIMENSION NAME(20l 
NAMECll=BH MIXERl 
NAMEC2l=BH CONTLl 
NAMEC3)=8H SETSTl 
NAME(4)=8H SETSPl 
NAMEC5)=8H SEPA01 
NAME(6)=8H PRISETl 
NAME(7)=8H ACTSLl 
NAMEC8)=8H DPTRl 
NAME(9)=8H SECLARl 
NAME<10)=8H TRICKl 
NAM£(lll=8H GRITl 
NAME<l2l=8H ANDIGl 
NAMEC13)=8H CHLORl 
NAMEC14)=8H COSTl 
NAMEC15J=8H SCREENl 
NAMEC16l=8H REPTOl 
NAMEC17l=8H CONT02 
NAME<lBl=BH CONVUl 
NAME(l9l=BH CASET 
NAMEC20l=8H THICKl 

III=25 
CALL DLOADl 
LOOPC=l 
WRITEC6,196l LOOPC 
READC5tl98l TITLE 
WRITEC6,zUG) TITLE 

CALCULATING EQUIPMENT IN CALCULATION ORDtR LIST 

IK IS USED AS AN INDICATOR 
IK=l FOR A STRAIGHT THROUGH CALCULATION 
IK=U FOR A RECYCLE OPERATION 
IK=O 
IF(LOOP.EQ.999l IK=l 

100 CONTINUE 
NC=l 
MODE=O 
KTEST=O 
LOOP=l . 
IF<IK.EO.Ol GO TO 98 



98 
c c 
c 
1U2 
104 

106 
c 
108 

c 
c 
c 

110 

112 

] 14 

116 

11R 

120 

122 

124 

126 
·C 
128 
c 
c 
c 
c 

MODE=l 
KTEST=l 
LOOP=999 
CONTINUE 

READ EN VECTOR 

IF (KPRNT(5) l 108,1U8t104 
CONTINUE 
WRITE (6,182) LOOP 
DO 106 IKE=1,III 
IF (SN<IKE,1l.LE.O.O) GO TO 106 
WRITE (6,194) (SN<IKE,J),J=1,JJl 
CONTINUE 

NE=LLST(NCl 
~1i'v1=NE 
CALL DISKIO (1tMMl 
NN=EN<3J+.OU1 
NIN=EN(6)+.001 
1'-l 0 U T = EN ( 11 l + • 0 0 1 
NTYPE=ABS<EN<2lJ+.001 
KS\IJ=O 
IF tEN(2J.LE.O.l KSW=1 
IF (LOOP.GT.2l ISP=O 
IF(LOOP.LE. 2l ISP=l 

FINDING INPUT STREAMS 

IF<NIN.EQ.U) GO TO 128 
DO 12 2 I= 1 'N IN 
S=EN<I+6l 
CALL STREAM (S) 
IF <IS-IIIl 114,114,110 
CONTINUE 
SJ(I,1l=S 
DO 112 J=2,JJ 
SI(I,JJ=O. 
CONTINUE 
GO TO 122 
DO 116 J=l,JJ 
Sl(I,Jl=SN(IStJl 
CONTINUE 
IF liNT<S+.UU1ll 122,122t118 
CONTINUE 
M=S+.OOl 
IF (NS<Ml-6l 122tl20,120 
CONTINUE 
SN<ISdl=O. 
CONTINUE 
IF <ISPl 128,128,124 
WRITE (6,184) NE 'NAME<NTYPEJ 
DO 126 IKE=l·,NIN 
vJRITE<6d94) 
1-JRITE (6d94l (SI ( IKE,Jl ,J=ltJJl 
CONTINUE 

-CONTINUE 

CALL MODULE <NTYPEJ 

C STORING OUTPUT STREAMS AND PRINTING 
c 

IF(NOUTl 166,166,136 
136 CONTINUE 

DO 150 I=l,NOUT 
S=EN(I+1ll 
SO(I,1l=S 
fvl=S+.001 
IF<NS(Ml-6) 140,150,140 

140 CALL STREAM (-SJ 
IF <IS-IIIJ 146t146,142 

142 CALL STREAM (0.) 
IF (lS-IIIl 146tl46tl44 
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144 

146 

148 
150 
c 
154 

156 
c 
158 
160 

164 
c 
166 

c 
168 

170 

172 
174 

176 

178 

c 
180 

c 
182 
184 

186 

188 

190 
192 
194 
196 

198 
200 

WRITE 16,190) 
GO TO 150 
DO 148 J=l,JJ 
SNIIS,Jl=SOIItJ1 
CONTINUE 
CONTINUE 

-IF IISPJ 158,158,154 
WRITE (6,186) NE , NAMEINTYPEl 
DO 156 IKE=l,NOUT 
WRITEI6d94l 
WRITE 16d94l ISOIIKE,Jl,J=1,JJ~ 
CONTINUE 

IF ILOOP-999! 166,160,160 
IF IKSW.NE.Ul GO TO 166 
WRITE(6,188l NEt NAMEINTYPEl 
DO 164 IKE=l,NOUT 
WRITE!6,194l 
\IJRITE 16d94l !SO!IKE,Jl,J=l,JJ) 
CONTINUE 

NC=NC+1 
IF INC-NCALCl 102,102,168 

CONTINUE 
IF ILOOP-999> 170,172,172 
CONTINUE 
NC=O 
GO TO 166 
IF IKTESTl 174,1749176 
NC=O 
KTEST=l 
MODE=l 
GO TO 166 
LOOPC=LOOPC+l 
IF (LOOPC-NPLNTJ 178tl78,180 
WRITE(6,196l LOOPC 
CALL DLOAD3 
GO TO 100 

WRITE 16tl92J 
STOP 

250 

FORMAT 11H0,32H$$$$$ SN TABLE ON ENTERING LOOP 'I5,7H $$$$$ 
FORMAT 11HU,31H$$$$$ INPUT STREAMS FOR MODULE 'I5,4H - ' 

1A8,7H $$$$$ l 
FORMAT (1H0,32H$$$$$ OUTPUT STREAMS FOR MODULE ,J5,4H - ,Aa, 

2 7H $$$$$ l 
FORMAT (1H0,38H$$$$$ FINAL OUTPUT STREAMS FOR MODULE ,J5,4H - ' 

3 AS dH $$$$$ J 
FORMAT (1H0,25H***** ERROR IN SN ***** l 
FORMAT -(IH0,38H********** END OF EXECUTION ********** 
F0Rfv1AT- (1H dUFl2.3l 
FORMATI1Hl,28H$$$$5$$$$$$$$$$$$$$$ CASE ,I4,24H $$$$$$$$$$~$ 

1$$$$$$$$ , I I l 
FORMAT(10A8l 
FOR~~A T ( 1HO' 1 OAB} 
END 

CD TOT 0212 



251 
SUBROUTINE STREAM (Sl 

c 
COr--1~10N LLST<sO> tNS(lUOl 'EN<JOOl ,SI (4,30) ,S0(4,30l 'KPRNT(l0) 
COMMON IS,NE,JJ,LOOP,NIN,NOUT,MSN,ISP,NC,III,NCALC,NOCOMP,NSR 
COMMON MODE,NPLNT,LOOPC 
COMMON SN<25,3Ul,EENI600J,NPOINTI25t2l 

c 
DO 2 IS=l,III 
IF IABSISNI1St1l-ABS<Sll-.00ll 4,2;2 

2 CONTINUE 
IS=IS+l 

4 RETURN 

c 

END 

SUBROUTINE DISKIO IIPNTtMMl 

COMMON LLSTI50),NSI100l,EN<100l,SII4,30},S0(4t30l'KPRNT(l0l 
COMMON IS,NE,JJ,LOOP,NIN,NOUT,MSN,I~P'NC,III'~CALC'NOCOMP'NSR 
COM~ON MODEtNPLNTtLOOPC 
COMMON SNC25,30J,EEN<600l,NPOINTC25,2l 

c 
C THIS SUBROUTINE SIMULATES DISKIO ON360/30 
C IF IPNT=l. READS FROM MODULE SETS TABLE 
C IF IPN=2. WRITES ONTO MODULE SETS TABLE 

MQ=NPOI NT lit.fvl, 1 l 
IY,L=NPO I NT ( Mf"i, 2 l 
IF (IPNT-ll 6,2,6 

2 DO 4 I=ltML 
EN(Il=EENIMQ+ll 

4 CONTINUE 
GO TO 14 

6 IF <IPNT-2> 12,8t12 
8 DO 10 I=1,ML 

EEN(MQ+Il=EN<Il 
10 CONTINUE 

GO TO 14 
12 WRITE (6,16} IPNT,MM 
14 RETURN 
c 
16 FORMAT <1Hu,z2H DISKIO ERROR-IPNT,M~=ti5tlX,I5l 

c 

c 

2 

4 

6 

7 

c 

END 

SUBROUTINE DLOAD1 

C m-1rv1 0 f'L L L S T ( 50 l ' N S ( 1 0 0 l ' EN ( 1 0 0 l ' S I ( 4 ' 3 0 l ' S 0 ( 4 ' 3 0 l ' K P R NT ( 1 0 l 
COMMON IStNE,JJtLOOPtNINtNOUTtMSNt!SP,NC,III,NCALC,NOCOMP,NSR 
COMMON MODE,NPLNT,LOOPC . 
COMMON SNI25,30J,EEN(600),NPOINTI25t2l 
DIMENSION TITLE (10) . 
DIMENSION AKPRNT(1U), ALLST<lOl 
DIMENSION ANS(lUu) 

DO 2 1=1,100 
EN( I >=0. 
CONTINUE 
DO 6 I= 1, 30 
DO 4 J=l,4 
.SICJdl=O. 
SO{Jdl=O. 

' CONTINUE 
DO 6 IK=1dli 
SNC IK, I l=O. 
CONTINUE 
DO 7 1=1,25 
NPOINT( Idl=O.O 
NPOINT( r,z)=O.O 
NCOUNJ=O 

~VR I T E ( 6 ' 7 9 l 



8 
c 
c 
c 
10 
12 
14 
16 
18 
20 
c 
c 
c 

22 

24 

26 

28 
c 
c 
c 
30 

32 

34 

36 
c 
c 
c 
c 

38 

40 
42 
44 

46 

48 
50 

52 
54 

56 
58 

WRITE(6,81l 
READ (5,8Ul TITLE 
WRITE(6,82l TITLE 
WRITE<6,8ll 
READ (5,10Ul AKPRNT 
DO 8 1=1910 
KPRNT<Il=AKPRNT(ll 
CONTINUE · 

REPORT ON PRINTING EXPECTED 

IF (KPRNT<ll-ll 12.10.12 
'dRITE (6,841 
IF <KPRNT(2J-ll 16d4tl6 
\>!RITE (6,86> 
IF <KPRNT<3l-1l 20,18,20 
VJRITE (6,881 
CONTINUE 

252 

READ NO. OF MODULES IN CALCULATION ORDE~' AND NO. OF CONPOMENTS 

READ (5,1001 ANCALC,ANOCOMtANPLNT 
NCALC=ANCALC 
NOCOMP=ANOCOM 
NPLNT=ANPLNT 
IF <NPLNT.GT.Ul WRITE (6,108) NPLNT. 
IF (KPRNT<1l-1l 24,22,24 
WRITEC6t95l NOCOMP 
WRITE(6,92l NCALC 
CONTINUE 
IF (-NCALCl 28,26,26 
NCALC=-NCALC 
LOOP=999 
GO TO 30 
LOOP=l 

READ CALCULATION ORDER 

READ (5,1UUl (ALLST<IJ,I=l,NCALCl 
DO 32 I=1tNCALC 
LLST<Il=ALLST<Il 
CONTINUE 
IF <KPRNTC1l-ll 36,34,36 
WRITE(6,93l 
\"'RITE (6,941 <LLST< I l d=l,NCALCl 
CONTINUE 
READ STREAM CODEStMSN IS THE MAXIMUM STREAM NUMBER, IF NEGATIVE 
OUTPUT STREAMS WILL BE PRINTED DURING EXECUTION 

READ (5,100) AMSN 
MSN=AMSN 
IF (-MSNl 40,38,38 
MSN=-MSN 
ISP=l 
IF <KPRNT<1l-ll 44,42,44 
WRITE (6,96) MSN 
READ (5,100) (ANS<Il,I=l,MSNl 
DO 46 I=1,MSN 
NS(IJ=ANS(Il 
CONTINUE 
IF <KPRNT(l)-1) 50,48,50 
WRITE (6,941 <NS(IJ,I=1tMSN) 
JJ=NOCOMP+5 
READ (5,100) ANSR 
NSR=ANSR 
IF <KPRNT<2·J-1l 54,52,54 
WRITE (6,98) NSR 
DO 6G I=l,NSR 
READ <5,100) <SN<I,JJ,J=1,JJ) 
CALL CONVERT(2,1,I,1tll 
CALL BALNCE(1,Il 
IF <KPRNTC2l-ll 58,56,58 

\"' R I T E ( 6 , 1 0 2 ) ( S N ( I , J l , J = 1 , J J l 
WRITE ( 6,102.1 
CONTINUE 



60 CONTINUE 
c 
C READING MODULE SETS,NOE IN NUMBER 
c 

READ IS,lUU) ANOE 
NOE=ANOE 
IF (KPRNT<3l-ll 64,62,64 

62 WRITE (6,1U4) NOE 
64 DO 72 I=l,NOE 

DO 66 IZ=l,lUU 
EN<IZl=O. 

66 CONTINUE 
READ (5dUU) IEN<NhN=l,5l 
NN=EN<3l 
NCOUNT=NCOUNT+NN 
READ (5dlJu) (ENCNJ,N=6,NN> 
IF IKPRNT13l-ll 70,68,70 

68 WRITE (6,102) IEN<Nl,N=1,NNl 
WRITE(6d02l 

70 MM=EN(l)+.OOl 
NPOINT<MM,1l=NCOUNT-NN 
N P 0 I N T < ~1M , 2 l = N N 
CALL DISKIO 12tMMl 

72 CONTINUE 
IF IKPRNT(4l.GT.U) GO TO 74 
GO TO 78 

74 V.IRITE (6d06) 
DO 76 1=1,25 
WRITE (6,90) J,NPOINT(If!),NPOINT<h2l 

76 CONTINUE 
78 CONTINUE 
C FORMAT STATEMENTS FOR DLOAD 
c 

RETURN 
c 
79 FORMAT(lHll 
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80 FORMAT(10A8l 
81 F0RMAT<lH0,12UH£$£$$$$$$$1$~~$~$$$$~$~$~~$$$$~~$$~$$~~~$$$1~$$$$$~ 

}$$$$$$$$$~$$$$$$$$$5$$$$$~$$~$~~$$$$$$$$55$$$$$$$$$$$$$$$$$~$$$$$$ 
2$'b$ ) 

82 FORMAT<lHO,lH$,19X,lUA8'19X,1H$l 
84 FORMAT (1HU,22HPRINTING NCONT,LLST,NSl 
86 FOR~AT (1HU,24HPRINTING INITIAL STREAMS) 
88 FORMAT (1H0,2UHPRINTING MODULE SETS) 
90 FORMAT (1X,3I6l 
92 FORMAT(1HU,41HNUMBER OF MODULES IN CALCULATION ORDER= ,J5l 
93 FORMAT(1HU,27HCALCULATION ORDER LIST IS- ,;) 
94 FORMAT (1X,2UI5) 
95 FORMAT(lHU,23HNUMBER OF cOMPONENTS = ,I5) 
96 FORMAT<1HJ,30HNUMBER OF STREAM CODES READ = ,J5,/l 
98 FORMATIIHU,33HNUMBER OF INITIAL STREAMS READ= ,IS,/) 
100 FORMAT(5F12.2l 
102 FORMAT 11X,luF12.4l 
104 FORMAT<1HU,29HNUMBER OF MODULE SETS READ = ,J5,/) 
106 FORMATilHU,//,zOH MODULE EEN LENGTH ,/) 
1U8 FORMAT((lHU,25HNUMBER OF PLANT CASES= ,I5) 

END 



c 
c 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
c 
50 
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SUBROUTINE MODULECNTl 

GO TO Cl'2'3'4'5'6'7'8'9'1U,ll,l2,13,14,15,16'17'18'19,20)tNT 

CALL MIXERl 
GO TO 50 . 
CALL CONTL1 
GO TO 50 
CALL SETSTI 
GO TO 50 
CALL SETSP1 
GO TO 50 
CALL SEPA01 
GO TO 50 
CALL PRISET1 
GO TO 50 
CALL ACTSL1 
GO TO 50 
CALL DPTRl 
GO TO 50 
CALL SECLARl 
GO TO 50 
CALL TRICK1 
GO TO 50 
CALL GRITl 
GO TO 50 
CALL ANDIGl 
GO TO 50 
Ct>.LL CHLOR1 
GO TO 50 
CALL COST1 
GO TO 50 
CALL SCREEN1 
GO TO 50 
CALL REPTOl 
GO TO 50 
CALL CONT02 
GO TO 50 
CALL CONV01 
GO TO 50 
CALL CASET 
GO TO 50 
CALL THICKl 

RETURN 
END 



c 
c 
c 
c 
c c 

SUBROUTINE DLOAD3 

WRITTEN BY P. TAN 1971 
MODULE TO RUN NEW CASES 
READS IN NEW STREAMS AND MODULE SETS 

255 

COMMON LLSTI5U},NS(JUOJ,EN(I00l,SI(4,301,S0(4,30l,KPRNTI10) 
COMMON JS,NE,JJ,LOOP,NIN,~OUTt~SN,JSP,NC,III,NCALC'NOCOMP,N5R 
COMMON MODE,NPLNT,LOOPC 

c 
c 
100 

101 c 
c 
112 

c 
c 
c 

c 
c 

c 
c 

111 

113 

400 

401 
402 
530 

3UO 

114 

541 

COMMON SNI25t30),EENI600l,NPOINTC25,2l 
DIMENSION TITLE(l0) 

READI5,100l TITLE 
FORMATI10A8l 
WRITEI6,101l TITLE 
FORr·MT ( 1HO,JOA8 l 

READ NUMBER OF STREAM CHANGES 
READI5dl2l ANSR 
FORf•1AT ( 5Fl2.4) 
f\JSR=ANSR+O. JOl 
IFINSR.LE. 0) GO TO 300 
\rJRITEI6dlll NSR 
FORMATI1H~,J5,25HINITIAL STREAMS ARE READ 

READ STREAMS 
DO 53U I=1,NSR 
BORROWS VECTOR FROM S0(4,J), J=l,JJ 
READ(?,l12l IS014,J),J=l,JJl 
CALL CONVERTI2,z,4,2t4l 
CALL BALNCEI2,4l 
\v R I T E I 6 ' 11 3 l 
WRITEI6,113l IS0(4,J),J=ltJJl 
FORMATC1XtlDF12.4) 
S=S014,1l 
CALL STREAMCS) 
IFIIII-ISl 4v0,401,401 
CALL STREAMIU.O) 
IFIIII-ISl 4U3,4Ul,4Ul 
DO 402 J=l,JJ 
SNIIS,Jl=S0(4,Jl 
CONTINUE 

READ NUMBER OF MODULE CHANGES 
READI5d12l. ANOE 
NOE=ANOE+O.OUl 
IFINOE.LE. U) GO TO 3U1 
WRITEI6tl14) NOE 
FORMATI1HU,J5,21HMODULE SETS ARE READ 

READ MODULES 
DO 540 I=ltNOE 
DO 54,1 IZ=l ,100 
ENIIZl=O.O 
READI5t1121 IENINltN=lt5l 
NN=ENI3l+O.U01 
t-.1 ~~=EN I 1 ) +0 • 0 01 
READI5,112l IENINltN=6tNNI 
WRITEI6dl3) 
Wr-<ITEI6dl3l IENINl ,N=1,NNl 
CALL DISKIOI2tMMl 

540 CONTINUE 
301 CONTINUE 

RETURN 
c 

403 ltJRITEI6t4G5) 
4,v5 FORMATilHU,* ERROR IN SN- VECTOR SPACE INSUFFICIENT*,//) 

c 
RETURN 
END 



c 
SUBROUTINE SETSTl 

256 

COMMON LLST(50l ,NS(100l,EN(100l,SI(4,30l,S0(4,30l,KPRNT(l0l 
COM~ON IS,Nf,JJ,LOOP,NIN,NOUT,~SN,ISP,NC,III,~CALC,NOCOMP,NSR 
COMMON MODE,NPLNT,LOOPC 
COMMON SN(25,30l,EEN(600J,NPOINT(25,21 

c 
C ALTERS THE TEMPERATURE IN ANY STREAM 
C EN(4l= CHANGE IN TEMP (+VE FOR INCREASE AND -VE FOR DROPl 
C WRITTEN BY P. TAN 
C FOR WWTP SIMULATION 
c 
c 

c 

c 
c 

c 

RETURN 
END 

SUBROUTINE SETSPl 

C WRITTEN BY P. TAN 
C FOR WWTP SI~ULATION 
C ALTERS THE HEAD IN ANY STREAM 
C EN(5l= CHANGE IN HEAD (+VE FOR GAIN' -VE FOR LOSS) 
c 
c 

c 
c 

·C 
c 
c 
c 
c c 
c 
c 
c 
c 
c 
c 
c c 
c 
c 
c 
c 
c 

SUBROUTINE CONTL1 

COM~ON LLST(5ul,NS(l~OJ,EN(100l,SI(4,30l,S0(4,30l,KPRNT(l0l 
COMMON IS,NE,JJ,LOQP,NI~,NOUT,MSN,ISP,NC,III,NCALC,NOCOMP,NSR 
COMMON MODE,NPLNT,LOOPC ' 
COMMON SN(Z5,30J,EEN(60U),NPOINT(25,zl 

WRITTEN BY A.I.JOHNSON AND T.TOONG MAY 1968 

EN LIST 
1. EQUIPMENT NUMBER 
2. EQUIPMENT TYPE -2 
3. LENGTH OF EN LIST-21 
4. LARGEST LOOP IDE~TIFICATION NUMBER I~ PROCESS ~LOW DIAGRA~ 
5. PRINTI~G CONTROL-NUMBER OF LOOPS BET~EEN PRINTING OF THE STREAM 

UNDER TEST )ONLY NON ZERO COMPO~ENTS* AND THEIR FRACTIONAL 
CHANGES . 

6.-15. TEN ZEROES 
16. NO. OF ~ODULES IN CALC ORDER LIST CONTROLLED BY CONTL1 
17. MAXIMUM NO. OF LOOPS 
18. STREAM NUMBER OF STREAM TESTED 
19. FRACTIONAL TOLERANCE 
20. LOOP IDENTIFICATION NO. 
21· LOOP IDENTIFICATION NO. 
22.-(19+JJ) = o.o 



c 
c 

IFI999-LOOPl13030,13030,13300 
13300 NN=ENI3J+.Ou1 

LOOP=ENI21)+.001 
~:1 L =EN < 2 0 l + • 0 0 1 
LL=LOOP-f'liL+1 
\<JRITEI6d3\..iull LOOP 

13001 FORMATI1HG,11HEND OF LOOP,I5l 
D=FLOATILLJ/ENI5l 
C=FLOATIINT<Dl l-D 
E=EN<18l 
IFIINTIE+.U01JJ13011,13U15,13011 

13011 CALL STREAM <El . 
IF(LL-2J13Ul5,1315U,13150 

13150 L=O 
DO 13vl3 J=3,JJ 
S=SNIJS,Jl 
IFIINTIS+.U~1l l 13016,13C13,13016 

13016 TEST=IS-ENIJ+19J l/S 
IFIABSITESTl-EN119Jl 13017,13017,13170 

13170 L=L+l 
13017 IF(J-3)13024,13019,13024 
13019 WRITEI6,13U04) E•TEST 

IF<Cl13013,13130,13130 
13130 WRITE<6,13U77l 
13077 FORMATI1X,30H, •• J •••••• VALUE •••••••• FRAC 
13024 IFIARS(Cl-.001)13135,13135,13013 
13135 WRITE(6,13Uu5J J,S,TEST 
13005 FORMATI1X,I3,Fl2.2•F12.6) 
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13004 FOR~1ATI1HC,36HFRACTIONAL CHANGE IN TOTAL OF STREAM,F5.0,2HIS,F10•8 
1) 

13013 CONTINUE 
IFILl 13022,13020,13022 

13020 WRITE(6,133U1l 
133U1 FORMATI1H •12H***CONVERGEDl 

EN ( 2 1 l =EN ( z.v l 
IFIFLOATILOOPJ.GE.ENI4l) LOOP=999 
GO TO 13023 

13022 IFILL-INT<EN<l7l+.0Dlll 13015,13025,13015 
13025 WRITEI6,133u2) 
133U2 FORMATI1H '16H***NOT CONVERGED> 

ENI21l=ENI2Ul 
IFfFL0ATILOOPJ.GE.ENI4J l LOUP=999 
GO TO 13023 

13015 ENC21l=LOOP+1 
LOOP=LOOP+1 
NC=NC-INTIENI16J l-1 
IFIINTIE+.uv1Jl 13U23•13J30,13023 

13023 D013021 J=3,JJ 
13021 EN(J+19l=SNIIS,JJ 

HM=NE 

c 
CALL DISKI0(2,MMl 

3000 CONTINUE 

13030 RETURN 
END 

CD TOT U133 
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SUBROUTINE CONV01 

c 
c COMMON LLST(50l,NS(100l,EN(100l,SI(4,30l,S0(4,30l ,KPRNT(10l 

COM~ON IS,NE,JJ,LOOP,NIN,NOUT,MSN,ISP,NC,III,NCALC'NOCOMP'NSR 
COMMON MODE,NPLNT,LOOPC 
COMMON SN<25,30l,EEN<600l,NPOINT!·25t2} 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

WRITTEN BY P. TAN ~5/6/71 
FOR WWTP SIMULATION 

CONVERGENCE PROMOTION ON A STREAM 

EN VECTOR 
********* 
1• = MODULE NUMBER 
2. MODULE TYPE (18l 
3. MODULE LENGTH ( 16 + (JJ-21*2 
4. = LOOP AT WHICH MODULE IS EFFECTIVE 
5. = STREAM NUMBER OF STREAM TO BE CONVERGENCE-PROMOTED 
6·-15• = TEN ZEROES 
16• LOOP COUNTER - INITIALLY SET AT ZERO 
17. - (16+(JJ-2l*2l STORAGE SPACE FOR STREAM 

NLOOP = EN(4)+0.01 
IFILOOP.LT.NLOOPl RETURN 
KOUNT=EN<16}+0.01 
KOUNT=KOUNT+1 
S=EN<5l 
CALL STREAM($) 
GO TO (1,2,3), KOUNT 

1 . DO 600 J=3,JJ 
600 EN114+Jl=SN<IS,Jl 

c 
ENI16l=KOUNT 
RETURN 

2 DO 610 J=3,JJ 
610 EN<12+JJ+Jl=SN<IS,Jl 

ENI16l=KOUNT 
RETURN 

c 
3 DO 630 J=13,JJ 

DENOM=2•0*EN!12+JJ+Jl-EN<14+Jl-SN<IS,Jl 
IF!DENOM.EQ. 0.01 GO TO 630 
SN<IS,Jl=!EN<l2+JJ+Jl*EN!12+JJ+Jl-SNIIS,Jl*EN(l4+Jll/DENOM 
EN(l4+Jl=SN!IS,Jl 

6 3 O· C 0 N T I N U E 
EN(16l=1.0 
I=S+O.Ol 
CALL BALNCE(l,Il 

c 
RETURN 
END 



c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c c c 
c 
c 
c 
c 
c c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

7UO 
c 
c 

LISTING OF THE PRIMARY SETTLING TANK MODEL 
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SUBROUTINE PRISETl 

COM~ON LLST<~O),NS(JOOl,EN(100l,SI<4,30ltS0(4,30l,KPRNT<lOl. 
COMMON IS,NE;JJ,LOOP,NIN;NouT,MSN,I~P,NC,III'NCALC'NOCOMP,N~R 
COMMON MODE,NPLNT,LOOPC 
COMMON SN<25,30l,EEN<600l,NPOINT<25,2l 

SIMULATES .A PRIMARY SETTLING TANK 
WRITTEN BY P. TAN 
FOR WWTP SIMULATION 

2/9/11 FOR REVISED STREAM LIST 

EN VECTOR 
****-)!.**** 
1.-15· 
4. 
5. 
7. 
8· 
9. 
12. 
13. 
14. 
16. 

17. 

18. 
19. 
20. 
21· 
22. 

23· 
24. 
25. 

STANDARD FORMAT 
NUMBER OF TANKS IN PARALLEL 
HEAD LOSS THROUGH TANKS <FT OF WATER> 
FIRST INPUT STREAM <RAW WASTE STREAM> 
SECOND INPUT STREAM <SUPERNATE FROM THE DIGESTERS - IF ANY> 
THIRD INPUT STREAM (WASTE ACTIVATED SLUDGE - IF ANY l 
FIRST OUTPUT STREAM <EFFLUENT> 
SECOND OUTPUT STREAM <UNDERFLOW) 
THIRD OUTPUT STREAM (SCUM TROUGH FLOW) 
LENGTH OF TANK <FEET) 
= u.o IF TANK IS CIRCULAR 
WIDTH OF TANK <FEET) 
= RADIUS OF TANK IF CIRCULAR <FEET> 
DEPTH OF TANK <FEET> 
NOT CURRENTLY USED 
SOLIDS CONCENTRATION OF SCUM FLOW (MG/Ll 
EFFICIENCY FACTOR FOR TANKS 
FRACTION OF FLOCCULATED SOLIDS FROM WASTE ACTIVATED 
SLUDGE AND DIGESTER SUPERNATE THAT IS RESUSPENDED 
NUMBER OF UNDERFLOW SLUDGE PU~PS 
CAPACITY OF PUMPS IGPH EACH 
FRACTION OF CAPACITY AT WHICH PUMPS ARE RUN 

CALL ALKMIX<PH) 

DO 700 J=2tJJ 
S0(1,J)=O.u 
so<2,J>=O.u 
S0(3,J)=O.U 

IF<NIN.E0.1l GO TO 40 

C INPUT STREAMS 2 AND 3 ARE SLUDGE STREAMS - HENCE SETTLE MUCH 
C FASTER THAN SOLIDS IN RAW WASTE. DISP IS THE FRACTION OF SOLIDS 
C FROM INPUT STREAMS 2 AND 3 WHICH ARE RESU5PENDED. 
c 

c 

620 
c 

610 
c 

63~ 

c . 

DISP=EN<22l 
DISP1=1·0-DISP 

DO 620 J=13,19 
DO 620 I=2,NIN 
S0(2,J)=S0(2,Jl+SI(I,Jl*DISP1 
S0(1,Jl=SO(l,Jl+SI(I,Jl*DISP 

DO 6lu J=2U,jj 
DO 61U I=2,NIN 
SI(l,Jl=SI(l,Jl+SI(l,Jl 

SI{l,4l=SI(1,4l*SI<l,3) 
DO 63U 1=2,t-JIN 
SI(l,31=SI(l,3l+SI<I,3l 
SI(l,41=SI(1,4l+SI<I,4l*SI<I,3l 
SI(l,6l=SI(l,61+Sl(I,6l . 
IF<SI(I,5l.LT.SI(1,5ll SI(l,5l=SI<I,5l 
SI(1,4l=SI(1,41/SI(1,3l 



c 
40 
c c 

c 

c 
c 

730 
720 
c 
c 
c 
c 
c 
c 
c 
c 
c c 

c 
c 

·c 
c 

19 
c 
c 

CONTINUE 

CALCULATE EXIT HEAD 
SO(l,5l=SI(l,5l-EN(5l 
S0(2,5l=S!(l,5l-EN(5l 
S0(3,5l=S!(l,5l-EN(5l 

SO(l,2l=PH 
S0(2,2J=PH 
S0(3,2l=PH 
S0(1,4l=SI(l,4l 
S0(2,4l=SI(l,4l 
S0(3,4l=SI(l,4l 

CALCULATE SURFACE AREA 
IF(EN(16l.LE. u.u) GO TO 730 
AREA=EN!l6l*EN<17l*EN!4l 
GO TO 720 
AREA=3.142*EN<17l*EN!l7l*EN!4l/4.0 
CONTINUE 

CALCULATING RESIDENCE TIME TBAR <MINUTES) 
TBAR=AREA*E~!l8l/SI(l,31*374.4 

CALCULATING OVERFLOW RATE OR <IGPD/SQ.FT.) 
OR=S!(l,3l*24.0/AREA 

CALCULATE THF THEORETICAL REMOVAL FROM BATCH TEST DATA 
REMOVAL=l.U-EXP<-0.23*TBAR**0.5/EN(l8l**0.25l 

ACCOUNT FOR THE DECREASE IN EFFICIE~CY DUE TO TURBULENCE 
REMOVAL=REMOVAL*EN(2ll 

MATERIAL BALANCE 
S0<2,13l=S0(2,13l+SI(l,13l*REMOVAL 
S0(2,15l=S0(2,15l+SI(1,15l*REMOVAL. 
S0(2,16l=S0(2,16l+SI!l,l6l*REMOVAL 
S0(2,17l=S0(2,17l+S!(l,l7l*REMOVAL 
REMl=l.O-REMOVAL 
SO(l,l3l=SO(l,l3l+SI(l,l3l*REM1 
SO(l,l5l=SO(l,l5l+SI(l,l5l*REM1 
SO(l,l6l=SO(l,l6l+SI!l,l6l*REM1 
S0(1,17l=S0(1,17l+Sl(l,l7l*REM1 

CALCULATE UNDERFLOW FLOW 
SQ(2,6l=EN(25l*EN(23l*EN(24l*lO.O 
SSF=<S0(2,13l+S0(2,15l+S0(2,16l+S0(2,17ll/S0(2,6l 
ASSUME THAT THE MAXIMUM UNDERFLOW CONCENTRATION IS 60000 

~~~~~~~~~~BT 0~lT~8RIBA~ 9oF SLUDGE LEADS TO ~ARRY-OVER OF 
SO(l,l3l=SO(l,l3l+S0(2,13l*(l.0-0.06/SSFl 
SO(l,l5l=SO(l,l5l+S0(2,15l*(l.0-0.06/SSFl 
S0<1,16l=SO(l,16l+S0(2,16l*(l.O-C.06/SSFl 
SO(l,l7l=S0{1,17l+S0(2,17l*(l.0-0.06/SSF) 
S0(2,13l=S0(2,13l*0.06/SSF 
S0(2,15l=S0(2,15l*O•U6/SSF 
S0!2,16l=S0(2,16l*O•U6/SSF 
S0(2,17l=S0(2,17l*0•06/SSF 
CONTINUE 

SET SCUM FLOW 
S0(3,18l=SI<l,l8l*0.9 
SOtl,l8l=S0(1,18l+Sl(l,l8l-S0(3,18l 
S0(2,18l=U.O 
S0{3,6l=S0(3,181*(1.0-EN<20l*l•OE-6l/EN(20l*2•2E6 
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MG/L 

SOLIDS 



c 
c 

600 

c 
c 

c 
c 

c 
c 

S0(3,16l=S0(1,16l*F 
S0(1,16l=S0(1,16l-S0(3,16l 
S0(3,17l=SO<lt17l*F 
S0(1,17l=S0(1,17l-S0(3,17l 

COMPONENTS IN SOLUTION SPLIT ACCORDING TO FLOW 
DO 600 I=ZO,JJ 
SO ( 1, I l = S I ( 1 ' I l *SO ( 1 '6 l IS I ( 1 '6 l 
S0(2,Il=SI(l,Il*S0(2,6l/SI(l,6l 
SO ( 3, I l =S I ( 1, I l -SO ( 1' I l -SO ( 2' I l 
CONTINUE 
SO(l,l4l=SI<1,14l*SO(l,6l/SI(l,6l+S0(1,l4l 
S0(2,14l=SI(l,l4l*S0<2,6l/SI(l,6l+S0(2,14l 
S0(3,14l=SI(l,14l*S0(3,6)/SI(l,6l+S0<3,14l 
S0(1,19l=SI(l,19l*SO(l,6l/SI<l,6l+SO(l,l9l 
S0(2,19l=SI(1,19l*S0(2,6l/SI(1,6l+S0(2,19l 
S0(3,19l=SI(l,l9l*SO(J,6l/SI(l,6l+S0(3,19l 

SET ALL EXIT OXYGEN CONCENTRATIONS TO ZERO 
S0(1,7l=O.O 
S0(2,7l=O.O 
50(3,7}=0.0 

CALL BALNCE(2,1l 
CALL BALNCE(z,zl 
CALL BALNCE<2t3l 

IF<ISPl 1tl,z 
2 CONTINUE 

WRITE(6,30Ul REMOVAL 
300 FORMAT<lHL,l7HSOLIDS REMOVAL = tF10.3l 

\-J R I T E ( 6 ' 4 u U l . 0 R 
4UO FORMAT<lX,l7HOVERFLOW RATE = ,fl0.J,l2H IGPD/SQFT 

~RITE(6,41Ul TBAR 
410 FORMAT<lXti7HDETENTION TIME= ,Fl0.3tl0H MINUTES 
1 CONTINUE 
c 
c 

RETURN 
END 
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c 
c 

(' 
( 

c 
c 
c 
c 
c 
c 
c 
c 
( 
c 
c 
( 
c 
c 
c 
( 
c 
c 
c c 
c c 
c 
c 
r 
( 
(' / 

c 
c 
c 
c 
(' 

c c 
(' 
( 
c 
c 
c 
c 
c 
c 
c 
c c 
c c 
( 
(' 
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SUBROUTINE ACTSL1 262 

cn~vnN LLSTI~OJ,~S<100J,~N(100),SI14,~0l'SOI4'~0l'KPR~T(10l 
CO~MON IS,NE,JJ,LOOP,NIN,NOUT,MSN,ISP,NC'III,NCALC'NOCOMP,NSR 
COMMON MODE,NPLNT,LOOPC 
CO~MON SNI25,30J,fEN(600),NPOINT<25,2l 
COMMON /A/ TAER,TM,FM,DELS 

SIMULATES 1HE ACTIVATED SLUDGE PROCESS 
CAN ALSO PF USED TO SIMULATE THF STEP AERATION PROCESS 
CALLS THE BASIC CSTR PROGRAM FOR AEROBIC BIOLOGICAL REACTIONS 

EN VFCTOR 
. **-***-)!-*-** 
1.-15. STANDARD FORMAT 
4. NUMRER OF REACTORS IN PARALLEL 
5. TOTAL HEAD LOSS THROUGH ACT. SL. TANKS 1FT OF WATER) 
6. NUMBER OF INPUT STREAMS (= 2·01 
7 • F I R S T I N P lJ T S T REA'"' I = RET URN SLUDGE F L 0 W ) 
8. SECOND INPUT STREAM <= FEED STREAM) 
11. NU~RER OF OUTPUT STREAMS I= 1.01 
12. OUTPUT STREAM NUMBER 

NOTE ENI16.-32.1 ARE USED BY CSTR2 
L~NGTH OF REACTOR IFEETI 
WIDTH OF R~ACTOR IFEETJ 

16. 
17. 
18. 
19. 

DFPTH OF REACTOR (FE~TI 
= 1.0 IF NOT USING A RESIDENCE TIME DISTRIRUTION MODEL 
= ENI341 IF USING A RTD MODEl 

20. 
21. 
?2. 
23. 
24. 
25. 
?6. 
27. 
?R. 
29. 
30. 
'1 • 
'32. 

33. 
34. 

35. 
36. 
37. -
44. 
45. 
46. 

LYSIS RATE IK2 /HRJ 
BASAL METAB. RATE IK1 /HRJ 
RATE OF SOLUBILIZATION OF DEGRADABLE SOLIDS IK3 /HRJ 
STRIPPING RATE CF VOLATILE ORGANICS IKS /HR) 
fi.A I C R 0 0 R G AN I S (.~ S Y I F. L D FACT 0 R ( Y D H 1 E r--1 S I 0 N L E S .S I 
FRACTION OF LYSIS PRODUCTS TO SOLU8L~ DEGRADAPLE CARBON 
FRAC~ION OF LYSIS PRODUCTS TO SOLURLF NONDEGRADABLE CARBON 
RATE OF AIR ADDITION TO EACH REACTOR ISCF/HRJ 
UNIT GROWTH RATE CONSTANT IK4 /HRI 
FRACTION OF MLSS THAT IS NITRIFIERS 
N/C RATIO IN RAW FEED 
P/C PATIO IN RAW FEED 
A8SORPTION NUMRFR IFOR OXYGEN TRNSFERl 

NOT PRESENTLY USED 
NU~BER OF CSTR,S IN SERIES - EITHER AN RTD ~ODEL OR 
ACTUAL NUMBER OF TANKS IN A STEP AERATION PROCESS 
MAXIMUM OF TEN TANKS IN SERIES 
FRACTION OF FEED STREAM TO FIRST TANK 
FRACTION OF FEED STREAM TO SECOND TANK 
ETC 
FR6CTION OF FEFn STRFAM TO TFNTH TANK (IF ANY1 
.NU~9ER OF RLnWFRS USED 

, CAPACITY OF EACH PLOWER SCF/HR 

THE 

EN(27l=ENI45l*ENI46l/ENC4J/ENI34l 

SIN=SI(1,1l l+SI(2,11 l 

C STORE FEEO STREAM IN SI(4,J) 
DO 60C J=2dJ 

600 SI(4,Jl=Sl(2,Jl 
c 
C CALCULATING THE VARIABLES FCR USE BY THE SECONDARY CLARIFIER 
C FM IS THE FOOD TO MICOORGANISM RATIO AND TAfR IS THE AERATION TIME 

TANKS=~NI341 . 
IFIFNI19l.GT.1.0l TANKS=1.0 
TAFR=~NI1Al*tNI17l*FN(1~l*TANKS *6.?4/ISI(l,3l+S1(2,~ll*FNI4l 
Trv'=T 1\ FR /[r'<l ( 34) 
F~=SI(2,10l/SJ(l,12J/TAER*24.0 



c 
c 
c 

c 

900 

910 
c 
20 
c 
c 

NCSTR=ENI34)+v.U1 

DO 610 IJ=l,NCSTR 
IFIEN134+1Jl.LE. O.OJ GO TO 20 

SI (2,3l=SI (4,3J*ENI34+IJ> 
DO 90ll Ki:3=6,JJ 
SI(2,KBl=SI(4,KBl*EN(34+IJl 
CALL MIXERl 
ENI29l=ENI29l*SII1,11J/SO(l,ll) 
DO 910 KB=2,JJ 
SI(1,KBl=S0(1,KBl 

CONTINUE 

CALL CSTR2 

DO n20 J=2,JJ 
620 Sl(l,Jl=SO(J,Jl 
c 
610 CONTINUE 
c 
c 

c 
c 

RETURN 
END 

SUBROUTINE CSTR2 
c 
c 

c 
C THIS IS THE BASIC CSTR ROUTINE TO DESCRIBE THE AEROBIC 
C BIOLOGICAL PROCESSES AND IS CALLED BY ACTSL 
C WRITTEN BY P. TAN 
c 
C EN VECTOR 
c ********* 
C NOTE-CSTR2 USES ONLY EN(l6.-32.l 
C ENI1.-15.l AND ENI33.- l ARE USED BY ACTSLl 

263 ' 

C NOTE-CSTR2 HAS ONLY ONE INPUT STREAM,THE MIXED LIQUOR FLOW 
C 16. LENGTH OF REACTOR (FEETl 
C 17. ~IDTH OF REACTOR <FEETl 

·C 18. DEPTH OF REACTOR (FEET l . 
C 19. = 1.u IF NOT USING A RESIDENCE TIME DISTRIBUTION MciDEL 
C = EN(34l IF USING A RTD MODEL 
C 20. LYSIS RATE IK2 /HRJ 
C 21. BASAL METAB. RATE (K1 /HRl 
C 22. RATE OF SOLUBILIZATION OF DEGRADABLE SOLIDS (K3 /HRl 
C 23. STRIPPING RATE OF VOLATILE ORGANICS (K5 /HRl 
C 24. MICROORGANISMS YIELD FACTOR {Y DIMENSIONLESS) 
C 25. FRACTION OF LYSIS PRODUCTS TO SOLUBLE DEGRADAbLE CAR~ON 
C 26. FRACTION OF LYSIS PRODUCTS TO SOLUBLE NONDEGRADAbLE CARBON 
C 27. RATE OF AIR ADDITION TO EACH REACTOR ISCF/HR> 
C 28. UNIT RATE GROWTH CONSTANT IK4 /HRl 
C 29. FRACTION OF MLSS THAT IS NITRIFIERS 
C 30. N/C,RATIO IN RAW FEED 
C 31. P/C RATIO IN RAW FEED 
C 32. ABSO~PTION NUMBER (FOR OXYGEN TRANSFER 
c 
c 



c 
6Uu 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

264 
CALL CONVERT(l,3tl,3,1l 

DO 600 J=Z,JJ 
S0(1,JJ=SilltJl 

SI15=S!(1,15) 
SI1619=Sl(l,l6J+SII1,17)+Sl(l,l8l+Sl(l,l9} 

CALCULATING OXYGEN SATURATION AT INLET TEMPERATURE 
CS=l4.16-SI(l,4l*l0.3943-SI(l,4l*(U.Ou7714-C.0000646*SI(1,4lll. 

CALCULATING VOLUME OF REACTOR 
V=ENll6l*ENI17l*ENI18l/ENll9l 

CALCULATING OXYGEN TRANSFER COEFFICIENT KLA 
AKL=ENl32l*< <ENI27l/60.0l**0.85l*IENI18l**0.7l/V 

BACTIN IS THE CONCENTRATION OF NITROSOMONAS 
BACT=ENl29l*SIIltlll 
BACTIN=BACT 

KOUNT=l 

C INITIAL GUESS OF DEGRADABLE CARBON IS HALF FEED VALUE 
C INITIAL GUESS OF OTHER VARIABLES ARE FEED VALUES 
c 

c 
c 
10 
c 
c 

c 

c 
c 
c 

c 
c 
c 

c 

40 

410 
41 

c 
c 

c 

S0(1,20l=U.5*SOI1t20l 
S0(1,21J=U.5*S0(1,zll 

BEGIN ITERATION FOR EFFLUENT CONCENTRATIONS OF CSTR 
CONTINUE 

CALCULATING RATE OF SOLUBLE CARBON REMOVAL 
CC=S0(1,20)+SOilt21l 
RFC=ENI28l*CC 

SOII,zOI=SI<l,zOl/ll.O+TM*<RFC*SOil,l5l/CC+EN<23l*ENIZ7l/Vl) 
SO(l,Zll=lSIIl,zll+lM*SOlltlSl*<ENIZOl*EN(25l+ENIZ2l*ISO<l,l6l+ 

1 S0(1,18J+50(1,19llll/11.D+TM*RFC*SOI1,15l/CCJ 

SOI1,22l=SI{l,22l+TM*ENl20l*EN!26l*S0(1,15l 

CALCULATING EXIT SOLIDS 
SO(l,l5l=SI<l,l5l/(l.O-TM*(ENIZ4l*RFC-EN!20l-ENI21Jl l 
SO(l,l6l=SII1,16l/(l•O+TM*SOI1,15l*IENI221-ENI20l*ll.O-EN!25l-

1EN<26l )/SOI1,16J ll 
S0{1,18J=SII1,18l/ll.O+TM*ENIZ2l*S0{1,15)) 
SOI1,19l=SII1,19l/(l.O+TM*EN<22J*SO!l,l51l 

BALANCE ON NITROGEN 
AVNIT IS THE AVAILABLE AMi~ONIACAL NITROGEN 
AVNIT=5I(l,27l+ISI(l,l5l-SOI1,15ll*0•23 +ISII1,8l-SII1,15l-

1SO(l'l6l-SOI1,17l-SOI1,18l-SOI1,19l-SOI1,20)-S011t2ll-SOI1,22)l* 
2EN(3U) 

CALCULATE CONVERSION OF AMMONIA TO. NITRATES 
EFF=S0(1,7l 
IF(S011,7l.GE.l.Ol EFF=l.O 
SO(l,27l=AVNIT/Il.0+0.275*BACT*TM*EFF/11.0+50(1,27ll) 
IFISOI1,27l.LT. u.Ol GO TO 40 
GO TO 41 
CONTINUE 
S0(1,27}=0.0 
WRITE(6,410J 
FORMAT<1HU,zSHDEFICIENCY IN FEED NITROGEN 
CONTINUE 
S0(1,28l=SI(1,28l+IAVNIT-S0(1,27)) 
BACT=BACTIN+(AVNIT-50(1,27ll*O.C5 

CALCULATING EXIT OXYGEN CONCENTRATION 
SO(l,7l=ISI(1,7l-TM*((RFt*ll.O-EN<24l l+ENI21ll*5011,15l*2•66 

l+IAVNIT-50(1,271 )*4.57-AKL*CSJl/ll.O+TM*AKL) 
IFIS0(1,7l.LT. u.Ol S0(1,7J=J.O · 



c 
20 

400 

~0 
c 
c 

50 

420 
51 
c 
c 
c 

c 
c 
c 
c 
c 
c 

c 

KOUNT=KOUr-.H+l 
IF(KOUNT.GT. 20) GO TO 20 
IF(A8S((CC-SO(l,20l-S0(1,2lll/CCl.GT. 0.005) GO TO 10 
GO TO 30 

CONTINUE 
WRITE(6,400) 
FORMAT(lHU,20HCSTR2 NOT CONVERGED 

CONTINUE 

PHOSPHORUS BALANCE 
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SO(J,29l=SI(l,29l+(SI15-S0(1,15lJ*0•05 + (SI1619-S0(1,16l-S0(1,17l 
1-SO ( 1 '18 l -SO ( 1, 19 l l *EN ( 31 l 

IF(SO(l,29l.LT.O.Ol GO TO 50 
GO TO 51 
CONTINUE 
S0(1,29l=O.O 
WRITE(6,420l 
FORMAT(lHU,3UHDEFICIENCY IN FEED PHOSPHORUS 
CONTINUE 

DUE TO THE HIGH DEGREE OF FLOCCULATION IN THE AERATION TANKS 
COLLOIDAL COMPONENTS ARE CONVERTED TO SETTLEABLE 
SO(l,l3l=S0(1,13l+S0(1,14l 
SO(ld4l=U.u 
SO(l,l6l=S0(1,16l+SO(l,l9l 
SO(ld9l=li.U 

CALCULATING THE FRACTION GF NITRIFIERS IN THE EXIT SOLIDS 
EN(29l=BACT/SO(l,lll 

CALCULATING EXIT PH 
ASSUME CARBON DIOXIDE CONCENTRATION IS IN EQUILibRI0~ WITH AIR 
SO(l,2l=-AL0Gl0(2.6E-7/SI(l,23ll 

CALL CONVERT(2'2'1'2'll 
CALL BALNCE(2,ll 

RETURN 
END 



c 
c 

c 
c c 
c 
c 
c 
c 
c 
c 
c 
c c 
c 
c 
c 
c 
c 
c 
c c c 
c 
c 
c 
c 
c 
c 

c 
c 

c 
c 
c 
c 

.C c 
c 

c 
1 
c 

c 
c 
c 
c 
c 

LISTING OF THE SECONDARY SETTLING TANK MObEL 
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SUBROUTINE SECLARl 

COMMON LLSTI5UJ,NSI10UI,ENI1001,SI'I4,301,SOI4,30),KPRNTI1U) 
COMMON IS,NE,JJ,LOOP,NIN,NOUT,MSN,ISP,NC,III•NCALC,NOCOMP,NSR 
COMMON MODE,NPLNT,LOOPC-
COMMON SNI25•3UJ,EENI600l,NPOINTI25•21 
COMMON /A/ TAERtTM,FM,DELS 

WRITTEN BY P. TAN 
FOR WWTP SIMULATION 
FOR REVISED STREAM LIST 2/9/71 

SIMULATES A SECONDARY CLARIFIER 

EN VECTOR 
********* 
1·-15. STANDARD FORMAT 
4. NUMBER OF CLARIFIERS IN PARALLEL 
5. HEAD LOSS THROUGH CLARIFIER IFEET OF WATERl 
12. FIRST OUTPUT STREAM IEFFLUENTJ 
13. SECOND OUTPUT STREAM !UNDERFlOW} 
14. THIRD OUTPUT STREAM !SCUM TROUGH FLOW> 
16. MODE OF OPERATION 

= lev FOR FIXED FRACTION OF RECYCLE 
= z.u FOR MAXIMU~ CONCENTRATION OF UNDERFLOW 

17. 
18. 
19. 
20. 
21. 
22. 

FRACTION OF RECYCLE IF MODE=l 
SURFACE AREA OF CLARIFIER <PER TANK> 
SCUM FLOW CONCENTRATION .(MG/l l 
NU~BER OF UNDERFLOW SLUDGE PUMPS 
CAPACITY OF PUMPS IGPH EACH 
FRACTION OF CAPACITY USED 

ENI17l=ENI2vl*ENI21l*ENI221/Slll•3l 

SOI1•2>=SII1•2> 
S0(2,2l=SI(l,2) 
SOI3•2l=SII1,2> 
SO{l,4)=SI(l,4) 
S0(2,4)=SI(l,4) 
S0{3,4)=SII1,4) 

CALCULATE EXIT HEADS 
S0(1,5)=SII1•5>-ENI5l 
S0(2,5)=SI(l,5l-ENI5) 
S0(3,5l=SII1,51-ENI5) 

CALCULATING THE SLUDGE VOLUME INDEX 
SVI=56.1+113.J*FM*Ile05**1Sl{l,4)-2U.U)) 

- SQ.FT. 

CALCULATING THE MAXIMUM UNDERFLOW CONCENTRATION CU 
CU=l.OE+06/SVI 

CALCULATING THE MIXED LIQUOR SUSPENDED SOLIDS XMLSS 
XMLSS=SI(l,lli/Slll,61*1•0E6 

METHOD=ENI16)+0.001 
GO TO (1,21•METHOD 

CONTINUE 
FOR FIXED FRACTION OF RECYCLE 
S0(2,6)=SII1,6l*ENI17l 
S0(1,6l=SII1,6)-S012,6) 
CALCULATING THE OVERFLOW RATE GSS IUSGPD/SQFT) 
GSS=SOI1,61*2.879/ENI181/ENI4) 
APPLY CORRELATION 
THE FACTOR 1.5 IS SUGGESTED BY RICH TO ACCOUNT FOR 
THE EXTRAPOLATION OF BATCH SETTLING TESTS TO ACTUAL TANKS 
XRSS=556.G*IGSS**Oe494l/(XMLSS**l·B21/ITAER**0.439l*l•5 
~ATERIAL RALANCE 
SO(l,lll=SII1,1ll*XRSS 



c 

c 
2 
c c 

c 
c 

c 

S0(2,11l=SICl,lll-SOCltlll 
UNDERFLOW CONCENTRATION tANNOT BE GREATER THAN CU 
IFCCS0(2,1ll/SOC2,6l*l·OE6J .LT. CUI GO TO 10 
SOC2tlll=CU*l·OE-6*S0(2t6l 
SO(l,lll=SICltlll-S0(2,lll 
GO TO 10 

CONTINUE 
FOR MAXIMUM CONCENTRATION OF UNDERFLOW 
ROUGH ESTIMATE OF UNDERFLOW FLOW 
S0(2,6J=SI(l,ll)*l•OE6/CU 
SO(l,6)=SI<l,6)-S0(2,6l 
CALCULATING THE OVERFLOW RATE GSS CUSGPD/SQFTl 
GSS=S0(1,6l*2.879/EN<l8l/EN<4l 
APPLY CORRELATION 
XRSS=556.U*{GSS**0.494l/(XMLS5**1.82l/(TAER**0.439)*1·5 
SO(l,lll=SI<l,lll*XRSS 
S0(2,lll=SI(l,lll-SO(ltlll 
CALCULATING CORRECTED UNDERFLOW FLOW 
S0(2,6l=S0(2,lll*l•OE6/CU 
S0(1,6l=SI(l,6l-S0(2,6l 

CONTINUE 

ASSUME THAT THE FLOCS ARE UNIFORM IN COMPOSITION 
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c 
10 
c 
c 
c 
c 
c 

ALSO ASSUME THAT THE OVERFLOW AND UNDERFLOW SOLIDS HAVE THE 
SAME COMPOSITION AS THE INCOMING FLOCS 
Pl=SO(l,lll/SI<l,lll 

6iJO 
c 
c 

610 

c 

DO 600 I=13tl9 
SO(J,I)=Pl*Sl(l,Il 
SO ( 2, I l=S I ( 1 'I l -SO ( 1 'I l 
CONTINUE 

SPLIT OVERFLOW INTO EFFLUENT AND SCUM FLOW 
S0(3,18l=SI(l,l8l 
S0(1,18l=U.U 
S0(2,18)=0.0 
S0(3,6l=S0(3,18l*(1.0-ENC19l*l·OE-6l/EN(l9l*2·2E6 
SO(l,6l=S0(1,6l-S0(3,6l 
Pl=S0(3,6l/(S0(1,6l+S0(3,6)) 
DO 61U 1=13,17 
S0(3,Il=SOCl,Il*Pl 
SO ( l, I l =SO ( 1 'I l -SO ( 3' I l 
CONTINUE 
S0(3,19l=S0(1,19l*Pl 
SO(l,l9l=Sd(l,l9l-S0(3,19) 

C SPLIT SOLUBLE COMPONENTS ACCORDING TO FLOW 
Pl=SO<lt6l/SI(l,6l 
P2=S0(2,6l/SIClt6l 
DO 620 I=20,JJ 
SOCltl)=SICl,Il*Pl 
S0(2,Il=SI(l,Jl*P2 
SO ( 3' I l =S I ( 1 'I l -SO ( 1 'I l-SO ( 2' I l · 

.620 CONTINUE 
c 
c 
C SET ALL EXIT OXYGEN CONCENTRATIONS AT ZERO 

S0!1t7)=0.U 

c 

c 
c 
31 
300 

301 

S0(2,7)=0.0 
S0(3,7)=0.0 

CALL BALNCE ( 2 t 1> 
CALL BALNCEC2t2) 
CALL BALNCE(2,3l 

IF<ISP) 30,30,31 
WRITE<6,300) TAER 
FOR~AT(1Hvt22HAERATION TIME = ,F10.3,7H HOURS 
WRITE<6,301J Ff-:1 
FORMAT<1Xt22HF00D TO MICRO RATIO = ,F10.3) 
WRITEl6t3U2l GSS 



c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

600 
c 

c 

c 
c 

~ ' 

c 
c 
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FORMATllX,22HOVERFLOW RATE = ,F10.3,12~ USGPD/SQFT ) 
ltJRITEl6d03l SVI 
FORMATllX,22HSLUDGE VOLUME INDEX = ,F10.3) 
CONTINUE 

RETURN 
END 

LISTING OF THE ANAEROBIC DIGESTER MODEL 

SUBROUTINE ANDIG1 

C 0 Mil: 0 N L L S T ( 5 0 l ' N S ( 1 u 0 l ' E N ( 1 0 0 l ' S I ( 4 ' 3 0 l ' S 0 ( 4 ' 3 0 l ' K P R NT ( 1 0 l 
COMMON IS,NE,JJ,LOOP,NIN,~OUT,MSN,ISP,NC,JII'NCALC,NOCOMP,NSR 
COMMON MODE,NPLNT,LOOPC 
COMMON SNl25,30l,EENl600) 'NPOINT<25,2) 

SIMULATES AN ANAEROBIC DIGESTER 
WRITTEN BY P. TAN AUG/71 

EN VECTOR 
***-****** 
1.-15. 
4. 
5. 

STANDARD FORMAT . 
NUMBER OF DIGESTERS IN· PARALLEL 
HEAD LOSS IN DIGESTERS 1FT OF WATER> 
DIAMETER OF DIGESTER lFEETl 
DEPTH OF DIGESTER (FEET) 

16· 
17. 
18. 

19· 
20. 

= 1.0 FOR CONVENTIONAL UIGESTER OPERATION 
= z.u FOR HIGH RATe DlGtSTER OPERATION 
TEMPERATU~E OF OPERATION 
FRACTION OF WATER TO FIRST OUTPUT STREAM !SUPERNATANT) 
= 1•0 IF FIRST STAGE OF A TWO-STAGE SYSTEM . 
FRACTION OF SOLIDS TO FIRST OUTPUT STREAM <SUPERNATANT> 
(EXCLUDES SETTLEASLE INORGANIC SOLIDS) 

21. 

= 1.0 IF FIRST STAGE OF A TWO-STAGE SYSTEM 
22· 

23· 
24. 

FRACTION OF SETTLEABLE INORGANIC SOLIDS TO SUPERNATE 
= 1.0 IF FIRST STAGE OF A TWO-STAGE SYSTEM 
STORAGE SPACE FOR GAS PRODUCED 
FRACTION OF VOLUME THAT IS EFFICIENTLY USED IN DIGESTION 

USING S0(4,JJ) AS TEMPORARY STORAGE OF INTERMEDIATE RESULTS 

DO 60U IK=2,JJ 
S0(4,IKl=SI(l,IKl 
CONTINUE 

S0(1,4)=ENl19) 
S0(2,4l=ENll9l 
S0(4,4)=EN(19) 
SO(l,5l=Sl(l,5l-EN(5) 
S0(2,5)=SI(l,5l-EN(5) 
S0(4,5)=SI(l,5l-ENl5l 

CALCULATING VOLUME OF DIGESTER (CU FTl 
VOL=3·142*ENl16l*ENll6l*EN(l7l/4.0*EN(4) 
VOL=VOL*ENl24) 

CALCULATING DIGESTER RESIDENCE TIME (DAYS) 
RESTIME=VOL*6.24/SII1,3l/24.0 

CALCULATING VOLATILE SOLIDS LOADING ON DIGESTER LB/CUFT/DAY 
SSLOAD=SI(l,l2l*24.0/VOL 

ALKALINITY CALCULATIONS 
ALK=2U.O*SI(1,23l/SI(l,6l 

/ 



CN=71.43*SIClt27)/SIClt6) 
PH=SIClt2) 
CALL ALKPHCltALKtACTtCNtPH) 
CT=ACT 
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c 
c SET REACTION CONSTANT FOR HIGH RATE OR CONVENTIONAL OPERATION 

NCOR=ENC18l+O.Ol 

1 

2 
10 
c 
c 
c 
c 
610 

c 

c 

c 
c 

c 

c 
c 
c 
c 

620 

640 

.c 

GO TO (1,2) tNCOR 
AK1=0.026*1.04**CENC19J-35.0) 
GO TO 10 
AK1=0.080*1.04**CENC19l-35.0) 
CONTINUE 

CALCULATE FRACTION OF VOLATILE SOLIDS DESTROYED 
FRAC=l.O-l.U/(l.O+AKl*RESTIMEl 

STORE RESULTING LIQUOR IN S0(4,Jl - PRIOR TO SEPARATION 
DO 610 IK=l5tl9 
SOC4tiKl=SICltiKl*Cl.O-FRACl 

CALCULATE VOLUME OF GAS LIBERATED 
GAS=l7.0*Sl(l,l2l*FRAC 
ENC23l=GAS 

CALCULATE VOLATILE ACID CARBON IN EFFLUENT 
AKMAX=0.28*EXPC-0.036*C35·0-ENC19J)) 
VAC=ZOO.O*EXPCO.l2*C35.0-EN(19)))/(l.O+AKMAX*RESTIMEl 
SOC4t20l=SIClt20J+SIClt6l*VAC*l•OE-6 

NUTRIENT BALANCE 
SOC4t27l=SI(l,27l+SICltl2l/Z.l*FRAC*0•23 
SOC4t29l=SIClt29l+SIC1,12ll2.l*FRAC*0•05 

CALL BALNCEC2t4l 

CALCULATE EFFLUENT PH 
ACID=(VAC-SIClt2U)/S!Clt6l*l•UE6l/24.0/lOOO.O 
CNNEW=71.43*SOC4t27)/SOC4t6) 
ALK=ALK+CCNNEW-CNJ-ACID 
CALL ALKPH(Z,ALKtCT,CNNEWtAPH> 
S0(4t2l=APH 
SOCltZl=APH 
socz,z>=APH 
S0(4t23l=ALK*SOC4t6l/20.0 

CALCULATING EFFLUENT AND UNDERFLOW FLOWS 
If( ENCZO> .GE. 1.0 ) GO TO 31 

SETTING THE SUPERNATANT FLOW 
SOClt6l=SOC4t6l*ENC20) 
DO 620 IK=20,JJ 
SOCltiKl=SOC4tiKJ*ENC20) 
CONTINUE 
SOCltl3l=S0(4,13l*EN(22l 
DO 640 IK=14tl9 
SO(l,IKl=SOC4tiKl*EN(21) 
CONTINUE 
CALL BALNCEC2tll 

C CALCULATE DIGESTED SLUDGE FLOW BY MATERIAL BALANCE 
DO 650 IK=6tJJ 
SOC2tiKl=SOC4tiKl-SOCltlKl 

650 CONTINUE 
SOC2t3l=SOC4t3l-SOClt3l 
GO TO 32 

c 
31 CONTINUE 
C ONLY ONE STREAM DRAWN OFF - THE FIRST OUTPUT STREAM 

DO 660 IK=2,JJ 
SO<l•IKl=SOC4tiK) 
SOCZtiKl=O.O 

660 CONTINUE 
c 
32 CONTINUE 



c 

c 
c 
21 

400 

410 

430 

420 
20 
t 

SET ALL EXIT OXYGEN CONCENTRATIONS TO ZERD 
S0(1,7)=0.0 
50(2,7)=0.0 

IFUSP> zu,zu,zl 
CONTINUE 
WRITE(6,40U) RESTIME 
FOR~AT!lHU,25HDETENTION TIME = 
WRITE(6,41G) SSLOAD 
FORMAT!1Xt25HSOLIDS LOADING = 
GAS=GAS*24.0 
vJ R I T E ! 6 , 4 3 u l GAS 
FORMAT!lXt25HGAS PRODUCED = 
WRITE!6,420l FRAC 
FOR~AT!lXt25HFRACTION VSS DESTROYED = 
CONTINUE 

RETURN 
END 

,Fl2.3t6H 

,fl2.3tl5H 

tFl2.3tllH 

tFl2.3l 

2 70 

DAYS } 

U3S/CUFT /DAY 

CUFT/DAY 



c 
c 

c 
c 
c 
c c c 
c 
c 
c 
c 
c 
c 
c 
c 
c c 
c 
600 

c 
c 
c 
c 
c 
c 
c 
c 
c 

610 
c 
c 
c 

c 
c 

LISTING OF THE TRICKLING FILTER MODEL 271 

SUBROUTINE TRICKl 

COMMON LLSTCsOl,NSCtOOl,ENC100l,SIC4,30l'SOC4•30l,KPRNTC10l 
COMMON IS,NE,JJtLOOP,NIN•NOUTtMSN,ISP,NC,III,NCALC,NOCOMP•NSR 
COMMON MODE,NPLNT,LOOPC 
COMMON SNC2~'3U),EENC600),NPOINT(25,zl 

SIMULATES A TRICKLING FILTER 
UTILIZES THE EQUATION PROPOSED BY.ECKENFELDER 
WRITTEN BY P. TAN SEPT/71 

EN VECTOR 
********* 
1.-15. STANDARD FORMAT 
4. NUMBER OF TRICKLING FILTERS IN PARALLEL 
5. HEAD LOSS IN FILTER CFT OF WATER - GREATER THAN HEIGHT) 
16. DEPTH OF FILTER CFEETl 
17. DIAMETER OF FILTER CFEETt 
18. REACTION CONSTANT 
19. EXPONENT ON DEPTH 
zO. EXPONENT ON LIQUID LOADING RATE 

DO 600 J=2,JJ 
SO(l,Jl=S!Cl,Jl 
S0(1,5)=SIC1t5l-ENC5l 

CALCULATE SURFACE AREA 
AREA=3.142*ENC17l*EN(l7l/4.0*ENC4) 

CALCULATE THE LIQUID LOADING RATE (USGPD/SQFTl 
Q=SIClt3l*28.79/AREA . 
CALCULATE REMOVAL OF BOD ACCORDING TO EQUATION 
REM = FRACTION OF DEGRADABLE CARBON REMAINING 
REM=EXPC-ENC18l*ENC16l**ENC19l/Q**EN(20)) 

ASSUME THAT THE REMOVAL APLLIES TO ALL DEGRADABLE COMPONENTS 
SO(l,16l=SIC1,16l*REM 
DO 610 J=l8t22 
SOCltJ)=SI(l,Jl*REM 

ASSUME MICROORGANISM YIELD FACTOR IS 0.54 
SQ(l,l5l=U•54*<SICltl6l+Sl(l,l8l+SI<l,l9l+SI(l,z0l+SIC1,2ll 

1 +SIClt22ll*<l.0-REMl 

CALL BALNCEC2tll 

RETURN 
END 



c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
600 

c 
c 

1 

2 
3 
c 
4 
c 
c 
c 
c 

LISTING OF THE SCREEN MODEL 2 72 

SUBROUTINE SCREEN! 

COMMON LLST!50l,NS(100),ENll00),SI(4,30),S0(4,30),KPRNT(l0). 
COMMON IS,NE,JJ,LOOP,NIN,NOUT,MSN,ISP,NC'III'NCALC,NOCOMP,NSR 
COMMON MODE,NPLNT,LOOPC 
COMMON SNC25,3U),EENC600},NPOINT!25,2) 

EN VECTOR 
********* 
1.-15. STANDARD FORMAT 
4. = SCREENINGS, IF KNOWN FROM PLANT OPERATIONS <CUFT/MIG> 

= o.u IF USING BARMINUTER 
= ANY NEGATIVE NUMBER IF WANT TO USE INTERNAL SCREENINGS 

ESTIMATE 
5. HEAD LOSS ACROSS SCREEN <FT OF WATER> 
16. SCREEN SIZE, IF USING INTERNAL ESTIMATE OF SCREENINGS <IN) 

DO 600 J=2,JJ 
SO(l,Jl=S!(l,Jl 
S0(1,5)=SI(l,5l-EN(5) 

CALCULATE VOLUME OF SCREENINGS PER DAY 

IF<EN<4ll1'2'3 
SCR=19.0*10•0**1-0.8*EN(16)) 
GO TO 4 
RETURN 
SCR=EN(4} 

VOL=SI(1,3l*SCR*24.0*1•0E-6 

ESTIMATED DRY WEIGHT OF SCREENINGS IS 30 LBS/CUFT 
CALCULATING MASS OF SCREENINGS PER HOUR 
WRAGS=30.U*VOL/24.0 
CONVERT TO EOUIV CARBON 
WRAGS=WRAGS/2.1 
S0(1,16l=SI{l,l6l-WRAGS 
CALL BALNCEC2tll 

IF< ISP} 10,}0,11 
\tJ R I T E ( 6 ' 4 0 0 l V 0 L 
FORMAT!!HU,l3HSCREENINGS = 'F8.2,10H CUFT/DAY ) 
CONTINUE 

RETURN 
END 



c 
c 

c 
c 
c c 
c 
c 
c 
c 
c 
c c 
c 
600 

c 
c 

c 
:? 

400 
1 
c 

LISTING OF THE GRIT REMOVAL MODEL 
273 

SUBROUTINE GRIT1 

COMMON LLST<50l,NS<lOOl,EN(100l,SI(4,30l,S0<4'30l'KPRNT<lOl 
COMMON IS,NE,JJ,LOOP,NIN,NOUT,MSN,ISP,NC'III'NCALC'NOCOMP,NSR 
COMMON MODE,NPLNT~LOOPC 
COMMON SN<25t3Ul,EEN(600J,NPOINT<25,2) 

WRITTEN BY P. TAN 27/8/71 
DEGRITTER FOR SEWAGE TREATMENT 
SIMPLE MODEL USING THE AVERAGE AMOUNT OF GRIT COLLECTED /MIG 

EN VECTOR 
******-*** 
1·-15• STANDARD FORMAT 
4• CU.FT. OF GRIT PER MILLION GALLONS OF RAW FEED 
5. HEAD LOSS THROUGH CHAMBER <FT OF WATER) 

DO 60u J=2 ,JJ 
SO (1, J l =S I ( 1 , J) 
S0(1,5l=SJ(1,5l-EN(5) 

CUFT=SI(1,3l*EN(4l*1•0E-6 

GRIT=CUFT*0.40*62.4*2.65 
S0(1,11l=SI<l,lll-GRIT 
S0(1,13l=SJ(l,13l-GRIT 

IF (JSPl ld,2 
CUFT=CUFT*24.0 
WRITE(6,400) CUFT 
FORMAT ( lH'-.i '2 5rWOLUME OF GRIT REMOVED = , FB • 2, 11H CU FT IDA Y 
CONTINUE 

RETURN 
END 



c 
c 

LISTING OF THE CHLORINATOR MODEL 

SUBROUTINE CHLORl 
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COMMON LLSTCsOI,NSC100l,ENC100l,SI(4,30I,S0!4,30I,KPRNTC10) _ 
COMMON IS,NE,JJ,LOOPtNIN,NOUT,MSN,ISP,NC,III,NCALC,NOCOMPtNSR 
COMMON MODE,NPLNT,LOOPC 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

COMMON SN<25,30J,EENC600),NPOINT<25,21 
DIMENSION CLC6l 

EN VECTOR 
********* 
1.-15. STANDARD FORMAT 
4. DISPOSITION OF WASTE 

= 1.0 FOR RAW SEWAGE 
= z.v FOR SEPTIC RAW SEWAGE 
= 3.8 FOR SETTLED RAW SEWAGE 
= 4.0 FOR SEPTIC SETTLED RAW SEWAGE 
= 5.0 FOR BIOLOGICAL TREATMENT EFFLUENT 
= 6.0 FOR SAND FILTER EFFLUENT 

5. USED FOR STORING A~OUNT OF CHLORINE USED PER DAY 

CLCU=10.0 
CLC21=20.0 
CL(3)=8·0 
CL(4)=16.0 
CLC5l=6·0 
CLC61=3.0 

DO 600 J=2,JJ 
600 SOC1,JI=SIC1,Jl 
c 

c 

I=EN(4)+0.01 
CL2=S!(1,31*24.0*10.0*CL<Il*1•0E-6 
ENC51=CL2 

IF< ISPI 10,}0,11 
11 WRITE(6,40U) CL2 
400 FORMATC1HU,l7HCHLORINE USAGE= ,Fg.2,10H LBS/DAY 
10 CONTINUE 
c 

RETURN 
END 



LISTING OF THE MIXER-SPLITTER MODEL 

SUBROUTINE MIXERl 

c 
C EN VECTOR 
C 1.-15. STANDARD FORMAT 
C 16. FRACTION OF FLOW TO FIRST OUTPUT STREAM 
C l 7 • ETC 

IF(NIN.GT.ll GO To 3U 
DO 65u J=2,JJ 

650 SO<NOUT,Jl=SI(l,Jl 
GO TO 40 

30 CONTINUE 
c 

CALL ALKMIX<PHl 
C SUM OF INPUT STREAMS IS TEMPORARILY STORED IN SO(NOUT,Jl 

DO 600 J=6,JJ 
SO<NOUT,Jl=O. 
DO 600 I=l,NIN 

600 SO<NOUT,Jl=SO(NOUT,Jl+SI(I,Jl 
SO<NOUT,2l=PH 
SO(NOUT,3l=O.O 
SO(NOUT,4l=LJ.J 
SO<NOUT,5l=SI(l,5l 
DO 61 C I= 1, N IN 
SO(NOUT,3l=SO(NOUT,3l+SI(l,3l 
SO(NOUT,4l=SO(NOUT,4l+SI(J,3l*SI(I,4l 
IF<SI(J,5l.LT.SO(NOUT,5ll SO(NOUT,5l=SI(I,5l 

610 CONTINUE 
SO(NOUT,4l=SO(NOUT,4l/SO(NOUT,3l 

c 
40 CONTINUE 

C OUTPUT 

IF(NOUT.EO.ll RETURN 
DO 62U 1=1,NOUT 
SO(J,2l=SO(NOUT,2l 
SO(J,3)=SO<NOUT,3l*EN<I+l5l 
SO(I,4l=SO(NOUT,4) 
SO(I,5l=SO<NOUT•5l 
DO 620 J=6,JJ 
SO(J,J)=SO(NOUT,Jl*EN(I+l5) 

620 CONTINUE 
c 
c 

RETURN 
END 

275 



LISTING OF THE SIMPLE PHASE SEPARATOR MODEL 

SUBROUTINE SEPAOl 
c 
c 

c 
C EN VECTOR 
c ********* 
C 1.-15. STANDARD FORMAT 
C 4. FRACTION OF FLOW TO FIRST OUTPUT STREAM (SUPERNATE> 
C 5. FRACTION OF SOLIDS TO FIRST OUTPUT STREAM (SUPERNATE) 
c 
c· 

c 

650 

10 
c 
c 

c 
c 

600 
c 
c 

610 
c 

c 

S0(1,2l=SI (1,2) 
S0(2,2}=SI(1,2l 
SO ( 1 '4 l =S I (1 '4 l 
SO (2 '4 l =S I ( 1, 4) 
SO ( 1' 5 l = S I C 1 '5 l 
S0(2,5)=SI (1 ,5) 

IFCSI(l,6l.GT. O.Ol GO TO 10 
DO 650 J=6,JJ 
SOCl,J)=O.O 
S0(2,Jl=O.O 
CONTINUE 
S0(1,3)=0.0 
SOC2,3)=0.0 
RETURN 
CONTINUE 

SOC1,6l=ENC4l*SI(1,3l*10.0 
SOC2,6l=SIC1,6l-S0(1,6l 

SEPARATE SOLIDS 
Do 600 J=13919 
S0(1,Jl=SI(l,Jl*EN(5l 
socz,Jl=SIC1,J>-soc1,J> 
CONTINUE 

SOLUBLE COMPONENTS ARE SPLIT ACCORDING TO FLOW 
Pl=SOC1,6l/SI(1,6l 
DO 610 J=20,JJ 
SQ(1,Jl=SIC1,Jl*P1 
soc2,Jl=SIC1,J>-soc1,Jl 
CONTINUE. 

CALL BALNCEC2tll 
CALL BALNCEC2,2l 

RETURN 
END 
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c 
c 

c 

277 
LISTING OF THE PROGRAM TO CONTROL THE MLSS IN THE AERATION TANKS 

SUBROUTINE CONTOZ 

C WRITTEN BY P. TAN 
C FOR WWTP SIMULATION 
c 
C CONTROLS THE MLSS IN THE AERATION TANKS 
c 
C EN VECTOR 
c ********* 
C 1.-15. STANDARD FORMAT 
C 4. FEED STREAM TO AERATION TANKS <EXCLUDING RECYCLE FLOwl 
C 5. MLSS REQUIRED IN AERATION TANKS 
C 12. FIRST OUTPUT STREAM <RECYCLE STREAM> 
C 13• SECOND RECYCLE STREAM <WASTE SLUDGE FLOW) 
c 
c 

S=EN(4) 
CALL STREAM($) 

c 
C CALCULATE FRACTION OF INCOMING FLOW TO RECYCLE - A 

c 

c 
c 

A=(EN(5l*l•OE-6*SN<IS,6l-SN<IS,11l-DELS)/(5I(1,1ll-ENC5i*SI(1,6)* 
1 l.OE-6) 

IF(A.LT.O.Ol A=O.O 
IF<A.GT.1.0l A=l.O 
DO 6UO I=3,JJ 
SO ( 1 , I ) = 5 I ( 1 ' I l *A 
SO ( 2' I l =5 I ( 1 'I l -SO< 1' I) 

SO< 1 '2 l =5 I < 1, 2 l 
50(2,2)=5I(1,2) 
50(1,4)=51(1,4) 
50(2,4)=5I(1,4) 
SO(l,5)=SI (1,5) 
SO ( 2, 5 > =S I ( 1 , 5 l 
50(1,7)=0.0 
50(2,7)=0.0 

RETURN 
END 



c 
c 

LISTING OF SUPPORTING MODELS TO HANDLE STREAM VARIABLES 278 

SUBROUTINE BALNCE(NVECTtil 

COMMON LLSTI5UJ,NSiluOJ,ENI100l,SI(4,301,SOI4'301'KPRNTI101 
COMMON IS,NE,JJ,LOOP,NI~,NOUT,MSN,ISP,NC,III'NCALC,NOCOMP,NSR 
COMMON MODE,NPLNT,LOOPC 
COMMON SNI25,30J,EENI600J,NPOINTC25,21 

c 
C WRITTEN BY P. TAN 
C FOR WASTE-WATER SIMULATION 
C BALANCES THE STREAM VARIA~LES IN A STREAM (ELEMENTS 8-12) 
c 
C NVECT=1 FOR SN VECTORS 
C NVECT=2 FOR SO VECTOR 
C Cl = RATIO OF 80D5 TO SOLUBLE DEGRAD ORGANICS (E~UIV CARBONI 
C C2 = RATIO OF BOD5 TO PARTICULATE DEGRAD ORGANICS IEOUIV CARBONI 
C C3 = RATIO OF VSS TO PARTICULATE ORGANICS IEQUIV CARBONI 
c 
c 

c 
c 
1 

c 
c 
2 

c ·c 

(1=1.9 
C2=1.2 
C3=2•l 

GO TO (1,2ltNVECT 

CONTINUE . 
PC=SN(I,l5l+SN(I,l6l+SNII,17l+SN(I,18l+SNII,l9l 
SNCI,l2l=C3*PC 
SNII,lll=SNII,l2l+SNII,13l+SN(I,l4l 
SN(I,9l=SNII,20J+SNII,2ll+SNII,22l 
SN(I,BJ=SN(I,9l+PC 
SN(I,lCl=Cl*ISN(I,z0l+SNII,2ll l+C2*1SNCI,16l+SNII,18l+SNII,l9)) 
SN(I,3l=0.0378*1SN(I,l3l+SN(I,14ll + 0.096*1SNII,l5l+SN(I,l6l 

1 +SN(I,l7l+SNII,19ll + 0.104*SN(I,l8l + O.l*SN(I,6l 
RETURN 

RETURN 
END 



c 
c 

c 
c c c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
1 
600 

2 
(,}0 

3. 
620 
c 
10 
c 

700 

c 
40 
c 
c 
c 
c 
4 

-~ 

630 
c 
c 

640 

c 
5 
c 
c 
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COM~ON LLST(50l,NSC100J,EN(J00),SI(4,30J,SOI4'30l,KPRNTI10l. 
COMMON IS,NE,JJ,LOOP,NIN,NOUT,MSN,ISP,NC,III,NCALC'NOCOMP'NSR 
COMMON MODE,NPLNT,LOOPC 
COMMON SNC25,3GJ,EENI600l,NPOINT<25,2J 
DIMENSION V(30l 

CONVERTS STREAM VARIABLES FROM POUNDS PER HOUR TO PPM 
OR VICE VERSA 

INPUT VARIABLES 
M = 1 FOR CONVERTING LBS/HR TO PPM 
M = 2 FOR CONVERTING PPM TO LBS/HR 
KIN = VECTOR TO BE READ FROM 

= 1 FOR SN VECTOR 
= 2 FOR SO VECTOR = 3 FOR SI VECTOR 

JIN = ROW NUMBER OF INPUT VECTOR 
KOUT = VECTOR TO BE WRITTEN ON TO 

= 1 FOR SN VECTOR 
= 2 FOR SO VECTOR 
=3 FOR SI VECTOR 

JOUT = ROW NUMBER OF OUTPUT VECTOR 

VARIABLES 2. TO 6. ARE NOT CHANGED 

READ FROM INPUT VECTOR 

GO TO C1,2,3J,KIN 

!)() 600 J=2,JJ 
V(Jl=SN<JIN,Jl 
GO TO 10 
DO 610 J=2,JJ 
VIJl=SOIJIN,Jl 
GO TO 10 • 
DO 620 J=2,JJ 
VIJl=SI IJIN,Jl 

CONTINUE 

IFIV(6l.GT. u.O l GO TO 40 
V(3J=O.O 
DO 700 J=6,JJ 
V(J)=U.O 
GO TO 11 

CONTINUE 

CONVERSION 

GO TO (IH5) ,M 

CONTI-NUE 
CONVERTING FROM LBS/HR TO PPM 
SOLUBLE COMPONENTS 
Vl7l=V<7l/VC6l*l•OE6 
VC9l=V(9l/V(6l*1•0E6 
DO 630 J=20,JJ 
V(Jl=V(JJ/VI6l*l.OE6 

PARTICULATE COMPONENTS 
VC8)=VI8)/VI3l*l•OE5 
DO 640 J=l0d9 
VIJl=VIJJ/VI3l*l.OE5 
GO TO 11 

CONTINUE 
CONVERTING-FROM PPM TO LBS/HR 
SOLUBLE COMPONENTS 
Vl7l=V(7l*V(6l*l·OE-6 
Vl9l=VC9l*VI6l*l.OE-6 
DO 650 J=20,JJ 



650 V(Jl=V(J)*V(6l*l•OE-6 
c 
C PARTICULATE COMPONENTS 

V(8l=V(8l*V(3l*1.0E-5 
DO 660 J=10d9 

660 V(Jl=V(J)*V(3l*1.0E-5 
c 
11 CONTINUE 
c 
C WRITING ON TO OUTPUT VECTOR 
c 

GO TO (6,7,8),KOUT 
c 
6 DO 67U J=2,JJ 
670 SN(JOUT,Jl=V(Jl 

GO TO 12 
7 DO 680 J=2,JJ 
680 SO(JOUT,Jl=V(J) 

GO TO 12 
8 DO 690 J=2,JJ 
690 SI<JOUT,Jl=V(Jl 
c 
12 CONTINUE 
c 

RETURN 
END 
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c 

c 
c c 

600 
c 

c 

c 
c 
c 
c c 

c 
c 
1 

c 
c 
c 
2 

c 

LISTING OF THE PROGRAM RELATING PH AND ALKALINITY 
281 

SUBROUTINE ALKMIX<PHl 

COMMON LLST(50l,NS(l00),EN<lOO),SI<4,30),S0(4t30ltKPRNT<lOl 
COMMON IS,NE,JJ,LOOP,NIN,NOUT,MSN,ISP,NC,III,NCALC'NOCOMP,NSR 
COMMON MODEtNPLNT,LOOPC 
COMMON SN(25t30l,EEN(600),NPOINTC25t2) 

SUBROUTINE TO CALCULATE THE RESULTING PH WHEN STREAMS ARE MIXED 

SUMALK=O.O 
SUMCN=O.O 
SUMCT=O.O 
DO 600 I=ltNIN 
IFCSI(l,6l.LE.O.O) GO TO 600 
IF<SI(J,2).LE.u.O) SICit2l=7.0 
ALK=2U.O*SICit23l/SI<It6) 
CN=71.43*SICit27l/SIClt6) 
PH=SI(I,2l 
CALL ALKPH(l,ALK,CT,CNtPHl 
SUMALK=SUMALK+ALK 
SUt-KT=SUMCT+CT 
SUMCN=SUMCN+CN 
CONTINUE 

CALL ALKPH(2,SUMALK,SUMCTtSUMCNtAPH) 
PH=APH 

RETURN 
END 
SUBROUTINE ALKPHCNZtALKtCTtCNtPHl 

DIMENSION XCOF(4) 

SUBROUTINe TO CALCULATE tT OR PH GIVEN THE OTHER THREE VARIABLES 

PK1=6•3 
PK2=10.3 
PKN=9•3 
GO TO (1,2), NZ 

CALCULATE CT 
CONTINUE 
CT=<ALK-CN/Cl.O+lO.O**<PKN-PHlll*{lO.O**CPKl-PH)+l.O+lO.O** 

l(PH-PK2ll/Cl.O+lO.O**<PH-PK2l*2•0) 

RETURN 

CALCULATE PH 
CONTINUE 
Al=ALK-CN 
A2=ALK-CT 
A3=ALK-CN-CT 
A4=ALK-2.0*CT 
A5=ALK-CN-2.0*CT 
XCOF<ll=lO.O**C-PKl-PK2-PKNl*A5 
XCOF(2l=(A3*1D.O**C-PKl-PKNl + A4*10•0**<-PK1-PK2ll 
XCOF<3>=<Al*lO.O**<-PKN> + A2*1D.O**<-PKlll 
XCOF<4>=ALK 

CALL BISECTCXCOFtH) 
c 
c 

PH=-ALOG10(H) 

RETURN 
END 



c 
c 
c 
c 

2 
4 

c 
20 

c 
30 

c 

SUBROUTINE BISECT(XCOf,H) 

DIMENSION XCOF(4) 

F(XCOF,Hl= XCOF(1l+H*(XCOF(2l+H*(XCOF(3l+H*XCOF(4))} 

HL=l.OE-5 
HR=1.0E-9 
IF(F(XCOF,HLl*F<XCOF,HRll 10,20,30 
H=SQRT<HL*HRl 
IF<F<XCOFtHLl*F<XCOF,Hl.LT. O.Ol GO TO 2 
HL=H 
GO TO 4 
HR=H . 
IF<ABS<<HL-HRl/HLl.GT.O.Oll GO TO 10 
H=HL 
RETURN 

H=HR 
IF<F<XCOF,HL).EQ. 0.0) H=HL 
RETURN 

H=HR 
IF(ABS<F<XCQF,HLll.LT. ABS{F(XCQF,HRl)l H=HL 

RETURN 
END 
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c 

c 
c 
c 
c 
c c 
c 
c c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c c 
c 
c 

c 

c 
c 
c 

LISTING OF THE REPORT GENERATOR 283 

SUBROUTINE REPTUl 

COMMON LLSTC5Ul;NS(lUOl,EN(l001 ,SJ(4,30l,S0(4,301,KPRNTI101 
COMMON JS,NE,JJ,LOOP,NJN,NOUT,MSN,JSP,NC,III,NCALC,NOCOMP,NSR 
COMMON MODE,NPL~T,LOOPC 
COMMON SNI25,3Ul,EEN(600),NPOINT125'21 

WRITTEN BY P. TAN 
FOR WATP SihULATION 

REPORTS ON THE VARIOUS STREAMS .IN THE PLANT 

EN VECTOR 
******-*** 
1 • - 3 • S T D F 0 R iVl AT 
EN VECTOR LENGTH = 35 
4.-15. =O.u 
ENI161 = RAW FEED TO PLANT !STREAM NUMBER! 
ENI171 = INPUT TO PRIMARY CLARIFIER 
ENC18l = EFFLUENT OF PRIMARY CLARIFIER 
EN(191 =UNDERFLOW OF PRIMARY CLARIFIER' 
EN(201 = INPUT TO AERATION TANKS 
EN(2ll =OUTPUT OF AERATION TANKS 
EN(221 = INPUT TO SECONDARY CLARIFIER 
EN<23l = EFFLUENT OF SECONDARY CLARIFIER 
EN(24l = UNDERFLOW OF SECONDARY CLARIFIER 
EN(25l = RETURN ACTIVATED SLUDGE 
EN(261 = WASTE ACTIVATED SLUDGE 
ENI27l = INPUT TO DIGESTERS 
EN(281 = DIGESTER SUPERNATANT 
EN(29l = DIGESTED SLUDGE 
EN(30) = INPUT TO THICKENER 
EN(3ll =THICKENED SLUDGE 
EN(32l = INPUT TO TRICKLING FILTER 
ENC33l = O~TPUT OF TRICKLING FILTER 
EN(341 = PLANT BYPASS 
EN(351 = 

SET STREAM NUMBER TO 0.0 IF DO NOT WISH TO REPORT ON STREAM 

IF (MODE.EQ. U) RETURN 

WRITE(6t79l 
vJ R I T E ( 6 , 8 0 l 
WRITE(6,82l LOOPC 
WRITE(6,80l 
vJ R I T E ( 6 , 8 5 l 

DO 50 I=l,20 
S=EN(l+l5) 
IF( S~LE.O.O l GO TO 50 
CALL ·sTREA:vl ( S I 
IT= IS 
CALL CONVERT(l,l,IT,3,ll 
SICl,l)=S 
I \\1=29+ I 

WRITE(6,JWl SI(l,ll,SI(l,3),(SI(l,Jl,J=7,121 

50 CONTINUE 

c 
c 
30 
31 
32 
33 
34 
35 

WRITE(6,79l 
MODE=O 

FORMAT(lH0,20HRAW FEED 
FORMAT(lH0;20HINPUT TO PRI. CLAR. 
FORMAT(lH0,2UHEFF. OF PRI. CLAR. 
FORMAT(lHL,2UHUNDERFLOW PRJ CLAR 
FORMAT(lHU,2uHINPUT TO AER TANKS 
FORMAT(lHu,zuHOUTPUT OF AER TANKS 



36 
37 
3R 
39 
40 
41 
42 
43 
44 
45 
46. 
47 
48 
49 
79 
80 

82 

85 

c 
c 

FORMATI1HU,2GHINPUT TO SEC. CLAR. 
FOR~ATI1HU,20HEFF. OF SEt. CLAR. 
FORMATIJHC,zuHUNDERFLOW SEC CLAR 
FORMATI1Hw,2UHRETURN ACT. SLUDGE 
FORMATI1HU,20HWASTE ACT. SLUDGE 
FORMATI1H0,2UHINPUT TO DIGESTER 
FORMATilHu,zuHDIGESTER SUPERNATE 
FORMATI1HU,20HDIGESTED SLUDGE 
FORMATI1Hu,2uHINPUT TO THICKENER 
FORMATI1HU,2UHTHICKENED SLUDGE 
FORMATI1HU,2UHTRICK. FILT. INPUT 
FORMATI1H0,20HTRICK. FILT. OUTPUT 
FORMATI1HU,2UHPLANT BYPASS 
FORMATI1HU,2UH . 
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FORrv'ATilHll 
FOR~ATI1H0,120H$$$$$$$$$$£$~$$~$$$$~~$$~$$$$$$$$$$$£$$$$$~$$$$$$$$ 
l$$$$$S$$$$$$$$$$$$$$~$$$$~$$$$$$$$$~$t$$$$~$$£$$$~$$$$$$$$$$$$$$$$ 
2$$$ ) 

FORMATilHU,lH$,2UX,42HSUMMARY REPORT ON PLANT OPERATIONS - CASE 
1 I5,51XdH$l 

FORMATI///,7X,6HSTREAM' 8X,6HNUMBER,5X,4HFLOW,6X,3H D0,7X,3HTQC, 
17Xt3HDOC,7X,3HBOD,8X,2HSS,7X,3HVSS,//) 

RETURN 
END 



c c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c c 
c 
c 
c 

c 

LISTING OF THE COST ESTIMATION PROGRAM 
285 

SUBROUTINE COSTl 

COMMON LLSTISOI,NSI100l•ENI100I,SI(4,30l,S0(4,30l'KPRNT(10) 
COMMON IS,NE,JJ,LOOP,NIN,NOUT,~SN,ISP,NC•III•NCALC,NOCOMP,NSR 
COMMON MODE,NPLNT,LOOPC 
COMMON SN(25,30l,EENI60G),NPOINT(25,zl 
DIMENSION. TITLE (10hELE(.T(3) 

CALCULATES THE FIXED CAPITAL INVESTMENT' THF OPERATING AND 
MAINTENANCE COSTS OF A WASTE~ALER TREATMENT PLANT. 
PLACES A SURTAX ON EFFLUENT IF THE EFFLUENT QUALITY IS POOR. 
COSTS TAKEN FROM ECKENFELDER AND BARNHARDT, AND FROM SMITH. 

EN VECTOR 
*-~******* 
1. MODULE NUMBER 
2. r•'IODULE TYPE 
3. MODULE LENGTH 
4.-15• = TWELVE ZEROES 

LJNIT PROCESS 
16. PRETREAH'lENT 
17. NO. OF PRETREATMENT UNITS 
18. PRIMARY SEDIMENTATION 
19. NO. OF PRI. SETTLING TANKS 
zo. ACTIVATED SLUDGE TANKS 
21. NO. OF AERATION TANKS 
2 2. A I R BLO\.VERS 
23. NO. OF AIR BLOWERS 
24. FINAL SEDIMENTATION 
25. NO. OF FINAL TANKS 
26. SLUDGE RETURN PUMPS 
27. NO. OF SLUDGE RETURN PUMPS 
28. ANAERGBIC DIGESTION 
29. NO. OF ANAEROBIC DIGESTERS 
30. CHLORINATION 
31. NO. OF CHLORINATION UNITS 
32. VACUUM FILTRATION 
33. NO. OF VACUUM FILTERS 
34. SLUDGE INCINERATION 
35. NO. OF SLUDGE INCINERATERS 
36. SLUDGE DRYING BEDS 
37. NO. OF DRYING BEDS 
38. SLUDGE THICKENING 
39. NO. OF THICKENERS 
40. SLUDGE HAULAGE 
41. o.o 
42. TRICKLING FILTERS 
43. NO. OF TRICKLING FILTERS 
44. AERATED LAGOONS 
45. ~0. OF LAGOONS 
46. TYPE OF PLANT 

(FOR UTILITIES COST) 

47. NOT PRESENTLY USED 
48. NOT PRESENTLY USED 
5U. ·DESIGNED FLOW MIGPD 
51. LABOUR COST £/MAN-HOUR 
52. ENR INDEX FOR YEAR 
53. LABORATORY COSTS $/YRl 
54. STREAM NUMBER OF EFFLUENT 
55. ACTUAL PLANT FLOW MIGPD 

A=lH* 
B=lH- . 
ELECT(1l=lUlGOO.U 
ELECT(2l=l62GCO.O 
ELECT(31=378000.0 

PARAf"iETER 
DESIGNED FLOW MIGPD 

SURFACE AREA PER UNIT /1000 SQFT 

VOLUME PER WNIT MIGPD 

CAPACITY PER UNIT CPM/lUOU 

SURFACE AREA/1000 SQFT PER UNIT 

CAPACITY MIGPD 

VOLUME PER UNIT /1000 CUFT 

DESIGNED FLOW MIGPD 

SURFACE AREA PER UNIT/100 SQFT 

LBS SOLIDS/DAY PER UNIT 

SURFACE AREA SQFT 

SURFACE AREA PER UNIT SQFT 

S~UDGE VOLUME MIG/YR 

VOLUME PER UNIT/1000 CUFT 

SURFACE AREA PER UNIT/1000 SQFT 

= 1.0 FOR PRIMARY PLANT 
= 2.0 FOR TRICKLING FILTER PLANT 
= 3.0 FOR ACTIVATED SLUDGE PLANT 

(FOR SURCHARGE PURPOSES) 

c ****************************************************************** 



c 
c 

c 
c 

c 
1 

2 

3 

4 

5 

6 

7 

8 

9 

1 1 

12 

13 
14 

15 

c 
610 
600 
c 

c 
c 

c 

c 

CAPITAL COST ESTIMATE 

'vJRITE(6,400) 
WRITE(6,401l (A,I=1,22l 
READ (5,2Uu) TITLE 
WRITE(6,55Ll TITLE 

CALCULATE THE CAPITAL COSTS OF THE VARIOUS UNIT PROCESSES 
Q=ENI50) 
ENRFAC=ENI52J/1120.U 
UPC=U.O 
DO 60U. 1=1 ,15 
IFIEN114+2*Il.LE. 0.-0l GO TO 600 
GO TO (1'2'3'4'5'6'7'8'9,10,11,12,13,14,15),I 

COST=2180C.u*(Q/EN(l7ll**v•63*ENRFAC*ENI17l 
WRITE(6,451) COST 
GO TO 610 
COST=(173UU.U*EN!l8l+6700.0*ENI18l**O.ll*ENRFAC*EN(19l 
WRITE(6,452l COST 
Gn Tn 610 
COST=(270Uu.u*EN(20)+67000.0)*ENRFAC*EN<2ll 
WRITEI6,453l COST 
GO TO 610 
COST=<13600.0+7600.0*ENI22ll*ENRFAC*EN(23l 
~RITE<6,454l COST 
GO TO 610 
COST=I1620U.O*EN<24l+6900.0/EN<24l**0.13l*ENRFAC*EN<25J 
WRITE<6,455l COST 
GO TO 610 . 
COST=<4700.v+l74U.O*O/ENI27ll*ENRFAC*EN(27l 
WRITE(6,456l COST 
GO TO 610 
COST=<134u.U*EN(28l+l3800.0*EN<28l**0.13l*ENRFAC*EN(29l 
WRITE(6,457l COST 
GO TO 610 
COST=<126GU.v*(Q/ENI30l)**0.47l*ENRFAC*ENI31l 
WRITE(6,458l COST 
GO TO 610 
COST=<165vv.0+48.U*EN(32ll*ENRFAC*EN(33l 
WRITE(6,459) COST 
GO TO 610 
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COST=<7.l*ENI34l/EN!35l+0.3*<EN<34l/EN(35l l**l.61l*ENRFAC*ENI35l 
WRITE(6,46U) COST 
GO TO 610 
COST=2.23*ENI36l*ENI37l 
WRITE(6,461.l COST 
GO TO 610 
COST=ENI38)*(24200.0+11700.0/EXPIENI38l/13•3l l*ENRFAC*EN(39l 
WRITEI6,462l COST . 
GO TO 610 
GO TO 600 
COST=6600U.u*ENI42l**0•6*ENRFAC*ENI43l 
WRITE(6,464l COST 
GO TO 610 
COST=2.5*EN144l*ENI45l*ENRFAC 
WRITE!6,465) COST 

UPC=UPC+COST 
CONTINUE 

WRITEI6,4U2) (8,1=1,14) 
WRITEI6,4u3) UPC 

CALCULATE THE CAPITAL COST OF THE CONTROL HOUSE 
COST=586uu.u*Q**U.7*ENRFAC 
WRITE(6,466l COST 
PPC=UPC+COST 
CALCULATING THE CAPITAL COST OF THE PLANT SITE + IMPROVEMENTS 
COST=4600.0*0**U.88*ENRFAC 
WRITE16,467l COST 
PPC=PPC+COST 

WRITE(6,402l (8,I=1,14l 



c 
C CALCULATE THE ENGINEERING COST FACTOR 

CENG=U.08*<1.0E6/PPCl**0.146 
C CALCULATE THE ENGINEERING COSTS 

COST=CENG*PPC 

c 

c 

WRITE(6,4J5) COST 
DPC=PPC+COST 

WRITE(6,4U2) (8,I=1,14) 
itJ R I T E ( 6 ' 4 ·u 6 ) D PC 

C CALCULATING THE CONTRACTOR•S F~E 
COST=DPC-:~-0.1 
WRITE(6,4C7) COST 
FCI=DPC+COST 

C CALCULATING THE CONTI~GENCY COSTS 
COST=DPC*v.15 

c 

c 

WRITE(6,408) COST 
FCI=FCI+COST 

WRITE(6,4u2l (8,1=1,14) 
WRITE(6,409l FCI 
WRITEC6,402l <e,I=1,14l 
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E ****************************************************************** 

c 

c 

c 

c 

OPERATING AND MAINTENANCE COST ESTIMATE 

WRITE{6,410} 
WRITE(6,401) (A,I=1,21l 
READ(5,2uL) TITLE 
WRITE(6,550l TITLE 
WRITE(6,41ll 

SU~~HRS=U.u 
UPOr·-1=u.o 
Q=EN!55) 

DO 62U I=1d5 
IF!EN!14+2*Il.LE.O.Ol GO TO 620 
GO TO (21,22,23,24,25,z6,27'28'29'30,31'32'33'34'35l'I 

21 HOUR=133.J*Q+51U.U*Q**0.37 
COST=HOUR*EN<5ll 
WRITE(6,5u1l HOUR,COST 
GO TO 630 

22 HOUR=<222.J*EN(18l+555.0*EN(18l**0.5l*EN(19l 
COST=HOUR*EN!5ll 
WRITE(6,5U2) HOUR,COST 
GO TO 630 

23 HOUR=(720.0*Q+590.0*Q/EN!20l**0.67l 

~~YtE~g~~6~~<~66R,cosT 
GO TO ·630 

24 GO TO' 620 
25 GO TO 620 
'26 GO TO 620 
27 HOUR=(13.0*EN(28l+144.0*EN!28l**0.5l 

COST =HOUR-* EN (51 l 
WRITE(6,507l HOUR~COST 
GO TO 630 

28 HOUR=(30.0*Q+17U.O*Q**C.37l 
COST=HOUR*EN(51l 
WRITE(6,5U8) HOUR,COST 
GO TO 630 

29 HOUR=<0.27*Q+154.0*Q**0.37l 
COST=HOUR*EN!51l 
WRITE(6,5v9l HOUR,COST 
GO TO 630 

30 HOUR=(400.v~Q+1600.0*Q**0•37l 
COST=HOUR*EN!51l 
WRITEC6,510l HOUR,COST 
GO TO 630 . 

31 HOUR=<0.014*EN<36l+20.0*EN!36l**0•37l 



'32 
33 
34 

35 

c 
630 

620 
c 

c 
c 

c 

c 

c 

c 

c 

c 

51 
52 

53 
54 

5U 
c 

c 
c 
c 
c 
c 

COST=HOUR*EN(51) 
WRITE(6,5lll HOUR,COST 
GO TO 630 
GO TO 620 
GO TO 620 
HOUR=(lu.U*EN(42l+lZU.O*EN(42l**0•5l 
COST=HOUR*EN<5ll 
WRITE(6,514l HOUR,COST 
GO TO 630 
HOUR=(5C.U*EN<441+10u.O*EN(44l**0.5l 
COST=HOUR*EN<511 
WRITE<6,5151 HOURtCOST 

CONTINUE 
SUMHRS=SUMHRS+HOUR 
UPOf\1=UPOM+COS T 
CONTINUE 

WRITE(6,4151 (8,1=1,28) 
WRITE(6,413l SUMHRS,UPOM 

CALCULATE THE SUPERVISION COST 
COST=O•l*UPOM 
WRITEl6t414l COST 
DOM=UPmi\+COS T 
CALCULATE Ti-iE UTILITIES COST 
KI=EN(46)+0.01 
COST=ELECT<KIJ*0**0.65*EN<47l 
WRITE(6,4161 COST 
DOM=DOt·J\+COST 
CALCULATE SLUDGE HAULAGE COSTS 
COST=80UO.u*EN(4Ul**0•5 
WRITE(6,513l COST 
DOf,1=DOtvl+COS T 
CALCULATE THE CHEMICALS COST 
COST=~. 06*UPQ~1 
WRITE(6,417l COST 
DOfv\=D01'1+COS T 
CALCULATE PLANT SUPPLIES 
COST=U.05*UPOM 
WRITE(6,418l COST 
DOI\1=DOM+COS T 
WRITE(6,419l <B,I=ltl4) 
WRITE(6,420l DOM 

CALCULATING LABORATORY COSTS 
COST=EN(53l 
WRITE<6,421l COST 
Oiv\NET =DOM+COS T 

2-88 

CALCULATING SURCHARGE ON EFFLUENT <IF EFFLUENT QUALITY IS POOR) 
IF<EN<54leLE. 0.01 GO TO 50 
S= EN(51+l 
CALL STREA1v1< S l 
LBS=SN<IS,3l*3·0E-4 
IF<SN(IS,l0l.LT.LBSl GO TO 51 
SURBOD=<SN<IS,lUl-LBSl*0.05 
GO TO 52 
SURBOD=O.O 
IF<SN<IS,lll.LT.LBSI GO TO 53 
SURSS=<SN<IS,lll-LBSI*0.05 
GO TO 54 
SURSS=O.O 
TOTSUR=SURBOD+SURSS 
WRITE(6,4221 TOTSUR 
OMNET=OMNET+TOTSUR 
CONTINUE 

WRITE<6,419l (B,I=l,l4l 
WRITE(6,423l OMNET 

CALCULATING THE COST OF THE FIXED CAPITAL 1NVESH1ENT. 
BASED ON AN INTEREST RATE OF s.u PERCENT AND A PLANT LIFE OF 25 
YEARS. NOTE THAT THE ANNUITY PAYME~TS RE~RESENT DEbT RETIREMENT 
AND INTEREST CHARGED IN THE CASE OF BORRO~ED CAPITAL OR 
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C DEPRECIATION AND OPPORTUNITY COST IN THE CASE OF OWNED CAPITAL. 
C CAPITAL RECOVERY FACTOR= S*I1+Sl**N/111+Sl**N-1l 
C WHERE S IS THE INTEREST RATE AND N THE LIFE OF THE PLANT 

CF=I1.0+0.U8l**25.0 

c 

c 
c 
zoo 
400 
401 
402 
403 

-404 
405 
406 
407 
408 
409 
410 
411 
413 

414 
415 
416 
417 
418 
419 
L~2 (; 
421 
'+22 
423 
424 
428 
430 
451 
452 
453 
454 
455 
456 
457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
501 
502 
503 
507 

~8~ 
51U 
511 
513\ 
514 
515 
550 
c 

COST=FCI*u.OS*CF/ICF-1.01 
WRITE(6,424l COST 

WRITE16,419l (8,I=1t14l 
T AC=m~NET +COST 
\'1 R I T E I 6 , 4 2 8 l T A C 
WRITE16,419l IB,I=l,l4l 
WRITE(6,430) 

FORI'-1A T ( 1 OA8) 
FORMATI1H1t30X,22HFIXED tAPITAL ESTIMATE l 
FORMATI1H0,30X,22A11 
FORMATI1H0,50X,14A1l 
FORMATI1H~,1uX,4UHTOTAL UNIT PROCESSES IINSTALLEDl 
FORMATI1HG,10X,40HPHYSICAL PLANT COST 
FORMATI1HO,l0X,40HENGINEERING 
FORMATilHO,lOX,4UHDIRECT PLANT COST 
FORMATilHUtlUX,40HCONTRAtTOR 1 S FEE 10.1 DPC) 
FORMAT(]H0,10X,40HCONTINGENCY (0.15 DPCl 
FORMATiiH0,1CX,40HFIXED tAPITAL COST 
FORMATI1H1,3uX,22HANNUAL OPERATING COST l 
FORMATIIHu,l5X,15HUNIT PROCESSES ,J5Xt9HMAN-HOURS,lOX,9HCOST $/YRl 
FORMATI1HU,l0X,3UHTOTAL UNIT PROCESSES 0 AND M 'F14·2,4X,lH$, 

1 F14.2) . 
FORMATI1HU,1UX,30HSUPERVISION-IO.l l l ,19XtF14.2l 
FORMATI1H~,4UX,14A1,5X,14A1l 
FOR~ATI1Hu,JUX,30HUTILITIES 
FORMATI1HU,10X,30HCHEMICALS 10.06 l l 
FORMATI1HU,lGX,30HPLANT SUPPLIES 10.05 L.) 
FORMAT(1Hu, 59X,14A1l 
FORMATI1H0,luX3UHDIRECT 0 AND M COST 
FORMATilHU,lUX,30HLABORATORY 
FORMAT<1HU,1UX,30HSURCHARGE ON EFFLUENT 
FORMATI1HU,10X,3GHNET 0 AND M COST 
F 0 R r, ~ A T I 1 H CJ , 1 J X t3 0 HAN N U I T Y PAY MEN T S 
FORMAT(lHU,luX,3UHTOTAL ANNUAL COST 
FORI·~AT ( 1H1 l 
FORMATilHU,lUX,4UHPRETREATMENT 
FORMATilHUtluX,4UHPRIMARY SETTLING TANKS 
FORMAT(1Hu,1uX,40HACTIVATED SLUDGE TANKS 
FORMAT!lHU,1UX,40HAIR BLOwERS 
FORMATI1Hu,1uX,4uHSECONDARY SETTLING TANKS 
FORMATilHU,lOX,40HSLUDGE RETURN PUMPS 
FORMATilHO,lOX,40HANAERORIC DIGESTERS 
FORMATI1H0,10X,40HCHLORINATOR 
FORMATI1HUtluX,4UHVACUUM FILTERS 
FORMATIIH0,1UX,40HSLUDGE INCINERATORS 
FORMATI1Hu,1UX,4UHSLUDGE DRYING BEDS 
FORMA7(1HU,lUX,40HSLUDGE THICKENERS 
FORMATI1Hli,lUX,4UH 
FOR~ATI1HU,1uX,40HTRICKLING FILTERS 
FORMATI1HG,10X,4GHAERATED LAGOONS 
FORMATilHUtl0X,40HCONTROL HOUSE 
FORMATilHG,luX,4UHPLANT SITE 
FORMATI1HU,lUX,30HPRETREATMENT 
FORI\1ATilHU,lvX,30HPRif'·1ARY SEDIHENTATION 
FORMATIIHU,l~X,30HACTIVATED SLUDGE 
FORMAT(lHU,lUX,3UHANAEROBIC DIGESTION 
FORMATI1H0,1UX,3UHCHLORINATION 
FORMATI1HU,10X,3UHVACUUM FILTRATION 
FORMATI1HU,luX,3UHSLUDGE INCINERATION 
FORMATI1Hv,l~X,30HSL~DGE DRYING BEDS 
FORMATI1Hu,lUX,3UHSLUDGE HAULING 
FORMATI1HU,10X,3UHTRICKLING FILTERS 
FORMATilHU,lUX,3GHAERATED LAGOONS 
FORMAT(lH0,5X,lUA8,///l 

RETURN. 
END 

$ 'Fl4.2l 
tF14.2l 
'Fl4.t::l 
'F14e2) 
,F14.2l 
,F14·2~ 
,F14.2l 
,Fl4.2l 
'Fl4.2l 
,.Fl4.2l 
'Fl4.~l 
'Fl4.2) 
'Fl4.2l 
'F14.2l 
'Fl4.2l 
'F14.2l 
'F14.2l 

'Fl4.2,5X,F14.2l 
,Fl4.2,5X,Fl4.2l 
'F14.2,5X,F14.2l 
,F14.2,5X,Fl4.2l 
'Fl4•2,5X,Fl4.2l 
'Fl4.2,5X,F14.2l 
,Fl4.z,sx,Fl4.2> 
,F14.z,sx,F14.z> 
,19X,Fl4.2l 
,Fl4.z,:,x,F14.2l 
,Fl4·2,5X,F14.2l 



c 
c 

c c 
c 
c 
c 
c 
c 

.C 
c c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

LISTING OF THE INTER-ACTIVE VERSION OF GEMCS 

PROGRAM WWTPIINPUT,oUTPUT,WWRUN,TkPE2=INPUT,TAPE6=0UTPUT, 
1 T APE5=WvJRUN l 

COMMON LLSTI5Ul,NSI]OOl,ENI100l,SI(4,3Cl,SOI4'30l'KPRNTI10l 
COMMON IS,NE,JJ,LOOP,NIN,NOUT,MSN,ISP,NC,III,NCALC,NOCO~P'NSR 
COMMON MODE,NPLNT,LOOPC 
COMMON SNI25,3U},EENI60UJ ,NPOINTI25,2l 
DIMENSION TITLEilOl 
DIMENSION NAMEI20l 

GHKS/ INTERCOM 

***** PRINTING CONTROL CHARACTERS ***** 

KPRNTill=l 
KPRNTill=O 
KPRNTI2l=l 
KPRNTI2l=U 
KPRNTI3l=l 
KPRNT13l=U 
KPRNT14l=l 
KPRNT14l=V 
KPRNTI5l=l 
KPRNTI5l=0 
KPRNTI6l=l 

CAUSES PRINTING OF LLST,NS 
SUPPRESSES ABOVE PRINTING 
CAUSES PRINTING OF INITIAL STREAMS 
SUPPRESSES ABOVE PRINTING 
CAUSES PRINTING OF MODULES SETS 
SUPPRESSES ABOVE PRINTING 
CAUSES PRINTING OF NPOINT 
SUPPRESSES AROVE PRINTING 
CAUSES PRINTING OF SN TABLE ON ENTERING LOOP 
SUPPRESSES ABOVE PRINTING 
CAUSES PRINTING OF FIN~l OUTPUT STREAMS 
PRINTING OF FINAL OUTPUT STREAMS OF UNIMPORTANT 
MODULES MAY BE SUPPRESSED BY PUTTING A NEGATIVE 
SIGN ON THE MODULE TYPE FOR THE EQUIPMENT. 

KPRNTI6)=v SUPPRESSES ABOVE PRINTING 
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KPRNTI7l=l PRINTS THE FRACTIOi\lAL CHANGES IN STREA1-'1.S fESTED-CONTLl 
KPRNTI7)=0 SUPPRESSES ABOVE PRINTING 
KPRNTIBl=l PRINTS **CONVERGED** OR **NOT CONVERGED** -CONTLl 
KPRNTIBl=L SUPPRESSES ABOVE PRINTING 
ALL PRINTING OF INPUT AND OUTPUT STREAMS LEAVING A MODULE 
ARE SUPPRESSED BY SETTING ISP=O • 

REWIND5 

NAMEill=AH MIXERl 
NAMEI2l=8H CONTLl 
NAMEI3l=8H SETSTl 
NAMEI4l=8H SETSPl 
NAMEI5)=8H SEPA01 
NAMEI6)=8H -PRISETl 
NAMEI7J=8H ACTSL1 
NAiv'!E I 8 l =8H DPTR 1 
NAMEI9l=BH SECLAR1 
NAMEI10)=8H TRICKl 
NAMEilll=BH GRITl 
NAMEI12l=8H ANDIGl 
NAMEI13)=8H CHLORl 
NAf'v',Eil4l=BH COSTl 
NAME115l=BH SCREENl 
NAMEI161=8H REPTOl 
NAMEI171=8H CONTU2 
NAMEI1Rl=8H CONV01 
NAMEI19l=8H CASET 
NAMEI201=8H THICKl 

WRITE(6,234l 
234 FORMATI1Hu,5UHTO ANSWER QUESTIONS BELOW TYPE 1.0/YES OR Q.OINO 
c 

c 
c 

III=25 
CALL DLOAD1 

C IK IS AN INDICATOR AS TO WHETHER A STRAIGHT THROUGH CALCULATION 
C IS USED I I K= ll OR h'HETHER A RECYCLE IS Pi-;;ESENT (I K=O l 

IK=O 
IFILOOP.EQ.999l IK=l 

c 



240 

90 

92 
c 
96 

238 

c 
236 
c 
c 
c 

c 
93 

94 

600 
c 
1000 

c 
100 
c 
c 

98 
c 
c 
c 
102 
104 

c 
c 
c 
c 

WRITE(6,24Ul 
FOR~ATI1Hu,3UHWANT TO SET UP A NEW PLANT -
READ(2,221> FL.AG 
IFIFLAG.LE.u.Ol GO TO 92 
CONTINUE 
CAL:L FU<JCHT 
CONTINUE 

CONTINUE 
vJRITE(6,238l 
FORrV1ATI1X,45HvJANT TO SET A RAND01I: FLO\IJ AND CASE STUDY­
READ(2,22ll FLAG 
IFIFLAG.LE.u.u) GO TO 93 

CONTINUE 
SETS A CASE RUN AROUND INPUT FEED 
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CASET MUST HAVE EQUIPMENT NUMBER 25 AND SHOULD NOT BE INCLUDED. 
IN THE CALCULATION ORDER. 
CALL DISKI0(1,25l 
CALL CASET 
GO TO 1000 

CONTINUE 
CALL STREAMI1.0l 
IN=IS • 
CALL STREAMI2e0l 
IFIIS.LE.IIIl GO TO 94 
CALL STREAM(O.Ol 
SNIIS,1l=2.0 
CONTINUE 
DO 600 J=2,JJ 
SNIIS,J)=SNIIN,Jl 

CONTINUE 
LOOPC=1 
WRITE (6,1961 LOOPC 

CONTINUE 

CALCULATING EOUIP~ENT IN CALCULATION ORDER LIST 
NC=1 
~10DE=u 
KTEST=O 
LOOP=l 
IFIIK.EQ.Ol GO TO 98 
~-1QDE= 1 
KTEST=1 
LOOP=999 
CONTINUE 

READ EN VECTOR 

IF (KPRNT(5) l 108,}08tl04 
CONTINUE 
WRITE (6,1821 LOOP 
DO 106 IKE=1,III 
IF ISNIIKE,1l.LE.O.Ol GO TO 106 
WRITE (6,1941 ISNIIKE,JJ,J=1,JJl 
CONTINUE 

NE=LLSTINCl 
1'-Wl=NE 
CALL DISKIO (l,MMl 
NN=EN(3)+.Ulil 
NIN=ENI6)+.Ui.Jl 
NOUT=EN(11)+.001 
NTYPE=ABSIENI2l )+.001 
KSW=O 
IF <ENI2laLE.0.) KSW=l 
ISP=U SUPPRESSES ALL PRINTING OF INPUT AND OUTPUT STREAMS 
ISP=O 

FINDING INPUT STREAMS 



110 

112 

114 

116 

118 

120 

1.22 

124 

126 
c 
128 
c c 
c 
c 
c 
c 
136 

1.40 

'142 

144 

146 
14Q 
15u 
c 
154 

156 
c 
l"i 8 
160 

195 
164 
c 
166 

IF<NIN.EO.Ol GO TO 128 
DO 122 I=1,NIN 
S=EN<l+6) 
CALL STREAM (Sl 
IF <IS-I!Il 114,114,110 
CONTINUE 
SI(I,1l=S 
DO 112 J=2,JJ 
SI(hJl=O. 
CONTINUE 
GO TO 122 
DO 116 J=1,JJ 
SI<I,Jl=SN(IS,Jl 
CONTINUE 
IF <INT<S+.~U1)) 122t122,118 
CONTINUE 
rv1=S+. oo 1 
IF (NS(Ml-6) 122,120,120 
CONTI l'lUE 
SN(JS,l)=O. 
CONTINUE 
IF (ISPl 128,128,124 
WRITE (6,184l NE 'NAME<NTYPEl 
DO 126 IKE=1,NIN 
1/JRITE(6,194l 
·~~RITE (6d94l !SI ( IKE,Jl ,J=1,JJ) 
CONTINUE 

CONTINUE 

CALL MODULE <NTYPEl 

STORING OUTPUT STREAMS AND PRINTING 

IFINOUTl 166,166,136 
CONTINUE 
DO 15U I=1,NOUT 
IF(SO(J,3l.LE.U.0) GO TO 150 
S=ENC 1+11 l 
SO(J,1l=S 
tv1=S+.001 
IF<NS(~l-6l 140,150,140 
~~Lti~~~~t~'r46,146,142 
CALL STREAM (0.) 
IF <IS-IIIl 146,146,144 
WRITE {6,19U) 
GO TO 150 
DO 148.J=1,JJ 
SNC IS,Jl=SO! I ,J) 
CONTINUE 
CONTINUE 

iF <ISPl 158,158,154 
WRITE (6,186) NE , NAME<NTYPE) 
DO 156 IKE=1,NOUT 
WRITE(6,194). 
WRITE (6,194) <SO!IKE,Jl,J=1,JJ) 
CONTINUE 

IF ILOOP-999) 166,160,160 
IF <KSW.NE.Ol GO TO 166 
IF<<PRNT{6l.LT.1l GO TO 166 
WRITE(6,188l NE, NAME(NTYPEl 
DO 164 1KE=1,NOUT 
WRITE(6,194l 
WRITE(6,195l (SO!IKE,Jl,J=1,JJl 
FORMAT(1X,5F12.3) 
CONTINUE 

NC=NC+1 
IF INC-NCALCl 102,102,168 
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c 
168 

170 

172 
174 

176 

220 

230 

232 

95 

( 
182 
184 

186 

188 

190 
1G2 
194 
196 

198 
zoo 
221 
c 

CONTINUE 
IF ILOOP-999) 170,172,172 
CONTINUE 
NC=O 
GO TO 166 
IF IKTESTI 174,174,176 
NC=O 
KTEST=1 
MODE=1 
GO TO 166. 
CONTINUE 
CALL ICLOAD 
WRITEI6t220) 
FORMATI1X,35HWANT TO MAKE ANY PLANT CHANGES­
READ(2,221l FLAG 
IF(FLAG.LE.O.Ol GO TO 230 
CALL ENSET 
LOOPC=LOOPC+l 
WRITE(6,196l LOOPC 
GO TO 100 
CONTINUE 
ii!RITE(6,238l 
FOR~AT(lX•45HWANT TO GENERATE A NEW RANDOM CASE STUDY­
READ ( 2, 221) FLAG 
IF(FLAG.LE.u.v) GO TO 95 
GO TO 236 
CONTINUE 
WRITE(6,240l 
READ(2,22ll FLAG 
!F(FLAG.GE.1.0l GO TO 90 
STOP 

293 

FOR~AT (1HU,32H$$$$$ SN TABLE ON ENTERING LOOP ,r5,7H $$$$$ 
FORMAT 11HU,31H$$$$$ INPUT STREAMS FOR MODULE ,J5,4H - , 

1A8,7H $$$$$ l 
FORMAT (1HW,32H$$$$$ OUTPUT STREAMS FOR MODULE ,r5,4H - ,AS, 

2 7H $$$<£$ ) 
FORMAT 11H0,38Hi$$$$ FINAL OUTPUT STREAMS FOR MODULE ,I5,4H - , 

3 A8,7H $$$$$ l 
FORMAT (1H0,25H***** ERROR IN SN ***** ) 
FORMAT 11HU•38H********** END OF EXECUTION ********** 
FORMAT (lH •lUF12.3l 
FORMATI1HU,2UH******************** ,10H RUN,I4,26H **** 

1**************** ,;;) 
FORr>1A T < 10A8 l 
FORMAT<1H0,10A8l 
FOR~.;1AT<F12.3l 

END 



SUBROUTINE FLWCHT 
c 
c 

c 
C SETS THE CALCULATION ORDER OF A GIVEN PLANT AND 
C SETS THE VARIOUS EQUIP~ENT PARA~ETERS 
c 
c 

c 
400 

200 
c 
c 

c 
c 
c 

530 

540 

550 

570 

Io 
c 

LPl=O 
LP2=0 
LLSTC1)=2 
LLSTC2)=3 
LLSTC3)=4 
NCALC=3 

~vRITE(6,40U) 
FORMATI1H0,22HANY PRIMARY TANKS -
READ(2,20v) F 
FORMATCF12.3) 

SETTING SPLITTER BEFORE PRIMARY SETTLER 
MQ=NPOINTC4,1) 
EENCMQ+16l=F 
EEN ( ~10+17 l =1.0-F 
EENCfviQ+l8l=O.O 

IF(F.LT.l.O) GO TO 10 

ASKING FOR DETAILS ON PRIMARY SETTLER 
NCALC=NCALC+1 
LLSTCNCALCl=5 
fv1Q=NPOI NT ( 5,1 l 
WRITEC6,500) 
FORMATI1X,20HPRIMARY CLARIFIER 
WRITEC6,51Ul 
FORMATI5X,30HNUMBER OF TANKS IN PARALLEL = 
READ(2,20U) F 
EENCMQ+4)=F 
WRITE<6,52U) 
FORMATI5X,26HLENGTH OF TA~K liN FT) = 
READ(2,20U) F 
EENCMQ+l6l=F 
\!JRITEC6,530) 
FORMATC5X,25HWIDTH OF TANK CIN FTl = 
READ(2,20Uf F 
EENCMQ+17l=F 
WRITE(6,540) 
FORMATC5X,25HDEPTH OF TANK CIN FT):= 
READC2,200l F 
EENC~1Q+l8l=F 
WRITEC6,550) 
FCR~ATC5X,26HNUMBER OF SLUDGE PUMPS = 
READ{2,2U0) F 
EENCMQ+23l=F 
ltJRITE(6,560) 
FORMATC5X,35HCAPACITY OF SLUDGE PUMPS CIGPH) = 
READ(2,200) F 
EENCMQ+24l=F 
ltJRITEC6,570) 
FORMATC5X,4GHFRACTION OF CAPACITY PUMPS ARE USED = 
READC2,200) F 
EEN C M.Q+25 l =F 
NCALC=NCALC+l 
LLSTCNCALCl=6 

ltJRITEC6,410) 
410 FORMATI1HU,30HANY ACTIVATED SLUDGE TANKS­

READC2,20U) F 
c 
C SETTING THE SPLITTER BEFORE THE ACTIVATED SLUDGE TANKS 

fviQ=NPOINTI6,ll 
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c c 

580 

'345 

555 

565 

600 
35 
575 

585 

c 

c 

EENCMQ+l6l=F 
EENCMQ+l7l=l.O-F 
IFCF.LT.l.Ol GO TO 40 

ASKING FOR DETAILS ON THE ACTIVATED· SLUDGE TANKS 
LPl=l 
NCALC=NCALC+l 
LLSTCNCALCJ=7 
fv1Q=NPOINTC7,1) 
1.-JRITEC6,580) 
FORMATC1X,25HACTIVATED SLUDGE TANKS 
vJRITE(6,510> 
READ(2,20U) F 
EEN C fv1Q+4 > =F 
WRITEC6,520) 
READ(2,200) F 
EENn,Q+l6 l=F 
WRITEC6,530) 
READ(2,200) F 
EEN(MQ+l7l=F 
WRITEC6,54iJ) 
READ(2,200) F 
EENCMQ+l8l=F 
WRITEC6,545) 
FORMATC5X,37HNUMBER OF STIRRED TANKS IN SERIES = 
READC2,200J F 
EENCMQ+34l=F 
WRITE(6,555) 
FORMATC5X,3iJHARE YOU USING STEP AERATION 
READC2,200) F 
EENCMQ+l9l=l.O 
IFCF.LE.O.u) EENCMQ+l9l=EENC~Q+34) 
IFCF.LE.O.Ol GO TO 35 
SUM=U.O 
DO 60U KM=l,lO 
\tJRITEC6,565l KM 
FORMATC1X,25HFRACTION OF FEED TO TANK ,r3,4H = 
READC2,200) F 
EENCMQ+34+Kfvl)=F 
SUM=SUM+F 
IFCSU~.GE.l.O) ~0 TO 35 
C0NTINUE 
\>J R I T E ( 6 , 5 7 5 ) 
FORMATC5X,z5HNUMBER OF AIR BLOWERS = 
READ(z,zOO) F 
EEN C t-.10+45) =F 
\>J R I T E ( 6 ' 5 8 5 l 
FORMATC5X,32HCAPACITY OF BLOWERS CSCF/HRl = 
READ(2,200) F 
EENCMQ+46)=F 

NCALC=NCALC+l 
LLSTCNCALCJ=8 

C ASKING FOR DETAILS OF THE SECONDARY CLARIFIERS 
MQ=NPOINTC8,1) 
WRITE(6,590) 

590 FORMATClHU,zGHSECONDARY CLARIFIER 
WRITEC6,510) 
READCz,zOO) F 
EEN(MQ+4l=F 
WRITE(6,505) 

505 FORMATC5X,25HSURFACE AREA CSQ FTl = 
READCz,zOO> F 
EEN(MQ+l8l=F 
\If R I T E ( 6 , 5 50 l 
READCz,zOU) F 
EENCMQ+20l=F 
\.tJRITEC6,560) 
READC2,200) F 
EEN (l'vlQ+21) =F 
vJRITEC6,57U) 
READC2,200) F 
EENCMQ+22l=F 
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c 

c 

NCALC=NCALC+l 
LLSTCNCALCl=9 
NCALC=NCALC+l 
LLSTCNCALCl=lO 

C ASKING FOR DETAILS OF THE WASTE SLUDGE POLICY 
MO=NPOINTClLI,ll 
WRITE!6,535l 

535 FOR~ATCIX,3UHFRACTION OF SLUDGE WASTED= 
READ!2,200) F 

c 

EEN!M0+17l=F 
EEN C rv10+16 l =1.0-F 
NCALC=NCALC+l 
LLST!NCALCl=ll 

~'JRITE(6,420) 

296 

420 FORMAT!1X,2UHIF WASTE ACT SL TO ,/,5X,2CHPRI CLAR -TYPE 1.0 

c 
40 

c 
440 

c 
c 
450 

460 

515 

1,/,5X,31HDIRECTLY TO DIGESTER -TYPE 2.0 ,/,5X,21HTHICKENER -TYPE 
23.0 ,/} 

READC2,200J F 
JF=F+O.Ol 
fvl,Q=NPO I NT! 11,1} 
EENCI'/,Q+l6l=O.O 
EENCM0+17l=O.O 
EENCMQ+l8l=O.O 
EEN!MQ+15+JFl=1.0 
IFCF.LT.3.0l GO TO 40 
NCALC=NCALC+l 
LLST<NCALCl=12 
NCALC=NCALC+l 
LLSTCNCALCl=19 
1/JRITE(6,4'30) 
FORMATI1X,4UHIS THICKENED SLUDGE SENT TO DIGESTER -
READ(2,200) F 
MQ=NPOINTCl9dl 
EEN(f'jQ+l7l=F 
E EN ! 1v1 Q+ 16·) = 1 • 0 -F 

NCALC=NCALC+l 
LLSTINCALCl=20 

~vRT TE ( 6,440) 
FORMATC1Hv,l8HANY DIGESTERS -
READC2,200l F 
IFCF.LT•l•O> GO TO 50 
LP2=1 
NCALC=!'KALC+l 
LLSTINCALCl=l3 

ASKING FOR DETAILS OF THE DIGESTERS 
WRITE(6,450l 
FOR~ATC1X,3UHONE OR TWO STAGE DIGESTION­
READC2,200l F 
fvJQ = N P 0 IN T C 13 , 1 } 
EENCMQ+l6l=F-l.O 
EENCM0+17l=l.0-EENCM0+16l 
IF!F.LT.2.Ul GO TO 60 
NCALC=NCALC+l 
LLSTCNCALCl=l4 
r-.10=1\!POINT C 14d l 
\'J R I T E ( 6 , 4 6 0 l 
FORMATC1X,22HFIRST STAGE DIGESTER 
WRITEC6,51vl 
READC2,2UU) F 
EEN (lvJQ+4} =F 
WRITE!6,515l 
FORMAT!5X,3UHDIAMETER OF TANK CIN FTl = 
READC2,200J F 
EENCWH16l=F 
'tJR I TE! 6, 540) 
READC2,200l F 
EENCMQ+17l=F 
WRITEC6,525} 



525 FORMATC5X,35HTEMPERATURE OF DIGESTION DEG C = 
READ(2,20CJ) F 

c 

47C 

c 
60 

480 
65 

c 

EEN(t-/,Q+19l=F 

NCALC=NCALC+1 
LLSTCNCALC)=15 
WRITEC6t47Ul 
FORMATC1X,23HSECOND STAGE DIGESTER 
GO TO 65 

NCALC=NCALC+1 
LLSTCNCALCl=15 
WRITEC6,48i.J) 
FORMATC1X,2UHANAEROBIC DIGESTER 
CONTINUE 
f\.~Q=NPOI NT ( 15,1 l 
h1RITEC6t510) 
READ(2,200l F 
EENCMQ+4J=F 
WRITE(6,515l 
READC2t200) F 
EENCMQ+16l=F 
WRITEC6,540) 
READC2t200) F 
EENCMQ+17l=F 
WRITEC6t525l 
READC2t200) F 
EENCMQ+19l=F 
NCALC=NCALC+1 
LLSTCNCALCJ=16 

50 IFCLP1.NE.ll GO TO 70 
NCALC=NCALC+l 
LLSTCNCALCJ=22 
~~ Q = N P 0 I NT C 2 2 , 1 > 
EENC~Q+4l=CFLOATCLPl+LP2-1ll*100.0 +1.0 
EENCM0+20l=1.0 
EEN ( I'W+21 l =l.U 
E EN< f',1Q+ 1 7 l = 1 0. 0 
IFCLP2.NE.1l EENCMQ+17l=20.0 

70 IFCLP2.NE.ll GO TO 80 
NCALC=NCALC+l 
LLSTCNCALCl=23 
MQ=NPOINT<23,1l 
EENCMQ+4l=<FLOATCLP1+LP2-llJ*100.0 +1.0 
EENCMQ+20l=EENCMQ+4l 
EENCMQ+21l=EENCMQ+4) 
EENCtv.Q+l7J=5.0 
IF<LP1.NE.ll EENCMQ+l7J=20.0 

c 
80 CONTINUE 

·c 
c 
c 
750. 

700 

610 

NCALC=NCALC+1 
LLSTCNCALCJ=17 
NCALC=NCALC+l 
LLSTCNCALCJ=18 

ASKING FOR AVERAGE FEED CONDITIONS 
WRITEC6t750J 
FORMAT<lH0,3uHWANT TO SET UP FEED STREAM 
READ(2,20U) F 
IFCF.LE.O.OJ RETURN 

CALL STREAI\1(1.0) 
LIJRITEC6t700) 
FORMAT(lH0,40HAVERAGE FLOW TO YOUR PLANT CMIGDJ = 
READC2,20CJ) F 
FLOW=F*1.0E6/24.0 
FRAC=FLOW/SNCISt3) 
DO 610 J=6,JJ 
SNC JS,JJ=SNC IS,Jl-*FRAC 
SNCISt3l=FLOW 
VVRITEC6t760) 
FORMATC1X,50HNOTE THAT BOD APPROX GREATER THAN TWICE DOC 
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710 

720 

730 

vJRITEI6,710) 
FORMATC1X,31HAVERAGE BOD5 TO YOUR PLANT = .) 
READ(2,200) F 
SN<IS,JOJ=FLOW*lO.O*F*l•OE-6 
\>JRITE(6,720l 
FORMATI1X,43HAVERAGE SUSPENDED SOLIDS TO YOUR PLANT = 
READI2,200) F 
SNIIS,lll=FLOW*lO.C*F*l•OE-6 
WRITE(6,730) 
FORMATI1X,36HAVERAGE DISSOLVED ORGANIC CARBON = 
READ(2,200) F 
SN<IS,9l=FLOW*lO.O*F*l.OE-6 
SNIIS,22)=0.0 
SNIIS,20)=0•2*SNIIS,9l 
SNCIS,21l=SNIIS,9l-SNIIS,20l-SN(IS,22l 
RODSOL=1.9*1SNIIS,20l+SN<IS,21ll 
BODP=SNIIS,lUl-BODSOL 
VSS=BODP/1.2 
SNIIS,l5l=FLOW*lU.0*5.0E-6 
SNIIS,16J=v·5*VSS 
SNIIS,l7)=0.u 
SNIIS,l8l=U.2*VSS 
SNIIS,J9)=U.3*VSS 
SNIIS,l2l=2.l*IVSS+SN(IS,l5)) 
SNIJS,l3l=U•6*(SNIIS,lll-SN<IS,12ll 
SN(JS,l4l=v.4*(SNIIS,lll-SN<IS,l2l) 
SNI IS,Bl=SNI IS,9l+VSS+SN( IS,l5l 
IV= IS 

CALL STRE/\rv-1(2.0) 
DO 620 J=2,JJ 

620 SNCISdl=SN<IVdl 
c 

CALL STREAMC16.0l 
DO 64U J=6,JJ 
SN(IS,JJ=SN<IS,Jl*FRAC 

640 CONTINUE 
SNIIS,3l=SNIIS,3l*FRAC 

C PURGE SN FILE 
DO 63v I=ldii 
IS=SN (I d )+0.01 
IF((IS.EO.Jl.OR.IIS.E0.16l.OR.IIS.E0.2ll GO TO 630 
SNIIdJ=O.O 

630 CONTINUE 
c 

RETURN 
END 
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c c 

c 
c 
c 
c 
c 
c 
c 
c c 
c 
c 
c 
c 
c 
c 
c 
c 

9 
c 
500 
c 

SUBROUTINE CASET 299 

COMMON LLST(sUl,NS(}UU),EN(JOOl,SI(4,30l,S0(4,30l,KPRNTI10) 
COMMON IS,NE,JJ,LOQP,NIN,NOUT,~SN,ISP,NC,III'NCALC,NOCOMP,NSR 
COM~ON MODE,NPLNT,LOOPC . 
COMMON SNI25,30J,EENI600J,NPOINTI25,2) 
COt-WON /C I I ND 

GENERATES A CASE STUDY AROUND THE AVERAGE RAW FLOW 

EN VECTOR. 
********* 
1·-15. STANDARD FORMAT 
6. = }.0 
7. STREAM NUMBER OF USUAL RAW WASTE FLOW (=l.Ol 
11. = 1.0 
12. STREAM NUMBER OF GENERATED INPUT STREAM (=2.01 
16. EQUIPMENT NUMBER OF PRIMARY SETTLER 1=5.01 
17• EQUIP~ENT NUMBER OF TriE ACTIVATED SLUDGE TANKS <=7•0) 
18. EQUIP~ENT NUMBER OF THE SECONDARY CLARIFIERS (=8.0) 
19. EQUIPMENT NUMBER OF THE DIGESTERS <=15.0) 
20. ANY NU~BER BETWEEN 1.0E6 TO 1.0E8 ~ USED AS THE STARTER 

IN THE RANDOM NUMBER GENERATOR 

IFIENI20J.GE.1.0E6l GO TO 9 · 
ltJRITE(6,470) 
FORMATI1X,5UHTYPE ANY NUMBER BETWEEN 1 MILLION TO 100 MILLION 
READ(2,200) F 
F 0 R ~-1 A T I F 1 2 • 3 l 
MO=NPOINTI25,ll 
EEN I ~.0+20 l =F 
ENI20l=F 
Ir--JD=ENI20) 
IND=IND*2+1 
CONTINUE 

\tJRITEI6,500) 
FORMATilX,zCHREADY TO PLAY GAMES 

S=EN(7) 
CALL STREM"'ISl 
IIN=IS 
S=ENI12l 
CALL STREAMIS> 
IF( IS.LE. I I I) GO TO 22 
CALL S TREA!VJ I u. 0) 

,;,20H ••••• CLUES ••••• 

22 CONTINUE 

c 
c 
c 
10 

.c 
c 
20 

600 
c 
c 

c 
c 

IO=IS 
SNIIOdl=EN(l2l 

GENERATING A RAW WASTE FLOW 
SET \'lATER FLO~J 
CONTINUE 
CALL RANDOMIZl 
IFIZ~LT.0.25l GO TO 10 
SNII0,6l=SNIIIN,6l*Z*2•0 

SET COMPONENT FLOWS 
DO 600 J=l3,JJ . 
CONTINUE 
CALL RANDOMIZ) 
IFIZ.LT.0.25) GO TO 20 
SNIIO,Jl=SNIIJN,JJ*Z*Z.O 
CONTINUE 

SET TOXIC COMPONENT FLOW 
CALL RANDO/Vl ( Z) 
SNII0,30l=Z 
SNI I0,2l=SN( IIN,2l 
SNI I0,4l=SNI IIN,4l 
SNI I0,5l=SNI IIN,5l 
SNI IQ,7l=SN< IIN,7) 

CALL BALNCE(l,IOl 



c 
c 
24 

1 

610 

620 

400 

11 

.410 

c 
2 

630 

640 

420 

12 

430 

c 
3 

650 

660 

13 

450 

c 
4 

670 

680 

14 

460 

15 

16 

17 
5 

GENERATING EQUIPMENT FAILURES 
CONTINUE 
CALL RANDOM(Z) 
KO=Z-::-11.0+1.0 
GO TO 11'1'2'2'3'3'4'4'4'4'5'5),K0 
f-1M=EN ( 16)+u.v1 
DO 61li I=1,NCALC 
IFILLST(IJ.EQ.MMl GO TO 620 
GO TO 24 
CONTINUE 
MQ=NPOINT(MM,ll 
IF(KO.EQ.2) GO TO 11 
EENIMQ+4J=EENIMQ+4)-1.0 
WRITE(6,400) 
FORMATI1X,25HONE PRIMARY TANK IS DOWN 
GO TO 5 

300 

EENIMQ+23l=EEN(MQ+23)-1.0 
WRITE(6,410) 
FORMATI1X,5liHONE OF THE PRIMARY SLUDGE PUMPS IS NOT WOR~ING 
GO TO 5 

MM=ENI17l+0.01 
DO 630 I=1,NCALC 
IFILLSTIIl.EQ.MMl GO TO 640 
GO TO 24 
CONTINUE 
MQ=NPOINTIMM,1) 
IFIKO.EQ.4l GO TO 12 
EENIMQ+4l=EENIMQ+4l-1.0 
WRITE(6,42u) 
FORMATI1X,35HONE ACTIVATED SLUDGE TANK IS DOWN 
GO TO 5 
EENIM0+45l=EENIMQ+45l-1.0 
'tJ R I T E I 6 , 4 3 0 l 
FORMATI1X,4uHONE OF THE AIR BLOWERS IS DOWN 
GO TO 5 

tiiJM=ENI 18)+0.01 
DO 65CJ I=ltNCALC 
IFILLSTIIl.EO.MMl GO TO 660 
GO TO 24 
CONTINUE 
MQ=NPO I NT I MiiiJ, 1} 
IFIKO.EQ.6l GO TO 13 
EENIMQ+4J=EENIMQ+4l-1.0 
~vR IT E ( 6, 440) 
FORMATI1X,35HONE OF THE SECONDARY CLARIFIERS IS DOWN 
GO TO 5 
EENIMQ+20l=EENIM0+20J-1.0 
Y.JRITE(6,450) 
FORMATI1X,45HONE OF THE SECONDARY SLUDGE PUMPS IS DOWN 
GO TO. 5 

tv1fv.=ENI 19)+0.01 
DO 67u I=1,NCALC 
IF!LLSTIIl.EQ.MMl GO TO 680 
GO TO 24 
CONTINUE 
MQ = N P 0 I NT ( tv1M , 1 l 
KO=K0-6 
GO TO !14,15,16,17l,KO 
IF!EEN!MQ+4l.LT.2.0l GO TO 24 
EENIMQ+4l=EENIMQ+4)-l.O 
WRITE(6,460) 
FOR~ATC1X,25HONE DIGESTER IS DOWN 
GO TO 5 
CONTINUE 
GO TO 5 
CALL RANDOMIZ) 
EENIMQ+24l=Z 
GO TO 5 
EENIHQ+l9J=25.0 
CONTINUE 



c 
c 

c 

RETURN 
END 

SUBROUTINE RANDOM(Zl 

301 

C GENERATES RANDOM NUMBERS HAVING A 0NIFORM DISTRIBUTION BETWEEN. 0-1 
C USES THE.MIXED MULTIPLICATIVE CONGRUENTIAL METHOD 
c 

c 

c 

CO~~MON /C/ I ND 
DATA IL/1/ 

IF(IL.EQ.Ol GO TO 1 
IL=O 
M=2**30 
FM=Ivl 
N=2*-* 15+3 
IX=IND 

1 CONTHIUf 

c 

IX=iv10D(N*IX,/'t.l 
FX=IX 
Z=FX/FM 

RETURN 



c 

c 

c 
c 
c 
c 
c 
c 
c 

400 

410 

420 

c 
c 

. 480 
c 
c 
430 

i10 

440 

200. 
210 

120 

450 

460 

SUBROUTINE ICLOAD 
302 

COMMON LLSTI50l,NS(1UU),ENI100l ,SI(4,30l,S0(4,30l,KPRNT(10) 
COMMON IS,NE,JJ,LOQP,NIN,~OUT,MSN,ISP,NC,III,NCALC,NOCOMP,NSR 
CO~MON MODE,NPLNT,LOOPC 
COMMON SNI25,30J,EENI600J,NPOINTI25,2l 
DIMENSION COSTI15l 

COSTI1)=0.0 
COSTI2l=8.0 
COST<3>=2v.O 
COST<4l=2.0 
COST15)=0.0 
COSTC6)=2u.O 
COSTI7)=8.0 
COSTI9l=8.0 
COSTI10)=1U.U 
COST(8)=8.0 
COST(l1l=8.0 
COSTI12l=l5.0 
COSTI13l=20.0 
COSTI14l=20.0 
COSTI15)=20.0 
TCOST=O.O 

ALLOWS PLAYER TO MAKE DECISIONS AS TO PLANT OPERATIONS AND 
TO MAKE ANALYSES OF ANY STREAM COMPONENT 
COSTS ARE CALCULATED FOR ANY ANALYSIS AND A SURChARGE IS APPLIED 
TO ANY PLANT DISCHARGING AN UNSATISFACTOY EFFLUENT 
THE FINAL EFFLUENT MUST BE STREAM 35.0 
CALL STREAM(35.0) , 
FLOW=SNIIS,3l*24.0*1•0E-6 
WRITEI6,4U0l FLOW 
FORMAT<1X,l5HEFFLUENT FLOW= 'Fl2e6,6H MIGD l 
BOD=SN(IS,1Ul*1.UE5/SNIIS,3l 
WRITE16,41Ul BOD 
FORMATI1X,l5HEFFLUENT BOD = ,FS.ll 
TCOST=TCOST+COSTI10) 
SS=SNIIS•lll*l.OF5/SNIIS,3l 
vJRITE(6,42Cl SS 
FORMATI1X,l5HEFFLUENT 55 = ,FB.ll 
TCOST=TCOST+COSTill) 

APPLY SURCHARGE ON EFFLUENT 
BODCH=SNIJS,1Ul-30.0*SNCIS,3l*l•OE-5 
IFIBODCH.LE.O.Ol BODCH=O.O 
SSCH=SNIIS,lll-30.0*SN(IS~3l*l·OE-5 
IFISSCH.LE.U.U) SSCH=O.O 
SURCH=1·2*1BODCH+SSCH) 
WRITEI6,48v) SURCH 
FORMAT(lH0,3SH •••••••• SURtHARGE ON EFFLUENT = $ 

ASKING FOR ANALYSES 
~~RITE(6,430l 
FORMAT(IH0,25HWANT ANY ANALYSES DONE­
READI2,z00) AN 
IF(AN.LE.U.O) GO TO 100 
CONTINUE 
\!JRJTE(6,44Ul 
FORMATC1X,20HTYPE STREAM NUMBER 
READiz,zOOl S 
FOR~·1ATIF12.3) 
FORMATI2F12e4l 
IFIS.LE.O.Ul GO TO 100 
CALL STREAM(S) 
CALL CONVERT(1,l,IS,3,1l 
CONTINUE ~ 
WRITE(6,450l 
FORMATI1X,20HTYPE ELEMENT NUMBER 
RFAD(?,200l SJ 
IFISJ.L~.O.O) GO TO 110 
IJ=SJ+0.01 
vJ R I T E ( 6 ' 4 6 0 l S I I 1 , I J l 
FORMATC1X,2DH ••••• ANALYSIS GIVES ,Fl2ell 
IFIIJ.EQ.30l IJ=l5 



c 
100 

470 
c 

TCOST=TCOST+COST<IJl 
GO TO 120 

CONTINUE 
WRITE(6,47Ul TCOST 
FORMAT(1HU,3UH ••••• TOTAL ANALYTICAL COST = $ 

~~RITE(6,52Ul 
520 FORMAT(1HU,45HWANT TO SEE THE SUMMARY REPORT ON STREAMS -

READ(2,20Ul AN 
IF<ANeLT.1.0) GO TO 190 
CALL DISKI0(1,24l 
CALL REPT01 

190 CONTINUE 
c 

c 
c 

RETURN 
END 

SUBROUTINE ENSET 

303 

COM~ON LLST<50l,NS(100l,EN(1001,SI(4,30l,S0(4,301,KPRNT<101 
COI\':fviON IS, NE, JJ, LOOP, N IN, f'lOUT, ri;SN, I SP, NC, I I I, NCALC, NOCOi'IP, NSR 

c 
c 
c 
] 40 

500 

?.00 

150 

510 

210 

c 
130 
c 

COMMON MODE,NPLNT,LOOPS · 
COM~ON SN(25,3Ul,EEN(6 Ol,NPOINT(25,21 

ALLOWS PLAYER TO MAKE PLANT ADJUSTMENTS 

CONTINUE 
VVRITE(6,500l 
FORMAT<1X,22HTYPE EQUIPMENT NUMBER 
REA0<2,200) S 
FORfY1AT ( F12 • 3} 
IF(S.LE.O.Ul GO TO 130 
~11M=S+O. 01 
HQ=I'lPO HH < M~h 1 l 
CONTINUE 
WRITE(6,510l 
FOR~AT(1X,4UHTYPE ELEM. NUMBER AND VALUE CHANGED TO 
READ(2,21Ul SJ,EL 
F 0 W¥1 A T ( 2 F 1 2 • 3 l 
IF(SJ.LE.U.U) GO TO 140 
IJ=SJ+0.01 
EEN ( fv1Q+ I J l =El 
GO TO 150 

CONTINUE 

RETURN 
END 
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~~O~AS T ER WAST E \·J ATE R TREATMENT PLANT SH1ULATION INTERACTIVE VERSION 
o.o o.o o.o OeO o.o 
o.o o.o o.o OeO o.o 
19e0 25e0 10.0 
?..0 3.0 4.0 5.0 6.0 
7.0 8.0 9.0 10.0 11.0 
2U.U 13.u 14.0 l5e0 16.0 
22.0 23.u 17.U 18.0 
-35.0 
1.0 1.0 7.0 1.0 1.0 
7.0 1.0 1.0 1.0 1.0 
7.0 1.0 1.0 7.0 1.0 
1.0 r.o 7.0 7.0 7.0 
r.o 7.0 7.0 6.0 7.0 
1.0 7.0 leO 7.0 leO 
7e0 7e0 7e0 7e0 leO 
2e0 
] . () 7.0 66000e0 25.0 OeO 
6nOOOO.O 4.0 OeO o.o o.o 
o.o OeO 78.0 30.0 5e0 
37.0 ', 10.0 5.0 30.0 10.0 
50.0 5.0 roo.o OeO o.o 
o.o 23eU 0.5 6.0 o.o 
16.0 7.0 16000.0 25e0 o.o 
160000.0 o.o o.u o.o o.o 
o.o o.o 2000.0 1500.0 1000.0 
1 ooo.o 40.0 o.o 1000.0 4.0 
6.0 10.0 90.0 o.o o.o 
o.o ro.o 5.0 4.0 o.o 
23e0 
2.0 15.0 16.0 1.0 OeO 
1.0 2e0 OeO o.o o.o 
leO 3.0 o.o o.o o.o 
leO 
~.o 11.0 15.0 0.7 o.o 
1.0 3.0 o.o o.o o.o 
1 • 0 4.0 o.o o.o o.o 
4.0 leO rs.o OeO o.o 
3.0 4.0 22.0 30e0 ·0 e 0 
3e0 5.0 6.0 7e0 o.o 
leO OeO o.o 
5.0 6.0 25.0 2e0 OeO 
2e0 5e0 18e0 OeO OeO 
3e0 8e0 9.0 31.0 OeO 
':)0.0 l8e0 12e25 60000.0 soooo.o 
Oe§5 o.b 2.0 suo.o 0.25 
6. 1 • 17.0 o.o o.o 
2.0 s.o 6.0 o.o o.o 
2.0 10.0 11.0 o.o o.o 
.1.0 o.o 
7.0 7.0 46.0 2.0 o.o 
2.0 16.0 ro.o o.o o.o 
1.0 12.0 o.o o.o OeO 
315.0 18.0 10.7 3e0 0,.0015 
0.0027 o.ooooo2 2.2 0.54 0.42 o.o1 ·90000.0 o.oor2 o.or 0.15 
0.09 o.o o.o 3.0 1. 0 
o.o o.o o.o o.o o.o 
·o. o o.o o.o o.o 3.0 
60000.0 
R.O 9.0 22.0 2.0 o.o 
] • 0 12.0 o.o o.o o.o 
3.0 03.0 14.0 32.0 o.o 
1. o· .2 982.0 suooo.o 2.0 
25000.0 0.3 
9.0 4.0 15.0 o.o o.o 
r.o 14.0 o.o o.o o.o 
1.0 1 5. 0 o.o o.o o.o 
ro.o r.o 17.0 o.o o.o 
1.0 15.0 o.u o.o o.o 
2.0 16.0 17.0 o.o o.o 
0.9 0.1 
11.0 1· 0 18.0 o.o o.o 
leO 17.0 o.u o.o OeO 
3e0 l8e0 19.0 20.o0 o.o 
1.0 o.o o.o 




