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Abstract 

This report examines the dynamic response of a 0. 5 

metre pilot scale rotating biological contactor when 

operated under transient influent conditions. Experimental 

data are presented for two modes of operation: carbon 

oxidation and carbon oxidation plus nitrification. During 

the carbon oxidation experimental runs, a 2.0 metre RBC was 

operated in parallel with the 0.5 metre RBC, thus allowing 

comparisons in the performance of the units. 

When the 0. 5 metre RBC was operated under ni trifying 

conditions, it was found that the effluent filterable TKN 

responded positively to influent variations in filterable 

TKN loading, TKN concentration and hydraulic loading. 

Transfer f unction noise models were developed which 

successfully predicted the time varying effluent TKN 

response. The response in effluent filterable TKN was 

predicted most precisely by influent TKN loading. Models 

based on influent TKN concentration and flow were not as 

precise in predicting effluent response. The effluent 

response of the 0.5 metre RBC was found to be greater than 

the response of activated sludge pilot units when operated 

at similar levels of removal. 

When the 0. 5 met re RBC was operated in the carbon 

oxidation 'mode, significant effluent responses were 

observed for carbon loading and concentration. Little 

correlation was found between influent flow and effluent 

carbon concentration. Operating under ident i cal conditions, 

the 2.0 m RBC showed significant responses to carbon 

loading, carbon concentration and flow. 
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1. INTRODUCTION 

The rotating biological contactor (RBC) is an 

aerobic biological treatment system based on the biosorption 

principle. It employs captive biological slimes to remove 

substrate from the liquid wastewater by physical and bio

chemical means. 

RBC treatment design criteria are still in the 

development stage and have generally been based on hydraulic 

loading. Early investigations (Antonie, 1970) indicated 

that BOD 5 and ammonia removal followed first order kinetics. 

This led to designs based on percentage removal and hy

draulic loadings. Further refinement of this approach 

provided designs based on effluent concentrations and areal 

hydraulic loadings, with no consideration provided for 

influent substrate concentrations or mas~ loadings. Recent 

publications (Antonie, 1976; Poon et al, 1977) suggest that 

influent substrate concentrations also have an influence on 

the design relationships. 

Capital costs for the RBC have been shown to 

decrease linearly with hydraulic capacity (Antonie, 1976), 

potentially providing relatively inexpensive biological 

treatment for small communities, work camps, and summer 

camps. However, wastewaters from these sources tend to have 

large diurnal flow and substrate concentration fluctuations 

(Randtke et al, 1977) and if the RBC is to be used in these 

applications its dynamic behaviour must be evaluated and 

quantified . 

Attempts to date to model the performance of the RBC have 

been based upon steady-state equations. Of the few kinetic 

studies reported, ·the deterministic models which have been 

developed are based on two general concepts (Friedman et al, 

1976; Kornegay, 1969; Famolaro et al, 1976; Hansford et al, 

1978): 
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1. kinetic models for growth, or 

2. empirical models based on mass transport concepts. 

To describe the removal capability of an RBC using these 

concepts, deterministic models must attempt to incorporate 

RBC mixing characteristics, retention time, active biofilm 

thickness, rotational speed, available surface area, system 

geometry, and diffusion coefficients for oxygen and sub

strate transfer. The parameter values describing these 

characteristics are estimates at best, and introduce poten

tial weaknesses to the models. Further, model parameter 

values obtained in this fashion will not describe the dy

namic relations between influent and effluent when the input 

to the RBC is highly variable. 

An estimate of the stability for a RBC can only be 

obtained using techniques which elucidate the response to 

non-steady operation. Incorporation of the process dynamics 

into a deterministic model yields a complex system of linear 

differential equations (Kornegay, 1969). Time series analy

sis is an alternative to be considered as a method to des

cribe the process dynamics. Using this method, insight into 

the significant influent variables affecting effluent qual

ity, and forecasting of effluent quality for various in

fluent values can be obtained to provide a basis for process 

assessment and control. Time series analysis as developed 

by Box and Jenkins (1970) is one approach that can be used 

to relate influent and effluent variables for actual experi

mental or operational data. The resulting model may be 

updated as more information becomes available. Berthoeux et 

al. (1976) and Murphy et al. (1977) have previously demon

strated the potential of time series model building for 

describing wastewater treatment systems. 

This study has examined the performance of pilot scale RBCs 

operating under variable influent loadings of organic carbon 

and ammonia. The experimental design allowed the use of 
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time series analysis to examine the response of RBCs under 

non-steady influent conditions and provided a means for 

assessing design criteria for the RBC. Comparisons of the 

performance of the pilot scale RBC with a full scale RBC and 

conventional activated sludge units have been made. 
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2 . LITERATURE REVIEW 

2.1 Process Description 

The Rotating Biological Contactor ( RBC) is an 

aerobic biological waste treatment system which is based on 

the "biosorption" principle. By using the adsorptive and 

absorptive properties of captive biological slimes, organic 

material is removed from liquid wastes by physical and 

biochemical means. Each unit consists of a large number of 

lightweight polyethylene discs which are bonded together in 

a stack, mounted on a horizontal shaft and placed in a 

semicircular tank. The discs, which are vacuum-formed in 

sizes up to four (4) metres in diameter, are slowly rotated 

while approximately one half of their surface area is 

submerged in the wastewater. Rotational speeds are 

generally in the range of 2 to 20 rpm. 

Immediately after startup, organisms naturally 

present in a wastewater begin to adhere to the disc 

surfaces, and multiply. After a period of 2 to 3 weeks, the 

unit normally has acclimatized and produces a relatively 

stable, treated effluent. As the discs rotate, the growth 

is alternately exposed to the wastewater and atmosphere. 

The rotating action aera tes the wastewater, provides oxygen 

necessary for organi s m growth and controls the biomas s 

population. , Shearing forces exerted on the biomass cause 

any excess biomass to slough from the discs into the mixed 

1 iquor. The solids remain in suspension until subsequent 

removal by settling. 

RBCs are relatively new to North America. The 

acceptance and application of new and different methods of 

wast ewat e r treatment s ystems has hi s torically taken many 

y ears . As a result, t h e litera ture a v a il a ble on RBC s is 

general and tends to concentrate on their many apparent 

advantages. These may be summarized as follows. 
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1. 	 The system i s not sub ject to washout condi t ions 

because of the large captive b i omass . 

2. 	 The biomass population for the treatment of 

domestic wastewaters has been estimated to be the 

equivalent of 18000 to 30000 mg/L MLSS (Joost, 

1969; Welch, 1968). Manufac t urers suggest that 

these large numbers of captive microorganisms 

will provide a low F/M ratio and enable the 

system to absorb organic shock loads. 

3. 	 Capital investment costs are lower than activa ted 

sludge (Antonie, 1 977) or trickling filter 

syste ms (Winkler, 1 974 ). However, these costs 

increase linearly with treatment capacity and 

thus lose their competi tive edge for large 

facilities . 

4. 	 Operating and maintenance costs are low, as 

little power is required to turn the discs, and 

head loss throughout the plant is mi nimal. 

Little operator attention is required. 

Historical Development 

Accord ing to Hartmann (1960) the original concept 

of the RBC should be creditied to Travis, who, in 1901 , 

tried to increase the efficiency of his "Hydrolytic Tank" 

by hanging thin wooden strips , called colloid catchers, in 

the settling compartment of his unit. Solids accumulated 

on the slats , but did not always slough off, thus causing 

pa rtial clogging of the unit. 

Doman (1929) presented result s which were 

obta ined from the operat ion of what was probabl y the first 

RBC t o resemble modern units . The RBC consisted of 

fourteen 20 gague galvanized iron plates (16 inches in 

diameter) which were 
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rotated in a 4. 7 5 gallon, semi-circular tank. (At that 

time plastic materials were not available. ) Doman obtained 

organic removal efficiencies characteristic of conventional 

aerobic treatment processes and identified research needs 

similar to those being inv estigated today . ( i.e. optimum 

retention times, speed of rotation, suface area effects and 

temperature effects ) . Concurrentl y , Buswell (1929 ) 

reported on a system which he called the "B i olog i c Wheel" 

and cited as advantages that: 

1. 	 the area requirements were about 1/10 of that 

needed for a trickl i ng filter, 

2 . 	 the power costs were low as compared to the 

activated sludge process, and 

3. 	 nitrification was obtained. 

The Great Depression and Wold War II delayed 

further research until l-lartmann and Popel began . investi

gating the process at the Technical University of 

Stuttgart, in 1955. Hartmann ( 1960 ) described the operation 

of two experimental immersion drip filter disc plants. The 

paper outlined performance characteristics and economics 

for their use as a sewage treatment system. Subsequent 

papers by Eopel ( 1964 ) and Hartmann ( 1965 ) indicated that 

disc filters had become moderately well established on the 

continent. Lohr ( 1967 ) described a prototype RBC plant 

which used power from the sewage flow to rotate the discs. 

Reinisch ( 1969 ) gave theoretical reasons to support the 

claims that rotary disc plants were more economical to 

operate than conventional treatment methods. 

In t he U.S.A. and Canada, much of the early 

research was concerned with the use of RBC's for the 

treatment of wastewaters from small communities or 

industrial plants (Antonie et al, 1969, 1970 ) . Using 

designs similar to those 



2-4 


used in Germany, these plants were constructed to treat 

either primary or septic tank effluents . Torpey et al 

(1972) experimented with multiple staged disc uni ts which 

included a final stage exposed to light in order to grow 

algae and ther eby remove inorganic nutrients from the sew

age. 

More recently, Reimer et al (1976) compared the 

performance of several pilot scale wastewater treatment 

units. Under nitrifying conditions he concluded that the 

RBC did not produce as stable an effluent as an activated 

sludge unit. 

Commercial marketing of the RBC began in Europe in 

1959 by J. C. Stengelin Ltd., Tuttingen, W. Germany, who now 

have licences in several countries. By 1973 there were more 

than 1,000 installations in Europe (primarily West Germany, 

France and Switzerland) treating domestic, industrial and 

mixed wastewaters. Treatment capacities varied from that 

generated by a single residence to 45.4 kg BOD 5 removed per 

day (Beak, 1973). 

Allis - Chalmers Ltd. initially introduced the RBC 

system to North America iri the mid - 1960' s and in late 

1970, Autotrol Corporation acquired the patents, inventories 

and contracts from Allis - Chalmers. Other companies now 

operating in North America include Bio Disc (Ames Cresta 

Mills Ltd), Rotordisk (CMS Ltd), Euromatic Bio Drum 

(European Plastic Manufacturing Company), the Rotating 

Biological Surface (Geo . A. Hormel & Co.), Envirodisc 

(Envirodisc Corp . ), and the Rotating Disc Biological Reactor 

(Environmental Dynamics Corp.). 



2.3 

2-5 


Carbon Oxidation 

2.3.1 Design 

Hartmann ( 1965) provided the first detailed ac

count of RBC design practices used in Germany. These de

signs were introduced to South Africa by Pretorius (1973) 

and to North . America by Steels (1974). The design methods 

were based on hydraulic loading, inlet BOD 5 concentration, 

and areal BOD 5 loading, for a town population of 10 , 000. 

Multiplication factors were provided for communities of 

different s i zes. 

Joost (1969) suggested a steady state design equation based 

on the assumption that the biochemical reaction taking place 

is concentration dependent, following a first order equation 

of the type 

% BOD Reduction = K x Ca x Rb x Tc x rd ( 1 ) 

Stage 

where: K is the treatability constant, 

C is the concentration of the waste material, 

R, is the physical configuration constant, 

T is the wastewater temperature, 

r is the res idence t i me, and 


a, b, c, d are partial regression coefficients . 


Unf ortunately , data were not provided f or the constants a , 

b, c, d or K. The above equation was solved using multiple 

regress i on analysis by Weng and Molof (1974), for a nitri

f y i ng system. The results i ndicated tha t influent loa d i ng , 
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concentration and flow had an effect on effluent quality 

but no indication was given as to the relative importance of 

each parameter. 

In North America, Antonie ( 1970) presented data 

which suggested that BOD5 removal was a 11 first order" reac

tion with respect to BOD 5 concentration. "First order" 

removal kinetics implies that a given percentage BOD 5 re

moval is possible regardless of inlet BOD5 concentration or 

loading. Therefore, Antonie introduced RBC treatment facil

ity designs based solely on hydraulic loadings and percen

tage removals. This approach is analagous to the volumetric 

loading rates once used for activated sludge design and 

hydraulic loading rates for trickling filter design. 

Although many investigators believed hydraulic 

flow rate to be the determining factor in BOD5 or COD re

moval in fixed film systems (i.e. trickling filters), Cook 

and Kincannon (1971) ·presented data which indicated that the 

important design parameter for trickling filters was the 

organic loading. They recommended that any comparison 

between trickling filter be made on a g/d-m3 (lbs/ d-1000 ft3 ) 

basis. These results led to a great deal of controversy 

among researchers as to what the primary design criterion 

for RBCs should be and how experimental data should be 

reported. 

Since the paper by Antonie (1970), the RBC manu

facturers have all tended to use areal hydraulic loading as 

their primary design basis. It was not until 1976 that data 

were published indicating that areal mass loading was pos

sibly a better design criterion. Stover and Kincannon 

(1976) operated a RBC pilot plant on slaughterhouse waste

water . They found that a plot of mas s loading versus mass 

removal followed Monod type kinetics for COD removal. The 

plot showed less variability than a similar one using hy
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draulic loading. A limiting removal of 22.5 g COD/ d-m2 was 

obtained for loadings greater than 50 g COD/ d-m2 • 

2.3.2 	 Performance 

Because the rotating biological contactor is a 

relatively new wastewater treatment process, many of the 

papers published on RBC research are devoted to describing 

only their effectiveness in treating industrial and municipal 

wastes, in terms of percentage removals. Pretorius (1971) 

found that a maximum removal rate of 0.49 g COD/ d-g biomass 

was achievable in his 9 disc RBC system. At the same time 

Wells (1971) found that for an influent BOD 5 concentration 

of 250 mg/ l, it was possible to improve BOD 5 removal effi

ciency from 50% to 83% simply by decreasing the flow rate 

from 325. 9 l/d-m2 ( 8. 0 U.S. gal/d-ft2 ) to 163 l/d-m2 ( 4. 0 

U.S. gal/ d-ft2 ) • The results of Pescod ( 1972) seemed to 

verify the "first order" kinetic results obtained by Antonie 

(1970). When viewed on a stage by stage basis, Pescod was 

able to obtain 95% COD removal at a loading of 4 kg COD/d-m2 

for organic wastes near 1000 mg/l. 

Bruce et al ( 1973) recommended a maximum daily 

areal load of 6 g/d-m2 (1.2 lb. BOD/d-1000 ft 2 ) in order to 

obtain the standards set in the U. K. ( 3 0 ppm suspended 

solids, 20 ppm BOD 5 ). The MOE 1974 report recommended that a 

loading of 20 to 25 g/ m2 -d (1 lb BOD 5 / d-1000 ft 2 ) should be 

used to obtain 80 to 90% BOD 5 removal efficiency. EPA, on 

the other hand, simply suggested using an areal hydraulic 

loading of 61.1 l / d-m2 (1.5 U.S.gal/ d-ft2 ) ) to obtain 87% 

BOD 5 removal or better. 

2.3.3. 	 Diurnal Variability, Hydraulic Pulses 
and Intermittent Flow 

The problems peculiar to isolated sewage treatment 

plants serving small communities, summer camps and work 

camps are mainly related to highly variable flow conditions, 
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limited supervision and maintenance. Despite these problems 

there is normally a requirement that the plant will at all 

times produce a consistent effluent quality. All of the 

positive aspects of RBCs indicate that these units should be 

ideally suited for such applications. In addition, economic 

studies reveal that RBC construction costs increase linearly 

with size, suggesting that their use be limited to small 

treatment applications. (EPS Report No. 4-WP-73-4; Winkler, 

1974; Antonie, 1976). 

Popel (1964), Markii(l964) and Antonie (1970) 

investigated RBC effectiveness in situations where cyclic 

operations, shift work, holidays and weekends tend to create 

problems of operation. All three investigators reported an 

increase in BOD 5 or COD removal efficiency during cyclic 

operation. However, this was not confirmed by NCASI (1974) 

or Davis ( 1976) who found an immediate deterioration in 

organic removal efficiency during hydraulic pulses 

Bruce et al ( 1973) subjected a RBC test unit to 

diurnal peak flow variations of 3/1/0. 6 (maximum/average/ 

minimum) in a rectangular wave pattern. The hydraulic pulse 

variation was considered to be .a reasonable simulation of 

the flow pattern which would arise from a small community 

with synchronized activities such as schools and other 

institutions. The results of the study indicated that the 

RBC could not produce a stable effluent quality which would 

meet British effluent standards, although 90% BOD 5 removal 

was obtained. The report did not specify the influent or

ganic loadings. 

Three government institutions have recognized the 

potential of RBCs as a viable treatment alternative for 

small communities and initiated investigations into their 

use. 
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The EPA (1973) found the RBC process to be rela

tively well suited to summer camp application where sewage 

flow was low and fluctuated considerably. It should be 

noted however, that the hydraulic loadings were 4.9 to 48.9 

l / d-m2 (0.1 to 1.01 US gal/ d-ft2 ) whtch are very conservative 

by manufacturers standards. The MOE (1974), EPS (1974), 

Bruce ( 1974) and Antonie ( l 970b) demonstrated that inter

mittent flow did not adversely affect organic removal effi

ciency, although they noted an initial increase in solids 

concentration where operations were resumed after a two-day 

stoppage in flow. Forgie (1974) operated a bio-disc unit at 

a five man workcamp in the Northwest Territories. The unit 

was subjected to loadings ranging from 4.9 to 19.5 g/d-m2 

BOD 5 ( 7. 3 to 29. 2 g/d-m2 COD). Good percentage removals 

were obtained at all levels, although effluent concentra

tions varied considerably. 

Nitrification 

Nitrification of wastewaters may be achieved by 

using the activated sludge, trickling filter or RBC process 

operating under conditions favorable for the development of 

nitrifying bacteria. Nitrifying bacteria are strict auto

trophs and are distinctly different from the heteretrophic 

bacteria responsible for the degradation 6f organic carbona

ceous matter. In the RBC process, nitrification has been 

observed to occur only in the final RBC stages owing to 

differences in yield between the nitrifiers and hetero

trophes (Torpey 1972). Antonie (1972a,1972b) noted that 

nitrifying bacteria can only begin to compete with the 

heterotrophes at BOD5 concentrations of 30 mg/l or less in 

systems utilizing areal hydraulic loadings ranging from 4.9 

to 49 l/d-m2 (0.1 to 1 U.S. gal/ d- ft 2 ). Torpey (1972) and 

Weng and Molof (1974) found that the limiting BOD5 concen

tration was closer to 15 mg/ l and noted that this was equi

valent to a COD of 50 mg/l. 
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2.4.l Design 

Antonie (1970) claimed that ammonia removal kine

tics are a first order function of retention time in the RBC 

system. Design considerations similar to carbon oxidation 

systems were therefore developed, namely, to base the prim

ary design criterion on the areal hydraulic loading to the 

unit. 

First order removal kinetics were also demon

strated by Stover and Kincannon (1975). They investigated 

NH3 -N removal at influent loadings of 0.56, 1.12 and 2.25 g 

NH3 -N /d-m2 • Removal efficiency was shown to decrease from 

100% to 51% in a semi-logarithmic fashion when the flow rate 

was increased four fold. The investigation did not distin

guish between the effect of flow and mass loading. Weng and 

Molof ( 1974) demonstrated that loading and not flow rate 

should be the primary design criterion. Nitrification was 

shown · to remain constant when the flow and concentration 

were varied while maintaining a constant mass loading. 

However, using designed experiments, Wilson (1975) could not 

determine if nitrification followed "zero order" or 11 first 

order" kinetics. Murphy et al. (1975) compared models based 

on "zero order", "half order" and 11 first order" kinetics. 

The model which was "zero order" with respect to TKN con

centration ,was selected as the best able to describe the 

data. 

2.4.2 Performance 

As with carbon oxidation, most of the literature 

has been devoted to describing reactor performance in terms 

of percentage removal. Hao and Hendricks (1975) operated a 

pilot plant RBC in Columbus, Indiana and obtained 92% NH3 -N 

removal of at an areal flow rate of 0.06 m3 /d-m2 (1.5 U.S. 

gal/d-ft2 ). An increase to 0.1 m3 /d-m2 (2.5 U.S. gal/d-ft2 ) 

significantly decreased nitrification. Influent NH3 -N 
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concentrations averaged 8. 8 mg/l at the low flow rate and 

10.8 mg/l at the high flow rate . Wilson (1975) obtained an 

average NH3 -N removal rate of 20 mg/h-m2 ( O.10 lb/d-1000 

ft 2 ) from his system with temperatures varying from 7 to 

20 °C. Variations in mass removal rate at different tem

peratures were related by an Arrhenius expression. Stover 

and Kincannon (1975) noted that N0 3 -N production decreased 

with a simultaneous increase in NH3 -N and COD load . They 

concluded that the increased COD load must have caused the 

heterotrophs to multiply in the last RBC compartments, 

subsequently reducing overall nitrification rates. 

2.5 Denitrification 

In contrast to ammonia removal, complete nitrogen 

removal may be achieved by the biological nitrification

deni trification process. 

Denitrification on a RBC has been demonstrated by 

Pretorius (1973) and Davis and Pretorius (1974). These 

papers described the use of an enclosed, partially sub

merged, anaerobic RBC unit to denitrify a wastewater. They 

overcame two problems associated with conventional submerged 

biological bed denitrification processes: 

a) cl?gging of bed voids by the active biomass, and 

b) adherence of nitrogen gas to the sloughed biomass. 

Shearing of the excess biological growth prevented clogging 

and exchange of the nitrogen gas to the wastewater and 

subsequently to the atmosphere prevented adherence. The 

maximum rate achieved was 250 mg N03 -N reduced/ m2 -h. Below 

10°C, a severe inhibition of denitrification occurred. 

Soyupak (1976) operated a submerged 0.5 metre RBC 

to denitrify sewage. He found that denitrification could be 
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expressed as zero order reactions. Denitrification rates 

were higher than suspended growth or packed column systems. 

Temperature dependency of the denitrification reaction 

rates were independent of flow rate in the range of 2.5 to 

4.0 l/min and was empirically described using an Arrhenius 

relationship. 

2.6 Steady State Modelling 

Success at steady state modelling of RBCs based 

on empirical, semi-empirical or completel y theoretical 

models is limited. Removal characteristics of conventional 

treatment systems have been described b y biological growth 

kinetics and the mixing characteristics of the reactor. 

Using such an approach, models for rotating biological 

contactors must also incorporate parameters to describe the 

active biomass thickness, disc rotational speed , available 

surface area, system geometry, and diffusion coefficients 

for oxygen and substrate transfer. The methods used to 

describe these characteristics are at best, estimates, and 

therefore introduce potential weakness in the models. 

Kornegay ( 1972 ) developed a kinetic expression 

for RBC substrate removal assuming Monad kinetics and a 

completely mix ed reactor. 

• .. ( 2 ) 

where: F 	 is the flow rate, 

, are the influent and effluent substrateS0 s1 
concentrations, 

N is the number of discs, 

r is the total disc radius,
0 

r)J is the submerged disc radius, 

K is the saturation constant,g 
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P is the area capacity constant equal 

to 1 µ xf d,- max 
yg 

Yg is the apparent yield of fixed film organisms, 

µ is the maximum specific growth rate,max 
d is the active microorganism thickness, and 

Xf is the unit mass of biological film. 

Kornegay assumed values for the parameters in the 

model and predicted removal capabilities for a number of 

theoretical design situations. The information gained from 

this study was used to determine RBC treatment capacities 

and design requirements. However, without model calibration 

using experimental data, the results can only be used to 

demonstrate a methodology. 

A more recent investigation into the kinetic 

response of RBC' s was conducted by Friedman et al ( 1976). 

Experimental data were used to calibrate a conventional plug 

flow "first order" model and an empirical model based on 

mass transport concepts. 

Plug Flow Model 

-K t e ( 3) 

Mass Transport Model 

K ( 1 - ...lJ + Ln (Cbi)m 
Cb cbi Cb 

= fh K* A K" e 
0 s e = 

(4)vl vl 
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where: 

cbi' Cb' cean~~fi~~e~;f;~:~:~at~0~~~~~n~i~~~~~~: 

Ke is the reaction rate constant, 


t is the overall time in the system, 


Km is the half saturation constant, 


f is the proportionality constant, 

h is the effective biomass depth, 

K0 * is the maximum areal removal rate, 

As is the submerged surface area per 

disc face or stage, 

K" equals f.h.K~ · As, 

e is the average hydraulic retention 

time per disc face, and 

is the tank liquid volume per discv1 

face. 


A general method was presented for obtaining K" 

from the experimental data. The models were then compared 

to data collected from independent studies. The mass trans

port model was shown to be superior in predicting effluent 

quality on a stage by stage basis. 

Grieves (1972) incorporated a mass transport 

approach and Monod kinetics to develop a steady state model 

for rotatin~ disc systems. The model is: 

1 
-- e ] 

( 5 ) 
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where: Cb' C0 are . the concentration of the limiting sub

s tate in the bulk liquid, and in the raw 

feed, 

N is the number of discs, 

F is th~ flow rate, 

A s is the area of one disc which is exposed to 

the atmosphere, 

Aa is the area of one disc submerged in the 

bulk liquid, 

P2 is the quantity of liquid film attached to 

the biological film which enters the reactor 

per unit time, 

P1 is defined as K2 K1 

is the liquid film coefficient,K2 

is defined as <P-) (X) ( ~ c) 
<~> (K") Cn)( K\.) ' 

is the maximum specific growth rate, 

x is the organism concentration, 

z is the active depth of biological film, 

y is the yield coefficient, 

is the saturation constant in the Monod 

equation, and 

n is the efficiency factor. 

The model effectively described effluent concentrations 

obtained by a number of independent investigations for 

influent substrate concentrations less than 50 mg/l TOC. 
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Dynamic Modelling 

The steady state models discussed previously have 

been used to predict the steady state behaviour for either 

RBC design or operation. Use of steady state models is 

inconsistent with the variable loading of most biological 

waste treatment systems. Parameter values which have been 

obtained for these models will not describe the temporal 

relationships between influent and effluent when the input 

to the RBC is highly variable. An estimate of the stability 

of RBCs can only be obtained by using techniques which 

elucidate the responses to non-steady operation. This fact 

was recognized by Grieves (1972) who developed a dynamic 

mathematical representation of fixed film reactors. The 

dynamic model was developed from theoretical and empirical 

considerations of a fixed biological film attached to a 

rotating surface, and is represented by the following dif

ferential equations: 

dCl,l = K [C* - C ] - D C CL 1,1 1,1 - 2,1 

dt 6Z1 6Z1 ~(6Z1 + 6Z2 ) 


- <P> (X) (cl,l) 

(Y) [Kc+ cl,l] • • • ( 6 ) 

For L = 2 through 5, M = 1 

dcL, 1 = D CL-1,1 - CL,l CL,l - CL+l,l 
dt ;..:Az

L 6ZL-l + 6ZL 6ZL + 6ZL+l 

- ( p ) ( X) (CL' 1) 

(Y) [Kc+ cL,l] . . . ( 7) 
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For L = 6, M = 1 

d c6 , l = D c6,l - cs,1 (p)(X)(C6,l) 

dt t. z 5 + t.z 6 (Y)[Kc + c6,l ] . . . ( 8 ) 

For the liquid film , 

d =CLF, 1 KL [CLF,l - c1,1 ] 
dt . . . ( 9 ) oL 

For the bulk liquid, 

. . . ( 10) 

where: L is an element at any depth in the active 

biological film of thickness t.ZL' 

M is the angular position of the liquid film 

on the biological disc, 

Cb' C0 , F, p, X, Y, Kc have been previously defined 

in equation 5, 

D 	 is the substrate diffusivity, 

is the limiting substrate concentration 

in element L, M, 

KL is the liquid film coefficient, 

C* equals the CLF,M if the element is in the 

reactor atmosphere, 
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C* 	 equals Cb if the element is submerged in 

the bulk liquid, 

A 	 is the area in the plane perpendicular to the 

direction of diffusing limiting substate, 

is the thickness of an element LF in the 

liquid film, 

is the volume of bulk liquid in the 

reactor, and 

is the concentration of the limiting sub

strate in the liquid film. 

The equations were solved using an analog com

puter. Values for the parameters used in the model were 

obtained from literature sources and laboratory data. The 

adequacy of the model was substantiated with dynamic data 

generated from two laboratory rotating disc reactors. 

2.7.1 Linear Dynamic Stochastic Modelling 

The solution of the dynamic model presented by 

Grieves (1972) is both tedious and time consuming. A sim

pler mathell)atical model that would describe the system is 

desirable. The need for a simple dynamic model for fixed

film systems is even more evident when it is considered that 

future treatment facilities may be automatically controlled 

using computers. For successful automatic control, predic

tive knowledge of the system response to dynamic inputs is 
I 

necessary. 

Time series analysis is a viable alternative to be 

considered as a method of describil}g the dynamics of a 

system, providing insight into the significant influent 
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parameters affecting effluent quality, and forecasting 

future effluent quality for various influent situations. In 

addition, once the dynamic transfer function-noise models 

are developed, they are ideally suited for control purposes. 

Because time series analysis is simply a statistical ap

proach relating influent and effluent parameters of actual 

experimental or operational data gathered on a discrete time 

basis, the model may be updated as more information about 

the system becomes available . 

MacGregor (1975) and Berthoeux et al (1976) suc

cessfully developed time series models relating input BOD 5 

data to effluent BOD 5 • Tan (1975) did not observe any 

significant dynamic effects in effluent TOC or .suspended 

solids concentration, but did observe significant relation

ships for effluent N02 -N + N03 -N concentration for an acti

vated sludge plant. Up to date literature reviews of dyna

mic modelling of suspended growth systems were provided by 

Tan (1975) and Sutton (1976). The state of the art of 

sewage treatment plant control was reviewed by Olsson 

(1976). 

MacGregor (1975) recommended the use of designed 

input sequences in order to eliminate the high degree of 

correlation naturally present in municipal sewage (i.e. 

flow, orga:qic carbon concentration and ammonia concentra

tion). Sutton (1976) successfully used this design sugges

tion and was able to describe the dynamic nature of combined 

and separate nitrifying suspended growth systems. Dynamic 

models relating total Kjeldahl nitrogen (TKN) concentration 

to TKN effluent concentration and variations in effluent 

N0 2 -N + N03 -N concentration to TKN input concentration plus 

input organic loading (TOC) were developed. 
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2.7.2 The Box and Jenkins Method of Developing 
Linear Dynamic Stochastic Models 

Data analysis for building dynamic transfer func

tion-noise models involves an iterative procedure to iden

tify tentative models, to estimate model parameters, and to 

test residuals to determine the adequacy of the fit. These 

models have the form: 

2 s b 
(wo - wl~ - w2~ - ... -ws~ )~ Xt + Nt 

. . . ( 11) 

(l-61~-62~ 2 - .. -6 ~r)r 

where: lS the input deviation from the mean at time t,xt 

yt lS the output deviation from the mean at time t, 

6 'w are the transfer function model parameters, 

r,s are the transfer f unct{on model orders, 

b lS the system delay period, 

~ lS the backward shift operator, and 

. . . ( 12) 

where: Nt is the sequence of disturbances in the output which 

is not explained by xt' 

8,$ are the noise model parameters, 

p,d,q are the noise model orders, and 

at is a white noise sequence of independent random 

variables with zero mean and constant variance 

To identify potential transfer function models, 

the cross correlation function between influent and effluent 

variables is used. The cross correlation function between 

two input-output series (X and Y) separated by a constant 

lag, k, is given by: 
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. . . ( 13) 


where: Yxy(k) is the cross covariance function between X 

and Y, and 

a ay are the standard deviations of the X and Yx, 

series. 


The impulse response function, an equivalent form 

of the cross correlation function, can also be used to 

interpret the data. Analysis of the cross correlation func

tion or the impulse response function allows the identi

fication of potential transfer function models, the model 

orders (r,s), the delay period (b), and the initial estimate 

of the parameter values (w, c5). The autocorrelation func

tions of the residuals of the fitted transfer function 

models are used to identify potential noise . models, Nt. 

Once the parameters of the combined transfer function-noise 

models are estimated efficiently by using a non-linear least 

squares technique, model adequacies are verified through 

diagnostic checks. 

Diagnostic checks are made by calculating and examining the 

results of cross correlations between input and residuals, 

and by calculating the 11 s 11 statistic, which is then compared 

to the chi-square distribution (X2 ) with k. - r - s degrees 

of freedom: 

k 

s = m l: r 2 I ( k)
x aA . . . ( 14) 

k=O 

Noise model veri f ica tion is obtaine d by autocor r e l a t i ng the 

residuals of the transfer function noise model. A general 

lack of fi t test is obtained by calculating the "Q" statis

tic which is compared to the chi-s quare d i stribution (X2 ) 

with k - p - q de grees o f freedom: 
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k 

AAQ = m 2 r 2 (k)aa . . . ( 15) 
k=l 

A more detailed description of the methods used 

are provided in Box and Jenkins (1976). 
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3. EXPERIMENTAL EQUIPMENT AND PROCEDURES 

3.1 Pilot Plant Design and Operation 

One O. 5 m RBC and one 2. O m full scale RBC were 

used during this study. The units were obtained from Auto

trol Inc., Milwaukee, Wisconsin. The O. 5 m unit provided 

23.23 m2 (250 ft 2 ) of available disc surface area, while the 

2.0 m unit had 733.93 m2 (7900 ft 2 ). Rotational speeds of 

the large and small unit were fixed at 3 RPM and 13 RPM res

pectively, thereby providing a peripheral tip velocity of 

0.34 m/s (1.12 ft/s). 

Feed to the half metre unit was provided by feed 

scoops or by a variable speed positive displacement pump, 

depending on the flow rates required. Feed to the 2 m unit 

was provided by variable speed positive displacement pumps. 

The influent raw feed used during the course of the experi

ments was degri tted raw sewage from the Burlington Sewage 

Treatment Plant. 

Figure 3.1 presents a schematic diagram of the 

system used and the identification codes for the units. The 

0.5 m unit (0.5 Ml) was operated indoors for a period of 

2-1/2 months and for the remaining time, 0.5 Ml was run in 

parallel w~th the 2 m unit (2.0 M). The biodiscs were 

covered with hoods to provide insulation and protection from 

the natural environment (wind, rain, sunlight). All experi

ments were conducted with the hoods in place. 

3.2 Experimental Plan and Start-Up 

As previously discussed, the RBC has many inherent 

positive features which makes its use attractive in small 

community, workcamp and sumrnercamp applications. Sewage 

generated by such sources is highly variable in both flow 

and concentration, and it is desirable to assess the per
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formance of an RBC under such conditions. Further, there is 

also a need to examine whether hydraulic or organic loading 

is the primary design criterion. To satisfy these goals, 

experiments were designed to permit the use of time series 

analysis to evaluate the dynamic response of the RBC. The 

experimental programme was developed to provide data in two 

modes of operation; carbon oxidation and carbon oxidation 

plus nitrification. 

A summary of the experimental programme is provided in Table 

3.1. The experimental designs are discussed in Sections 3.3 

and 3.4. 

Prior to start-up of each unit, dye studies were 

performed to characterize the mixing regime of the RBCs. 

{Series Al, A3, AS). This data also provided an indication 

of peak residence times which was used in the development of 

the discrete sampling programme. Results from the dye 

studies are presented in Appendix D. 

Acclimation took place during June, 1976 (series 

A2) with start-up of 0. 5 Ml on June 1. The feed rate was 

set at approximately O. 8 l/min to allow for the growth of 

nitrifiers. Almost complete nitrification was achieved in 

two weeks with the high influent temperatures (28°C) ob

tained by passing the degritted raw sewage through a heater. 

The heater was bypassed after two weeks and influent tempera

tures dropped to normal (18 to 20°C). 

The 2.0 metre biodisc (2.0 M) was started up on 

July 16, 1976 in the carbon oxidation mode, at flow rates of 

approximately 100 l/min. Acclimation lasted until August 5, 

1976. The 2.0 metre unit was not used in this study until 

September 7, 1976. 

Runs in series Bl and Cl extended from June 29 to 

July 22, 1976. They were followed by an acclimation period 



3-4 


Table 3 . 1 


Sununary of Experimental Programme 


Operational Mode 

Carbon Oxidation 
Plus Nitrification 

Carbon Oxidation 
Plus Nitrification 

Carbon Oxidation 

Carbon Oxidation 

Carbon Oxidation 
Plus Nitrification 

Carbon Oxidation 

Carbon Oxidation 
Plus Nitrification 

Carbon Oxidation 

Carbon Oxidation 

Experiment 

Hydraulic 
Characterization 
0.5 Ml 

Acclimation, 0.5 Ml 

Hydraulic Charac
terization, 2.0 M 

Acclimation, 2.0 M 

Diurnal Influent 
Variations, 0 . 5 Ml 

Diurnal Influent 
Variations, 0.5 Ml 

Dynamic Perfor
mance of 0 . 5 Ml 

Dynamic Perfor
mance of 0 . 5 Ml 
operated in 
parallel with 
2.0 m 

Dynamic Perfor
mance of 2.0 M 
Operated in 
Parallel with 
0.5 Ml 

Run No 

Al 

A2 

A3 

A4 

Bl 

B2 

Cl 

C2 

E2 

Type of Sampling 

Grab 

Grab and 24 
hour composites 

Grab 

Grab and 24 hour 
composites 

24 hour composites 
and hourly grab 
samples 

24 hour composites 
and hourly grab 
samples 

hourly grab 
samples 

30 minute grab 
samples 

30 minute grab 
samples 
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of 6 days before beginning series B2 (July 28, 1976 to 

August 9, 1976). Series C2 and E2 were conducted from 

September 7 to September 10, 1976 and concluded the ex

perimental plan for this study. 

3.3 	 Diurnal Flow Experiments (Series Bl + B2) 

As the performance of rotating biological con

tactors was to be assessed for small community applications, 

the Series B experiments were designed to simulate the 

approximate diurnal flow and concentration variation typical 

of sewage from a small community. The 0 . 5 Ml was subjected 

to a sinusoidal flow input which attained max/avg/min peak 

flow ratios of 2/1/0.5, synchronous with the natural sewage 

concentration fluctuations of Burlington STP (Figure 3. 2). 

Two average flow rates were employed, 65.l l/d-m2 (1.6 U.S. 

gal/d-ft2 ) for nitrification (Series Bl) and 208. 3 l/d-m2 

(5.1 U.S. 	 gal/d-ft2 ) for carbon removal (series B2). 

During the course of these runs, 24-hour flow 

weighted composites and hourly grab samples were obtained 

from both the influent and effluent of 0.5 Ml. The data was 

used to verify the adequacy of the dynamic transfer function

noise models which were to be developed from the Series C 

experiments, and also, to assess the performance of the RBC. 

3.4 	 Dynamic or Non "Steady State" Experimental 
Design (Series Cl, C2, E2) 

The purpose of the dynamic experiments was to 

examine the performance of the 0.5 metre and 2.0 metre RBCs 

under variable influent conditions and to develop transfer 

function models which describe the dynamic behaviour of the 

system. In order to do so, experiments were designed and 

samples taken according to the following: 

a factorial design was used to separate the ef

fects of the influent variables chosen; 



FIGURE 3 ·2 

PLANNED DIURNAL FLOW IMPUT TO 0 ·5 m RBC FOR PEAK/ 
AVERAGE/MINIMUM FLOW RATIO OF 

2/ I /0·5 

. . . ~ 21 .l1..  • 
........ 

--
0 .._ 
<( 
0: 

~ 
0 
_J 

l1.. 


(.) AVERAGE FLOW 
_J 

::> 
' .<( 

0: 

0 

>:r: 
_J 

<( 

w 
0: 

<( 


w 
I 


O'\ 


O -t-~~~~~~~~~~~~~-.-~~~~~~~~~~~~~-w-~~~~~~~~~~~~~-1 

14 22 6 14 

TIME OF DAY (Hrs .) 



3-7 


step changes in the influent variables were used 

to obtain the complete response spectrum; 

large numbers of paired samples ( >100) were col

lected at discrete, equispaced time intervals; 

and, 

the sample interval was chosen consistent with the 

system response, which required prior knowledge of 

the residence time at various flow rates. 

A two level, three parameter factorial design, 

presented in Table 3. 2 and Figures 3. 3 and 3. 4, was se

lected. Three influent variables were chosen: hydraulic 

loading, filterable organic carbon concentration (TOC) and 

filterable total Kjeldahl nitrogen concentration (TKN). 

Experimental design levels are reported in Table 3.2. Load

ing boundaries (Table 3.2) were chosen to provide adequate 

system response while operating about the mean design level 

recommended for these units at municipal sewage treatment 

plants . 

The design, using domestic sewage, required inter

ference with the influent variables . This was accomplished 

by addi ng dextrose as an organic carbon spike, and ammoni um 

chloride as a nitrogen spike. Two experiments were run t o 

provide data for dynamic model building at average hydraulic 

loadings of 224 l / d-m2 for carbon oxidation and 80 l/d-m2 

for nitrifi cation. The units were run at the centre values 

of the parameters for two days prior to the s tart of experi

ments. 

Feed Characteristics 

Th e RBCs were continuously fed wi t h nor mal de

gritted wastewater from Burlington STP. Probability dis

tributions of filtered influent COD, TOC, TKN and suspended 

solids are given in Figures 3 .5, 3.6 , 3. 7 and 3.8 . A corre

lation of TOC with filtered BOD5 is gi v e n i n Fi gur e 3 . 9 . 

3.5 



3-8 


Table 3.2 

Design Levels for Experiments Cl, C2 and E2 

Carbon Oxidation Mode 

Cl C2 and E2 
Influent Variables Operating Value Design Level 

Hydraulic Flow Rate 120 305 + 
L/Day/m2 40 143 

Filtrable oc 50 to 60 80 to 90 + 
mg/.2 20 to 30 50 to 60 

Filtrable TKN 50 to 60 25 + 
mg/ .2 20 to 30 10 

TOC Loading 6.6 26 + 
G/Day/m2 1 8 

TKN Loading 6.6 7.6 + 
G/Day/m2 1 1.4 
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FILTERABLE TOC RAW WASTEWATER CHARACTERISTICS 
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FILTERABLE TKN RAW WASTEWATER CHARACTERISTICS 
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SUSPENDED SOLIDS RAW WASTEWATER CHARACTERISTICS 
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FIGURE 3 ·9 

CORRELATION OF FILTERED 8005 WITH FILTE RED TOC 

SUMMER OF 1976 
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Sample Preparation and Analyses 

Samples for total organic carbon (TOC) analyses 

were filtered through 0.45 micron Gelman glass fibre filters 

followed by acidification to pH 2 with concentrated hydro

chloric acid. Fil t ered COD, NH3 -N, N02 -N, N0 3 -N and TKN 

samples were frozen along with all BOD samples. Unfiltered 

COD and TKN samples were acidified to pH 2 with sulphuric 

acid before storage with the TOC samples at 0°C to 5°C. 

During the dynamic runs, the filtered COD samples were 

prepared in the same manner as the TOC samples. All samples 

were stored in polyethylene bottles. 

Further details of the analytical procedures are 

given in Appendix B. 
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4. RESULTS AND DISCUSSION 

4.1 Dynamic Time Series Data 

The designed and observed influent concentration, 

effluent concentration, and flow rate for experiments Cl, C2 

and E2 are presented in Figures 4.1, 4.2 and 4.3. The flow 

rates were obtained by direct measurement during the experi

ment and were identical to the design levels. All experi

mental raw data is presented in Appendix A. 

Good agreement is indicated between the designed 

input sequence and the measured influent concentrations, 

except during the first ten hours of :the carbon removal 

dynamic experiments (Figures 4.2 and 4.3), when the effluent 

TKN concentrations frequently exceeded influent TKN concen

trations. Dilution water was used during this period to 

reduce influent TOC concentration according to the design. 

Inadequate mixing was achieved before the influent sample 

was taken, causing an underestimation of the actual influent 

concentrations. These data were eliminated before further 

analysis was undertaken. 

An effluent TOC response to the influent TOC and 

flow fluctuations is observed (Figures 4.2 and 4.3), but it 

is not appa~ent which influent variable caused the variation 

in effluent TOC concentration. The sensitivity of the 

nitrification process to input variations is apparent in 

Figure 4 .1. Analysis of the data by time series methods 

should allow an assessment of the system response to hy

draulic, organic and inorganic loading variations. 
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FIGURE 4·1 

INPUT AND RESPONSE OF O· 5m RSC, CARBON OXIDATION 

PLUS NITRIFICATION MODE 
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FIGURE 4 ·2 

INPUT AND RESPONSE OF 0·5m RSC, CARBON OXIDATION MODE 
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FIGURE 4·3 

INPUT AND RESPONSE OF 2·0m RSC, CARBON OXIDATION MODE 
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System Response to Hydraulic, Organic 
and Inorganic Loading Variations 

4.2.1 General 

The impulse response function allows an assessment 

of the influent variables affecting effluent quality. It is 

also used to determine potential transfer function models 

which will describe the impulse response function and pro

vide initial estimates of the potential transfer function 

model parameters (r, b, S, W, o). 

In order to verify suspected significant relation

ships between influent parameters and effluent response, the 

major relationships of interest were cross-correlated. The 

results of this initial screening are summarized in 

Table 4.1. Using Table 4.1, cause and effect rel ationships 

can be determined since a factorial design was used success

fully in the experimental design. 

The data presented in Table 4 .1 provide several 

interesting relationships. During the carbon oxidation 

operational mode, influent carbon loading and concentration 

showed a significant correlation with effluent carbon con

centration. However, significant effluent responses to 

dynamic flow conditions were not observed in the O. 5 metre 

RBC. , while they were observed with the 2. O metre RBC. 

There are two important ramifications from these observa

tions: 

1. 	 The O. 5 metre RBC is used in many situations to 

obtain pilot scale performance data for the design 

of treatment plants. Since the performance of the 

two units have not been shown to be identical, 

care should b e taken in extrapolating performance 

data. 

2. As discussed in Chapter 2, the primary design 

criterion for RBCs has been based on areal hy

draulic loading. However, a significant effluent 



4-6 

TABLE 4.1 


SUMMARY OF CROSS CORRELATION RESULTS, 

FIRST DIFFERENCE* 


Observed 
Significant Correlations 

Influent VS Effluent At Low Lags {95% Confidence~ 
Carbon Oxidation TKN Removal 

· Load Cone. Mode Mode 

COD Load COD Yes Yes 
TOC Load COD Yes Yes 
NH3-N Load COD Yes No 
TKN Load COD Yes No 
Flow COD Yes/No No 

COD Load TOC Yes Yes 
TOC Load TOC Yes Yes 
NH3-N Load TOC Yes No 
TKN Load TOC Yes No 
Flow TOC Yes/No No 

COD Load NH3-N n/a Yes 
TOC Load NH3-N n/a Yes 
NH3-N Load NH3-N n/a Yes 
TKN Load NH3-N n/a Yes 
Flow NH3-N n/a Yes 

COD Load TKN n/a Yes 
TOC Load TKN n/a Yes 
NH3-N Load TKN n/a Yes 
TKN Load TKN n/a Yes 
Flow TKN n/a Yes 
COD Load N02 + N03-N n/a Yes 
TOC Load N02 + N03-N n/a Yes 
NH3-N Load N02 + N03-N n/a No 
TKN Load N02 + N03-N n/a No 
Flow N02 + N03-N n/a Yes 

Cone. Cone. 

COD COD Yes No 
TOC COD Yes No 
NH3-N COD No No 
TKN COD No No 

~OD TOC Yes No 
TOC TOC Yes No 
NH3-N TOC No No 
TKN TOC No No 

COD NH3-N n/a No 
TOC NH3-N n/a No 
NH3-N NH3-N n/a Yes 
TKN NH3-N n/a Yes 

COD TKN n/a No 
TOC TKN n/a No 
NHrN TKN n/a Yes 
TKN TKN n/a Yes 

COD N02 + N03-N n/a No 
TOC N02 + N03-N n/a No 
NH3-N N02 + N03-N n/ a Yes 
TKN N02 + N03-N n/a Yes 

*This table applies for both 0.5 MI and 2 . 0M (2 . 0 M/0 .5 MI) in the carbon 
oxidation mode, and only 0 . 5 MI in the nitrification mode. 
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response to hydraulic loading was not observed for 

carbon oxidation on the 0.5 metre RBC. 

While the 0.5 metre RBC was operating under nitrify

ing conditions, significant effluent carbon responses ~ere 

not observed to occur in relation to either hydraulic load

ing variations or carbon concentration (Table 4.1). However, 

the combined effect of these parameters (carbon loading) did 

show a significant relationship with effluent carbon concen

tration. Influent COD and TOC loadings were not excessive 

during the experiment and were within normal design limits. 

Such an observation would not be expected with an activated 

sludge plant operating under nitrifying conditions, and 

indeed such an effect was not observed. by Sutton (1976). 

The observation indicates that the RBC may be overly sensi

tive to fluctuating influent loading conditions. 

During the carbon oxidation plus nitrification 

mode of operation, influent ammonia loading, influent am

monia concentration and hydraulic loading showec significant 

correlations with effluent ammonia concentration (see 

Table 4 .1). The effluent response to these influent con

ditions will be examined and quantified using time series 

modelling techniques. 

An example of cause and effect is evident during 

the carbon oxidation plus nitrification operational mode. A 

significant correlation is observed between influent carbon 

loadings and effluent ammonia concentration (Table 4 .1) . 

However , significant correlations between influent carbon 

concentration and effluent ammonia concentration were not 

observed, while hydraulic loading versus effluent ammonia 

concentration was significant . Since hydraulic loading and 

substrate concentration were not confounded in the experi

mental design, it is reasonable to conclude that the signi

ficant effects observed must have been caused by hydraulic 

loading variations. 
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4.2.2 Impulse Response Functions - Carbon Oxidation Mode 

The impulse response weights for influent filter

able TOC loading and TOC concentration versus effluent 

filterable TOC concentration presented in Figure 4.4 indi

cate that a significant positive response was obtained in 

the effluent within one-half hour after the step changes 

occurred. Use of shorter sampling intervals might have 

defined the time to the maximum response. The response was 

directly proportional to the influent TOC loading and con

centration. No significant effluent TOC response was ob

served for hydraulic loading to the 0.5 metre RBC. 

Significant effluent filterable TOC responses are 

observed for variations in influent filterable TOC loading, 

TOC concentration, and flow rate to the 2.0 meter RBC 

(Figure 4. 5). Figure 4. 5 also indicates that the response 

was instantaneous, which is physically impossible. This 

result is observed because step changes were made 15 minutes 

before the hour, while discrete sampling was done at half

hour intervals, beginning on the hour. This lag time in 

sampling can be accounted for during model building, how

ever, transfer function models were not developed for carbon 

removal as part of this work. 

An important sidelight of Table 4.1 and more 

visually appreciated in Figures 4.4 and 4.5 is the fact that 

the variations in hydraulic loading did not significantly 

affect effluent TOC concentration for the O. 5 metre RBC, 

while it did for the 2.0 metre RBC. Hydraulic design levels 

were chosen from manufacturers specifications (which are 

based solely on areal hydraulic loading) to ensure that a 

response would be observed. These results reflect a dif

ference in performance of the two RBC units and suggest that 

the design basis of flow per unit area is not comparable for 

- scale-up purposes. 
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FIGURE 4·4 

EFFLUENT TOC IMPULSE RESPONSE WEIGHTS, 0·5m RSC, 

CARBON OXIDATION MODE, FIRST DIFFERENCE 
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FIGURE 4·5 

EFFLUENT TOC IMPULSE RESPONSE WEIGHTS, 2·0m RBC, 
CARBON OXIDATION MODE, FIRST DIFFERENCE 

0 · 001 

0 

-0·001 

(/) .... 
z 
(!) 

....... 
 lLI 

00 
 ~ 0 · 2 
E 


lLI 
- (/)
0 z 
0 0 
t- a.. 

(/) 
0lLI 

t 0:z 
lLI 

lLI::::> (/)
...J ...Ju.. ::::>u.. - 0·2a..lLI 

~ 

O · I 

0 

- O·I 

12 14 16 18 20 

TOC LOAD 

__[ __________________ _ 
APPROXIMATE 95 % CONFIDENCE LIMITS 

0 2 4 6 8 10 

INFLUENT TOC 

CONCENTRATION 

HYDRAULIC LOADING 

LAG (1/2 Hrs.) 



4-11 


4.2.3 Impulse Response Functions - Nitrification Mode 

The significant positive correlations for filter

able TKN loading, TKN concentration, and flow versus ef

fluent filterable TKN concentration are presented in Figure 

4.6 for the 0.5 metre RBC. The influent loading and concen

tration responses were observed to have a duration of about 

three hours. With flow, the significant TKN effluent res

ponse was observed only at a time delay of one hour. Shor

ter sampling intervals might have defined the time to maxi

mum response . 

The impulse response weights for filterable TKN 

loading, TKN concentration, and flow . versus filterable 

effluent N02 -N + N03 -N formation are given in Figure 4 .- 7. A 

significant positive correlation is observed for influent 

TKN concentration, as would be expected. A significant 

negative correlation is observed for hydraulic loading. The 

combined relationship of TKN loading does not show any 

significant relationship due to the opposite effects of TKN 

concentration and hydraulic loading. 

Investigations by Davies and Pretorius (1974) suggest that a 

decrease in N02 -N + N03 -N formation coupled with an increase 

in . flow can be expla~ned because of the simultaneous increase 

in organic , loading. It was explained :that the increased 

organic load would enhance the growth of heterotrophs, which 

would displace nitrifyer growth in the RBC system. As 

previously noted, the nitri f yers have been obse rved only i n 

the final compartments o f an RBC, while heterotrophs p redo

minate in the initial RBC stages. 

This explanation has merit in the l ong t e rm. 

However, Table 4 . 1 indi c a tes tha t t here is no signi f icant 

correlation at the 95 percent confidence level for TOC 

concentration versus N02 -N+N03 -N formation. Figure 4 . 7 

i ndicates a negat ive correla tion for flow rate. Since flow 
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FIGURE 4 · 6 

EFFLUENT TKN IMPULSE RESPONSE WEIGHTS, 0·5m RBC, 
CARBON OXIDATION PLUS NITRIFICATION MODE, FIRST DIFFERENCE 
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FIGURE 4 · 7 

EFFLUENT N02 -N PLUS N03-N IMPULSE RESPONSE FUNCTIONS 
OF 0·5m RBC CARBON OXIDATION PLUS NITRIFICATION MODE, 

FIRST DIFFERENCE 
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rate and TOC concentration were not confounded in the ex

perimental design, it is reasonable to conclude that the de

crease in N0 2 -N+N03 -N formation may be attributed primarily 

to retention time or flow rate, in the short te,rm. 

4.2.4 	 Discussion 

The impulse response functions (Figures 4.4, 4.5 , 

4.6 and 4 . 7) would indicate several potential disadvantages 

of the RBC system. Response to step inputs took place in 

less than one sampling period. Recovery to new steady-state 

values was about one hour for carbon oxidation and three 

hours of carbon oxidation plus nitrification. This indi

cates that the RBC would be sensitive to influent fluctua

tions and would provide little reserve capacity to minimize 

fluctuations in effluent quality. Although these slugs 

should not seriously affect the biomass, additional treat

ment capacity or equalization may be required to reduce 

these fluctuations and improve treatment. 

4.3 	 Dynamic Transfer Function - Noise Model 
Development 

4.3.l 	 Introduction 

The cross correlation results presented in 

Section 4. 2 indicate that there are a several parameters 

which affect effluent quality. Design parameters for RBCs 

have been based on areal hydraulic loading, while the effect 

of concentration and substrate loading have essentially been 

ignored. Only in the past two years has some emphasis been 

placed on concentration (Antonie 1976). 

Quantification of RBC effluent response to various 

input parameters can be obtained through the use of the 

dynamic transfer function - noise (TF-N) models developed in 

this study. Model deve l opment should indicate which of the 

three influent parameters (flow, concentration, or loading) 
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best describes effluent quality, and therefore, is the best 

alternative on which to base design. 

Transfer function - noise models were dev eloped 

only for nitrifying conditions, using TKN data. 

4.3.2 Model Development 

The TF-N models listed in Table 4.2 describe 

effluent filterable TKN concentration. The models were 

d evel oped according to the itera tive procedur e descri bed 

from the impulse response weights and used as starting 

values in TSHAUS. The dynamic and noise model parameters 

were estimated simultaneously . Details of the ca l culation 

procedure are provided in Appendix C for a particular 

e x ampl e. Diagnost i c checks appl ied t o the mod e l residual s 

con£ irm both TF model and noise model adequacy at the 95% 

c onfidence level (Table 4.3 ) . 

4.3.3 Effluent Filterable J KN Model s 

Filterable influent TKN loading, TKN concentra

t i on a nd hydraul i c loading models were found to a dequately 

d escri be e ffluent TKN re sponse (Table 4. 2) . Compari son of 

the d ynami c trans fer f unc tion- noi se model s was made throu gh 

ex amination · of the residual sums of squares. Ex tra sums of 

squares test i ng (Draper and Smi th ( 1968 ) ) was used t o 

d iffe rent iate be t ween mode l s o f d ifferent numbers o f 

parameters . Th e TKN load mode l (Mod el A2) h as t h e l owest 

r e sidual mean square (Table 4. 2 ) and, o f the model s 

c onside r ed , best describes effluent TKN c oncen tra tion. 

Figure 4. 8 demonstrates the good f i t o f the TF-N model with 

the exper i menta l d a t a . However , the TF mode l un d eres t imat es 

the peak s and valleys, while still adequately pred icting 

r es pons e times . The sens it i vity of the n itri f iers t o 

var yin g influ ent loads, and the smooth respons e patterns as 

exhibited i n Figure 4 .8 a re noted. 



TABLE 4.2 

TRANSFER FUNCTION NOISE MODELS DESCRIBING 
EFFLUENT FILTERABLE TKN CONCENTRATION 

Input/Output 
Variables* 

TKN LOAD/TKN CONC. 

Hodel 
No. 

Al Yt= 

Hodel 

[(0.08312± . 01738)+(0.03450±0 . 02426)P] pxT + at(l-P)- 1 

Resi duals 
Sllln of Squares Degrees of Freedom Variance 

306 . 6 116 2.64 

(l-0 . 5590±0 . 1365P) (l-0 . 2339±0.1aoap) 

TKN LOAD/TKN CONC . A2 yt ((0 . 08110±0.01724)+(0 . 0460±0 . 02755)p+(0 . 02815±0.02813) p2 ] 

(1-0 . 3994±0 . 239op) 

pxT 294 . 4 115 2.56 .i::. 
I 

I-' 
(J'\ 

+ at (1-p)-1 

(1-o.2203±0 . 1a23p) 

Log10 TKN LOAD/TKN CONC . A3 yt ((7.134 ± l . 878)+(3 . 946±2.663)P+(2.894±2.667)p2 ] 

(1-0 .4476±0 . 2411p) 

p~ 374 . 0 115 3. 25 

+ a (1-p) - 1 
t 

(l-0.3401±0 . 1766p) 

Loading models of the form (0, 2 , 1) and (1, 0, 1) 
cross-correlation residual checks . 

were also developed , but inadequacies were found with the transf er function duri ng 

* Loadi ng units are in g/d , concentration units are in mg/t , flowrate is in t/d. 



TABLE 4 . 2 (Cont'd) 

Input/Output 
Variables* 

Model 
No . 

Model 
Stun of Squares 

Residuals 
~rees of Freedom Variance 

TKN CONC./TKN CONC. Bl YT = [(0 . 1066±0.0573)+(0 . 07413±0 . 07367)p+(0 . 0670±0 . 07640)p2 ] p~ 498 . 5 l15 4 . 33 

TKN CONC . /TKN CONC. B2 

(l - 0 . 4148±0.4597p) 

+ a (1-p)- 1 
t 

(1-o . 5409±0.1510p) 

YT= [(0 . 1096±0.0578)+(0 . 04406±0 . 06974)p]pXT + 

(1-o . 1018±0.2549P) 

-1 
at(1 - p) 

(1 - o . 5334±0.1553P) 

509 . 7 l16 4 . 39 

.i:::. 
I 

I-' 
-....) 

TKN CONC./TKN CONC . B3 YT = [(0 . 1029±0.0578)+(0.1064±0.0624)p+(0.08904±0.05776)p2 ] p~ 512 . 8 l16 4 . 42 

(l-0 .4148±0 .4597p) 

+ at(1-p)-1 

(l-0 . 5407±o . 1564P) 

Some of the parameters in the above models pass through 
However, models of these forms failed to pass the cross 
therefore not reported . 

zero indicating models of the forms (1, 0, 1) and (0, 1, 1). 
correlation checks between input and residuals and are 

* Loading units are in g/d, concentration units are in mg/! , flow rate in !/d. 



TABLE 4 . 2 (Cont'd) 

Input/Output Model Model Residuals 
Variables* No. Sum of Squares Degrees of Freedom Variance 

Flow Rate x 10- 3 /TKN CONC. Cl YT= (l . 514±0 . 745)pXT 

(1-o.6723±0.3327P) 

+ at(1-p)-1 

(1-o . 5693±0 . 1531p) 

530 . 5 117 4 . 53 

Flow Rate K 10- 3 /TKN CONC . C2 YT ((0.1282±0 . 0720)+(0.6506±0 . 7204)p] pxT 

+ at(1-p)-1 

(1-o.5a91±0.1495p) 

540 . 2 117 4.62 

~ 

I 
...... 
00 

Flow Rate + TKN Cone./ 
TKN Cone 

D YT ((0 . 09538±0 . 002~5)p] WT 

(1 - o . 6306±0 . 014ap) 

[0 . 07762±0.04708]p3 

+ at 

(1 - p) 

~ 321.8 117 2.75 

The parameter in model C2 which passes through zero was eliminated, but the 
did not pass the mode l residual checks and is not reported . 

new model which was developed , (0 , 0, 1), 

* Loadi ng units are i n g/d, concentration units are in mg/l, flow rate in l/d . 



TABLE 4.3 

DIAGNOSTIC CHECKS APPLIED TO THE MODEL RESIDUALS 

Input Variable Model No. Residual Autocorrelation Cross Correlation 
Results Results 

--2 x2 , y = o.95 sx1a sw 1a x2 , y = o.95 

TKN Load 	 Al 12.8 31.41 25.5 32.67 
A2 14.5 31.41 20.2 32.67 

Log TKN Load 	 A3 14. 72 31.41 17.36 32.67 

TKN CONC. 	 Bl 22.7 31.41 15.0 32.67 
B2 22.9 31.41 16.9 32.67 
B3 21.3 31.41 16.1 32.67 .i::.. 

I 
......

Flow Rate 	 Cl 12.6 31.41 15.46 32.67 l.O 

C2 14.1 31.41 23.1 32.67 

Flow Rate + D 16.8 31.41 21. 7 23.9 32.67 
TKN CONC. 

20 20 
where Q = n .L r 2 (k) S = n .L r21 (k)

aa 	 x ak=l 	 k=O 

estimate of cross correlation function at lag K, or the autocorrelation function at lag K.r(k}:
a model residuals 
xl = (1-B)X 
x = influent condition model was developed for (load or concentration) 
w = influent flow condition 
K = lag 
n = number of observations 
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The results demonstrate that effluent filterable 

TKN concentration is best modelled using influent filterable 

TKN loading with this technique. Since the TKN load model 

had the lowest residual mean square, strong consideration 

should be given to basing RBC design criteria on TKN mass 

loading rather than hydraulic loading . 

4.3 . 4 TF-N Model Analysis to Determine Response Times 

The TF-N models developed in this study can be 

used to determine the approximate time at which a response 

in effluent conditions occurs to step changes in influent 

conditions. The analysis involves the projection of the 

impulse response function back through the time axis, or by 

calculation methods using the parameter values of the TF 

models (see Appendix C). Such an analysis revealed that 

there is an approximate time delay of 10 minutes before an 

effluent response occurs to a step change in influent load

ing. This is fast for an effluent treatment system. Sutton 

(1976) obtained an approximate ~O minute time delay for his 

separate activated sludge pilot plant when it was subjected 

to step inputs in TKN load. 

A response to concentration variations in the 

input was calculated to be in the order of 20 minutes, while 

the response to hydraulic loading was almost instantaneous. 

A more accurate indication of the effluent response patterns 

and the system time delay may have been obtained using a 

shorter time interval between samples. 

System Response to Natural Diurnal Variations 

One of the objectives of this work was to deter

mine the effect of diurnal inputs on instantaneous treatment 

efficiencies. In conjunction with this objective, it was 

desired to use an application of time series modelling, 

namely forecasting, to ensure that the model would describe 

4.4 
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the effluent variability of the RBC for a completely indepen

dent set of data. 

The natural diurnal variation in influent flow and 

concentration normally encountered at a small wastewater 

treatment plant was approximated on the same 0.5 meter RBC 

used to collect the dynamic data. The unit was subjected to 

a sinusoidal variation in flow synchronous to the natural 

concentration fluctuations of Burlington STP sewage, with a 

peak/average/minimum flow ratio of 2.5/1/0.5. Influent and 

effluent concentration and flow were monitored at hourly 

intervals for a period of 2 days. 

4.4.1 TF-N Model Forecast Results 

The forecast filtered effluent TKN concentration 

successfully predicted the observed daily effluent varia

tion. (Figure 4.9) Response and recovery times agreed with 

the experimental data and substantiated the transfer func

tion-noise model developed in this study. Fluctuations in 

effluent concentrations were extremely smooth, which seems 

to be a characteristic of nitrifying systems. Peak effluent 

concentrations lagged the influent peak by two hours. 

Details concerning the forecast procedures are provided in 

Appendix C. 

The large fluctuations in effluent TKN concentra

tion demonstrate the poor treatment performance of the RBC 

when operated in the nitrification mode under variable 

loading conditions (Figure 4. 9). It is apparent that if 

stable effluent quality is to be produced using the RBC, 

process modifications or flow equalization must be provided 

to damp out any influent fluctuations. 
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FIGURE 4 · 9 
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4.5 	 Comparison of RBC TF-N Models 
with Activated Sludge 

A comparison of the sensitivity of the RBC system 

to conventional combined and separate ni trifying activated 

sludge systems may be made by calculating the gains of the 

TF-N models describing these systems. Dynamic TF-N models 

describing the effluent TKN response of activated sludge 

pilot plants were developed by Sutton ( 1976). The models 

given in Table 4.4 describe the dynamic relationship of 

influent TKN load to effluent TKN concentration. The in

fluent flow and concentration data of the pilot plants were 

of comparable magnitude, and the systems were linear over 

the flow and concentration regimes investigated . 

A comparison of the gains of the activated sludge 

systems with the RBC indicates that for a unit step change 

in the influent, 5 to 6 times greater response in effluent 

TKN concentrations may be expected with the RBC. This 

confirms the observations of Reimer et al (1975), whooper

ated a pilot plant RBC system in parallel with a pilot plant 

activated sludge unit. wein.er: 

Since the response of the RBC to input fluctuations 

is so much larger than an activated sludge system, greater 

effluent variability may be expected from an RBC treatment 

plant, especially when servicing small communities . To 

stabilize effluent concentrations and to provide consis

tently good effluent quality, flow equalization should be 

~ncorporated into the design of RBC treatment plants. 

4.6 	 Steady State Design 

Al though steady state design methods cannot des

cribe the temporal relationship in the effluent when the 

influent to the RBC is variable, the relationship between 

influent load and mass removal is desirable. Steady state 

design is feasible as long as the effluent variability is 



Table 4-4 

Transfer Function-Noise Substrate Loading Models for RBC 
and Activated Sludge Processes 

Ratio 
System Model Calculated Gain RBC to A/S 

YT= [(0.08110±0.01724)+(0.0460±0.02755)~+(0.02815±0.02813)~2 ]~XTRBC 0.259 
(1-0.3994±0.2390~) 

+ at (l-~)-1 

(1-0.2203±0.1823~) 

Combined A/S y = O.OllXt-l + (l-~)-1 
~T a 0.051 5.0/1system I 

(1-0.786~) (1-1.066~+0.336~2 ) t N 
Ul 

Separate A/S YT = (0.012+0.008~~X + (l-~)-1 at 0.044 5.9/1 
t 

System 1-0.550~ (1-1.394~+0.540~2 ) 

Where Xt represents time varying influent TKN load, g/d 
Yt represents time varying effluent TKN concentration, mg/Q 
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kept in mind, and steps are taken to reduce influent 

variability. 

The development of dynamic transfer function 

noise models has indicated that influent mass loading 

should be considered as the primary design criterion in 

nitrifying systems. Although this relationship has not been 

proven for carbon removal, there is a strong indication 

that this may be the case from Figures 4.4 and 4.5. 

A number of mass removal versus influent mass 

loading plots have been developed using the time series 

data obtained in this study. Mass removal calculations were 

based on a lag separation of 1 between influent and 

effluent for both the carbon oxidation mode and the carbon 

oxidation plus nitrification mode. This interval corres

ponds to the average retention times in the system, as 

determined by the tracer studies (Appendix D). Data points 

occuring during a step change and up to two hours after the 

step were not included in the results in order to allow the 

unit to recover to a "pseudo" steady state condition. All 

plots were standardized to a unit area basis. 

4.6.1 Carbon Oxidation Mode 

Fi,gures 4.10 and 4.11 present the TOC and COD 

mass removal plots for the 0. 5 meter RBC. The equivalent 

TOC and COD mass removal plots for the 2.0 meter RBC, which 

was run in parallel with the 0. 5 meter RBC, are given in 

Figures 4.12 and 4.13. 

Mass carbon removal generally appears to be a 

linear function with mass loading. However, when the TOC 

plots (Figures 4.10 and 4.12) are compared with the COD 

plots (Figures 4 .11 and 4.13), respectively, a limiting TOC 

influent loading condition appears to have been approached 

on the 2.0 meter and 0.5 meter RBCs. 
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FIGURE 4 ·I I 


STEADY STATE DESIGN DATA FOR FILTERABLE COD REMOVAL, 
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FIGURE 4·12 
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FIGURE 4·13 
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It is interesting to note that two linear rela

tionships are apparent at low loadings on Figures 4 .10 to 

4.13. These relationships coincide with the two levels of 

hydraulic loading used in the experimental designs (143 

l / d-m2 and 305 l / d-m2 ). The low hydraulic loading in each 

case provided for slightly improved treatment efficiency in 

terms of mass removal and stability. The variability in 

mass removal at the high loadings indicates that the RBCs 

were approaching unstable treatment conditions. 

The presence of non-biodegradable residual or

ganics is demonstrated by the fact that the plots do not 

pass through the origin. 

4.6.2 Carbon Oxidation Plus Nitrification Mode 

Mass loading plots for TOC and COD removal with 

the O. 5 metre RBC operating in the nitrification mode are 

given in Figures 4 .14 and 4 .15. Linear mass removal is 

apparent on both figures. Two levels of mass r;;moval are 

apparent at equal mass loadings, with greater mass removal 

being obtained at the lower hydraulic loading. 

The filterable TKN mass removal versus influent 

TKN load plot is presented in Figure 4.16. In contrast to 

carbon oxidation, a limiting mass removal was obtained at 

loadings greater than 2. O g/d-m2 • Beyond this influent 

loading, mass removal becomes unstable with a maximum of 2 

g/ d-m2 TKN being removed. 

As in the carbon oxidation plots, a separate 

linear relationship exists at low loadings. This line 

projects through the origin, as would be expected . 



FIGURE 4·14 


STEADY STATE DESIGN DATA FOR FILTERABLE TOC REMOVAL, 
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FIGURE 4·15 

STEADY STATE DESIGN DATA FOR FILTERABLE COD REMOVAL, 

0·5 m RBC, CARBON OXIDATION PLUS NITRIFICATION MODE 
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FIGURE 4·16 

STEADY STATE DESIGN DATA FOR FILTERABLE TKN REMOVAL. 
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4.6.3 Use of Mass Loading Plots in Design 

Figures 4.10 to 4.16 may be used for design pur

poses when considering influent loading conditions of minimal 

variability. The calculation procedure to determine the 

bio-disc surface area required to provide effective biological 

treatment is as follows: 

1. 	 Determine the influent concentration and flow 

rate for design. 

2. 	 Determine the effluent quality desired and 

from this, the mass removal required. 

3. 	 Compare the known influent concentration with 

the concentration isopleths on the plots. 

This will define the areal mass loading, RBC 

surface area, areal hydraulic loading and the 

areal mass removal. If the calculated mass 

removal is not sufficient to provide the 

predetermined effluent quality, then a larger 

surface area is required, thereby reducing 

the areal mass loading, and improving treat

ment. An iterative procedure must be contin

ued until adequate mass removal is obtained. 

4.7 scale-Up 

Scale-up is always an important consideration in 

any pilot scale study. Some correlation between the results 

obtained on a pilot scale unit and a full scale unit is 

necessary before the results obtained in the study are 

readily applicable. Since the 0. 5 metre RBC and the 2. O 

metre RBC were operated in parallel, and their areal load

ings were comparable (within 3.5% at the high flow rate and 

0.6% at the low flow rate) it was possible to evaluate the 

mass removal capabilities of the uni ts (Figures 4 .17 and 

4 .18) . 
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FIGURE 4·17 

COMPARISON OF TOC MASS REMOVAL O· 5 m RBC 

VERSUS 2·0m RBC 
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As discussed in Section 4. 2. 2, a difference in 

performance of the two RBCs was observed through examination 

of the cross correlation results (Figures 4.4 and 4.5). The 

paired data shown on Figures 4.17 and 4.18 for TOC and COD 

mass removal demonstrate that the 0. 5 metre RBC oxidized 

more carbon per unit surface area than did the 2. O metre 

RBC. The difference in mass removal increases with loading 

to the units. 

The mixing characteristics of the two reactors, as 

determined by dye studies (Appendix D), showed that mixing 

in the 0.5 metre RBC approached two CSTRs in series, while 

mixing in the 2.0 metre unit approached plug flow (7 CSTRs 

in series). If the biological oxidation reaction proceeds 

by first order kinetics, as indicated by Antonie (1970), 

then one would expect the 2. O metre unit to have better 

removal than the 0.5 metre unit. However, improved perfor

mance was not observed, suggesting that the reaction does not 

follow a first order relationship and/or that some other 

effect is limiting the reaction. 

Chesner and Molof (1976) demonstrated that at 

increased loading rates, dissolved oxygen concentration 

tends to decrease. They pointed out that as present design 

maintains a constant peripheral tip velocity, rotational 

speeds must, decrease with increasing disc diameter, thereby 

decreasing aeration capacity. A dissolved oxygen limitation 

may therefore occur as loading and reactor size are increased. 

Dissol~ed oxygen was not regularly monitored during the 

experimental runs; therefore, one can only assume that this 

would explain the observations. 
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5.0 Conclusions 

An evaluation of the response of rotating biolo

gical contactors (RBCs) operated under non-steady influent 

conditions indicates that: 

1. 	 The RBC is sensitive to influent fluctuations of an 

organic, inorganic and hydraulic nature in terms of 

maintaining consistently good effluent quality. 

2. 	 A statistically ad~quate representation of the dynamic 

TKN effluent response can be obtained using time series 

modelling techniques. 

3. 	 More emphasis should be placed on using influent mass 

loading as a design criteria. 

4. 	 The models developed indicate that: 

a) 	 the response in effluent filterable TKN is pre

dicted most precisely by influent filterable TKN 

loading: Models based on influent TKN concentra

tion and flow were not as precise in predicting 

effluent response; 

b) 	 positive effluent TKN response can be expected for 
}

increases in TKN loading, TKN concentration and 

hydraulic loading; 

c) 	 effluent response occurs almost instantaneously, 

with a duration of 3 to 4 hours; and 

d) 	 greater effluent variability may be expected with 

an RBC as compared to either a separate or com

bined activated sludge system operating under 

ni trifying conditions and at similar levels of 

removal. 
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5. 	 Cross correlation results for carbon oxidation indicate 

that: 

a) 	 a positive TOC response can be expected for in

creases in TOC loading and concentration with the 

0. 5 metre RBC; 

b) 	 there is little correlation between effluent 

carbon concentration and hydraulic loading with 

the 0.5 metre RBC; 

c) 	 a positive TOC response can be expected for in

creases in TOC loading, concentration and hy

draulic loading with the 2.0 metre RBC; and 

d) 	 the duration of the response is on the order of 1 

hour. 

6. 	 An analysis of the raw data indicated that: 

a) 	 TOC and COD removal is a linear function of mass 

loading; 

b) 	 TKN mass removal is a linear function of TKN mass 

loading at loadings below 2.1 g/d-m2 ; 

c) 	 TKN mass removal becomes unstable at loadings 

above 2.1 g/d-m2 • The instability appears to be a 

function of flow rate rather than mass loading; 

and 

d) 	 areal organic mass removal was greater for the 

0.5 metre unit when operated in parallel with the 

2.0 metre unit. 
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6.0 Recommendations for Future Work 

1. 	 A detailed investigation at the pilot scale level to 

develop further loading data on which to base design, 

under both ni trifying and carbon oxidation modes of 

operation is recommended. 

2. 	 Develop transfer function-noise models based on the 

carbon oxidation data obtained in this study and exam

ine the significance of mass carbon loading in design. 

3. 	 Develop design criteria for full scale RBCs based on 

pilot scale operating data . The investigation should 

encompass the mechanical scale-up consideration on 

which RBCs are currently designed. 



7-1 

REFERENCES 

Ahlberg, N. R. and Kwong, T.S", "Process Evaluation of a 
Rotating Biological Contactor for Municipal Wastewater 
Treatment", MOE Pollution Control Planning Branch, 
Research Paper No. W2041 (1974). 

Aluko, T. M., "The use of the Disc Filter for the Aerobic 
and Anerobic Treatment of Milk Wastes 11 , MSC Thesis, 
University of Newcastle upon Tyne, UK (1970). 

Antonie, R. L. and Welch, F. M., "Preliminary Results of a 
Novel Biological Process for Treating Dairy Wastes 11 , 

Proc. 24th Industrial Waste Conference,, Purdue Univer
sity, 115, May (1969). 

Antonie, R. L. , 11 Application of the Bio-Disc Process to 
Treatment of Domestic Wastewater", 43rd Annual W.P.C.F. 
Conference, Boston, Oct. (1970). 

Antonie, R. L., "Response of the Bio-Disc Process to 
Fluctuating Wastewater Flows 11 , Proc. 25th. Industrial 
Waste Conference, Purdue University, 427, May (1970). 

Antonie, R. L. , "The 'Bio-Disc' Process: New Technology 
for the Treatment of Biodegradable Industrial Waste
water", Water - 1970, Chem. Eng . Symp. Series, 67, 107, 
585, (1971). 

Antonie, R. L., and Van Aacken, K. "Rotating Discs Fulfill 
Dual Wastewater Role", Water and Wastes Engineering, 
37, 1, (1971). 

Antonie, R. L. "Three Step Biological Treatment with the 
Bio-Disc Process", Presented at Water Pollution Control 
Meeting, New York, June (1972). 

Antonie, R. ' L., Kluge, D. L., and Mielke, · J. H., "Evaluation 
of a Rotating Disk Wastewater Treatment Plant", JWPCF, 
~' 3, 498, (1974). 

Antonie, R. L., "Nitrification of Activated Sludge Effluent: 
Bio-surf Process", Water and Sewage Works , 121, 11, 44, 
(1974). 

Antonie, R. L., "Rotating Biological Contractor for 
Secondary Treatment", Presented at Culp/ Wesner/ Culp WWT 
Seminar, South Lake Tahoe, Stateline, Nevada, Oct. 
(1976). 



7-2 


Autotrol Corporation, "Application of Rotating Disc Process 
to Municipal Wastewater Treatment", US Gov. WPC Research 
Series, Project No. 10750 DAM, Nov. (1971). 

B.C. 	 Research, "Development of a Biological System for the 
Treatment of Mill Waste Waters Containing Thiosulfate", 
Project No. 1525, (1973). 

Beak, T. W., Consultants Ltd., "An Evaluation of European 
Experience with the Rotating Biological Contractor", 
Environmental Protection Service Report No. EPS4-WP-73-4, 
Oct. , ( 197 3 ) . 

Bennet, D. J., Needham, T. and Summer, R. E., "Pilot Appli
cation of the Rotating Biological Surface Concept for 
Secondary Treatment of Insulating Board Mill Effluents", 
Tappi , 5 6 , 12 , 182 , ( 1973 ) . . 

Berthouex, P. M., Hunter, W. G., Pallesen, L. and Shitt, c. 
Y., "The Use of Stochastic Models in the Interpretation 
of Historical Data ·from Sewage Treatment Plants", Water 
Research, 10, 689, (1976). 

Birks, C.W. and Hynek, R.J., "Treatment of Cheese Processing 
Wastes by the Bio-Disc Process", Proc. 26th Ind. Waste 
Conference, Purdue University, 89, May (1971). 

Borchardt, J. A., "Observations on the Rotating Biological 
Disk", Pres. at Amer. Chem. Soc. Meeting, Chicago, 
Ill., (1970). 

Borchardt, J. A., "Biological Waste Treatment Using Rotating 
Discs 11 , Biotechnol. & Bioeng. Syrop., ~, 131, ( 1971). 

Box, G. E. ' p., and Jenkins, G. M., Time Series Analysis: 
Forecasting and Control, Revised Edition, Holden Day 
Inc., San Francisco, Calif. (1976). 

Burns, R. J. , Cochrane M. W. , and Dastel J. A. , 11 Cannery 
Waste Treatment with RBC and Extended Aeration Plants", 
Proc. 2nd Natl. Symp. Food Proc. Waste, p.227 (1971). 

Buswell, A. M. and Pearson, E.L., "The Nidus (Nest) Rack, 
a Modern Development of the Travis Colloider", Sewage 
Works Jour., l, 2 (1929). 

Breed, R~ s., Murray, E. G. D., and Smith, N. R., Bergey's 
Manual of Determinative Bacteriology, 7th Ed., The 
Williams and Wilkins Co., Baltimore, Maryland (1957). 



7-3 


Bruce, A. M., Brown, B. L., Mann, H. T., "Some Developments 
in the Treatment of Sewage from Small Communities", The 
Public Health Engineer, 72, 3, 116 (1973). 

Chen, H. T., Fredrickson, E. E., Cormack, J. F . and Young, 
S. R., "Four Biological Systems for Treating Integrated 
Paper Mill Effluent", TAPPI, 57, 5, 111 (1974). 

Chesner, W. H., and Molof, A.H . , "Biological Rotating Disk 
Scale-up Design: Dissolved Oxygen Effects'', Prog. Wat. 
Tech., ~' 811 (1977). 

Chittenden, J. A. and Wells, W. J. Jr., "Rotating Biological 
Contactors Following Anaerobic Lagoons", JWPCF, 43, 5, 
746 (1971). 

Chong, T. H. Y., "Evaluation of Package Rotating Biological 
Contactor Treatment Plants for Northern Communities", 
Master Thesis, University of Toronto (1974). 

Clark, S. E., Coutts, H. J., Christianson, C. D., McFall, 
W. T., Alter, A. and Scribner, J. W., "Alaskan Industry 
Experience in Artie Sewage Treatment", Proc. 26th 
Industrial Waste Conference, Purdue University, 235, 
May (1971). 

Cochrane, M. W., Burm, R. J. and Dostal, K. A. , "Cannery 
Wastewater Treatment with Rotating Biological Contactor 
and Extended Aeration", U.S. Environmental Protection 
Agency Report EPA R-2-73-024, April (1973). 

Cochrane, M. W. and Dostal, K. A., "RBC Treatment of 
Simulated Potato Processing Wastes", Proc. 3rd National 
Symposium on Food Processing Wastes, U.S. Environmental 
Protection Agency Report EPA-R2-72-0l8, November (1972) . 

Davies, R., "Bio-Disc Treats Small Community Wastes", Water 
and Pollution Control, 111, 2, 20, (1973). 

Davies, T. R. and Pretorius, W. A., "Dentrification with a 
Bacterial Di sc Unit", Water Research, ~' 4, 459 (1975). 

Doman, J., "Results of Operation of Experimental Contact 
Filter wi th Partially Submer ged Rotating Plates" , 
Sewage Works Journal, ! 5, 500 (1929). 

Draper, N.E., and Smith, H., Applied Regression Analysis, 
John Wiley and Sons Inc., New York, p . 67 (1968). 

Environmenta l Pr otecti on Agency, "Combined Sewer Overflow 
Tre atment by the Rotat i ng Bi ol ogic al Contactor Pr ocess ", 
Report No. 670/ 2-74-050, June 1974 . 



7-4 


Forgie, D. J . L., "Application of the Rotating Biological 
Contactor to Individual Household Wastewater Treatment", 
M.S. 	 Thesis, University of Saskatchewan, (1974). 

Forgie, D., Christensen, V., Heuchert, K. and Chong, T., 
"Workcamp Wastewater Treatment: Rotating Biological 
Contactor and Physical Chemical Treatment", Pres. at 
26th Annual Western Canada Water and Sewage Conference 
(1974). 

Friedman, A. A., Woods, R. C., and Wilbey, R. C., "Kinetic 
Response of Rotating Biological Contactors''. Proc. 31st 
Industrial Waste Conference, Purdue University, 420, 
May (1976). 

Gillespie, W. J. , Marshall, D. W. , and Springer, A. M. , 11 A 
Pilot Scale Evaluation of Rotating Biological Surface 
Treatment of Pulp and Paper Mill Wastes", Tappi, 57, 9, 
112 (1974). 

Grieves, C. G., "Dynamic and Steady State Models for the 
Rotating Biological Disc Reactor", Doctorate Thesis, 
Clemson University, August (1972). 

Haseford, G. S., "A steady State Model for the Rotating 
Biological Disc Reactor, Part I, 11 University of British 
Columbia, Dept. of Chemical Eng., Not Published. 

Hao, 	 O. and Hendricks, G. F., "Rota.ting Biological Reactors 
Remove Nutrients", Water and Sewage Works, 12, 10 and 
11, (1975). 

Havis, M. P. and Hansford, G. S., "A Study of Substrate 
Removal in a Microbial Film Reactor", submitted to 
Water Research (May 1975). 

Hartman, H., "Development and Operation of Dipping Filter 
Plants'!, Gas-u-Wasserfach ( GWF), 101, 12, 281, ( 1960). 

Hartman, H., "The Use of Dipping Contact Filters in Biolo
gical Treatment of Sewage", Verbandsbericht Nr. 71/ 2 
des Verbandes Schweizerischer Abwasser Fachleute (1964). 

Hartman, H., "Der Tauchtropfkorper" Osterreischische Wasser
wirtschaft, 17, (1965). 

Hartmann, L. , 11 Inf1uence of Turbulence on the Activity of 
Bacterial Slimes", JWPCF, 39, 6, 958, (1967). 

Hemens, J. and Stander, G. J., "Nutrient Removal from Sewage 
Effluents by Algal Activity", Adv. in Wat. Pollut. 
Res., Proc. of the 4th International Conference, Prague, 
p.701 (1969). 



7-5 


Hoehn, R. C. and Ray, A. D., "Effects of Thickness on 
Bacterial Film", JWPCF, 45, 11, 2302 (1971). 

Jackson, D. F., and Jackson, B. B., "Removal of Phosphates 
in Wastewater by Periphyton Comrnunities on Rotating 
Discs", Int. Ver. Theor. Angew. Limnol. Verh., 18, 881 
(1972). 

Jank, B. E., Hamada, M.F., Leclair, B. P., "Biological 
Treatment of Base Metal Mining Industry Effluents 
Containing Thiosalts", 48th Annual Conf. Wat. Pollut. 
Control Fed., Miami Beach, October, (1975). 

Joost, R. H., "Systemation in Using the Rotating Biological 
Surface (RBS) Waste Treatment Process", Proc. 24th Ind. 
Waste Conference, Purdue University, 365, May (1969). 

Kato, K. and Sekikawa, Y., "Fixed Activated Sludge Process 
for Industrial Waste Treatment", Proc. 22nd Industrial 
Waste Conference, Purdue University, 926, May (1967). 

Kershaw, M.A., "Waste Water Treatment", Process Biochemistry, 
.!_, (1970). 

Khan, A. N. and Siddiqi, R. H. , "Treatment of Wastewater 
by Biological Discs", Indian Journal of Environmental 
Health, 14, 289, (1972). 

Kolbe, F. F., "A Promising New Unit for Sewage Treatment", 
Die Siviele Ingenieur in Suid Afrika, p.327, (1965). 

Kornegay, B. H. and Andrews, J. F., "Kinetics of Fixed Film 
Biological Reactors", -Proc. 22nd Ind. Waste Conference, 
Purdue University, 620, May (1967). 

Kornegay, B. H., "Characteristics and Kinetics of Fixed Film 
Biological Reactors," Ph.D. Thesis, Clemson University, 
(1969). 

Kornegay, B. H. , "Modeling and Simulation of Fixed-Film 
Biological Reactors", Pres. at the 8th Annual Workshop 
of the Association of Environmental Engineering 
Professors on Mathematical Modeling in Environmental 
Engineering, (1972) . 

Krauth, K.H. and Staab, K. F., "Die Leistung Von Tauchtropf
korperanlagen in der Praxis", GWF-Wasser/ Abwasser, 114, 
34, (1973). 

Labella, S. A. , Thaker, I. H. and Tehan, J.E . , "Treatment of 
Wi nnery Wastes by Aerated Lagoon, Activated Sludge, and 
Rotating Biological Contactor", Proc. 27th Ind. Waste 
Conference, Purdue University, 803, May (1972). 



7-6 


Labonte, R. "LaVerite sur les Disques Biologiques 11 , Eau du 

Quebec, ~, 8, (1975). 


Lager, J. A. and Smith, W. G., "Urban Stormwater Management 

and Technology", EPA-670/2-74-040, Program Element No. 

1BB034, Contract No. 68-03-0179, (1974). 


Lee, 	 E. G. H. and Mueller, J. C., "Rotating Biological Disc 
Treatment of Kraft Mill Effluents", Water and Pollu
tion Control, 113, 5, 25 (1975). 

Levenspiel, 0., Chemical Reaction Engineering, Second 
Edition, John Wiley and Sons, Inc., Toronto, Ontario 
(1972). 

Lohr, M., "The Contact Aeration Disk Filter Used in 
Combination with Preliminary Treatment, Final Sedimen
tation and Sludge Treatment in Sewage Works for Small 
Communities 11 , Gas-u Wasserfach (GWF), 108, 36, 1029,
(1967). 	 

Lue-Hing, C., Obayashi, A. W., Zenz, D. R., Washington, B., 
and Sawyer, B. M., "Nitrification of High Ammonia 
Content Sludge Supernatant by Use of Rotating Discs", 
29th Proc. Ind. Waste Conf., Purdue University, 245,
May (1974). 

MacGregor, J. F., "Optimal Choice of the Sampling Interval 
For Discrete Process Control", Department of Chemical 
Engineering, McMaster University, Feb. (1967). 

Malhotra, s. K., Williams, T. c., and Morley, W. L., 
"Performance of a Bio-Disk Plant in a Northern Michigan 
Community", Pres. at 1975 WPCF Conference, Miami 
Florida, Oct. (1975). 

Marki, E., "Results of Experiments by EAWAG with the Rotating 
Biological Filter", Schweizeriche Zei tschrift Fur 
Hydrologie, 26, 408 (1964). 

McAliley, J.E., 11 A Pilot Plant Study of a Rotating Biological. 
Surface for Secondary Treatment of Unbleached Kraft 
Mill Waste", Tappi, 57, 9, 106 (1974). 

Murphy, K. L., Sutton, P. M., Wilson, R. W. and Jank, B. E., 
'~Nitrogen Control: Design Considerations for Supp.ort.ed 
Growth Systems", Pres. at 48th WPCF Conference, Miami, 
Florida, Oct. (1975). 

http:Supp.ort.ed


7-7 


Murphy, K. L., Sutton, P. M. and Jank B. E., "Dynamic Nature 
of Ni trifying Biological Suspended Growth Systems", 
Progress in Water Technology, ~' 279, (1977). 

NCASI Technical Report, "A Pilot Investigation of Rotating 
Biological Surface Treatment of Pulp and Paper Wastes", 
NCASI Technical Bulletin No. 278 (1974). 

Olsson, G., "State of the Art of Sewage Treatment Plant 
Control", Pres . . to 1976 Engineering Foundation Con
ference on Chemical Process Control, Asilomar Con
ference Grounds, Pacific Grove, California, Jan. 
(1976). 

Osterman, W. A., and Sullivan, R. A., "Pilot Plant Evalua
tion of Bio-Surf Biological Treatment System", Pres. at 
CPPA Tech. Conference, Toronto, Canada, Sept. (1974) . 

Pescod, M. B. and Nair, J. V., "Biological Disc Filtration 
for Tropical Waste Treatment-Experimental Studies 11 , 

Water Research, ~' 1509 ( 1972). 

Popel, Von F., "Aufbav, Abbavleistung und Bemessung von 
Tauchtropfkorpern, Schweizerische Zeitschrift Fur 
Hydrologie, 26, 394 (1964). 

Piel, K. M. and Gaudy, A.F. "Kinetic Constants for Aerobic 
Growths of Microbial Populations Selected with Various 
Single Compounds and with Municipal Wastes as Substrates", 
Appl. Microbiol, 21, 253 (1971). 

Pretorius, W. A. , 11 Some Operational Characteristics of a 
Bacterial Disc Unit", Water Research, ~, 1141 (1971). 

Pretorius, W. A., "The Rotating Disc Unit: A Waste Treatment 
System for Small Communities", Water Pollution Control, 
42, 6, 721 (1973). 

Pretorius, W. A., "The Complete Treatment of Raw Sewage with 
Special Emphasis on Nitrogen Removal", Proc. of the 6th 
Ind . Conf. on Advances in Water Poll. Res., 685 (1973) . 

Pretorius , W. A. , "Nitri f i cation on the Rotating Di sc Unit", 
Pres. at the 7th Ind. Conf. of Water Pol l . Re s., P ari s 
(1974). 

Reimer, R. E., Wukaseh, R . F., and Horsky, E. E., "Pilot 
Plant Studies and Process Selection for Nitri f i cation 
City of Indianapolis, Indiana 11 , Pr oc. of 31st Annual 
I nd. Wa ste Conf. Pu r due Univers i t y, 280, May (1976) . 



7-8 


Sach, W. A., and Phillips, S. A., "Evaluation of the Bio-Disc 
Treatment Process for Summer Camp Application", EPA 
Report No. EPA-670/2-73-022 (1973). 

Steels, I. H., "Design Basis for the Rotating Disc Process", 
Effluent and Water Treatment Journal, 14, 8, (1974). 

Simpson, J. R., "Waste Treatment for Small Communities", 
Process Biochemistry, 2 1, 18 (1972).1 

Stover, E. L. and Kincannon, D. F., "One Step Nitrification 
and Carbon Removal", Water and Sewage Works, 114, 6, 66 
(1975). 

Stover, E. L. and Kincannon, D. F., "Evaluating Rotating 
Biological Contactor Performance", Water and Sewage 
Works, 123, 3, 88, (1976). 

Summer, R. E. and Bennett, D. J., "Pilot Treatability Study 
of Pulp, Paper and Fiberboard Effluents by Rotating 
Biological Surface", Pres. at Paper Ind. Air and Stream 
Improvement Conf., St. Andrews, N.B. (1973). 

Sword, B. R., "Dentrification by Anaerobic Filters and Ponds", 
Bio-Engineering Aspects of Agricultural Drainage, San 
Joaquin Project, Environmental Protection Agency, 13030 
UBH, April (1971). 

Sutton, P. M., "Steady State and Dynamic Behavior of Combined 
and Separate Sludge Carbon Removal - Nitrification 
Systems", Ph.D. Thesis, McMaster University, Dept. of 
Chemical Engineering, September (1976). 

Tan, 	 T. D., "Dynamic Modelling and Data Analysis of a Wastewater 
Treatment Plant", Master's Thesis, Dept. of Chemical 
Engineering, McMaster University, (1976). 

Thomas, J. ,L., and L. G. Koehrsen, "Activated Sludge 
Bio-disc Treatment of Distillery Wastewater", EPA-660/ 
2-74-014, April (1974). 

Timpany, P. , "Variation in Axial Mixing in an Aeration 
Tank", Master's Thesis, Dept. of Chem. Eng., McMaster 
University (1966). 

Torpey, W. N., Heukelekian, H., Kaplovsky, A. and Epstein, 
R. , "Rotating Disks with Biological Growths Prepare 
Wastewater for Disposal or Reuse", JWPCF, 43, 11, 2181 
(1971). ~ 



-

7-9 


Torpey, W., Heukelekian, H., Kaplovsky, A. J. and Epstein L., 
11 Effects of Exposing Slimes on Rotating Discs to Atmos
pheres Enriched with .Oxygen 11 Proc. of the 6th Int. 
Conf. on Adv. in Water Poll. Res . , 405, (1972). 

Torpey, W. H., H. Heukelekian and A. J. Kaplovsky , "Rotating 
Biological Disc Wastewater Treatment Process - Pilot 
Plant Evaluation", EPA Report PB-232-133 , No . 670/ 2-73-027, 
May (1974). 

Welch, F . M., "Preliminary Results of a New Approach in the 
Aerobic Biological Treatment of Highly Concentrated 
Wastes 11 , Pres. . at 23rd Ind. Waste Conf. , Purdue 
University (1968). 

Welch, F. M., "New Approach to Aerobic Treatment of Wastes 11 , 

Water and Wastes Engineering, z, 12 (1969). 

Welch, F . M. , 11 Potential Use of the Bi o-Disc Process in 
Treating Wastewater from the Canning Industry", Pres. 
at Conf. on Treatment and Disposal of Wastes from 
Vegetable Processing, May (1970). 

Weng, C. N., "Biological Fixed Film Rotating Disks for 
Wastewater Treatment", Ph.D. Thesis, New York Univer
sity, (1972). · 

Weng, C. and Molof, A.H., "Nitrificati on in the Biological 
Fixed Film Rotating Disk System", JWPCF, 46, 7, 1674, 
(1974). 

Wilson, R. W., 11 Continuous Fixed Film Bi ological Nitrification 
and Dentrification of Wastewater", Mast er Thesis, 
McMaster University, (1975). 

Winkler, W.W. and Welch, F. M., 11 Energy Conservation Dictates 
Innovative Treatment Plant Design", Public Works Jour ., 
3, 86 (1974). 

Zanoni, A. E. , "Phosphorus Removal by Trickling Filter 
Slimes", U.S. Environmental Protect ion Agency Report, 
EPA-R2-73-279, July (1973). 



A-1 


APPENDIX A 

DATA LISTING 

This appendix contains a complete listing of the 

general operating procedures, including flow rates, influent 

and effluent temperatures, dissolved oxygen concentration, 

suspended solids, chemical additions, etc. as well as the 

analytical results obtained during the experimental runs . 

The results are pres~nted in cronological order. Abbre

viations and symbols used in the listi~gs are defined in 

Appendix E. 
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1e o~ o. 5~i--tttr.--A1-R----------------------<>----4'-------

-- -in- o6 - 13 ;-sM2 ·- RF Go a- --·- o-ea 2 ·-G--.8 ----------~-.~2.,,_-~zs~.--------

10 06 0.5H2 EFGG8 0.82 7.3 5 .5 24.7 
10 06 0.5M2 EFC0807 o.82 167 116 
10 06 o. 5~~~.~A~r~R~---------------------'1~~6r.~4,________ 

C HOOD I ~STALL ED ' AT 1130 

11 0 6 
-i--i--oo 

0. SM 1 RF G0 8 
o. sttt-tr-Go-a 

0. 7 4 6. 8 1.2 27.8 
o.r·t+r-.s------------1<--.a--~l--<',.________• Z o. 0 

11 0 6 0 • 5Ml AH e. AIR 2 5. 1 
11 06 O.SH1 INT.AIR 25.2 

11 06 0.5H2 RFG08 0.85 6.8 2 7. 5 

11 06 o. 5M2 EFGo·a 1.2 2 5. 4 

11 06 O. 51'12 AH8. AIR 6 .1 25.1 

11 06 0.5'12 INT.AIR 25.2 


14 06 0.5'11 RFGOB 0 .73 6.8 
--rtt-n·6-no?M 1-cF Go·a--u-.-r:r-r.-0

1~ 06 0.5~1 AHB.~IR 27.1 
14 06 0.5H1 INT.AI R 2 6. 7 

C RAW F~EO LIN ~ CHANGED CAUSING COOL ~ R TE MPE RATU RES 



Table A-1 Cont' d - - .. ·- --- - ---

G~~ERAL OPfPATitJ G naTA 

A-5 

OAYMON PILOT 
UNIT 

SA~PL~ FLOW 
IDENTITY L/M 

PH ALK 
MG/L 

SS VSS ~0 MIN 00 
HG/LHG/L SETTL E MG/L 

ML/L 

T~MP 

OEG-C 

14 06 
14 06 

- 14  06 
14 06 

0. 5 '12 
0• 5H 2 

- o. 5M2 
0. 5"12 

RFGO 8 
EFG08 
AHB.AIR 
INT.AI R 

(j • 8 0 6. 8 
0.80 7. 0 

- - - . - --- -------

o.g 
6.2 

18. 7 
21.Li. 

-?rt 
2 6. 7 

--i-s --o6~-.5M1----RFGC e--
15 06 0. 5"11 EFGC8 
15 06 a • s '11 EFC0807 

~-1--Atte.--trt-R 

15 06 0 • 5H1 INT.AI R 

o.-7-T- f:r.-1 
0.77 7. 1 
Q.77 156 125 

6.2 
• 

21.7 

• 
2 6. 8 

--- ---·---- - ·--·- - -- - -· .. -- ---·-- - --· ---- --

15 06 o. s112 RFG08 0• 8 G 6.7 1.. 2· 19.5 
15 06 0. 5112 EFG08 o. a o 7.0 6.2 22.0 
15 
15 

06 
06 

e. sr12 
O. 5M2 

E F C-0-8~-.fri) 
AMS.AIR 

6& 79 
2 7. Li. 

15 06 o. s112 INT.AIR 2 6. 9 
-~----

1& 06 0. 5H1 RFG08 
~!11 :OF Gil-8 

16 06 0. 5H1 AMS.AIR 
16 06 0 • 5H1 INT.AIR 

- - -- - -- ---- -· ----  - - -

0.12 
0 .1'2 

-- -

6.9 
7. 1 

o. s 
5.9 

1 g. 4 
22.5 
2 6. 7 
26. 6 

16 06 O. 5H2 RFG08 Ci. 8 5 6.9 
H s 0-6--0--.-5ttz-f~ 8 0.85 7. 1 
16 06 0 • 5H2 AHe.AIR 
16 06 o. 51-12 INT'. AIR 

------------- - -·--·-·· - --- - ---· ---------  - -

1 • L+ 
5.8 

19. 9 
~~.e 

2 6. 7 
26.6 

---

17 05 0. 5~1 RFG08 
--t ?--0f>-0-.-5 M-t-E f -G0 8 

17 06 0. 5H1 EFC0807 
17 06 a. s111 AME.AIR 

- -- 17 -- ~6 - o. 5"11 INT.AIR 

0.78 7.G 
1) .-1' 8:-7' • 3 
o.78 

·· -···- - - - ,--

153 124 

-

0.9 
6.1 

18. g 
20.2 

25.1 
4• 

11 
17 
17 
17 
17 

0t,--0-.-51-tC-R F-G-Q--e----o--;-a--7 
06 O. 5H2 EFGO 8 0. 8 7 
06 0 • 5M2 EFC0807 0.87 
06 0. 5H2 AH e .AIR 
06 o. 5"12 INT.AIR 

., • (l 

7.2 

- ·-· 
2C7 161 

- - -· -- - - ·--- - ------

1.5 
6.4 

19. 4 

2 0. 5 

_5rt 
2 4. 2 

---

18 
18 
18 
18 

06 
06 
06 
06 

0. 5H1 
0. Sr-11 
0 • 5t-11 
0. 5"11 

RFG08 
EFG08 
AMe.AIR 
INT.AI R 

c.ac 
0. 13 0 

6.9 
7.2 

. - · ·· -- --  - · - -- -  ---

0.5 
5.7 

18. 6 
19.7 

4;-2 

2 3. 6 

- -- - -- ---



Table A-1 Cont'd A-6~--

G~N~RAL OPERATING ~ATA 

DAYMON PILOT SA~PLE FLOW PH AL~ SS VSS 3~ HIN DO T~HP r ~ = ·· 


UNIT IDENTITY LIM MG/L HG/LHG/l SETTL~ HG/L OEG-C 

HL/l 


·- - ·- ··-. ·---- -····-- ·

18 06 0 • 5M2 RFG08 0.89 6.9 c. 7 1 a. 7 
18 06 0 • 5M2 EFGC 8 0.89 7.2 5.8 19. 9 

--- .. -18 ·-· - --- -------- -----06 -- o. 5H2 AMS.AIR "4...-2 

18 06 0 • 5H2 INT.AIR 2 3. 8 


21 06 Oe5H1 RFGC8 0.61 6. 8 1.2 18. 7 

21 06 0 • 5H1 ~FG08 C.61 7. 1 6.2 2 0. 4 


-- --z1 - oG ·-- -u ;51'11-----Atte;·AIR 4. 2 
21 06 a. s111 INT.AIR 2 3. 5 

C21 06 0.5H2 PU~P FAILURE DURING WEEKEND - NO M~ASUREH~NTS TAKEN 

22 
22 

06 
06 

O.SM1 
o. s•u 

RFGO~ 
EFG08 

0.61 
0.01 

6,7 
7.0 

1.0 . 
6.1 

19. 3 
21. 6 

22 o-6--tl.5111 E~o~1----~o~.~6~11-------+-1tr4r~-+1+1~2~---------------
22 Oo O. 5M1 AH8.AIR 2 5. 4 
22 06 O. 51'11 INT. AIR 24.9 

22 06 0.5H2 RFG08 0.82 5.7 1.2 19.3 
--2~b-----0-.SM2-E"f'-u-c-8-~- 6.2 21.3 ·---.~e-------------;"'--9---..--"r-----

22 06 O.SH2 EFC0807 G.82 
22 06 0.5H2 AHE,AIR 25.4 

-----22 - Qti - 13. 5"12 ·-INT• AIR - - - - - ---- ------ ---------?--------s. 

23 06 0. 5111 RFG08 0. 8 0 6.3 o.~ 19. 9 
23 05 0 • 5H1 EFGC 8 0.80 6.9 5 • '3 21.7 
23 06 0 • 5H1 AMB.AIR 25.8 
23 : 06 --o.SM1 INT.AIR · "4. 

23 o-o 0 • 5ttr"Rf"Gt!13 0.87 6.3 .
23 06 c. 5:-iz EFGC8 G.87 6.9 6.0 21.9 
23 05 O. 5M2 AMS.AIR 2:;. e 

----2 3 "" 0 6 .. 0. 51'12 INT.AIR ··- -- ------ ·-- • 

C24 Oo 0. 5f11 + 0 • ?M"Z-OUE TO PU~? PROBLE'1S THC:: COtt?lJS IT::'. SAMPL~S WERE NOT T 

24 06 0. 5H1 RFG08 6.4 o.9 18. g 
24 06 0 • 5H1 :: F GO R 7.0 - ·-·- ---·- --- ·· ---· - --- - -  · -----·-5 .-3 "---Z 001 

24 06 0. 5~1 AMB AIR ?6.7 
24 05 c. 5"11 HlT AIR 25.8 

24 
24 

06 
06 

0.5H2 
0• 5M2 

~FG08 

:: F GC 8 
6.4 
6.9 ----- .. "............----- ·· -- - - -

0 • g 1 8. g 
..- 0·•5·--zr.3- - --- ·- - · 

24 06 O. 5H2 AMS AIR 25.7 
24 05 0. 5:-12 INT AIR 25.8 



A-7 ________ ____T_ab_le A-1 __Cont'd 

GENERAL OPERATING ~ATA 

OAYMON PILOT SA~PL~ FLOW PH ALK SS VSS 30 HIN 00 T~HP 

UNIT IDENTITY L/~ HG/L HG/LMG/l SETTLE MG/L DEG-C 
"1L/L 

- - -- ---- - ---- - - ·- - -- -- - ----- - - -----------
25 0 6 O. 5"11 RFG08 0.61 6.7 1. 3 20.0 
25 06 O. 5H1 EFGO 8 G.61 7.0 6 • L+ 22.5 

- -25 - 06 --- 0.-5H1- AHE. AIR · - . 
25 06 0 • 5 H1 INT• AIR 2 6. 2 

25 06 O.SH2 RFG08 1.01 6.7 20.2 
25 06 O.SH2 EFG08 1.01 7.0 2 2. 1 

---2 5 - 0 6--{) ,-- 5H2--AHe.-AIR----·----------- --- ----Y--j.,.__.,.__,.,._______ 
25 06 Q.5~2 INT.AIR 26.C 

C FURTH~R COMPOSITES WERE TAKEN OF BOTH UNITS CO.SH > 

C MORE DATA FOR COMPARATIVE PURPOSES 


16 0 8 0 • 5 Mi 3.27 
10 oa e.s112 3. 

---i-1---o--e~~--t11--RF-G12----3 --.2.-7--7.--t>------------"#--------_.,.....,_-ff-______2.5 21.e 

17 08 Oe5M1 EFG12 3.27 7.7 5.7 21. 3 


11 a~ e.sr11+ 2 A11e.AIR 25.G 

17 O~ 0.5H1+2RFC1009 370 186 


-----i-7-1t 6 -- o~ H2 --- RF Gi 2 - ---3 .-2 5 ------7-.-e-----------~--.--~r--:--tt---------

17 O~ Q,5H2 EFG12 3.25 77 5.5 21.4 
2.5 21. 6 

22 0 3 Q,5H1+2RFC1413 84 

22 08 0. 5 M1 3.27 

22 08 --0 -.- 5i12 --- - -- ---- -3.25 -- - ------ 

23 0 8 o. 511 1 3.04 
--23 -ua 0• 5 H2 · 3. a4 

SAM~llcCTro-o~ I N FRIDG E FO~ 24H ~ . 8E FO R2 PREPARATION. 

C 24 0 8 1 5 00 HR . 0.5H1 MOVED OUT SID E AN O CONN EC TC: D TO SAHE FEED AS 2.0M 
-- ·-· -------- -------------- ---------------- --------- - -- -

C ENO OF EXPE RIM ENT 
- - - -- --- -- --·-- ----· ---- --- .



TabJ_e A-l _~O_ll_"t;_'. c) . 	 --- ·--- - - - - ____A_--:-JL__ ·- 

GENERAL OPERATING ~ATA 

A-3 HYDRAULIC VOLUH~ ANO DY~ STUDY OF Z.OH UNIT 

07 2.G H.RAW SEWAGE.STARTED USING FEED SCOOPS. 13L O-FE ED SHUTOFF 
1 -07 · - 2~0 M RA~ -SEWAGE - STARTED USING- OIRECT-r'-EEO - RPH-=--'!-.- c - - --- - -------· 

07 2.0 H 810 SURF ~OT LEVEL.H!~R S~T TO HINlHUN HEIGHT 
07 2.0 H BASIC VOLUME<NO FLOH CONOITIONSl=3364.J LITRES 


- 07 2. e M ACCUMULATED SLUDGE · rN THE - BOTTO"'l - Qf-f:ACH·- sTAGE
07 2.0 H 910 SURF SHUT OFF FO~ 6.0HR WHIL~ PIPING INSTALLED 

'	 07 2.0 HOYE STUDY AT 37.ZLIH.HEAO VOL=104.4L. VOLUHE=3468.4 l . 
07 z.oM 0-YE 3TUOV AT lfl0.3 LIM.H~AD VOL 181.f>t.TOTAL VOL-3545.t:s L. 
07 2.~ M PUHP SHUT OFF AT 14u0 810 SURF STILL ROTATING 
07 z.n H PUMP STARTED UP AT 1900.STG1+2 SHOW A HEAVY G~OWTH 

:NO OF EXPERIMENT 

·- ----- -· --- -- - - ---- --- ----- ---- -- - --- --------------------------

-- · ---·-------------------~---------------------------

- ---- - ---'-----· -·

http:VOL=104.4L


• • 

A-9Table- A-1 --Con-"t- '-0- - -- --· -- - -- -- - - -- --

G~NERAL OPERATING DATA 

t-4 ACCLIMITIZATION PERFORHANC~ OF 2.0H UNIT 

MON PILOT SAl"PLE FL OW PH ALK SS VSS 3G HPl DO T~HP 
-- UN IT - I 0 ENT I -T'f - t -/ '1 MG-t t-M GI ti'IG-t~-E-f-f L~G--tt:-0-~6---C'---------

M L /L 

07 z. [) H RFG14 97.38 6.2 	 1e.3 
07 2. Q "'1 EFG14 97.38 5.5 2C. 6 
~~ 1 ~~ • 

07 2. 0 H STAGE 4 97.38 	 4.1 20. 3 
07 	 2. 0 H AME.AIR 29.5 


·-·· . ·-·- - ---·--- ·- --····· ··-· ·---- -- -

07 2. 0 H RFC0807 99.7 	 2 88 217• 
07 2. a M RFGO 8 <39.7 603 19.3 

0., 2. 0 H =:rG08 g 9 • .,. 6.5 1g.7 

07 2.0 M STAGE 1 99.7 	 5.0 19.7 
07 2. 0 M STAGE 4 99.7 5.3 19.7 

-01~.-u - H ·-A He.-AI R --··

--u·r---2 • e H RF~-o-8~9"-. • 
07 2.c M EFGOe 99.7 6.4 	 19.3 
07 2.0 M STAGE 1 99.7 4.1 19.1 

- -0 7 --2 • o-M-ST AG £-4~ 9 ;.-7--------------~.-o----t-9e2---------

07 2.0 H AME.AIR 2C.5 
000 GROWTH IN ALL STAGES 

·· 07 -- - 2. o· M· RF-Gog ·-·-119. 7 ·- ·ti.; 5 - - ----------- ----:-9-e2'--------
07 2.~ M RFC0908119.70 330 250 
07 2.0 M EFG09 119.7 7.1 	 18. It 
l)~G-£--i-1""1""'3. 

07 2.0 H STAGE 4 119.7 	 4.6 18.5 
07 2.C H AME.AI~ 	 16.0 

. ---- ·- ··· ----·-----

LOW RAT~ INCREASED.RAIN HAS WASH~O OFF A GREAT DEAL OF 810HASS 
~HP KAO SHUT OFF DURING THE NIGHT.RESTART AT 0800 

C7 2. 0 H RFG12 <39.8 6.5 	 13.2 
. 07 .. 2.0 H EFG12 . gg. 8 . - 7 .-n -	 0-;-8 

07 2. 0 H STAGE 1 99.8 	 1.7 20. 0 
07 2. 0 M STAGE l+ 99.8 3.3 2C. 5 

-nr 2. u H-A~e;-A 

~HP HAO SHUT CFF DURING THE NIGHT AG~IN. • 
UE TO PUMP PROBLEMS FLOW REOUCE0 - ro -99;-8GPM•

~~fGr5~9•-a~ .-e-----------------t-11r-l'i--------~o-

08 2.0 H EFG15 99.8 6.9 	 20.6 
08 2.0 H STAGE 1 99.8 	 1.7 19.6 
03 z.r H STAGE4 99. ·-------------- --- 3 ,-5---zo·;-3 
08 2.Q H AMB,AIR 	 25.5 

http:RFC0908119.70


__ Tabl~_b.-_l C9pt ' d~- __ ---- - -- A---~""---lQ__ 

G~ NEPAL OP~RATING DATA 

DAYMON PILOT SA~Pl~ FLOW PH ALK SS VSS 30 HIN 00 TEMP 

UNIT IDENTITY L/~ HG/L HG/LHG/L S~TTLE HG/L O~G-C 


~LIL . 


03 08 2.0 M RFG08 111.68 6.8 18.7 
- --03 - 08 - 2. O---H--EFGO 8--- 111.-68 -6. 8 --- - ------------------ --'7-.7---- -

03 08 2.0 H STAGE1 111.68 
03 OB 2.C 7 STAGE4 111.68 4.0 17.7 

---(tr-ft-8---2-. ') I1 A M13-."ATR 1 6 • e 

C FEED PUMP IS PUMPING SOME AIR .HAY AFFECT D.O. 

04 08 2. c M RFG08 122. 6 5.7 19.5 
04 08 2. !P1 RF CC 8 
04 08 2. 0 H EFG08 122.6 6. 8 16.4 
04 08 2. 0 M STAGE! 122.6 4.1 18. 7 

-- ---o 4-{J e-- 2.-c---M --STAGE4-t-2 2-.-6 16.4• 
04 OR 2. n H AHB.AIR 1. 9. 8 

-e-sr~~~-s-T i"tE ~H OP THE 3RO 
C PUMP SHUT OFF DURING TH~ NIGHT • HAY AFFECT COMPOSITE 
C ELECT~ICAL FAILUR~ IN FLOW MONITOR CAUSED SHUT DOWN AT 1400 
--- - - --- ·-- · -- ----- -- - - - - - - ---------- -----------

C PUMP ~ESTART~D AT 0900. COMPOSITE START ED AT 1000 -0508 

05 08 2. 0 "1 RFG1G 124.8 6.7 18.7 

05 08 2. D H RFC1009 408 351 

05 ---0 8 - 2.1) - H E:FGiC --1.24•-S- -u-.-8 20.4 

(J 5 08 2. 0 M ST AG E1 124.8 3 • I+ 19.2 

05 08 2. 0 M STAGE4 124.8 4.2 19.4 

05-0-8~8~ 20.7 


C HOOD INSTALLEQ , ON 0608 
-- --- --· -- ·-- --- -------------- - 

C ENO OF EXPERIMENT. A TOTAL OF 4 COMPOSITE SA~PLES WER~ CJLLECTE D 

- --· ··- -· ~ ------------------ --

------ -· --· ------- - -- ---------- --------



• • 

Table A-1 Cont'd A-11 

G~NERAL OPERATING ~ATA 

SEPIES - 8 DIURNAL FLOW VA~IATION co.s~ . UNIT> 

B-1 NITRIFICATION HOO~ 

~25 06 0.5H2 S~T AT AVERAGE OF FLOW TO 0.5Hl AUG=1.18L/~ 
~25 06 O, 5~I INSTALLED FLO'rl SPLITTER AT PEAK/AUG/MIN OF 2/1/0.5 
c FL ows --- r 0 0. 5 - M2 . HEA SURE 0 .-- -- TI HE=O --rs-MI ON! GHT .-Fti:tW=t.-rtt.-VO-L-.--I-N--ttt-t~.--

c 0 0.813 78 12 0.826 79 
c -----i - -- - -c •10 4 - - - ----- - 5 7 -----------3--c~-+---------Q~-------

c 2 C.636 61 14 1.044 1UO 
c 3 0.567 54 15 1.475 141 
~ o.522 50 10 1.ae4 1e1 
C 5 0.522 5G 17 2.143 205 
c 6 o.s22 5 0 18 2.202 211 
c ---7 ---- - ·o;·s22 · --- · - -- ---- - ·--so·--- - -9--z-.0·13a · 20 
c a o.545 s2 20 1.861 178 
c g o .5gc 56. 5 21 1. 498 143 
C 10 0.658 63 ZZ 1.057 10C 
c 11 o.735 10 23 0.931 89 
C AVERAGE FLOH =1.05L/H 

. . ... ·-· -·· · - -· -··· - ·- ·- · ---- ·---- ---- ---- ----------------------

DAV MON PILOT SA ,.PLE FLOW PH ALK SS VSS 30 HIN 00 TEMP 
NIT IO~NT-I-TV-v--i-,1'--..-------Ml!cF-G_,f+-t-tL/:1 1-G-/ Lt1G It 3 E TT t E 11 GI t 0 E G - e 

HL/l 

29 .-06 · {).-5M1 RFG16 ---------------~------

29.06 0, 5M1 EFG16 21. 1• 
29 06 0.5M1 AMB.AIR 2 3. 3 

29 05 O. 5H2 RFGL6 1.1 e 20.0 

29 06 o. 51-12 EFG16 1.18 2 0. 7 

"29 06 . O. 5H2 AHB.AIR -----'? 3-.--3 


SAM~R""tAtrUl'·tC-ITilN--ON 2~706 CAUSED SAMPL~ RUN TO oE OISGAROEO 

C30 06 SAMPLER MALFUNCTION CAUSED COMPOSITE TO BE RESTRAREO AT 13CG 

30 05 0.5H2 TIHE=13 1.18 


02 
02 
02 

07 
07 
07 

0. 5M2 
0. 5H2 
0.5'-12 

RFG09 
EFG09 
AMS.AIR 

1. 1 8 
1.18 

5.7 
7. 0 

19.S 
20.3 

------~2-'3.-5_____ _ 

02 
(j 2 
02 

07 
07 
07 

0. 5H1-Rf' 
0. 5H1 EFG09 
0, 5H1 AM BAIR 

7. 0 

- -  · -- · -

• 
2 0. 5 
2 3. 5 

----------- ------ ---



• • 

Table A-1 Cont'd _ _ _____ _ _A-12 

GENERAL OP~PATING OAT4 

I YMON PILOT SAl"PL~ FLOW PH ALK SS I/SS 3 [; HHl 00 TE111P 
UNIT IDENTITY L/~ HG/L MG/LHG/L SETTLE MG/L O~G-C 

ML/l 

15 07 Q,5H1 RFC1009 216 162 
l 5-() 7 -- --O , 5t11 -- RF G0 8 .--·- -.------- -- --- --- ----1;-9.---E,------ --

15 07 0,5111 EFG08 2 0. 3 

l5 07 0.5H2 RFC100g 325 235 
l5 07 0.5112 RFG08 19. 7 
)5 - 0? - 0•-5"12-EFGO 8 ------------------';41~--------

l5 07 o.5M2 AHe AIR 	 2 4. 4 

24HR.COHPOSITES PLUS HOURLY SAMPLING ON 07+08. 

- ----- -- ---- --- - --------- - -
J7 
07 

07 
07 

O, 5M1 
0,5H2 

RFC1009 
RFC1009 

204 15g 
2CO 170 

08 07 0.5H1 RFG08 	 0.4 2 o. 1 
0 8 -o7--- Q-,--SM1- -RF Ci 0 0 9-- ---
08 07 0.5M1 STAGE 1 6.3 2.8 21.4 
DB 07 C,5M1 STAGE 4 6.2 l+. 1 22.4 
(}-8 67 6.5tl1 At18, AIR ~5.3 

08 07 0.5H2 INT.AIR 	 24.9 

- -- - --··--··---- ----
08 07 Q,5H2 RFG08 1,08 6.3 0. 8 - 20.1 
08 07 0.5~2 RFC1009 185 149 
oe- oT-1l-.--s-M2-sr--A G---E- 4 1 • o-s-4.6-. ~o-------------fr-,---?-----9--+--e---------

c 8 07 o.5H2 AHe.AIR 2 5. 3 
08 	 07 u.5H2 INT.AIR 2 5. 0 
--r T WAS NOT -POS SI-BLE T0 -- -o BT-A !N - -A CCE-S-s--f--e---S-T-AG-E--1 

l:f.2 ~1.~ 

194 266 	 C.5 20.0 

09 07 0.5M1 STAGE 1 6, 4 3. 2 Zl.~ 

09 07 0.5~1 STAGE 4 -- 599 -------------·ty;·o~-i-.-e ---------

09 07 o.5H1 AMe.AIR 25.8 
0 9 07 0 • 5M1 HI T. AIR 2 4 • 9 
-0-<3---o----r----o o5t1t--Ef-G0 8 - - ------

09 07 - o.5H2 RF G08 1.11 - t:. s -- -"26 4 _ ___ -- -i-.--1-----z-o.-2 -----
09 07 0.5H2 STAGE 1 1.11 6,3 1+. 2 21.6 
09 07 Q,5H2 AMB .AIR z5. 8 
·O9--1l ?-U.-5M?---I-N T----.AIR-
og 07 Q, 5 H2 EFG 08 179 

·-··-- ·-----·--- -
: ANOTH~R COM POSI TE SA MPL E RU N WIL L 8 ~ DON E AT A L ~ T ~ R DA T ~ 



A-13. Table .l?:- J _S ont _'._ d _ 

GENERAL OP~RATING OdTA 

~1 07 COMPOSIT~ SAHPLE 111~ • 22/07 CO~POSTIE SAMPL~ TAKEN 
THE FLOW SPLITTER WAS ADDED ON 16/07 AT1500.5DAY ACCLI~ITIZATION 

~~ PI LOT 3A l"f>t::---ft-rJW--?H AU< 3S V3S ~D TE~p- u l 'J 

UNIT IDENTITY L/H HG/l HG/LHG/l S~TTLE HG/L OEG-C 
ML/l 

21 07 0.5H1 RFG11 1 g. 8 
2r-e-~r--1?f'~-+----------------------9-ft-l't--------

21 07 o.5H1 AMe.AIR 

21 07 O. 5H2 RFG11 1 g. 8 
21 07 0.5H2 EFG11 20.7 

22 07 Q.5M1 RFG08 19.4 
22 ·01 ·- ·o.- sM1 - t:FGO' --·-- ·---------------,.tte~------~ 

22 07 Q.5M1 AHe.AIR . 2 2. 8 

22 07 0.5~2 RFGQ8 19.4 
22 07 0.5H2 EFG08 20.6 

·- ·--·----- -··-- · -- ··- ·--·- - ·-·- ---------- ---------------
END OF EXPERIMENT 

·--·----- - ·- -----------------

. . . ... ··• · - -· . - · ..- -·- -----



-·------~- ------ -·-

Table b - 1_ Con_t~d____ _ A-14_ ___ 

G~NERAL OPEPATING OATA 

SERI~S B-2 OPGANIC CARBON REMOVAL MO)~ 

T!Mc FLOW W~IGHTED VOL. TIM~ FLOW W~IGHT ~ D VOL. 
- - ------ ( l:I "1 ) - - -- ( Ml S ) --- -(L-tM) - ---( '1L-S) 

0 2. 52 74 13 3.06 go 
. ---- 1 - . 2. 22 --- 65 . - ---- -·---i 4 - 3 1-42· 1 tl c 

2 2. 06 60.7 15 4o65 137 
3 1. 91 56 16 5.86 172 

--tt---1.-8 4: 5 7 6.54 19
5 18 2 53 18 6.81 200 
6 1. 82 53 19 6.58 193 

-----7 - - 1..- 82 - - ··- --53 ---··-- -- - 20--6..-36 1-73 
8 1.82 53 21 l+. 99 141 
9 1. 91 56 22 3. l+O 10 i)
1a rr-tJ-4 6t) 2 3 2.84 8 
11 2. 27 67 24 2.52 74 
12 2. 63 77 AVERAGE=3. 36 L/H. 

AYHON PILOT SA~PLE FLOW PH ALK SS VSS 10 HIN DO TEHP 
UNIT IDENTITY L/H MG/L MG/LMG/l SETTLE HG/l OEG-C 

23/07 TO 28/07 • ACCLIHITIZATION 
. ------- - -- ---------- ------------

23 07 0.5H2 3.13 
23 07 0.5H1 FLOW FROtoi FLOH CONTROLLER. FLOWS ARE LISTED • 

28 07 24HR, COMPOSITE BEGAN AT 0900 

... . .. ·-· . -----2-75--2trt- - --·- 28 07 0.5H1 RFCO 90 8 
28 07 0.5M1 EFCO 90 8 2C2 ' 
28 07 0.5H2 RFC0908 1£+6 130 
Z-~4'12 EFC~~--------~~-------------------

2 g o7 o•sH1 -1 aoo·-- 2 • o - ---------- ---- - - --·- -- - - - - ---------

29 07 0.5H1 . RFG09 
29 07 0 .5H1 EFG09 
2 g 0 1 0 • 5-"11-i--s-T-A-G f'. • 
29 07 0.5~1 STAGE4 21. 2 
29 07 0.5M1 AMS.AIR 2 3. 1 

··- - - ----- ·----------------------------

29 07 J.5M2 RFGG9 3.4 6.9 
z-q--o-fit-.iJ112 EF---G~~.--~-,-0-------------------------

29 07 J.5"12 STAG E1 3.4 6. ~ 2 0. A 
29 07 0.5M2 ST.OG E4 3.4 6. 8 4. 2 20.7 

·- - - - - ··-··· --· ---------------~- .-+1--------~3-:-29 0 7 J • 5 H2 AME.AIR 

r ·: ,30 07 WAS TEO SLUDGE FROH THE SEWAGE PLANT IN THE ItlFLU:: NT AT 0 90 0 

G4 08 Q,5H1 STAG El 6.3 1.8 20.4 
u4 Od •). 5 Hi ST.OGE!+ 7.Q 3.8 2 1. 0 

. ·- -··- -- -- --04 o~ ~ .5H1+2 AMB•-AIR  • 
04 08 0. 5 H2 ST AG Ei 6.5 1.8 20.2 
04 08 J,5 H2 STAG E4 6.9 3.8 ? 1. Q 
---··-- ----- --- ----



A-15Table._A-L Cont'd 

GENERAL OPERnTING DATA 

DAYHON PILOT SAMPLE FLOW PH ALK SS VSS 3C ~IN DO T:~P 


UNIT IDENTITY L/~ HG/L HG/LMG/L SETTLE HG/L OEG-C 

ML/ L 


04 08 0.5H1 RFC0908 253 18.:. 

0 4 0 8 J. 5 Hi EFCG908 197 


--- c4 - 0 8 -0 .- 5 H2 - RFC0908 
 . ··---·--c 5 6 - ..--- - ---··-. ·---- -- .·---· --

04 08 0.5H2 EFC0908 228 


es oe o.sH1 1s30 s.13 
05 08 Q,5H1 RFGi5 6,0 1.4 20.4 
05 08 u.5H1 EFG15 6.06 3.0 21.2 

-- - 05 --Q 8 -o•5 M2 -·-RF G1 5 ---- - 3 . -2 7-- 6 ;;-0 - - - - --- ------+-•.,--h----?-tr.--4-----
05 08 0 .5H2 EFG15 3.27 6.8 3.1 21. 5 

06 08 0,5H1 RFG 6.7 1.7 2 0. 5 
06 08 0,5M1 EFG 6.3 3.0 2 0. 8 

·- -- 06- 1)8 Oe5H1+2AHe.-AIR -- -3.--5 
06 08 0.5M2 RFG15 3.5 6.7 1.7 2 0. 5 
06 08 0,5M2 EFG15 3.5 6.79 2.9 20.2 

07 08 0.5H1 RFG13 6.7 20.6 
-01-oa--1.-5M1 -· £FG13 - -------69-g----- ----- -----+--+-----

07 08 0,5H2 RFG13 3, 47 6.7 20.6 
07 08 0.5H2 ~FG13 3.47 6.9 21.0 

09 08 Q,5H1 1530 5. oe 
09 08 1.5H1 RFG 20.8 
09 08 0,5M1 EFG - - - - - - - - - - -- - - ---~2-1-.-1)------

0 9 0 8 0 • 5 "11 +2 AM e, AIR 2 4. 3 
09 08 Q,5H2 EFG09 3.44 21.2 
~i1~FGC~--3-.4'4------------------'!>2~e~.~st------~ 

--·- · ---- ------ -- - ·----- --- -- --- -------£ND OF EXPERIMENT 



• • 

- ----- -- -------

A-16 _ __ _____ .._____._T_...abl.e_A=l_Cont_'_d_ _ 

GENERAL OPERATING nATA 

SERIES C DYNAHIC RESPONSt: CG.5H UNIT> 

C-1 NITRIFICATION MOO E 
- ------·· - - · ---------- - 

07 AVERAGE FLOW SET AT 1.3 L/M 
LL CHANGES TO FLOW OURING THIS RUN HE~E HADE 15 HIN.BEFORE THE HOUR 
LL - SP IKE CH ANGES OU~ I NG · THIS - -RUN - \ffR E-HA o::-i (J - HI N • 8 EFO~E-'f·HE-HOUR --- - --- -- ·- 
Ht+CL= 3G /L' NAHCD3= 9.0 GIL, DEXTROSE= 5G/L. THIS SOLUTION WAS ADDED AT 1100HR 
N 1C/07 AT A FLOW RATE OF 12.9 HL/HIN UNTIL 2345HR ON 11/C7 
~~-eilNeE-ITT-R-A-'f-tt>N-S~tt-Sf>IKE-7.71G NHq.CL + 23.13G NAHC03 IN OtlE LITR: 

TOC SPIKE=7.CG DEXTROSE IN ONE LIT~E 
~ESE ARE THE CONCENTRATIONS USED FROM 12/07 TO 17/07 

·-- - ·· - ---- --- - - --- - - --------------------
~=FLOW OF RAW FEED IN LIM , OW=FLOW OF DILUTION WATER IN L/H 
JC~FLOW OF TOC SPIKE IN HL/HIN , TKN=FLOW OF TKN SPIKE IN HL/MIN 

~ON PILOT SA~PLE FLOW PH ALK SS VSS 3D HIN 00 TEHP CHEMICALS 
- UNIT IDENTITY L/~ ···-··- MG-/L-MG-ttMG-/t-Sf-rTtl-t1-G-tL-eE-G---f1.--------

HL/l RF OH TOCTKN 

-01 fl. ?"1! 0 .012 e o 14. 2 
07 O.SMI 1200 .672 .46 0 1 L+. 2 
Cl O. 5MI 1600 1.83 1.1i.. 2 8. 4 

· 07 ·0•5"11··- RFG12 ---t>.-e-~ &-a------------+.a--.4\---------

07 O. SHI EFG12 7. o 1 go 

07 0. SHI 0 .o72 0 G 0 
07 0. St..1I 0 80 0 .672 a 14.2 14.2 
07 0. SH1 · 1600 ··· --- ··- ·------ a--f)------------..~1-in--t+· -

07 0. SHI RFG10 7.6 390 3 20.s 
07 0. 5HI EFG10 7.3 2 30 4.3 21. 0 

07 0.5HI 0 .t+S4 0 14.2 C 
0 7 · 0 • 5 H I-O 8 0 0 ·· --· · - · - ·- - -· ·- -- -------- - ---1-.9!r-il-t~ .-4 
07 o. S"1I ~ ·1200 1.94 1.14 3g,7 0 
07 0.5"1! - 1600 1.94 0 26.1 0 
0 1 0.-5~1-Rf~-l\----------------------~1-.~----------- ·· - . 

07 O. 5MI EFG1G 22.s 

07 Q, 5MI 0 .633 0 13. 0 17.0 
07 0.5~I Q80C 1.94 0 26.0 34,Q 
-nr--u.--s~~n-A--------------------------1~.~9~4tr:-rrQ--1't0-~2e.~ 

07 0.5~I 160Q 1.94 u C 0 
07 Q, 5MI RFG14 1.2 2 0. i; 
0 7 .. - 0 • SM I tTG14------ . 1.1--·- 360 · ----------2~.~--------

1'7 0. SH I e 1. 94 6 E c 
07 Q. SMI 0 80 c '672 0 13. c c 
07 0. 5H I 120 0 .672 o.57 13.0 0 
07 -- a. SH1 --1 Lj 0 0 - - ·-·· • -7-2---tl-.S 1- -0--'.:-·· 
07 0. 5'1 I 1 EO 0 1.94 c c c 

http:SPIKE=7.CG


Table A-1 Cont'd A-17 

GENEPAL OPERATING DATA 

ION PILOT 
ur~n 

SA~PL~ FLOW 
IOcNTITY L/'1 

CHEHICALS 

RF OW TOCTKN 

07 
07 

Q, 5M1 
0.5~1 

RFG14 
EFG14 

01 o.s~r 0 ,672 G 0 22.7 

07 O. 5MI 1EOO END OF EXPERIMENT c c c ( 

··- --------------------------------

·-. ·---------·--------·-·----------------------

.. . - -- - - . -- ··---- -·-·-·----------------------

- ----· -- . -- ·-·· · -· ·- --- --- --·--

-· --·- · - ·- -·· ·-- -- - ·-·- ----- ---·- - - ------------------



Tab le A-1 Cont'd . _ _ _ ___A-18- - - --- · --·----- - 

G~N~RAL OP~PATING DATA 
C-Z Af'IO E·2 

O~GANIC CARBON REMOVAL HOOE. 2.0M + O.SH UNITS RUN IN PARALL~L 

- 09 - g EGAN E XPER IHENT · AT - 10 CuHR.-ALL- {;H ANGE-S~A-OE--1 ?-HI N.-BEF-eR~-lHr-tifrUR , --
SAH PLER S STARTED 4 HIN.BEFORE SAMPLE TIM~ FOR 8 MIN. GRAB. 
RF=FLOW OF SEWAGE, (l/H) OW=FLOH OF DILUTION HATE~. Cl/'1) 
TOC=FLOW OF TOC -· SPIKE, <HL:·/M) - TKN=Fl:i)W-i)F-TKN- SPii<S-(-ML-tH)- ---- 
CONCENTRATION OF SPIK~S. TOC=100G. DEXTROSE/L. TKN=30,8G.NHl+CLIL. 
BOTH UNITS RUN AT AVERAGE FLOW(113.5L/M+3.4Ll~>FRO~ 1500 03/09 UNTIL 
1ee~e-stt1<:: AT 1~3Ht/!1 FROH--fr-ei)O 66/09-ttNTIL 1060 07/09. 
DILUTION WATER HAY HAVE A COOLIN; AFFECT ON THE RAW FEED. 

MON - -p I L 0 T -- SA t'PlE--F L:OW-f>H- --AL-t<--S S-VS S-3 D-ttI-N--0{)--1-T-:~'1''"'p~-1-c~Htt-E-1"1~1 f-e-A ts·--
U NIT IDENTITY L/H HG/L HG/LHG/L SETTLE HG/l DEG-C 

HL/L RF OW TOC TKt.; 

' 09 1000-1SOGHR. 0 66 

-i]q - - 2.- 0 ... ---"1230 - 69.-5· 
' 09 O. 5H 121+5 2.31 

, 
09 0, SM 

'---{] 9~•-il M , 09 0, 5 +2H 
, 09 2.0H 
L 09 2. 0"'. O<.? 0. SM 

1515 4.58 
1-52il1--5·7-.1: 

RFG160 0 
EFG2600 
STAG 
EFG1600 

6. 8 
6.9 

7.0 

20.3 
19.6 

• 
20.6 

, 0 9 -- ---200-tr-~1.0 OHR• .-1-1-9. 6 Je

, 09 O. SH 2015 
r-o-<J 2. t'l M 2240 , 09 0.5+2M RFG2C 
r oq 0.5+2H AMB.AIR 
r -13q-2.-~M-S-T ·A·GE-1. 

r 09 2.0~ STAGE4 
7 09 2.0H EFG2000 
~ tJ. 5 M EFG2COil 

2.3 
1 • 

20. l+ 
23.0 

• 
1 9. a 
19.0 
19.2 

3 09 0100-0600HR. 
- - ·--- ---

75 0 122 
~---·----

B 09 O. SM 0200 2.32 
B 09 2, OM 0~50 72. 6 
~~~3~0---------------------'2~0~.~3?-------~ 

8 09 0.5+2M AME.AIR 28.5 
8 
8 

09 
tl9 

2.0H 
- 2. !:~ · 

STAGE1 
ST AG~4 ······· · -- -- - ---

20.0 
__________,,-9•5----

8 
8 

09 
09 

Q,SH 
2.0H 

EFG0630 
EFG0630 

19.0 
19,5 

8 0 g C600-1100HR. 159 G 14') 

aoq · o.s~ 09~0 4.5 . ... ... . ·--- - -- - -· - - --- -----

8 09 2.0'1 0910147.0 



Table A-1 Cont'd .. ___ _A-19 

GENERAL OPERATING OAT~ 

~LIL ~F OW TOCTKN 
HON PILOT SA~PLE FLOW PH ALK SS VSS 3C ~IN DO T~HP CHEMICALS 

UNIT IDENTITY L/H HG/L ~G/LMG/L S~TTLE HG/L OEG-C 
-----  - -. ·- -· -

09 1100-1600HR. 37.5 37.5 130 
. .. -- -· · ---·-----·-- -- - --- ------- - --

09 0.5H 1230 2.31 
09 2.0H 1230 73.6 

-Q-9 fl • 5 +-Zt-t--A--MB-.A·fR·--- -------------------'.:...._-ft---------- • 
09 0.5+2H RFG1230 6.9 2 0. ~ 
09 2.0M STAGE1 16.8 

- oq -2-.c M--sr AG£1+· - ---- - ----------------+-..,..__+<--------• 
09 2.0M EFG1230 6.9 17.4 
09 0.5H EFG1230 6.9 18. 6 

09 1600-2100HR. 125 36 82 

- oq --o.-s M· ----io20 - 1+-. ·6c 
09 2.0H 1620 155.0 
09 0.5+2H RFG1830 2 Q. 0 

---043 ~ • 0 l'1 ST A~+---------------------1-i:r:.~--------
09 2.0H STAGE4 1 8. 7 

09 2.0H EFG1830 1e.1 


-{)9--4J.-Si1--EFfr1 ·8"30·-------------------~f-G---+---------

09 183 0 WARH::R DILUTION WATER INSTALLED. 

21Q0w02~H~-.----------------'-------~1H?~~G--GA----~ 

09 0.5M 214? 4.5 
. 0~-2 -.~tt--- 2145-154-.-5 

09 J.5+2H RFG2200 2 o. s 
09 0.5+2H AHB.AIR 18.0 
--O~M STAlj~---------------------9-i~c:<---------• 

09 2.0M STAGE4 20.5 
09 2.GM EFG2200' 2 0. 5 

-·oq -o-.-s H---e FG2 20 o---- --- -t). 

Qq 0200~0700HR. 75 ( 13ll 

09 0.5H EFGOcOO 20.2 
09 2.0H EFG0600 20.2 

- 1) g · z .-o ·M~TAG~t • 
09 Z.OH SlAGE4 20.2 
og 2 • o 1~ o5 sa 6 9 • 2 
~??~.~---------------------------

og C700-1200HR. 
. - ·-- -·------ - ------------ - -

159 
--

(, 
--

259 
--

09 
09 

2.0H 
0.5M 

1025 
1111 

146.5 
4.6 

------ ·-- - -- ·· 



.. 


T~ble _A-1 __c:;Qnt ~ _<i___ __ __ __ A-20 

G~N~RAL OP~PATING DATA 

'10N PILOT SA l"PLE FLO~ 

UN IT IOENTITY L/ "I 

-  - --- - ·· - - ----

PH AL'< 
HG/L 

SS vss 30 HIN 
MG/LHG/L SETTLE 

ML/l 

DO 
HG/L 

T:: MP 
O~G-r, 

CH::HICALS 

RF ow TDC TKN 

09 12o e -17cc 7 9 . s 79.S 25J 

- oq 2.011 ·- · 12 35 ··-149 .1 -- ---- --------- ------------------ - ---------

09 :l.SH 123S 4.6 
09 J .S+2H RFG1245 1 9. 7 

-tt<j ().5+~H AME.AIR 2 3. 5 
09 2.0M STAGE1 18.2 
09 2.0M STAGE4 18.8 

- o~ -2.cM -- -EFG124 5 ···· -- - --- ·----------------~-9. J 

0 9 ~ • 5 H EF G1245 19.2 

09 1700-2200 79.S 79.5 132 r 

-il 9 ·- o-.--s M - ---i1 no - ----4 ·•-7 
09 2.0H 1700 147.3 

09 O.S+2H AME.AIR 2 2. s 


- ~q ~.S•~!t--RF-i;-T?-4-n---------------------94~~--------

09 a.SH EFG1700 18.7 

0 9 2 • 0 H ST AGE1 18.3 


-·· -0~-2ei!M--ST-AGE4,---·-------------------+-i:~.~---------

09 2.0H EFG1700 18.3 

2266 wQ ~C "HR. 75 6 122 

09 a.SH 2245 2.1 
- 0 9 2 •. 0,., --·- ·-22 44 ----72. 4 - -··-----------------------------

09 O.S+2M RFG224S 20.7 
09 O.S+2H AME.AIR 20.0 

-1}-9 0.5H =FG~~q.5 ~0.3 

09 2.0H STAGE1 20.3 
09 2.0M STAGE4 , 20.3 

-tl-<3 --2·.-n t1---EFG2 2 45 - - - - ---------------___.,,.-o.--3--------
09 2.0~ 0230 70.S 
09 O.SH 0230 2.3 

09 0 30 a· - 0 8 0 0 HR • 159 c 260 

--09-~;; 5 +2M -RFGO 4z ·3 -
09 0.5+2H AMS.AIR 
09 2.~M STAGE1 

-- - - - 
1 s.: 
20.6 

-0~ 2.0H ST~~E -1.----------------------9-~~-.-h----------

09 0.5H EFGG423 19.5 
09 a.SM 0730 4.66 
09 2.011 0730 145.3 .. ·- ·--· -

09 0800H~. END OF EXPERIMENT 



Table _A-2_ _- ·----- __ A.:-21 

BIO-SURF PILOT PLANT TESTING 
197 6 

ANALYTICAL RES ULT S - s:::Rr::s Al + A2 <ACCLIMATI ZATION) 
' HON PIL OT SAf"PL:: SETTL': D UNFILTE P.Ell FILTE RE D 

UMIT IOEt-.TITY S AM P Lr: SAHPL :: SA11PL E 
.. -- e0 o- co0 - r KN --e()o- c0 o - TKN - 800-Ci) o - TOc-ttH4 N~~tt-tHr~N-4KN 

06 .5M1 £FC0908 35 204 20.7 15 46 26 13,G 0.2 0,2 16.2 

06 ,5H1+2 - RFC0908 · ·-·------·--··--·-· ·-.---- · - ·-··--------i·4•fr~~on--.-

06 .5M1 EFC0908 19 108 20.6 7 21 18 13·0 o.~ 0. 2 15.8 

I 0 6 • 5 M1+2 RFC 0 90 8 91 2 9 3 2 6 • 2 3 3 1 C! 5 3 1 1 7 • 0 c. 1 1.6 19. <;, 
06 .5M1 EFC0908 16 96 3.8 5 33 17 a .a 1:.1 o.c 2.3 

;- o 6 -- - ;,-5112 - EF-CO-<:!O 8 -----------~~·a-;-<J.-ti--<r-Y-s~:-,-f'c....._~c._,4--0-. 0 15•4 

I 06 • 5H1+2 RFCO 90 8 100 264 24.1 32 92 33 16.0 0. 0 o.o 17. 9 
--ttti~oa 16 75 &.2 f) 59 15 o.a 11.e 1.5 1.1 

06 .5 M2 EFCC908 35 205 18.9 9 . 54 !. g 12.0 1. 2 0. 0 13.6 

;-· tJ6
j 06 
i OG 

. 5:"11+2~FCO<J08 ·· ···---- -

• 5 Ml EFC0908 
.5 H2 EFC09~8 

15 
18 

96 
155 

4 • '+ 
5.5 

4 
4 

75 
5 4 

10 
1C 

1~.o 

2.0 
1. 0 

0. 0 
3.6 
9.1 

0. 0 
a.o 
O• G 

• 
3.3 
2.7 

. 06. 06 
,5H1 
• 5 H2 

EFC0908 
EFC0908 

23 
23 

192 
172 

6.1 
9.7 

3 
5 

42 
46 

10 
10 

1.0 
1.0 

2.9 
9.7 

7.8 
0 • c 

2.6 
2.2 

) O& • 5H1+2 R1F CO 90 8 
) 06 ,5M1 EFC09:J8 
~~-a 

10C 
42 

4 

310 
190 
2fl 6 

25.2 
6.4 
4,7 

32 
!+ 
fJ 

96 
54 
54 

36 
10 
10 

19.0 
o.9 
fl. 7 

c. Ci 
1.G 
5.6 

0.2 
6.7 
1.3 

19.2 
1.6 
:3 • 0 

' 08 • 5H1+2MRFC100 9 27.9 109 
'---o 8  .-5111 t:FC10 6'9--2 2--t+f>-20·.-e--i-0<3 

08 • 5 H2 EFC1009 18 37 21.6 

233 31.8 
22 .1 
23.1 

9C 32 2C. G 
El t!--t-'f-i-4 • B 
6C 18 18.0 

c• :: 
0. 3 
0. 1 

0.5 
a.o 
0.2 

21. l+ 
18.8 
19. t+ 

0 ti 
DB 
08 

• 5M1+2M R1-' C141:5 
,5H1 EF C1413 
• 5 H2 EF C1413 22 

.. .. ... ··-- --. ·

1oa 
13 3 17.6 

97 1 9 . 5 
.. ---- ·- .. 

5o 226 22.1 
19.7 
21.6 

(j 3 
I+ g 
so 

1 Cj 

14 
15 

15.0 
13.0 
1 l+. 0 

0. 2 
1. 2 
0. 5 

0.3 
1.1 
a.a 

11. tr 
15.1 
15. f; 

- ·-·-··· - - - ····--·----- ·------· --· - ··-- · ···-·----- - -· · - --------------------

. - - ·-··· ·-------· ----- ------------------------· 

.. - ··------ -·--·-- ---------- -------- -- - --------·· -- -·-- · 



A-22Table A~2 Cont'd 

BIO-SUPF PILOT PLANT T~STING 

197E 
ANALYTICAL RESULTS - SERIES 81 (COMPOSITESl 

r MO~ PILOT SA~PL ~ S~ TTLE O UNFI LTEREO FILTEPEO 
U~IIT !OFl\TITY SA11PLC:: SAHPL ~: SAHPLC 

- --- - -- - - -- -- - ---BO o -coO--fKN--------8-DO-COO-f-KN---SOo--eDo--ttlC-t4H~N-tt02 N No~-N-f-1(-N-

06 .5H1 RFC0908 17.8 81 194 51.8 64 32 11.0 G.1 0.6 15.8 
C6 .5'11 EFC0908 8 69 5.5 1g.g 49 14 4.6 1.G 4.2 ~.8 

..... .. ----· - ·---·------------·--· --------------······ -------·-- ------- ------
01'.> • 5H2 RFCC908 16. 8 72 205 24.2 E.2 26 11.0 0. 1 0.7 16.2 
0:, • 5H2 EFC0908 11 117 7. 3 11.8 42 1 4 1. G 1. 5 2.9 5.2 

C7 • 5 '11 RFC0908 13.9 103 32J 25.4 66 32 5. 0 0. 0 0. 2 g.5 
.- --  07 -.----5 t'11 EF CO 90 8 --i2-7-S--S.---g ~ -z--15 2.9----;1.8 3--.-3 ~.o 

07 • 5"12 RFC0908 17.8 78 219 17. 3 59 27 a.o 0. 0 0.4 9.6 
Cl • 5 !12 EF C~0--8 9 65 3. 2 4. 8 41 13 e. 6 0.6 3.2 1.7 

; ---- -~7 -. 5H1- -RFCO <?O 8 ---- 2-5-.---5----1.---1;--9--3-4-{}-27--.-t+ ~ 46 18~-.-3-2~ 
07 • 5 '11 ::FC0908 14 10 3 12.3 15. 2 66 27 7. 0 0. 1 5.3 10.0 

,----  E7 I 5 ~12 RFCC908 22.9 88 29 8 24.7 68 39 14.6 GI G ~.f 1'3.8 
C7 I 5H2 EF CO 90 8 10 77 8 I 3 11.2 58 22 4.0 0. 7 5.9 7.3 

07 • 5"11 RFCO 90 8 27.2 137 376 30.1 70 48 16.0 0.1 0.1 20.1 
Cl • 5 '11 EFC0908 19 89 10. 9 16.7 54 22 7.2 0. 5 4.6 9.0 

- 

07 • 5M2 RFC0908 
07 • 5 '12 EFC0908 14 

-- --··- ---· - --·- .. . -- --·--- -
94 

23.5 
6.7 

103 322 2s.1 
11.2 

56 
49 

37 
16 

14.0 
3.4 

0. 0 
Q. g 

0. 0 
5.3 

17.1 
4.9 

07 • 5~1 RFC0908 24.7 131 359 3a. 3 G 40 15.0 o.4 0 • 3 19.6 
C1 • 5'11 E:FC~8 30 9B 12..3 15.3 0 18 7. 2. . 0. 7 CJ • t+ 9.2 

07 • 5H2 RFC0~08 27.5 119 290 26.3 0 36 15.0 a. 2 a.a 17. 2 
·- Cl - , 5H2 - fTCO 90 8 - --3 7 ---8 3--- 5-.-g - 1 Q·.--1 - - c--i~-3-.c-i-.---5--5~-4-.3 

:--1) 7 • 5 H1 RFC1110 ~ 1 t+8 ~48 315 148 50 28. 0 0.4 0.1 29.8 
07 • 5 M1 EFC1110 3C 12 a 16.C 23.0 78 21 10. 8 2.6 2.8 14.2 

. - 07 - • 5 M2 --- RFC1110 ·· -·- -- - 2 3 7 ----------i 3trtrt s --z 4--.-a - ---i-3 c- 3 e-z-i--.---n-o--.----3--n-.-s--'21 .--9 
07 • 5 "1 2 EFC1110 11 87 5 .8 11.7 65 17 4.0 1. 2 2.7 4.2 

:EEO A NO EFFLUENT SAMPLES IN .5H1 WERE INTERCHANG ED BY ACCIDENT 

I 07 • 5 H1 RFC1110 440 33. 8 38.2 390 50 29.0 0.1 0.6 31. 7 
07 • 5 M1 EFC 1110 315 145 369 21.g 16 2 7.0 2.5 2 . 2 9. 2 

07 • S M2 RFC1110 20 3 3C 427 2 8 • L+ 148 L+ 0 17.0 0. G :) • 3 2J. 2 
) 07 • 5 MZ EFC1110 144 71 4. 2 7. 6 E: 3 18 3.0 2. G 4.9 4.4 

-- - --- -- --- - --------··- - --- -- - ·  -



--- _ -- Table A-=-2 - Cont.:'_d __ ___ ___ ___ _ __ _ A-2 3 - --- · 

RIO-SURF PILOT PLANT TESTING 
1976 

ANAL YT I CAL R=:SUL TS - SERIES 82 CCOHPOSIT::S> 
MON PILOT SA~PLE s=:TTLE r UNFILTE RE1 FILTERED 

UNIT IDENTITY S AHPLE SAHPL'.:: S ~HPL:: 
-------· - - -- ---aoo -co1J1KN ---eoo- coo1-KN oo--e-oo-r-ocl'lH3Nrt02-N~-o~Nl~tr·--s

07 o5M1 RFC0908 23~ 106 255 25. 8 1 0 1 31 2!.0 C.C O.C 21.9 
07 .5~1 EFC0908 34 1~2 23.3 27.3 7C 24 17.0 G.6 0.1 19.5 

---- --- -- - --···- ---·---- -- -· ----·-

07 .5M2 RFC0908 180 105 272 26.7 75 30 14. 0 G. 0 o.o 19.9 
07 .5M2 EFC0908 23 105 18.e 22.6 49 20 11.0 0.5 IJ .1 1318 

07 .5M1 RFC0908 192 11~ 293 21.3 88 25 14.0 0.1 o.s 17.7 
-o1 ·- · 5 Mt - EF C0-<30 8 - 2 4 -a 8-i---t+.--8 16-?"J. a -'4- ----.s -c----i~-r-2.--tl 0. 6--n--.1---1.-3-.0 

07 ,5H2 RFC0908 117 17.8 29 251 25.9 	 60 1R 13.3 G.6 0.1 15.9 
72 22 13. Cl e. 3 0 • 0 15. f)I! 7 • 5 M? EF C~il~ 11 ~>------'l2~1-.-"2>---~3~9r3.,.__29--,4,,__.__.,._3----'7---'3>------">-"i>--1~-A-~>----'~--~-+~-k-

- 11 8 - . -S H1----R f C0 <3 0 8 -------z 4--t 1 09"-~~"<3rt----o~~-4 13.0 e. e 0. 4 1-t>n
08 .5H1 EFcogoa 37 1e3 24,4 26.9 66 22 18.0 G. 2 0. 3 22.0 

06 • 5 ~~ RFCO 90 8 261 79 ~14 2 6. c+ ~2 2~ 11.0 0. 0 0.2 21 • :3 
08 • 5 H2 EFC0908 22 129 21. 4 22.7 57 17 14.0 0.1 0.3 19.3 

-----·· ·---

08 • 5 H1 RFC1514 266 109 353 31.3 91 29 18.0 G. 0 0.4 23.5 
08 • 5 Mi EFC151L+ 2£+ 141 21.5 22.8 60 18 14.0 0. 1 0. 3 18.9 

08 • 5 M2 RFC15i4 22£+ 106 2 95 29.2 74 25 18.0 G• 0 0.3 21.2 
I08 5 M2 EFC1514 32 174 23.8 2C.3 66 19 11. 0 0. 1 (l. 3 16.9 

- · -- -- - · · · 	 . ··-  ·· ·----- - -

08 • 5 M1 RFC0908 213 131 303 30.9 84 33 19.0 0. 0 0.2 23.2 
I08 9 Ml Er-CC 96 8 38 160 24.3 2 g. '3 65 22 15.0 c.1 o.4 13.3 

08 • 5 ~2 RFC0908 225 103 2 5 L+ 26.8 74 26 18.0 G• u 0.2 20.8 
-ns ·- • 5 M2 EFC0<308- - 2 3 - -- g 8 --·2 3.• 8 .----·-----cs •1 6- o---i.-<3-t--e---.o-u--.--n~.--~ 4....-3 

o~ • 511r--R"~~~ 103 30 3 21.c 93 32 2 :3. 0 0. 0 0 • '+ 24.1 
08 • 5 Hi EFC1009 33 168 21.7 25.6 74 21 19.C 0. 4 0.1+ 13.1 

--n 8 -- ;5 '12 ---RF Ci 0 0 9 - -- -- -- - -zi-3 ---·--·---;z---z-s-u---z-3'05 c---'3 n-zo• o a. a 0.2 2~-~ 

03 .5H2 EFC1009 23 13i 19.7 23.4 71 20 11.0 u. 4 0.4 17.8 

- ·-·-··· · -- ----- -------------------- ---- - - 



--- ---- ---- ---- Table A-2 Con±.-''a._.___ _ A-24 - - --- 

910-SUPF PILOT PLANT T~STING 

197E 
ANALYTICAL PESULTS - SERIES ~1 <HOURLY) 

f HON PILOT SA~PLE FLO~ RAT~ UNFILT~RE D FILTERED 
UNIT IDENTITY SAHPL~ SAMPLE 

-- - --------- -- - - ·------ ~G-P11--n-oo --co-u-TKN--SOO-CtJf'-fcrG "Ntt".3N f'qQ2 Nrtn~~-N-
7 C7 .5'11 RFG 900 0.130 i..1 15 8.3 0.3 0.6 11.3 
7 07 .5H1 RFG1000 0.145 49 16 11.0 0.2 0.3 13.0 
7 - -t:,7 -- . 5M1 - RFG1100 ---- -o.;-162 - -·· ~9-1:5 --i-"S-.-n O. c-n-.i-t-7•6 
7 Cl ,5"11 RFG1200 0.182 86 31 20.0 C.O Q.O 24.C 
7 07 .5'11 RFG1300 0.210 102 47 23.0 0.2 a.a 25.8 
-r-01-.--sM~F~--ttn)O a~2- o----tv-3-20. o o. o o~-395 

7 07 .5'11 P.FG1500 C.324 169 78 21.0 G.G O.C 28.4 
7 07 .5H1 RFG16GO C.414 159 92 21.a O.O O.O 28.7 

-?-1!71-SM1 -- RFG1700 o···-tr7t ·3--r -~.-lr?S~ 

7 07 .5M1 RFG1800 0.484 135 72 18.G a.a 0.1 24.0 
7 07 .5'11 RFG1900 D.459 142 74 19.a O.O O.G 24e5 
1 01~~r--Rrc-2aoo----ito40 6 67 1e.o o.c 0.1 z1.9 
7 a7 .5M1 RFG2100 0.329 98 58 16.0 a.a o.o 19.9 
7 Cl .5H1 P.FG2200 0.235 90 53 14.0 G.G O.O 17.6 

--1 - - c1 ----.--sH1 ·- RFG·23oc c-920-s =r~.c o.o o.e 10.2 
7 07 .5~1 RFG2400 0.179 74 37 12.0 a.a o.o 15.4 
8 07 .5M1 RFG 100 0.155 65 32 13.0 O.O O.O 14.5 

-a- or .5M1 PF~O 0.140 57 ~4 13.0 o.o o.o 13.7 
8 C7 • 5H1 RFG 300 C.125 51 23 12.C O.O O.O 14.1 
8 07 .5M1 RFG 400 0.115 59 24 13.0 C.O O.O 14.0 

- - a --L>1-.s~1-RFG-SOO--i).-tt·-s · ~~.o o.o o.o 13.0 
8 07 ,5H1 RFG 600 Q,115 41 17 10.0 O.O O.O 10.2 
8 07 .5H1 RFG 700 0.115 45 17 9.0 0.1 O.O 9.4 
-a-· ~., .5Mt RFG 8CrC e.12e 43 16 9.a e.2 ~.5 9.7 
8 07 .5"11 RFG 900 0.130 47 15 e.o 0.3 0.3 9.9 
8 07 .5111 PFG1000 0.145 42 16 10.0 0.2 0.2 12.E. 

·a -1J7 --. SM1 -- RFG 1100--0 .-i.6-z :-a---i--1 14. c e. 2 ,-.c--tt,--.-a 
8 07 .5M1 RFG1200 0.182 53 41 21.0 0.0 0.1 24.5 
8 07 .5H1 RFG1300 0.21 0 73 50 22.C O.O O.O 25.4 
8 c-r-o--sM1 RF"1,-4 0 0 o--.-2"2 9 fj 2 5 3 z3 • 0 a• 0 0 • 0 2 5 • 3 
8 C7 .5M1 RFG1500 0.324 82 60 20.0 O.O O.G 24.6 
8 C7 .5M1 RFG1600 Q.414 121 75 21.G G.O O.O 25.5 

-a - 01 - . 5"11 - RFG1190 - ----- 0.-471 - - -i--01--s<3"--tt-.-o--tl•(j-n.n-zn-.-1 
8 07 .5'11 ; RFG1800 0.484 95 56 16.0 Q,O O.O 19.0 
8 07 .5H1 RFG1900 0.45 9 190 61 18.0 0.1 0.9 19.8 
-a~r-.sttr--Rr~o-oc 0-.--4lt9 89 48 1~.o e.g o.o 10.e 
8 07 .5H1 RFG210G 0.329 95 57 16.0 G.1 O.O 20.0 
8 07 .5"11 RFG2200 0.235 82 51 16.0 O.O O.C 19.3 

-a-t7 -.sH1- RfG23oo --- -o.-zo-s -z--;n 12.0 o.o o.c 13.-a 
8 C7 .5H1 RFG240G 0.179 55 30 12.c ~-~ c.1 13.3 
9 C7 .5M1 RFG 100 0.155 69 41 14.0 a.a o.o 16.E. 
9 0~H1 RF G 21) 0 C• 1·tt 7 4 2 13 • 0 C• 0 0 • 0 15 • C 
g 07 .5H1 PFG 300 o.12s 54 24 13.G 0.5 o.c 14.6 
9 Cl .5"11 RFG 400 0.115 56 24 12.0 0.8 0.1 14.6 

. 9 -- 07 --. 5 H1 --- RFG " 5 Gc ---- -- 0; 1 rs -- 5 t;~!-rz. a 0 . Lt---O-;-t;.--1:"3.-e 
9 07 .5H1 RFG 600 0.115 54 16 9.0 0.6 1.4 11.g 
g 07 .5H1 RFG 700 0.115 49 16 8.J 0.3 2.1 1c.s 
~--rr-.5Mt-RFG -aro ------u.-izr 9 1a e.o o.5 2.2 9.c
9 ('7 .5"11 RFG 90C C.13C t..5 1!. 2.0 8.0 14.1 11.C 
9 07 .5111 RFG1000 0.145 48 15 9.0 G.4 3.3 13.8 
~ 01 - .5M1 RFG1100 0.16"2 ___ 63-C"2---i-i.o c.3- 1;0---i7o 7 



- --- - - - - -

---- - -

'l\Abl~2_cont~_d__ _ A-25_ 

ANALYTICAL P:: SUL TS - s::orr:s 81 I HOURLY> 

HOt\ PILOT SAl"PL~ FLOW RATE UNFILT~REO FILTERED 


UN IT IOEl\TITY SAHPL:: SAMPLE 

!GPH BOD coo TKI'\ BOO COD TOC NH 3N N02N N03N TKN 

7 07 • 5 '11 EFG g QC 0.130 57 15 c. 9 Ci. 2 7.1 l • L+ 
7~7-.-5Hi -;:FG1000 --G, -145 9---t 4-0.-i'---O • 2 7.3--i.-i
7 C7 • 5"11 EFG110C G.162 45 14 a • 8 c. 3 7.4 1.8 
7 07 • 5"11 EFG1200 0. 18 2 41 14 1.2 0. 3 7.8 2.1 
7 - 07 --.-- 5"11 - -fFG13 0 0 --- o.--210 --i--i-4 2 • 3-----o-.5--8n---3--.-C
7 07 • 5H1 t:FG1400 0.229 41 15 4.1 0.6 8.2 4.3 
7 07 • 5~! EFG1500 Q.324 41 15 6.5 0.6 7.8 &.6 
-?---e7~f11--f-Ffr1ti-1}~ 

7 07 • 5111 EFG1700 0. 471 
7 

57 
18 
22 

10. 3 
12.8 

0. 5 
0. 5 

". 0 
2.0 

11.8 
1 L+. 4 

7 07 • 5M1 EFG1800 o.484 55 25 13.5 0. l+ 1.1 16.3 
7 - -{; 7 ---.-5H1-t FG19 {J IJ ----i)--.-1+~-q- 1 25 12. 5 (;.If 1.5 1-3-.-T-
7 C7 • 5~1 EFG 20 CCI 0. L+O 9 61 28 12.5 0.5 1.7 13.9 
7 07 • 5'11 EFG2100 0.32'3 57 22 11.g 0. 5 1.9 12.7 
~1 EF5-ff-6Q~? 45 19 10. 6 0.5 2.4 12--.--3
7 1]7 • 51'11 EFG230Q G. 2C 5 -45 17 9.0 G.5 3.3 10.5 
7 07 • 51-11 ~FG2L+OO 0.179 41 17 7.4 o.5 l+ • 2 8. 9 
-e -c 7- .- 5"11 E FG---i 00 --O.-1-5 5 --5.7 0.6 5.0 7. 3-
8 07 • 5M1 EFG 200 o. 140 45 1& l+. 0 Q,6 5.8 5.4 
8 07 • 5H1 EFG 300 0.125 41 17 2.6 0. 6 &.6 3. g 
8 67 • 5 111 EFG 405 0.115 42 16 1. ct 0.6 7.3 2.7 
8 07 • SH1 EFG 5 0 0 o.11s 46 16 1.1 0.5 7.5 2.7 
8 07 • 5M1 EFG 600 0.115 44 17 o.& 0.4 7.5 1.6 
-8-{) -7~M1- £ FG- 7 0 0 ----------0-.-- 5 44 15 e.6 e.3 7.3 2. c 
8 07 • 5H1 EFG 800 o. 120 10 13 0.5 J.3 1.1 2.1 
8 07 • 5M1 EFG 9 00 0. 130 53 14 c. g 0. 3 &.4 2.2 
8 07 • 5M1 EFG1000 0.145 51 13 6. 7 Q.3 5.4 1.7 
8 C7 • 5M1 EFG1100 o. 162 51 14 (j • 6 Q,3 7.1 2.1 
8 07 • 5H1 EFG1200 0.182 67 13 3.4 1.1 8.7 4 • 4 
8-i)7 --.--sM1- - E FG13 0 o- --n •-211J I; 9-1-3--1.---7 0. 8 e-.e-3-.--i 
8 07 • 5M1 EFG1400 0. 229 47 13 o.9 o.5 B.O 2.3 
8 C7 • 5H1 EFG1500 0.324 46 14 5.7 1. c 7.7 6.8 
8 C1' • 5H1 EF'G 1600 0.414 5e 16 13. 1 c. a 5,2 11.1 
8 07 • 5H1 E FG17 00 0.471 54 19 12.0 0.7 3.1 13.9 
8 07 • 5"11 EFG1800 0.1+81+ 55 18 12.0 0.7 2.2 14.0 
-a --r1-- -.-sM1-£FG-19 ou ----o •--t+5 g 5--z-s--rz.-v e.7~3.--5 

8 Cl • 5H1 , EFG200C 0. 40 9 55 25 12. 0 0.9 2.3 13.5 
8 07 • 5M1 EFG2100 o.329 55 19 10.0 0.8 2.7 1~.o 

-a~ll---.--5 H1- t:-FG-22 00 0-.235 -f 21 10 • 0 o. a 3.2 11. 3 
8 07 • 5M1 EFG2300 0. 20 5 52 17 8.6 C.8 3.9 9.6 
8 C7 • 5 "11 EFG2!+CC 0.17 9 49 16 7.G c. 8 s.o 8.1 
<J n1 • 5"11 - EFG · 100 - - --- ~ .-155 ---s-o--i-?---s -.tt--o-.--<J-5.---e--0-.1 
9 07 • 5"11 EFG 200 0.140 49 16 3.9 0. g 5.6 5.4 
g (j 7 • 5H1 EFG 300 c.125 53 16 2. L+ o.g 7.5 3.6 

-<)----i;--r-.--5 H1 f -F-G-#-0 0 0 • 1--:t !. 5 1.2 e. 8 8.3 2.9 
9 07 • 5H1 EFG 5 co 0.115 53 16 0.1 0. 6 8.6 2.1 
9 07 • 5H1 EFG 6 00 a.115 53 16 c. 5 0.4 8.4 1.g 
g -- tJ 7 • 5H1 EFG- 700 -- ---- c.115 ----- - _, 3-11~-.-4-r.-t+---a .4- -2. -r 
g C7 • 5 Hi E FG 800 0. 1 2 G 53 17 0. 3 0 . 3 8 .3 1. 8 
9 07 • SHi EFG 900 c. 13 0 c: ~ 13 3.7 0.5 1.0 4.8_, '" 

-<J---t) 7- . 5 M1- E FG-i 0 0 c - ---n .-14·5 5~--0.1 e. 3 ., • 7 4. -s 
9 C7 • 5H1 EFG110C Q. 162 49 13 C.6 0. 3 7.7 5. c 

- - -- - ---- - ·-- -- -- ------- ----------------------------



.Table A ...---2 Cont.!d ___ __ .. _ A,,..2£_ _ ______ 

BIO -SURF PILOT PLANT T~STING 

1976 
ANALYTICAL R'.:SULTS - SERI~S 92 CHOU~LYl 

Y MON PILOT SA~PL~ FLOW RAT~ UNFILTERED FI LTERED 
UNIT IDENTITY SAMPL~ S!:IHPLE 

- - - - ·. -- 1 GPM . - f3 0 0 -c0 O-f·KN -- aoo ---c0 o-rec -NH·3 N-NOrtt-tttH N-Tiffi 
3 08 .5H1 RFGC9 C.42 119 31 12.8 G.3 0.2 14.1 
3 08 .5H1 RFG1J G.45 46 13 12.0 Q,2 O.O 13.8 
3 - O8 ---.-5 "11··- RFG11 ----- ----- {) . -5 0 -- ----- - -- - - - -1--1:4--t-7-e-fr-U-.-2-"{).-fr-1. fra ·2 
3 08 .5H1 RFG12 0.58 59 17 19.o 0.1 a.a 21.3 
3 08 .5H1 RFG13 0.675 118 38 31.C 0 .2 0.1 33.C 
~-il-e • 5 ·11 RFfrt-4--frrl74 1 5-e 5 3 3 o • o e • 1 o•e 3 7 • 3 
3 08 ,5M1 RFG15 1.025 18~ 64 41o0 O.O 0 • 0 42. e 
3 08 o5M1 RFG16 1.29 168 59 31.0 G.O o.c 33. 1 

:-5 - oa - .5M1--RFG17--·- ----i-.-4 e~o.u r.e !) • 6 fh~ 

3 08 .5H1 RFG18 1.50 128 31 22.0 O.C o.c 23.0 
3 08 .5M1 RFG19 1,45 168 60 28.0 O.O a.a 29.7 
~ 8 • 5 "11 R~ 1. t+ 1 16 G 5 2 26. 0 C. 1 e.1 2 '7. t 
3 08 .5M1 RFG21 1.1 .158 51 26.G G.1 0.1 27. 7 
3 08 .5M1 PFG22 C.75 132 37 22.0 C.1 0.1 23. S 

13- ·08 · - -. ·5H1 ·--f<FG23 - - - O·•f>25-- 8 27 15~·7.-? 

13 08 .51i1 RFG24 0.555 92 24 14.0 O.O 0.1 15.1 
14 08 .5M1 RFGC1 G.49 84 32 14.G G,1 0.1 15. 2 
r·t+- 0-8 • 5 n.!. RFG-U-~ 0 • 4 5 5 9- El ~ 7 14 • G C• 1 ~ • fl 15 • t 

14 08 .5H1 RFG03 C.42 80 22 14.0 0.1 O.O 15.C 
14 08 ,5M1 RFG04 0.405 70 18 14.0 G.1 0.1 15. ~ 
14 - 08 ---.-s·H1--RFGO 5- ------ ·- -{j ·•40 9----t-6 14. e E. 1 e. 3---:tY. ( 
:4 08 .5M1 RFGG6 o.~o 53 15 13.0 0.1 0.4 14. : 
14 08 .5M1 RFGQ7 0.40 50 14 12.0 0.1 a.4 13. ( 
t4-08 .5Mt PFGoa o.4il 50 14 12.a e.1 o.5 13. t 
14 08 .5H1 PFGC9 0.42 45 14 11.~ Q,2 Q,& 12. 1 

!4 08 .5H1 RFG10 0.45 66 18 12.c c.2 o.s 13. t 
l4 06 -- .5M1 --· RFG11 ·---{).--so ~-£.--t-7.-i}--fi~~. ; 

14 08 ,5H1 RFG12 0.58 eg 22 19.0 0.5 a.1 22, l 
l4 08 .5H1 RFG13 0,675 148 37 27.0 O.C O.C 29, 
~ .5M1 P-F~-.--154 224 67 37.0 G.O fl.6 41.-i 
14 08 .5H1 RFG15 1.025 164 45 32.0 O.O o.a 33. ~ 
)4 ae .5H1 RFG16 1.29 206 57 31.0 o.o a.a 32. : 
14 · oa --.5-M1 ---R FG1·7, - - - -i-.-44 82 53 3~~Tfi-33• ' 

!4 08 .5M1 ; RFG18 1. 50 13C 35 22. 0 C. 0 a.a 23. 
l4 08 .5M1 RFG19 1.45 160 55 28.a O.O O.O 29. 
~8 ,5H1 RYG-21l 1.41 122 35 19.0 o.t+ e.o 1~-. · 

l4 08 ,5H1 RFG21 1.1 114 31 15.G 2.5 1.4 16, · 
l 4 a 8 • 5 H1 RFG 2 2 D• 7 5 1 G9 3 1 14 • 0 u. 3 a • 1 15. ' 
J4 ··oa --- - . 5 M1 - -- RFG23 -·-----·· -- o-.-62s · -n-o--z~-;-Z-O-.-r-ts•-

l4 08 o5H1 RFG2~ C.555 100 48 13.0 ~.2 O.O 14 • . 
l5 08 .5M1 RFGC1 0.49 89 3C 14.G c.1 G.o 15. 
:-s 0 8 • 5 "!1 Rr-c-t z c. 4 5? 8 8 z4 14. 0 c. 1 0 • z 15. 
l 5 0 8 • 5 M1 RFG 0 3 G. 42 8 1 21 15 • 0 0 • 1 a • 3 15. 
15 08 ,5M1 RFG04 C.40 5 74 21 14.0 C.2 0.4 15. 
l5 OS3 -.5H1 . RFGC'S - o. 40 --· -------------- <?-C 3--r4~.::-.-z--o-.s-i5 ·• 

j5 08 . 5M1 RFG05 0.40 65 20 13.0 0,2 0.5 14. 
)5 08 .5H1 RFGC7 o.~o 55 17 13.0 0.1 0.8 13. 
J518---.-51""1---PFGC a - --D.-'40 5~ 0 11. 0 e. 2 0. 9'-1-2-. 
)5 08 .5M1 RFGC9 0.42 52 17 14.C C.6 0 .8 1 5 . 
:s 08 .5M1 RFG10 G.45 54 15 11.0 C.3 a.7 12. 
~ 5 0 8 --- • 5 M1 ····- RFG11 -- ·--- - o .- so -·---- 56 16 1?e1l--O-;-Z-O-;-t+;5 ·9 
) 5 08 , 5M1 RFG12 C.58 71 2 1 19.0 0. 2 0.2 1 9 . 
)5 08 , 5H1 P.FG13 0 . 675 9 6 25 25 .C 0 . 5 Q,2 26 . 



- - - ·---- ----- - - ___ Table_A=.2-...Con.~t-'~d____ _ A-27 

ANALYTICAL PESULTS - s~~I:s i32 CHOU~LYl 

MOt-: PILOT SA~PL:: FLOW RATf UNFILTERED FIL TE RED 
IGP~ BOO COO TKN BOD COD TDC NH3N N02N N03N TKN 

UNIT IDEt\TITY SA'1PL:: SAl1PL:: 
; 0~ .c;H1 RFG14 O. 754 131 37 25.0 o • a o.o 26.0 
~ 8 -.-5 111 - rz F G 1. 5 - -- 1-.n 2 s ----- --- - - -- --- - -r-3 3 ~-;-z.7. 0 0 • 0 0. 0 2T-.1 
, 08 .5H1 RFG16 1.29 194 57 29.C c. 0 0. G 29.S 

GB .5M1 RFG17 1.44 146 42 24.0 0. 1 0.1 25,5 
· 08 --; 5"11 - · RFG18 -·--· 1;o·50 ·- ------ t 3 5 - 3 4--zo.-o--n.-i-0.-0~1.--o 

08 .5H1 RFG19 1.45 160 50 za.o 0. 0 0. 0 29. 5 
· 08 .5t11 RFG20 1e41 139 40 23.C G. 2 :) • c 24.C 

08 .5~1 88 27 115. 0 O.o 0 • 4 19 .3PF~~1----1~.--+1-------------~-~-----1'1----~--.-....--~--+-

08 .SH1 RFG22 0.75 127 39 19.0 G. 3 0.1 19.3 
· 08 .5M1 RFG23 0.62'5 117 27 18.0 0. 3 0. 1 13.1 
; -- oa -.-5M1----~FG24 ----~-.555--------------------~-~-s.c .... t+---0. 2 1 s--.s 
I 08 .5H1 RFG01 G.49 74 20 14.G 0. 4 o.4 15. 3 
: 08 .5M1 RFGC2 0.455 79 21 16.0 0. 3 0.3 16.7 
;-1)"8 • 5"111 ~G-tt"3 0-;-4C------------'>-+---4~--+-~~->-""l>-~----..__...~ 10.0 0.2 0.2 1T.~ 
I 08 .5H1 RFGC4 0.405 . 63 19 16. G 0. 1 0 .1 11.2 
· 08 .5M1 RFG05 O. 40 61 19 16.0 0. 1 0. 2 16.9 
,- 08 -~151'11 - ·- · RFG06 ----- 0.-40 ·-- ?--tn~S. 0 0. 1 o • 3---i-o.-i
' 08 .5H1 PFG07 O. 40 55 15 14.0 0. 2 0.4 13.0 
, oa .5M1 RFG08 o. 40 56 14 13.C c. 2 o.s 14.4 

08 .5M1 EFG09 0.42 83 23 s.o 2.7 0.6 7.1 

:- o a --. s111 -- -- EfG11l ------o -•-t+5 6--rtr-5. 0 3.-3~~.....-a 

08 .5H1 EFG11 c. 50 43 14 6.0 3.7 0.8 7.8 
08 • 5 M1 EFG12 r.58 41 13 9.0 3.3 0.7 10. 3 

~o 8----...S~ ~-F-G~ .-f:s-75 48 15 15.0 1.9 0.3 16.9 
I 08 .5~1 EFG1!+ C.754 65 21 22.c 0.4 0. 2 23.2 

08 • 5 Hi EFG15 1o'.l25 89 27 26.0 c.u I) • [ 27.8 
- oe -- --.SM1 ··- EFG1.6 ___ - ---1_·· 29 :-1. 5 •--3 ~7 • 0 0~8.-9 

08 • 5 M1 EFG17 1. l+4 115 37 24.0 0. 0 0. 0 26.1 
08 • 5 Hi E FG18 1. 50 90 25 18. 0 0. c a.a 2J.O 

-0-r--.-51'11 ~F~ 38 22.c e. e 0. c 23. 7· 
08 • 5 1'11 EFG20 1.41 111 33 22. 0 0. 0 !) • 0 23.9 
08 • 5 M1 E FG21 1.1 86 24 17.0 0. 0 0. 0 19.1 

' -o 8 - -- .-5 H1 ····-·· · EFG 22 ~- ·-· - 0. 75-- --- - --- 5 ~---tt,.-O-o--oit--0•3-1-? ·.-o 

08 • 5M1 • EFG23 C.625 73 21 14.0 G, 0 o.c 14.9 
08 .5M1 EFG2Lt 0. 555 65 21 13. 0 0. 0 0.2 1 .... 7 _, ..,08 • 5~1 [FGC! c. 49 20 12.0 0. 2 o.z 13 • ., 
08 • 5 Ml E FG02 0.455 60 1P.- 11.0 0.4 0.2 12.9 
08 • 5 M1 EFGC3 c. 42 59 19 11. (J o.s 0.2 12.8 

.--o 8 --. -5 M1 - f FG C4 ---~·01+c 5·-·· s-n 11. 0 0..-8 0.3-i~ 

08 .5M1 EFGG5 0. 40 54 16 10. 0 0.8 0.3 12.1 
06 • 5 Hi EFG 06 0. 40 49 17 10. Q 0. 9 0 • 4 11. 9 
08 .5M~FGw7 c. 40 5C 16 9.0 1. 1 0.4 !u • 9 
08 • 5 H1 EFGC8 D. l+ 0 46 16 g,Q 1.4 o.s 11.0 
03 • 5 H1 EFG 09 0. 4 2 47 14 9.0 1.1 o.5 10. 6 

- o 8 -··9 5 '11 -- ·-·EFG 10 -----··- u 9-45 - ··· 45 13 901) r. o--rro o---i~s 
08 • 5 Hi EFG11 0, 5G 44 13 9.0 1.2 0.4 1C. 9 
08 • 5 M1 !:FG12 0. 58 49 16 12.0 G.9 Q. 3 13o5 

-o-e • 5 M1 EFG13 0. 675 50 16 16.0 0. g 0. 3 18.0 
08 • 5 "11 EFG14 0. 754 75 2C 20. 0 0. 2 0.1 22.2 
08 , 5 M1 EFG15 1.025 1 (; 2 27 23.C c. 0 ') • c 24.9 

- o l3 ---, 5 M1 ···-·-· EFG 16 - ----1 · ·-zg -41. - . 3~5.t 0-;-t--U ·; C-ZS-.9 
08 • 5 M1 EFG 17 1. 4L+ 166 43 29.0 0. 0 0. 0 31.1 
OB • 5 H1 EFG18 1. 50 119 32 21. 0 0. c 0. 0 22. 7 



Table A-2 Cont'd .A-:2S-- 

y HON PI LOT SA l"P L:: 
ANALYTICAL RE SUL TS - SERIC:S 

FLOW RAT f UNFILT::RED 
82 (HOURLY l 

FILTERED 
IGPM BOD coo TKN aoo coo TOC NH3N N02N N03N TKN 

UtJ IT I OF. l'T IT Y SAMPLE SAHPL:: 
4 OB • 5 "11 ::FG19 1.45 96 . 27 21. G u• G 0. c 22.4 
~-a • 5 '11 EFG -co - - -i .-41. -- ·----·  - - . --- · ---~-B--2~-.--0-i-9n 

4 08 ~ 5 M1 EFG21 1. 1 gz 28 15.0 0. c 0. 0 16.6 
4 08 • 5 Hi £FG22 r: . 75 75 2r 15.0 c. c 0. 0 16.5 
4- -oe --- .-·s"11·-t:FG23 ----- o.- 62s---· 4--2i}--t-5 • (J 0 • -u~ eil-tf>.-2 
4 08 • 5 H1 EFG2L+ c. 555 60 19 14.0 c.2 0 .1 15.8 
5 08 • 5 H1 EFG01 a.49 57 19 13.0 c. 2 0.1 14. 5 
5 ~6 • 5 Hi EFGQ~ 0.455 57 17 13.6 e. 3 a. c 14. 2 
5 08 , 5 H1 EFG03 c. !+2 58 19 13.0 0. 5 0. 0 13. ': 
5 08 • 5 Ht EFG04 0. 40 5 55 17 13.0 0. 6 0.1 1 !+. 2 
s - o 8- ,-5 H1 - E fGC 5 - - ---e•40 -f--1.-tr-1~ • 0 0. 7 e-rt-1'+•3 
5 08 .5H1 EFGC6 0. 4C 52 16 13.G iJ. 8 0.1 14.1 
5 08 , 5 M1 C::FGC7 0. 40 50 19 12.0 0. 9 0 .1 13. e 
-5-tt • 5t!1 EFG fr8---1h-4-0 50 16 11. fl 1. e e.~ 12. ': 
5 08 • 5 H1 EFG09 0.42 43 13 11.0 0. 1 0. 2 12. 3 
5 08 • 5 Hi EFG1G 0.45 44 13 11.0 0.6 IJ • 4 11. c; 
5 - 0 B -· e 5 M1 ··- -EFG11 --------{) . 50 . -5--t-tz 11. 0 e. 7 OTI-1-2.-f 
5 08 , 5 Hi EFG12 0. 58 46 13 13.0 0. 8 0.3 14. ': 
5 08 • 5 H1 ::FGi3 0,675 47 14 i7.0 G. 7 0.3 20.r 
-S-6 -B • 5 Hi E' FG 14 c. 754 58 15 Z1.G c. 5 ~.3 23. ::: 
5 08 • 5 Hi EFG15 i.025 6C 18 21.0 0.3 _o. 2 2 2. i 
s 08 .5H1 EFG16 1.29 90 2i 24.0 0. 0 a.a 25. i 
5--os - --.s Hi-·--EFGi? ---- ·---i.-44 2 22 23,fl (;. O--Oeil--24--.-J 
s 08 • S Hi EFGi8 1.so 97 22 2C. 0 o.o O.G 21. c 
5 08 • 5 Mi EFG19 1.45 10 g 24 24.0 0. 0 0. 0 25. i 
~· B • 5 Mi E-f-fr2-0 1.41 1C3 31 23.0 (J • 0 o.o 23. i 
5 08 • 5 H1 EFG21 1.1 68 19 17.0 o. a 0.2 18. J 
5 08 • 5 Mi EFG22 c. 75 77 2C i7.0 0. J 0.1 18. : 
_, o a --.-s11i---fFG23 ------ -n . --625 8 2--i~-b • fl e. o fle2--t7 -. ;"' 
5 08 • 5 Mi EFG24 G.555 64 17 15.0 a. o 0.3 1s. z 
6 08 • 5 H1 EFG01 0. 49 54 16 14.0 0. 1 0.3 1 L+. ~ 
ts 06 .5H1 E-FGC2 0.455 51 15 14. (j c. 2 0. 3 14. ( 
6 08 • 5 M1 EFG03 Q. 42 51 14 14.0 0.3 0.2 15. 

16 08 .5M1 EFG04 0. 40 5 52 15 15.0 0.3 0.3 16. [ 
6 08 -- -. S Hi -~EFG05 ··--·-- 0 .-40 ~~-0.-3-15 .1 

6 08 • 5 Hi EFGC6 0. 40 52 15 14.0 G. 4 !) • 4 15. : 
6 08 .5M1 EFG07 0. 40 50 14 14.0 0.6 0.3 .i4. 
~8 • 5 !11 EFU-0 8 Oe4il 5 fl 14 13.0 0. 7 0.4 13. < 

. ---·- ··- . ·-- · -- -· · ·- - - ----·· ·------ ------------------



----- -----_ _ ____.. _ _____ _______Table _ _ __ ~_()I}t~'= A-34_ ____ ___ _ _[}-:- 2 _ d-

BIO-SURF PILOT PLANT T~STING 

1976 
ANALYTICAL RESULTS - SERIES C2 + E2 C30 HIN> 

r HON PILOT SA~PL~ FLOW RAT~ UNFILTERED FILTERED 
UNIT IOf~TITY SAMPL~ SAHPL~ 

----- -- ------- - --- - -- --- ---IGP"I - ---BOO-COO-f-KN---BOO-C-DO--f-OC--t-tH3N-NBC-N-N~N--T-KN-

r 09 .5H1+2HRFG10aO 222 69 22.a a.a O.O 23.3 
r 09 .5H1+2HRFG1030 25( 74 21.c c.o o.c 22.0 
, - {jg • 5t11+2HRFG1100 -- --- --- - --------- -- 231-74~2-o-fr--6-.-{J--{)-.--il-22-.--e 

, 09 .5H1+2'1RFG1130 277 1ao 20.0 a.a o.o 21.7 
'09 .5M1+2HRFG1200 212 65 18.0 a.a o.o 19.5 
l'--i}~M1:-+~ttRF-V1-T3 0 2-7-2-8 o----t-6 • !l C, 0 0 • 0 17~ 
'D9 e5H1+2MRFG1300 328 117 10.0 D.u O.O 11.1 
, 09 .5H1+2HRFG1330 340 113 16.0 o.u a.a 11.2 
7 -og --. 5H1+2HRFG1400 --- -- ----- - ------- o~-99-1-2~-.tl-1.-3.--1 

r 09 ,5H1+2HRFG1430 363 145 17.0 C.O O.O 18.0 
'09 .5H1+2HRFG1500 175 78 17.0 O.O O.O 17.9 
~~1'tRrG~O 131 5B 9.0 O.O 0.3 11.1 
'09 .5H1+2HRFG1600 144 55 7.0 O.O O.O 7.9 
'Qq .5H1+2HRFG1630 86 34 6.C C.C O.G 7.1 
• - 09 -.5H1+2~RFG1700 --- ----- ---- ----- --------- -1--irt-1~tl--4J--.0--7-.-4 

' 09 .5M1+2HRFG1730 87 3f. 4.0 o.o a.a 5.8 
' 09 .5H1+2MRFG1800 129 51 13.0 O.O 0.0 14.4 
i'-1} ~M-r+titRF-U1-8-3 0 1 8 I:+ 5 7 12 • 0 0 • G 0 • f 1 2 • 9 
'09 .5H1+2HRFG19'.JC 144 58 16.0 C.u O.O 17.6 
, 09 .5H1+2HRFG1930 186 53 13.0 a.a o.o 13.9 
'- Qg --.--5M1+211RF-C2000------ I:+ 63 14. G O. 0 o.o--1-s-.-5 
r 09 .5H1+2MRFG2030 182 56 9.0 G.O O.O 10.6 
' 09 .5H1+2HRFG2100 148 45 S.O C.G O.O 6.6 
'-Q <3 • 5 t11-+-zttRF--G-Ci--3 O- -~ I+ 7 7 • fl o--.--o---il • fl 7 • 7 
, og .5M1+2HRFG2200 117 42 a.a o.o o.o g.o 
, 09 .5H1+2MRFG2230 152 51 g.o a.a ').C 9.9 
' {}q --•5H1+2HRFG2300 -- -- - --- -------- -- 192--5-3-1--5-.-il--O~ii-1-U -.~ 

'09 .5H1+2HRFG2330 151 48 12.0 Q,O O.O 13.1 
' 09 .5M1+2MRFG2b00 118 42 9.0 O.O O.O 10.7 

09 .5M1+2MR FGO fl30 11+0 51 9.(: u.CJ fl.fl 11a2 
09 .5H1+2HRFGa100 342 103 12.c c.c J.u 13.5 

~ 09 .5~1+2~RFG 0130 320 98 9.0 O.O O.O 11.2 
1- 09 ---.SM1.+2HRFG0200, ~5-tt~ 0 •Cl 18.--3 
I 09 .5H1+2M:RFG0230 230 73 11.0 C.O O.O 12.7 
I 09 .5M1+2H.RFG0300 23C 70 21.0 C.u O.O 23.G 
~"111+ 2 MR~JO 2 3 5 7 'Z 1 ~ • 0 0 • 0 0 • 0 13 • 1 
I 09 .5M1+2HRFG0400 246 71 15.0 O.C 0.2 16.9 
I 09 .5M1+2 HRFG 0430 2 4 2 7C 16.G J.J 0 .2 16.9 
113 9 - , St11+21'1RFG051JO -c---r-?~ . 0 O. 0 O~ 

09 .5M1+ 2MRFG053 0 201 62 1s.a a.a a.a 16.1 
09 .5M1+2HRFGG600 131 39 14.0 a.a o.o 15.1 
0 9 • 5t11+2 HRF G0 6~-0 1 4 1 41 14 • 0 0 • 0 0 • 0 14 • 6 
09 .5M1+2~RFGC700 139 41 12.0 G.G O.O 13.3 

I 09 .5H1+ 2 HRFG0730 137 39 13.0 G,O O.O 13.7 
1- 0<3 - . 5H1+2 ~~FGO80 o- -- 3-~7 13. 0 0 • 0-071.-i-tt.-i 
I 09. 5M1+ 2 H~F G08 3 0 135 39 13.0 C.G a.3 13. 9 
I 09 .5H1+2MR FG 090C 140 41 13.0 C.1 0.3 13.9 
11l~--.-5i1l:•-Z~RF--C-C9-:SO 119 3 8 ltr.il :l. a-tl .1 11+ • 8 
I 0'3 .5M1+2HRFG1C OO 102 42 18.0 G.O 0.2 2 0 .7 
I 09 e5H1+ 2HRFG1030 125 42 19.0 C.O 0.1 23.7 
1- 0-g ---.- 5M1-+2HRFG110 0 3;~-0 .1 1-3--.--8 
I 09 .5H1+ 2 MRFG1130 39 15 11.0 S. C 0.2 13.C 
I 0 9 , 5 H1+ 2 '1 RFG1 200 52 2 5 11.0 0.0 0.1 13. 5 



__ ____ ______ _ __Table~A_ C~o~n,~'~ A-35-=2~ d~--------

ANALYTICAL RESULTS - SERIES C2 + E2 <30 MINI 
r HO~ PILOT SA~PLc FLOW RATE UNFILT~RE1 FILTERED 

UNIT ro::~TITY SAHPL~ SA HPL:: 
IGPM BOO COO TKN aon coo TOC NH~N N02N N03N TKN 

3 03 .5Mt+2MRFG123G 81 27 11.0 G.G 0.1 13.5 
,-f.)g -. 5M1+2MRFG13(1t) . - -----· --- - - -· ·- 51-z3-io.-c · -1}-.-u·--o·c ~12.t 

3 09 .5HU2HRFG133G 92 34 12.0 O.O O.Ci 13.9 
09 .5H1+2HRFG1400 89 31 13.0 O.G O.G 13.4 
09 • 5HH2HRFG1430 .. --- ---· --·---- ------ao-314~•n-1l•O-o .-o-i-z··· e 

09 e5M1+2HRFG150C 79 3C' 12.0 Q.O 0.7 13.1 
3 09 .5M1+2HRFG1530 104 39 13.Q 0.2 0.6 14.3 
~~----.5~+-2ttRF-€1i;1l 0----------------~~~. 6 20, 5 
l Qq ,5H1+2HRFG1630 200 69 22.0 C.O 0.1 23.8 
l tl9 .5H1+2HRFG170C 138 4C 16.C O.O 0.1 1711 
I -oq • 5 H1+2HRFG1 7 3 0 ··· ·· · ······ ·· ---------~------.....,_.,,-s--q·?J:i:l-.o--1l. C Oe11-i·6-.-3 
~ 09 .5H1+2HRFG1800 138 52 19.0 O.O 0.1 21.5 
l 09 .5H1+2HRFG1830 138 52 19.0 C.3 4.8 20.1 
~..-5 tt-t-+·211~F-Gt-90 0 ·6 5 3 19 • ~ 0 • 1 2 • ~ Zo--.--6 
l O~ .5H1+2HRFG1930 155 51 18.0 0.1 0.5 20.1 
I 09 o5H1+2HRFG2000 134 48 14.0 O.O Oe2 16.2 
1 · 0'-3 .-5M1+2HRFG2030 ·- ·- - - -------......4-s_,.6-rb-.tl~-.4-t·?.-7 

I 09 .5H1+2HRFG210G 438 123 28.0 Q,Q 011 2910 
I 09 .5111+2HRFG2130 278 115 18.0 O.O O.O 22.0 
l"O~ .5H1+2M~FG2200 306 67 19.0 O.O O.O Zt.4 
I 09 .5H1+2HRFG2230 322 83 19.0 C.O O.O 21.7 
I Qq o5H1+2HRFG23!JG 263 83 18.C O.u O.O 1g.9 
1 ··· Q9.......-SM1+2HRFG~330-- o--8-?-T9. 0 tlail 0 .O-Z0-.-2 
I 09 .5H1+2HRFG2400 288 79 18.0 O.O 0.1 19.2 
I og .5H1+2MRFG0030 298 84 18.0 O.O 0.1 19.2 
r~~ .5M1+2HRFG0100 3E5 66 18.0 c.c ~.o 19.8 
I 09 .5M1+2HRFG0130 296 82 18.0 O.O O.O 19.2 
I 09 .• 5H1+2MRFG0200 280 79 18.0 0,0 O.O 18.8 
1-·-o q • 5M1 +2 MRFGO 23 0 --- - · 9"8--a--trt-8.o--tt. 0 0-.t-t~t+ 

I 09 .5H1+2HRFG0300 300 083 19.G CeO O.O 20.8 
I 09 .5H1+2HRFG0330 268 7r;, 19.0 o.o o.o 20.5 
ID~ .5M1+21'!RF'G0400 Z30 70 16.0 o.o o.o zo.tt 
I 09 .5H1+2MRFG0430 230 71 18.0 o.o o.c 1g.5 
I 09 .5H1+2HRFG050Q 237 67 18.0 c.o o.o 19.5 
1-09.....-5~1+2HRFG0530. -- ···--· .24--7-c--t-8.0 C-.-0 O.tl 1-9•2 
I 09 .5M1+2HRFG0600 230 71 17.0 o.o o.o 18.1 
1 09 .5Hi+2HRFG0630 236 70 11.0 a.a o.o 17.7 

09 .5H1+2HRFGC700 252 73 17.0 C.O O.C 1~.2 

, og .5M1+2MRFG073G 263 78 11.0 o.o o.t+ 1a.1 
09 .5H1+2HRFG080Q 263 75 16.0 O.O 0.2 17.G 

l)q - .5H1+-2MRFG0830 5~1+--ro.o a.a O.t+-i-'f.O 
09 .5H1+2HRFGG90G 253 75 16,0 O.u 0.2 16.9 
09 .5M1+2HRFGC930 280 81 18.0 0.1 0.4 19.3 
09 .5~!TZ~RFG!OOO 276 81 21.0 O.O 0.1 2~.2 
og .SM1+2HRPG1C30 242 74 18.0 O.O O,C 23.0 
09 .5~1+2MRFG110C 280 85 25.0 C.O O.C 28.4 
-fl~:11·102MRF"G1"1."30 1 C 8~4. 0 C. 0 0 • C-Z~.-r 

09 .5M1+2MRFG1200 255 73 10.0 C.O O.C 13.5 
09 .5H1+2HRFG1230 27G 82 12.0 O.O 0.1 13.8 

-O-'j-.5W1+-2MRFG13C1) 5·:)(1 11.0 o.ti a.c 12.2 
09 .5H1+2MRFG1330 292 84 12.0 G.O 0.1 1~.1 
09 .5H1+2MRFG1L.00 276 75 9.0 0.1 0,1 11.6 

ll"1 - . SM 1 +2H RF Gl43 0 un--o 3 12. 0 0. 0 Q • -c---14•1 
09 .SH1+2MRFG1500 312 77 10.0 O.G 0.1 12.3 
09 .SM1t2MRFG1530 296 80 11.0 O.G 0.1 11.6 



------ -- ----

Table ~-?_Co~t~d A-.36 

ANALYTICAL RESULTS - S~~IES r. 2 + E2 ( 3 1 MIN> 
Y MO~ PILOT SA~PL~ FLOW RAT~ UNFILT~~E~ FILTEREO 

UNIT IDENTITY SAHPL= SAMPLE 
IGPH BOO COO TK~l 30f) coo TOC NH3N N02N N03N TKN 

9 og .5H1+2HRFG1o00 282 8 ::.7 g. [ lJ" • \J " 0.( 11.5 
9--0-9-.5t1"1-+2 t1 RF G1 6--3 0 2 g 6---T 9-1-C~~-iz.-o 
9 09 .5H1+2HRFG1700 170 45 8.o 0. 0 0.2 10.1 
9 09 .5H1+2HRFG1730 148 '~4 7. 0 0 . l 0.4 9.4 
9 09 .5H1+2HRFG1800 -- ----·- - -------------- -3 6-41-1·.-fr-f...--t--{) ·9-;3-~ .---:? 
9 09 .5H1+2HRFG1830 148 44 7.0 0. 1 0.6 9.5 
9 09 .5H1+2HRFG1900 18C 58 11.0 a. 1 0.5 12 .1 
~~--.-5Ht+'211Rf Gt--<33 0---------------~..1..-68--5·2 1C. 0 0. 1 e.4 10•< 
9 09 .5M1+2HRFG2000 192 61 11.G ~. 1 ~.3 11.5 
9 09 .5H1+2MRFG2C30 190 01 12.0 J. 1 0.3 12.1 
9 09 ~5~1+2~RFG2100 . ·- ---· - --·- - --· ···· ·· - ----------2 0-4-58--t-~-.o---0 ·.-1-1) ·;;Z-t2 .-ti 
9 09 .5H1+2HRFG2130 210 60 11.0 0. 1 0.2 11.2 

gg9 09 • 5H1+2HRFG2200 296 19.0 0. 0 0.1 22. 2 
~~-:-e5-M-t-+~~Fii~Z~u-----------------+9o--84 16.0 e•e n-.e-i-r.-1 
9 09 o5H1+2HRFG2300 '28 2 86 15.0 a. a o.o 16.5 
9 09 o5H1+2HRFG2330 302 go 18.0 a. o 0. 0 18. 2 
9 09 .5H1+2HRFG2400 ·272--a1--t-5~ • s c. 0--1 '?--.7 
.0 09 .5H1+2HRFG0030 276 80 15.0 c. 0 o.o 17. 7 
.0 09 .5H1+2HRFG0100 282 79 15.0 0. 0 o.o 17.7 
:-e- 0 ~ • 5'1~-RF6-01-3-{)------------------;;;o-.+-n---.-n-....,._.;~l---++-o-fl---tt-o--fl--+-l'~.270 84 15.0 a. e o.o 16. 5 
.0 09 .5H1+2HRFG0200 254 75 16.G o.c 0. 0 17. 1 
.0 09 .5H1+2HRFG0230 280 81 16. 0 0. 0 0. 0 16. S 
.O- 0 9·-.-5H ·1+2H RFGtJ-30 0 - ·-c---6-2 16.0 o. a e• 0-1-€1-.~-
.0 09 • 5H1+2HRFG0330 286 80 15.0 o.o o.o 15. E 
.0 09 • 5H1+2HRFG0400 448 13 6 13.0 0 • D 0.4 15.l 
:1t-iT9 .5M1+2HRFG043 3C2 78 13.e e. G o.6 14. ;: 
.0 09 .5H1+2HRFG0500 282 77 12.0 0.1 0. 5 14. £ 
LO 09 • 5H1+2HRFG0530 276 77 13.0 0.1 !) • 6 14 • f 
lO - 0'3 - •·5M1+2HRFG0600 ------·------ -------·-2& e- 7-2-1-r.e 3. 1 !i~--1-4• : 

.0 09 .5H1+2HRFG0630 276 76 13.0 0. c 0.3 13. : 
LO 09 .SH1+2HRFG0700 184 36 13.0 0. 0 0.4 14. t 
LO 09 • 5H1t~MRFG0730 ~3~ 71 1~.e e. e 0.3 1~. ( 
LO 09 .SH1+2MRFG0800 252 74 11.0 c. c 0.4 11. ( 

----·- ·· - - - -- - ---- -- - --- - ----------------------------



.. __Table &-. 2 _ ConL~.d ___ -- - ---· - - - -- A-37 - ---- -- -- 

BIO-SURF PILOT PLANT TESTIN G 
1976 

ANALYTICAL R:'.SUL TS - s~Rri::s C2 <3C 11 IN l 
1Y MON PILOT SA l"PLE FLOW RAT E UNFILTERE Q FILT::~ED 

UN IT IOEl\TITY Sl\MPL~ SA "1PLE 
- - rG PH ·-9 OD -coo --TKN -eoo -coo- roe - ·NH 3 N-N02N~0-3Nl-i<N 

17 09 • 5 M1 EFG1000 o.50 8 54 17 g. 0 l). 2 0. 3 9. ~ 
17 09 • 5 Ml EFG1030 o .5o e 55 17 9.0 0. 2 0. 3 10. 1 
17 09 .5H1 EFG1100 - o.solj ---··- -·- - --- 5 g-1~--i 6 -.-o--u.4- ~ .-2--if> • t- --- ·-· -· - --· 

17 09 • 5 H1 EFG1130 0. 50 8 66 20 10. 0 0. 1 0.1 1 '.l. i 
17 09 .5M1 EFG1200 o. 50 e 64 21 8. 0 o.o 0. 1 g • ~ 
17\l g--. 5 Ht- EF G1"'23 0 --~.-50 8 7 0--2 -3-2C-OO c. 1 0 •3"--22• ; 
17 09 e5H1 ~FG1300 O•SC 8 66 24 20. 0 G • G o.3 21. i 
17 09 .5 M1 EFG1330 0. 50 8 BC 26 17.C 0. 0 I). 2 18. i 
17 09 -. 5H1 · EFG1400 ----·o .-so 8 · 3-3-r-i-r.-il-t~-;'1-;.-7 .-c 

17 09 .5H1 EFG1430 0. 50 8 92 32 17.0 0. 0 0.2 18. ~ 
17 09 .5 M1 EFG1500 1.01 1C5 36 1s.o 0. J 0.1 16. ~ 
17 09 .~1 EfG1?3C 1. J1 95 35 9. 0 0. 0 o.z 10 .- 1 

17 09 • 5 Hi EFG1600 1.01 . 11 a 23 14.0 0. 0 0.2 15. ( 
17 09 • 5 M1 EFG1630 1.01 70 30 18.0 0. 0 o.3 19. ; 
17 . tl9 -. 5 !'11 --- ~F G1700 - ----i. 01 ~--z--3--q.-o-~--i. : 

17 09 • 5 H1 EFG1730 1.01 63 21 12.0 G. C 0.2 13. { 
17 09 .5H1 EFG1800 1.01 5S 19 11.0 0. 2 0.3 11. ( 

~IT~ • 5 Mi EF--G'tt~tl 1. fl 1 ., ~3 H .fl 0. 1 0.3 1 fl . -1 

17 D9 • 5 Mi EFG1900 1.01 76 30 13.0 c.3 0.2 1 £+ • I 

17 09 • 5 H1 EFG1930 1.c1 56 30 14.0 0.2 0.3 14. f 
i 7 · 0 9----.5111--f:f G2 tJ 0 0 · 0-.so-1 ~~.fl o.z--il.3 14·· ' 
17 09 • 5 M1 EFG2030 c.so1 47 22 11.0 0.2 0.3 11. 
17 09 • 5 H1 EFG2100 0. 50 7 4g 24 10.0 0.2 0.3 11 • . 
1 (0~ • 5 t-11--t-f"~~1-3tJ- 0. 50 1 62 22 ., • 0 0. 1 0.2 99 1 
17 09 .5~1 EFG2200 0. 50 7 63 21 s.o 0. 0 0.2 7. 
17 09 • 5 M1 EFG2230 a.so? 63 21 s.o G.2 0. 2 6 • . 
11 · 09- .-5111-EFG2300 ----r-1so-1 o-~~.c 0.1 0.1 5• 
17 09 • 5 H1 EFG2330 c. 50 7 58 20 5.0 0. 1 2.0 &. 
17 09 • 5M1 EFG2400 o.507 So 20 5.0 0. 1 0.2 6. : 
l01t9 .5H1 EFG0030 0. 507 55 19 9.0 0.2 0 • 2 ~ .
18 09 • 5 M1 EFGC100 0.511 53 19 9.0 c. 2 o.3 11. 
18 09 .5M1 EFG0130 0.511 57 21 7.0 0. 2 0.2 8. 
ta --tJ ~l-.s111-EFGn -c~ -o-
18 09 • 5 H1 ::EFGO 23 0 
18 09 • 5 Hi EFG030C 

-n--.-5-t--i -
o.511 
0.511 

·n 
59 
57 

21 
21 
21 

., • 0 
6.0 
7.J 

0. 1 
0.1 
c. 1 

0.2 
0.1 
0 .1 

7. 
7. 
7. 

18 09 • 5 Ml EFG0330 c. 511 58 20 10. 0 0 • I 0.3 11. 
i8 09 e5M1 EFG0400 o.511 o7 20 g.o 0. 1 0.1 10. 
i8 09 • 5 Mt EFG0430 o.s11 68 20 10. 0 Q. 1 0.2 10 • 
1 8-U9-.?Ml~FG~OO 0. 51."1 67 zc 11.0 \;. 2 0.2 12;· 
18 09 .5M1 EFG053G c. 511 63 19 11. 0 Q. 3 () .1 11. 
18 09 • 5 Mi EFG0600 0.991 61 19 11.0 a. 1 0.2 11. 
18 09 • 5 M1 EFG063C 0. 9'31 57 18 12.c i.I. 1 0 .1 12. 
18 09 • 5 Mt EFG0700 C.991 59 17 12.0 Q. 1 0.1 13. 
:e 09 • 5 Hl EFG0730 G. 991 58 17 i1. 0 0. 1 0.1 12. 
1e- -0'3  .--?11r·- -i::FGO8 0 0 cr.-g91- 0 17 11.0 c. 1 0 .1 1-z--; 
18 09 • 5 Hi EFG0830 0.991 55 16 11. G tJ. 2 0.1 12. 
18 09 e5M1 ~FG09QO c.99i 54 17 11. c c. i ') .1 12. 
r-00-9 • 5 ,..,~p-su-g313 C.9131 56 17 11. 0 G. 1 0.2 12 • 
18 09 e5M1 EFGiOOO 0. '39i 40 15 13.0 a. 3 0 • !+ 13. 
18 09 e5M1 EFGi030 C.991 4C 14 15.0 0. 1 0.2 16. 
I 8 - o g - ; 5111- .=: F G 110 u- -----c .-SD 9 - - - -i 16 1-0. c !J • G 0--.z-1?. 
i 8 09 • 5 Hi EFGU.30 G.509 I+ 8 i4 i6.G c;. 0 0.3 1 s. 
18 09 .5H1 EFGi200 0.509 44 13 1i.O 0.1 o.3 i !+. 

·---- ---



• • 

__________Table__.&:_2 Cont'd -  - ---- A-3 8-- - - -- ~ ·----

ANALYTICAL RESULTS - SERIC:S CZ ( 3 0 MIN> 
f HON PI LOT SAl'PL:: FLOW ~ATE UNFILTERED FIL TE~EO 

UN IT IDEf\TITY SAMPL~ SA HPLE 
IGP"I AOO COD TK"l BOO coo TOG NH3N N02N N03N TKN 

B o~ • 5 Hi EFG123C 0. 50 ~ 44 i2 9. c J. i 0. 4 11. 3 
e- og - .5H1 - EFG1300 - -o.-509 4 ·3--t-2-1-~----Q. 3 ---t 'C.-4 
B 09 • 5 Hi EFG1330 o. 50Sl 42 11 10. 0 0.2 0 • 4 11.0 
B og • 5 H1 EFG1400 0.509 73 18 15.0 ~. Q 0.3 16.3 
8 09 • 5 H1 - EFG1430 --- 1}. 509 - . ···---- -·------- ·---------·-61--t6---t·4.-iJ--t-..-t}--O·o2-t-5 .-7 
8 09 • 5 ~1 EFG1500 0. 509 56 1:: 13.0 a. o o.s 13.7 
8 09 • 5 !'11 EFH 53 0 G.509 42 1 :: 11.0 0. 1 o.s 12.s 
8-fl'3 • 5 Ht---EF-lj1.-tie0 1. t) 0 -<J-6~. E ·;. 1 . 0 • 3 1 }o---6 

8 og • 5 H1 EFG1630 1.00 117 34 12.G 0. 0 0.1 13.5 
8 og • 5 Hi EFG1700 1. oa 94 32 13.0 o. a 0.3 11+.t. 
8 oq . • 5 "11 -· EFG1730 -·- ·· --i. 0 (j -- -9-2 0-1."ie-0-J-;-i-i} .-2-t3.-3 
8 09 • 5 M1 EFG1800 1.00 93 21 i 1 • (j 0.1 0.3 12.9 
8 09 • 5 "11 EFG1830 1. :JO 76 23 13.0 G. 1 0.4 13.5,.8-il--9-.5411-t-F-G-i~o- 0 ~3 13.0 0. 4 1.6 13. 7 
8 09 • 5 M1 EFG1930 1. 00 76 22 13.0 0.4 0.9 14.3 
8 09 .5 H1 EFG2000 1.00 81 21 13.0 0. 1 0. 4 14.2 
8 09 - • 5 Hi ---EFGZQ 3 0 ----- - - 1. {) G- - ------ ·f--1-9-1"~--il~-t-3.-{) 

B 09 • 5 H1 EFG2100 a. 991 87 23 12.0 0. 0 0.4 13.4 
8 og • 5 Hi EFG2130 0.991 132 49 19.0 c. 1 0.2 22.7 
fril9 • 5 r1t---EF-U cr.l-{) 0. 991 134 47 2 0 • (J e.e a.1 22.4 
8 og .5 Mi EFG2230 0.991 1 3 (j 40 19.C c. c 0.1 21.1 
8 09 • 5 Mi EFG2300 0. '39 i 115 38 18. 0 0. 0 o.o 20.9 
e- o9 - --.s "1t ----EFG2 33 o- 0 -.~91 ·-r----3· 
8 09 • 5 M1 EFG240 0 0.991 103 34 16.0 o.c O.G 17.9 
9 09 • 5 Mi EFGO 30 0 0. 991 96 34 18.0 a. o o.o 19.7 
9--0-9 • 5 r11 EFGCl100 0. 139 3 18.0 0. 0 a• o 1'9.6 
9 09 • 5 ~i EFGOi30 0.991 98 35 18.0 G. 0 o.c 19.6 
9 og • 5 ,.,1 EFGG200 c. 50 g 1(3 34 18.G c. c 0. G 19.3 
9-e 9 - •-S -Mt·--£ f G0 2-3 0 0..-50"9 'l!-T?-tir.i)--{: • 0 ~.e~.-7 

9 09 .5111 EFG0300 0. 50 9 78 25 18.0 0. 0 o.o 18.c 
9 09 • 5 Hi EFG0330 0. 509 75 22 17.0 0. 0 o.o 17.9 
9 o~ • 5 H1 EFG040Q 0. 50 9 71 zz 18. e e•e 0. 0 19.1 
9 09 .5 Mi EFG0430 c. 50 g 68 22 14.0 O.Q 0.1 15.6 
9 09 • 5 ,.,i EFGGSOO o.509 63 20 15.0 0. 0 0.1 15.9 
9- -0 9-.5·"111--ff G0-53 0 0.-50--9 ~ 15.0 e. e e.1 1sn 
9 09 • 5 Mi EFG0600 G. 509 64 21 15.0 0. 0 0. 2 16.2 
9 09 • 5 Hi EFG0630 a.sag 63 2C 14.G c. 0 0 .1 15.8 
'3-1}9 .51'11 EFG 0 ?Oil 1. e1 f; 2 19 14.0 o.o fl .1 15 .1 
9 09 • 5 Mi EFG0730 1.01 41 19 11.0 c. 0 0.1 12.7 
g 09 • 5 Ml EFG0800 1. 0 1 63 21 11. 0 (·. c ~ .1 12.1 
9-1)~--. 5111-~:F-GO 83 O -.01 -4-Zr-tt~-t-2•5 
g 09 a5M1 EFG0900 1.01 59 20 10. 0 0. 0 0 .1 11.1 
9 09 • 5 Mi EFG0930 1.01 55 20 10.0 0. 0 0. 1 11. 6 
9 fl9 • 5 111 EPG1COO 1. ru t3 23 12.e c. a e.1 13.5 
9 Q9 • 5 Mi EFGiC3C i. 0 i 77 22 14.C c.. ~ 0 • c 15. 3 
9 09 • 5 H1 EFGliOO 1.~1 74 22 17. a 0. a a.a 18. 3 
9 0 9 ··-- ·9 5 Mi - -EFG11 30 ·-----· -- 1 • 0 i - - - · -<J z--29-z1-.o e.o-o-.c-z1-.t 
9 oq • 5 Mi EFG1200 1. ai 109 35 20. c c. c c. 0 22. 2 
9 09 • 5 Hi EFG1230 1.01 10 3 3C 11.0 O. G 0 .1 14.E 
9-tJ <J--"o5111--rP G-t-~o-o 1.--tti ·-c--?8 r.o 0. 0 t)-;iJ 1e. :: 
9 09 • 5 Hi EFG1330 1.01 67 20 5. 0 0. 0 0. 0 6. t 
9 09 • 5 H1 EFG14!J 0 1. 0 1 ?C 2( 4.0 0. c 0 • 0 5.C 
9 1J '3 -- ·· • 5 ~1 -- ·>,: FG1I+3 0 - · --- 1 ·9 01 7-z-----21 4.0 a. e o-;-o --r:,-.-:: 
9 09 • 5 Mi EFG1500 1.01 74 23 4.0 0. 0 0 • 0 7. 2 
9 09 e5H1 EFG1530 1. 0 i 64 22 4.0 0. 0 o.c 6. ( 
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__ Table A=.2_Cont_'_cL _________ __ A:-39 

ANALYTICAL R::SUL TS - S!::RIES C? ( 3 c f1 IN) 
y MON 	 PI LOT SA t'P L:: FLOW RAT:: UNFILT::REf'J FILTEPED 


U~~ IT IDENTITY SAMPLE . SA HPL:: 

IGPH Br:lD coo TKN 800 coo TDC NH3N N02 r~ N03N TKt~ 

9 0 '3 • 5 t-11 EFG1600 1. u! 82 25 3. 0 tJ. a 0 • G 6. () 
'1--09 -.5M1~FG1630 -- 1. 1) 1 ---- ---- ------s a--i-a--tr.-0--0--.-u-o.-i--o-.-1.+ 
9 09 • 5 H1 EFG1700 1. 0 4 5 4 15 4. i) c. c o.1 5.5 
9 09 • 5 H1 EFG1738 1. 04 64 18 3.0 c. 0 a •2 5.5 
9 0 '3 • 5 H1 ~FG18:JO 1. 04 --- ------ ---55--i 6 - 1+.-n--uoiJ-o-. n--0-.-3 
9 09 • 5 H1 EFG1830 1.04 36 13 3.0 a. 2 o.o 5.4 
9 og • 5 Hi EFGi900 i.04 42 15 4.0 G. 2 0.2 5.5 
9;~11~-r--Gt--9-3u 1. 0 4 48 i 7' 5. ll c. 1 0 • :3 7.1 
3 09 • 5 Hi EFG2000 1. 0 4 56 i? 5.0 0.1 0.2 7.G 
3 09 • 5 Mi EFG2030 1.04 60 16 6.G 0. 1 0. 1 7.7 
3 0 g - • 5 M1 -- EFG210 0 1. 0 4 ---- -- -- --- o-i-ie-8.-c c . ' o---n -~--0.-4 

3 09 • 5 Hi EFG2130 1.04 58 18 6.0 0. G 0. 2 7.8 
3 09 • 5 Mi EFG2200 0. 50 7 59 16 6.0 c. a 0. 0 7.3 
;\)9 • 51'11~-Gz-z-30 o.sor 6e 18 a. o CJ·-1 0 .1 g.o 
3 09 • 5 Mi EFG2300 o. 50 7 - 79 21 9.0 o.o o. o 12.0 
3 09 
3--o 9 

• 5 Hi 
---,; 5 :-11 

C:FG2~30 
- £ FG2 40 0 -- --

0.507 
o.-so 7 - 

83 2 :! 11.c 
-3'--cc~ 

G• ~ 
c. e 

0 • 0 13. 2 
0.--t-rt+et 

) 09 .5~1 EFG0030 0. 50 7 83 22 11. 0 o.o 1.3 14.5 
) 09 • 5 Hi EFG0100 
~t--E-F-Go--t-3 0 

0.507 
o.sin 

77 
75 

23 
22 

12. (; 
11.0 

G. u 
(j. 1 

0.1 13.8 
0.1 14. 3

l 09 .5 Mi EFGC200 Q. 50 7 72 20 11. (I c. 1 0.2 13.8 
) 09 • 5 '11 EFG0230 0.507 71 24 11.0 0. 0 0.4 13.0 
t--09 -.-s111-EF~O 3~0 ~-3 73 21 11.0 0--.-U 0.1 14.4 

' 09 • 5 M1 EFG0330 1.03 71 22 11.0 Q. J 0 • l+ 13.5 
I 09 • 5 H1 EFG0400 i • n3 89 27 i1. 0 0. G 0.3 12. f; 
r-tl <) • 5 11 Er-Gil-t.-3 fl 1.03 11~ 36 10. 0 0. 0 0. 3 10. 8 
! 09 • 5 H1 EFG0500 1.03 88 29 8. 0 o. a 0.6 g.g 
' I og .5H1 EFG0530 ia03 63 20 8. () G• Q I) .1 10.0 
'--0 9-.-5 H1-----EFGO 60 0 -. -j -3 1~1 ., • 0 0. 0 t.4 9.-C 
I 09 • 5 Hi EFG0630 1.03 56 50 7.0 0. G 0. 1 g.o 

09 • 5 Hi EFG0700 1.03 57 59 7.0 0. 0 0.1 8. 1+ 

09 
09 

• 5 Ml 
• 5 H1 

t:F~30 

EFG0800 
1.03 
1. 0 3 

61 
59 1 " 18 

., • 0 
7.0 

0. 1 
0. 0 

0 .1 
0.1 

~. "9 
8.9 

- · - --- ·--· · ---------- ---· --- ------------ --- - -- ------------------------



Table A-2 Cont'd A-40 

BIO-SU~F PILOT PLANT T~STING 

1976 
ANALYTICAL RESULTS - SERIES E2 <30 MHn 

Y HO~ PILOT SA~PL:: FLOW RATf UNFILTERED FILTERED 
U~lIT roi:~TITY SAMPL:: SAMPL~ 

- --- - - - - - -- - . IG-PM-~0~0--1--i<N---B-o~c---tt·H-3"f'l~~N · 

7 09 2H EFG1COO 15.37 47 17 7.u 0.1 0.1 8.4 
7 09 2H EFG1030 15.37 49 17 8.0 O.~ 0.2 8.6 
7 1) g 2 H . EF G110 0 15. 3 7 ------ ·-·-· -- ----·- ·- - 5 7-Z 0-11.· •-o-o.-n-o-.~-i -2. 4 
7 09 2M EFG1130 15.37 39 20 20.0 0.1 0.1 21.3 
7 09 2H EFG12~0 15.37 68 20 15.0 O.O 0.2 16.2 
?--fl') 2 M EF-tr1-2 3 0 1 5 • 3-7 7 !) 2 2 2 4 • C C• 1 0 • 1 f 6 • 1 
7 09 2H EFG1300 15.37 72 21 22.0 C.1 0.1 24.1 
7 09 2~ EFG1330 15.37 82 24 19.0 a.a o.o 21.2 
7 · 0 9 --- 2 M -·-- EFG140 0 ·· - 1.·-S-.-37- - ·8---3-2-1.~-11.-0-1·9 ·•- 2 

7 09 2H EFG1430 15.37 116 36 17.C C.~ C.O 1g.2 
7 09 2M EFG1500 34.E:O 169 41 16.u C,L; O.O 18.0 
~ ~M EFG1-S--S-O 3--4-etrt) 14? 36 19.0 O.O O.O 19.6 
7 09 2M EFG1600 34.60 132 37 15.0 O.G O.O 16.1 
7 09 2M EFG1630 34.60 117 3C g.~ C.C 0.1 9.7 
7- {) 9 - -2.., -·--€ FG1·70 0-- 3 4 .-60 8-1 21 13. 6 G• C 0 • c-1-4--.-'3 
1 03 2M ~FG1730 34.60 11 20 ·1.0 a.a o.o a.o 
7 09 2H EFG1800 34.60 64 19 10.0 O.O 0,3 11.1 
T-1.l-'3 2tl EFG1830 3".E:O 1C:3 31 1".o e.c 0.5 15.2 
7 09 2H EFG1900 34.60 105 33 15.0 O.G 0.1 15.9 
7 09 2M EFG1930 34.60 113 34 12.0 O.O 0.5 13.E. 
7- 09 -- - 2tl ---£FG2000 ---t--Trt-1 -3--r-4--H. C O. 0 0 .7 13-.-8 
7 09 2H EFG2030 17.11 89 22 13.G 0.1 0.4 13.8 
7 09 2M EFG2100 17.11 9G 22 13.0 0.1 0.4 14.1 
7-0-9 2 H EF G~ 0 1 ? • 11 ? 6 2 1 9 • 0 0 • 1 fl • 2 1 () • 2 
7 09 2M EFG2200 17.11 69 22 9.0 0.1 0.1 10.2 
7 09 2H EFG2230 17.11 68 22 10.0 O.l J.1 10.7 
7·· 0 9 --- - ·2-M -- -EFG23t'.l (j - --t-7.-1-1 tY-8~~-t.-1 

7 09 2M EFG2330 17.11 70 20 10.0 0.1 0.1 11.1 
7 09 2H EFG2400 17.11 60 21 10.0 0.1 0.1 10.6 
---!l-Q---9--M--~-F.ft-ft-'{ c 1 7 • 11 5 5 1 9 1E • a e • 1 'J • 2 1 o • 13 
8 09 2H EFG0100 16.00 62 21 g.o c.1 0.1 13.1 
8 09 2M EFG0130 16.00 56 20 10.0 O.O O.O 10.7 
e - 09-- 2.,.---tFG0--20.P H:n-eo 24 o~.-2 
8 oq 2M EFGC230 16.00 66 24 11.0 G.C C.O 11.1 
8 cg 2H EFGC300 16.0e 64 21 11.0 o.o 0.1 12.1 
~ EFGD-3-3-U 1u-.--Dd 5 21 12.0 fl. a fl .o 12"-e~ 

8 09 2~ EFG0400 16.00 68 20 12.0 O.G 0.1 13.1 
8 09 2H EFG 0 430 16.00 7C 21 11.G _ C. C O.u 12. E 
e-·--o g -- -- 2 M--£ FGe 50 c - --i 6-.0 0 fr~ c---11 • 0 ~-.-U----il-.t...--i1-.- 7 
8 09 2H EFG0530 16.0C 62 20 12.0 o.o a.a 12. c; 
8 09 2M ~FG0600 32.40 61 19 12.0 u.O O.O 13.7 
~~-Gei:i~~ 32.~o 01 19 13.e e.: ~.1 13. c; 
8 09 2M EFG0700 32.40 64 20 12.G O.u 0.1 13.1 
8 09 2M EFG0730 32.40 64 20 12.C O.O O.O 13. 4 
8 -o g - - 2 H - - - t: FGO 80 0 ----3 2. 40 6 s-2il-i1.--.-{t-i)~-.o-i2. E 

8 og 2H EFG0830 32.40 58 1 8 11.c c.1 0.1 12.: 
e og 2~ ·EFGogao 32.40 61 19 11.c c.G a.o 12.1 
e-o~~P-U-0 9:3-0 3-z-ttrtl 5? 17 1 2 • !) 0 • !) ~ • ~ 
8 09 2 H EFG1000 32.40 55 17 18.0 O.O O.O 2J. 1 
8 O~ ZM EFG1030 32.40 61 19 20.L O.C O.C 24. f 
8 o g 2"' -·· EFG 11 o o - 16. 20 - ···· - ---· ·----------o o-1. g--2 i..-t-u ;-tl- -o -;c ---"2s. 1 

B og 2~ EF G1130 16.20 5G 16 20.0 C.O 0.2 21. E 
B 09 2H EFG1200 16.20 4C 14 14.0 O.G 0.3 16. E 



Table A-2 Cont'd- --- -- - - --A~ ti ---- 

ANALYTICAL R::StJLTS - s=:RI::s E2 ( 3 0 HIN> 
v HON PILOT SA t'P L:: FLOW RATE UNFILTERED FIL TE RED 

UN IT IOEf\TITY SAHPL~ SAMPLE 
IGPt-4 BOO coo TKtl BOO coo TOC NH3N N02N N03N TKM 

8 09 211 EFG1230 1 b. 2C 42 13 16.0 a. 1 a. 3 16.2 
6-0-'3 ---21'1 --E-FG1~0 0 - - -i b.-20 --- . 4-.C 1 4 14. () (). 1 0 ."6-i.5.-5 
8 09 2M ::FG1330 16. 20 42 15 11.0 G. 3 0.4 14. 5 
8 
6 
8 

09 
09 
09 

2M 
· 2 M 

211 

EFG1£+.0G 
EFG1430 
£FG1500 

16.2 0 
16. 20 
16. 20 

45 
4 9 
47 

15 1s.5 c. 1 '). 4 17.1 
-i 6--i e-.--o----i).-i---o-.-3 --i e .- 2 
16 18.0 0. 1 0.4 18. 3 

8 09 
S-tM 

2M 
21'1 

EFG1530 
E-F~O 

16.20 
34.10 

51 
54~ 

15 
46 

14.0 
13.C 

0. 1 
c• c 

o.s 1?.6 
0 • c 1?.1 

6 oq 2M EFG1630 3 4.10 
8 og 2M EFG1700 34.10 
8 · 0~ - -- 2 w --EF G1 7 3 0 ·  ·- ·· 3 4 .--i 0 -

109 35 18.0 
106 38 19.0 

-;-o4-i-a •o 

c. 0 0. 0 19.1 
o. a 0. 0 21.s 
a. o--n.-11-i3·-;-4 

8 09 2M EFG1800 34.10 79 23 1 L+. 0 G. G O.G 16.4 
8 09 211 EFG1830 34.10 93 32 15.0 c. 0 0.5 16.8 
S---09 2M EFG1<300 34.10 89 27 22.c 0.2 2.~ 23.3 
B 09 2M EFG1930 3 4. 10 -i 0 8 33 14.0 Q. 1 0.4 15.6 
8 09 2M EFG2000 3 4. 1C 78 22 13.Q 0. c 0.1 1L+.1 
8 -0 9  -z M---t: F·Gz 0 3 0 -- 3 4..-i·o 25 12.0 0. G c.o-i~ 

8 09 2H EFG2100 3 4. 0 0 143 46 15.0 a. o 0 • (j 16.3 
8 og 2M EFG2130 34.00 211 63 19.0 o. a 0. Ci 20.e 
a-1)".l 21'1 EFG22~0 34.0~ 119 '35 Hi. 0 c. ~ 0. 0 17 • ., 
8 G9 2H EFG2230 34.00 159 55 15.0 0. 0 o.o 16.2 
8 09 2M EFG2300 3 4. 0 0 152 54 14.0 0. 0 o.o 1s.o 
a- -n ~---Ct1--£FG"2·3 3 0-----3 4...-0 0 ~ 0. 0 o. o-i-s...-i 
B 09 2H EFG2400 34.00 1t,8 I+ 7 13.0 c. a 0 • Ci 13.9 
9 n1 2M EFGtl030 34.00 131 45 13.0 0. 0 0. 0 14.2 
9-6"'3 2M EF G--0-tiHl 3"4eil e 133 ~5 13.0 o• e e•e 14.1 
9 og 2H EFG0130 34.00 143 £+.CJ 13.0 G. C 0. 0 14.1 
9 09 2M EFG0200 15. 20 l 2 fJ 42 13.0 C. G IJ • c 14.1 
9-~9-2-M-ETGC 2-3 o----i-s .-20 -a ~-o-i-31il"~•-O --t-tr.-1 
9 09 2H EFG0300 15.20 81 27 13.0 a. o o.o 13.7 
9 09 2M EFGO 33 0 15. 20 72 25 14.0 0. 0 0. 0 15.6 
~9 2 t1 EFG040Q 15. 20 70 z~ 14.0 c • u.. o.c 14.13 
9 09 2 11 EFG0430 15. 20 65 25 13.0 0. 0 0.2 13.6 
9 09 2~ EFG0500 15. 20 63 22 12.c 0. 0 o.c 13,6 
9 --11 q - - 2 M---e:F GOS 3 0 1-s.-zo-.- - ~ 23 13.0 0. 0 0 .1-i-3-8 
9 l)g 2H -- EFGQ600 15.20 63 22 12.a o.c 0. ( 13.1 
9 09 2M EFG0630 15. 2Q 58 2G 13.0 G, 0 0.1 14.6 
9 09 ZM :'.F G070 0 3 2. 58 23 12.0 0. 0 o.o 13.3 
9 og 2M EFG0730 3 2, 3C 79 29 12.c 0. G o.o 13.3 
9 09 2H EFGQ 80 0 32. 3C 94 3~ 12.c 0. c a.a 12. g 
9-09- --zM-r:f'G083C -- 32.-3 _ ~G 11.0 u7lt o.o-i~ 

9 09 2M EFG0900 32.30 86 30 11.0 J. 0 o.o 12.6 
9 09 2H EFG0930 3 2. 30 92 31 10. G 0 . u a .1 11. 2 
91)9 2M :'.FG10'.lC 32.3~ 1(' 5 35 13.0 0. ~ 0 • G 1 r+. l 
9 09 2M EFG103~ 3 2. 3C 111 37 15. 0 c. c 0 • 0 17. c 
9 09 2M EFG1100 3 2. 30 107 40 17.C J. 0 o.o 1g. 9 
9- 139 ·- ·2 M. - EFG1t3o-3-z;-30 . ~acc. a c. a G• u---Z :+.-E 
9 og 2 t1 EFG1200 3 2. 8Q 122 45 21. u G. G ') .( 24. 2 
9 09 2M EFG123C 32.8C 113 37 10. 0 G. G G• 0 13. 0 
g 09 2~ EFG130 0 32.80 10? 32 6.0 0. 0 0.1 8. 3 
9 09 2M EFG1330 32.80 113 35 6.0 G. 0 0 .1 8.E 
9 09 2H EFG14QO 32.80 10 8 39 s.o c• .:. c.1 7.E 
9 09 2M EFG1430 ··· 32,ao · - - -- ------ --- r1-z+  3 7---13-;-n-o; o- o.1· o•' 
g 
9 

09 
o~ 

2H 
2M 

EFG1500 
EFG1530 

32.80 
32.80 

123 
1 1 '+ 

40 
37 

5.0 
4.0 

0. 0 
C. G 

o•a 
0 • (j 

a. ' 
5.C 
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ANALYTICAL R~SULTS - S~RIES E2 C30 HIN> 
MON PILOT SA~PL~ FLOW RATE UNFILTERED FILTERED 

UNIT IOc~TITY SAHPL: SA HPL~ 

IGP~ BOD COD TKN BOO COO TOG NH3N N02N N03N TKN 
og 2M EFG1230 1b.2C 42 13 16.u 0.1 a.3 16.2 

-0~ ---2 1"--EF-GJ.~OO -- - -t0.--20 ---- - ------ · t;e~-i-tr.iJ--o--;--r--o16-i.-S.-S 

O~ 2M EFG1330 16.20 42 15 11.0 G.3 0.4 14.5 
09 2H EFG1400 1b.2G 45 15 15.6 C.1 0.4 17.1 
09 2M EFG1430 16.20 -- - --·- ·------------ -----49--1.-6-i:8 ·.-o-~ -.--i-o-.-3-""1_8.;2 

09 2H EFG1500 16.20 47 16 18.0 0.1 0.4 18.3 
09 2M EFG1530 16.20 51 15 14.0 0.1 0.5 13.6 

1!1 2M EPG160G 34.10 54~ 46 13.C c.c OoC 15.1 
09 2M EFG1630 34.10 109 35 18.0 G.G O.O 19.1 
01 2H EFG1700 34.10 106 38 19.0 o.o a.a 21.5 

- -0~ .. - 2M ---E FG1 730 - --34.--i.o -0~ 18. 0 0. 0 0.-0--J_-S-.-t+
09 2H EFG1800 34.10 79 23 14.0 C.G O.u 16.4 
09 2H EFG1830 34.10 93 32 15.0 C.O 0.5 16.8 

1!9 ZM EFG1900 34.10 89 27 22.C 0.2 2.4 23.3 
09 2H EFG1930 34.10 1D8 33 14.0 0.1 0.4 15.6 
09 2H EFG2000 34.1~ 78 22 13.Q O.O 0.1 14.1 

. i) q ---2 M --c:r G20 3 0 -- --- - 3 L+o10 °3---Z-S-r'Z • 0 0 • Ci 0 • 0 1°3_al_ 
09 2H EFG2100 34.0C 143 46 15.0 O.Q O.O 16.3 
09 2H EFG2130 34.00 211 63 19.0 O.O O.O 20.8 

ll~ 2t1 EF-Gz-20 0 J ·tt-;1H' 17'9 !55 16.0 Q.C O.O 17.1 
09 2H EFG2230 34.00 159 55 15.0 a.a o.o 16.2 
09 2~ EFG2300 34.00 152 54 14.0 O.O O.O 15.0 

-0~-"2-M-EPG-2330 3"4-.-ilil "6~---0-.0 0. O-i-Srt· 
09 2H EFG2400 34.00 148 47 13.0 a.u o.c 13.9 
09 2M EFG003Q 34.00 131 45 13.0 a.a o.o 14.2 

- 1}-9 ~ M E F G0 1 Oil 3 4. 0 0 1 3 3 4 6 13 •. 0 C • 0 6 • 6 14 • 1 
og 2H £ FG0130 34.00 143 49 13.0 G.O O.O 14.1 
09 . 2H EFG 0200 15.20 120 42 13.0 c.G a.c 14.1 

--1'9 --2-11 ----EFGD 2-30 15;.-20 · ~--31l-r-3....-0 0. 0 0 .Vl.-tr.-1 
09 2H EFG0300 15.20 81 27 13.0 o.o a.a 13.7 
09 2H EFG0330 15.20 72 25 14.0 O.O O.O 15.6 
09 2M E"FG 0400 15.20 70 23 14.0 C.O O.C 14.9 
09 2~ EF G0430 15.20 65 25 13.0 O.O 0.2 13.6 
09 2M EFGOSOO 15.20 63 22 12.0 O.G O.C 13.6 

- -o<J - -ZH-C:FG 053Q , 1~;Co -.--· 63 23~. 0 0.-1.-i:-3.--8· 
cg 2M EFG060C 15.20 63 22 12.0 O.O O.C 13.1 
09 2M EFG0630 15.2C ~8 2C 13.0 O.O 0.1 14.6 

---n~ 2~ ~FG071)0 3-z-;-30 58 23 12.0 O.O 0,0 13.3 
09 2M EFG0730 32.30 79 29 12.G O. G O.O 13.3 
09 2H EFG080 0 32.3C 94 33 12.C O.C O.O 12.9 

ll9----Z H----C: FG083C 3zo-3ry-· 1 30 11.0 O.O 0.-0--J_~ 

09 2H EFG090 0 32.30 86 30 11.0 J.O O.O 12.6 
09 2H £FG0930 32.30 92 31 10.0 O.u 0.1 11.2 
09 2M ~FG1QOC 32.3~ rrs 35 13.0 o.o o.c 14.1 
0 9 2H EFG103C 32.3C 111 37 15.0 O.O O.O 17.8 
09 2M EFG110 0 3 2 .30 107 40 17.C O.O O.O 19.9 

·-oCJ - 2 w---EF G11 3 0 -----~ 2;-10--- --:;--13"8--ZO. o c. o-u-.c-z~.--o 
09 2H EFG1200 3 2 .80 122 4 5 21.G G. G O.C 24.2 
0 9 ZM EFG 1 23C 3 2 .80 11 3 37 10.0 O.G O.O 13.0 

-0-<3 z~ ErGr3oo 3z.eo 105 32 6.o o.o 0.1 e.3 
09 2M EFG133 0 32.80 113 35 6.0 G.C 0.1 8.6 
0 9 2H ~FG140 0 32.80 108 39 s.o c.~ c .1 7.6 
og 2H EFG1430 32. 80 -- ·-------------i-it+~7---S•O-o .-o-1J .1 ·-- 5.-z 

0 9 2~ EFG1500 32 . 80 12 3 40 5 .0 O.O O.O 6 . 2 
0 9 2H EFG1530 32.30 114 37 4.0 O.G O.G 5 , 0 

http:Tabl~_A_-2_CQ.nt


_T~bJ.e A::2___Ccmt__'_d__ ____ A-4.3 

ANALYTICAL RESUL TS - SERI~S c2 (3C HIN> 
f MO~ PILOT SA~PL~ FLOW RATE UNFILTEREn FIL TE PED 

UNIT IOE~TITY SA~PL~ SAMPLE 
IGPM goo coo TK N 801) COD TOG NH3N tW2 N N03N TKN 

3 0'3 2M EFG1E:OO 32. BC' 10 6 35 L+ • G G. G 0 • c s.1 
3-09 ·--r-~-EFG1630 32.-8Q -------- - ------- ---------~·---.. f}--------3~ 6.6 0. 0 0 • 0 -----6--.-3 
3 OS 2M EFG1700 32.40 96 30 6.0 0. 0 0. ( &.1 
3 09 2~ EFG1730 32.4G 63 22 4. c 0. G 0 .1 5.7 
3 09 -- 211 EFG1800 32.40 · . -- - ·------ 5 5 -·-1 e-5 .--o- o.-i-1Je 0 - 6.~ 

3 09 211 EFG1830 32.40 45 16 L+. 0 0. 0 0.2 4.7 
3 09 2M EFG190C 32.40 54. 2C s.o 0.1 0 • 0 o. 8 
~~"t-f F-U-t-9~u----S2o-40------------ Z---23 E:>. 0 c.c 0 .1 8.6 
3 09 2M EFG2000 32.40 70 23 6.0 0. 0 0.1 7.3 
3 09 2H EFG2030 32.40 75 27 6.0 o. a 0.1 3.2 
3 ·· 09 - -- 2 H ------EF G21D 0 ----- -- ---3 2-.--40- 7 3-----2-3---6~-.-i-e .-ti 
3 09 2H EFG2130 32.l+Q 84 27 7.0 O.G 0.1 8.4 
3 09 2'1 EFG2200 15.95 61 18 6.0 o.o 0.1 7.2 
:i-o~ 2M E~O 15...--95;-------------:;~---<;~--f.~"----fT--::-fl---il--=--':;.--!--fl--'.::-177 23 e.c G. 0 0.5 10.1 
3 0'3 2M EFG2300 15.95 . 95 28 10 • 0 0. 0 a.5 13.4 
3 09 2M EFG2330 15.95 98 32 11. 0 Q. c 0.1 14.9 
3·- 0 9 - --2 H --E F G2 40 0 ---1 5 •·95 --------------......~-a-t2.e 0. fl 0rt-j:4--.--0 
0 09 2M EFG0030 15.95 88 · 29 ·13. 0 0. 0 0.1 14. fi 
0 09 2M EFG0100 15.95 86 24 12.0 0. 0 0.2 14.6 
~ q 2 H EF-G---e--T3 {J 1 5 • 9c;.5-----------_...~~-0--t--9~r---f\-:--&----fl~i--t--tr-:-66 59 12.e o.a fl. 3 14. D 
O 09 2M EFG02DO 15.95 48 25 12. 0 0. 0 0.2 14.0 
D 09 2H EFG0230 15.95 84 25 12.a 0. 0 0.2 1 L+. c 
o- n9 ---211 -- --t: F Gn3!J o- - -3 2-.il 0-------------0-2~ 12.e fl. 1 0 • -0-1.-tr.--6 
C 09 2H EFG0330 32.00 118 4C 11.0 o.o 1.c 13.5 
Q 09 2H EFG040C 32. 00 114 37 11.0 0. 0 0.5 13. 3 
6~ 2H EFG0430 3-2of)-O---------- 1~9 51 10. e e. e fl. 2 Hl. 9 
O 0'3 2M EFGu500 32.30 10 4 37 09.0 0. 0 0.1 10.c 
G 09 2M EFG0530 32.QO 91 30 B • 0 G. G !) • c:, 1a.1 
e-ng -----2-M-£F GC 60 0 ----3 2-.i)O·------------,___~,-a---9 ·.-e--o~-io.-f 

0 09 2M EFG0630 32.00 92 31 8.0 o.o 0.1 10. 2 
0 09 2H EFG070 0 32. !JO 1 c 6 31 8.0 o.c 0.4 10. 9 
o 09 211 E-F~-c--Y-3·~0--~3~2~.-o~o~-------------f')-+--__,~__,1r-;P'l---1'--ft---..,._....,._Hl--ii91 30 a.c 0. 0 o.z 11'.l. 8 
C 09 2~ EFG0800 32.00 88 29 8.0 c. 0 0.1 10. ~ 

------------ ---------····---

---------------- - --- ----·-· ---
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APPENDIX B 


ANALYT I CAL PROCEDURES 


Total Kjeldahl Ni trogen 

Total kjeldahl nitrogen analyses (organic plus 

anunonia nitrogen) were performed according to Technicon 

Auto-analyser Industri al Method 146-71A. Essentially this 

procedure consists of digestion of organic matter at 380°C 

followed by measurement of the anunonia produced using the 

Berthelot reaction in which the formation of a blue indo

phenol complex occurs when anunonia reacts with sodium phe

nate followed by the addition of sodium hypochlori te. Gly

cine standards were used for calibration. For keeping 

unfiltered samples homogeni zed in the sample cups the system 

has two air aspirators. One aspirator provides complete 

mixing in the cup being sampled while the second aspirator 

mixes the next cup on the tray. 

Anunonia 

Analyses of anunonia nitrogen were conducted using 

Technicon Auto-analyser Industrial Method 98-70W. This is 

essentially the same technique employed for Total kj eldahl 

nitrogen with the omission of the selenium dioxide/ surphuric 

acid/ perchloric acid digestion step which anunonifies the 

organic nitrogen fraction. Anunonium chloride standards 

provided calibration. 

Nitrate 

Technicon Auto-analyser Industrial Method l00-70W 

was used for nitrite-nitrogen determinations . This technique 

involves a reaction between nitrite and sulphani l amide under 

acid conditions to form a diazo compound which in turn is 
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coupled with N-1-naphthylethylenediamine to form a reddish 

purple azo dye. Colourimetric determination is then made on 

the sample. 

Nitrate plus Nitrite 

Nitrate plus nitrite-nitrogen analyses were per

formed using Technicon Auto-analyser Industrial Method 

100-70W. In this method, the nitrate-nitrogen is reduced to 

nitrite in the copper-cadium reduction column. The sample 

is then analysed for nitrite nitrogen as described pre

viously. 

Chemical Oxygen Demand (COD) 

COD determinations on 24 hour composite samples 

were done according to the dichromate reflux method des

cribed in "Standard Methods" (1971). During the dynamic 

experiments, when as many as 600 samples were collected for 

COD analyses in the space of 3-5 days, a less time consuming 

analytical technique was employed. A modified version of 

Technicon Auto-analyser Industrial Method No . 268-73W was 

adapted for COD analysis and a Technicon Solid prep 11 sam

pler was introduced in place of the normal sampler . 

Standard solutions were prepared using ammonium chloride. 

The standards were first analysed using the ''Standard 

Methods" reflux technique and then analysed on the Technicon 

equipment. The standard peaks produced on the Technicon 

System were then calibrated against the 11 Standard Methods 11 

results. 

This complicated approach was necessary since the 

sample digestion time in the Auto-analyser was shorter than 

that in the standard reflux test. This resulted in a lower 

degree of reaction completion with the Auto-analyser when 

heterogeneous sewage samples were tested. With this 
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procedure modification in effect, Auto-analyser COD results 

for sewage samples were generally only 5 to 7 percent lower 

than results obtained via the "Standard Methods" technique. 

Biochemical Oxygen Demand (BOD) 

The 5 day , 20°C BOD determinations were performed 

according to the method described in 11 Standard Methods 11 

pages 489-495 (1971). 

Total Organic Carbon (TOC) 

Twenty micro-litre samples previously acidified 

and purged were injected into a Beckman Infrared Carbon 

Analyser. The resulting peaks were compared to a calibration 

curve prepared from standards using anhydrous potassium 

biphthalate. 

Suspended Solids 

GELMAN .45 micron glass fibre filters were dried, 

Previously Washed, for at least two hours in a 103 degree C 

oven. They were then cooled in a dessicator and weighed. 

Suspended solids determinations were made by filtering a 

minimum of 10 ml of solution through a filter. The filter 

was then re-dried at 103 degrees for two or more hours, 

dessicated ' for 15 minutes and re-weighed. The increase in 

weight was taken as a measure of the suspended solids. 

Dissolved Oxygen 

An Electromic Instruments Ltd. Dissolved Oxygen 

Metre Model 15A was used for dissolved oxygen determina

tions. It was found necessary to calibrate the probe roughly 

once a week. 
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Temperature 

The D.O. metre also included a temperature probe 

and this was used for measurement of the feed stream and the 
reactor temperatures. Occasionally, a mercury thermometer 

was also used. 

pH was measured using an Orion Specific Ion Meter 

(Model 401) together with Fisher Combination electrodes 
(Cat. le-639-90). 

Alkalinity 

By using the Orion pH meter, 50 ml samples were 

titrated to a pH of 4.8 by· addition of .02 N sulphuric acid. 

Results were expressed as mg/l of calcium carbonate. 
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APPENDIX C 


CALCULATION PROCEDURES 


Identification of the Transfer Function Model: 

TKN Load vs TKN Concentration 

After sufficient differencing to induce station

arity in the data, the impulse response weights of the cross 

correlation function (Figure 4.1) were examined in order to 

identify the transfer function model orders (r, s, b). In . 

this case the model orders may be tentatively identified as 

a (1, l, 1) or a (1, 2, 1) process (Figure 4.1). In order 

to determine which model provided the best representation of 

the data, the models must be built and checked, and the 

residual sums of squares of the models compared. 

The sample calculation will continue with · the ( l, l, 1) 

model form. The preliminary transfer function model may 

therefore be identified as 

= (Wo wl ~) ~xt ... (C-1) 
(1 - 01 ~) 

The preliminary estimates of the above model parameters were 

calculated from the impulse response weights: 

= 0.088 

0 v - v = 0.0651 j-1 - j=b+l 
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Identification of the Noise Model 

The model under consideration is 

. . . ( C-2)=~ 
6 ( ~) 

where Nt is to be parsimoniously represented as 

. • . ( C-3) 


Having already identified the transfer function model, Nt may 
be obtained from 

Plots of the autocorrelation and partial autocorrelation 
functions of the noise sequence are given in Figure C-1. 

Examination of these functions reveals a decaying auto
correlation function which becomes negligible after lag 1. 
A single significant spike at lag 1 is noted for the partial 
autocorrelation function. This is indicative of an auto
regressive process of order 1 (AR(l)). 

Tnerefore, . . . ( C-5) 

(1 - ~1 ~) 

with ~ 1 = p 1 = 0.219 

Our tentatively identified model is therefore 

= + 


... ( C-6) 

(1 - 61 ~) (1 - ~l ~) 

Fitting and Applying Residual Checks to the Combined 

Transfer Function - Noise Model (TF-N) 

The initial parameter estimates obtained from the previous 



C-3 

FIGURE C-1 

AUTOCORRELATION AND PARTIAL AUTOCORRELATION 


FUNCTIONS OF TKN LOAD MODEL NOISE SEQUENCE 


AUTOCORRELATION FUNCTION 

l·O 

•O -
•O.... 

APPROXIMATE 95% CONFIDENCE LIMITS 

PARTIAL AUTOCORRELATION FUNCTION 

1·0 

0-----.--..---.--.------....-------..-..----r--..-....-----

0 2 4 6 8 10 12 14 16 18 20 

LAG K (Hrs . ) 
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sections were used as starting values in TS HAUS (TS HAUS is 

an efficient non-linear least squares program developed for 

use with time series analysis). The dynamic and noise 

parameters were estimated simultaneously. The parameter 

estimates and their approximate 95% confidence limits appear 

in Table C-lA. 

TABLE C-lA 

SAMPLE CALCULATION MODEL ESTIMATES 

95% Confidence 
Model Initial Estimates Final Estimates Interval 

(1,1,1) w 
0 

0.083 0.08312 ± 0.01738 

W1 -0.0267 -0.03450 ± 0.02426 

01 0.739 0.5590 ± 0.1365 

¢i 0.219 0.2339 ± 0.1808 

The two most frequent checks applied to diagnose transfer 

function noise model adequacy (or inadequacy as the case may 

be) are the autocorrelation function rAA(k) of the residuals aa 
from the fitted model and the cross correlation function 

between prewhitened input (or in our case the first differ

ence ~xt) and the model residuals. Assuming the form of the 

TF - N model is correct and that the parameter values are 

known, then the estimated autocorrelation function of the 

residuals will not be correlated and will be distributed 

normally about zero with variance n-1 , where n is the number 

of data points in the series. These checks are presented in 

Figures C-2 and C-3. The results in Figures C-2 and C-3 

indicate that there is no serious transfer function model or 

noise model inadequacy and that the chosen models adequately 

represent the data. 
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FIGURE C-2 

AUTOCORRELATION OF THE FITTED TKN LOAD TF-N 


MODEL RESIDUALS 


l· O 

::Ill:: 
..._.... 
<a 

0 2 4 6 8 10 12 . 14 16 18 20 

LAG K , ( Hrs.) 

FIGURE C- 3 

CROSS CORRELATION MODEL CHECK, V7Xt vs. T F - N 

MODEL RESIDUALS 

0 ·2 

0 

0 · 2 

-------------------. ' 

APPROXIMATE 95% CONFIDENCE LIMITS 

0 2 4 6 8 10 12 14 16 18 20 

LAG K, (Hrs.) 
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A further assessment of the residuals involves taking the 

first k autocorrelations and computing the Q statistic. 

Comparing the result to the chi-square distribution ( x 2 ) 

with k-p-q degrees of freedom, where p + q is the total 

number of parameters of the noise model, determines the 

significance of the residuals. In a similar manner the 

significance of the cross correlations between residuals and 

the stationary input series for each variable can be com

puted by comparing the S statistic to the chi-square ( x 2 ) 

distribution. These results were presented in Table 4.3 for 

the models obtained in this work. 

A complete listing of the computer programs used is provided 

in Tables Cl, C2, C3 and C4. 

Forecasting System Response to Impulse Forcings 

The forecasted effluent values discussed in 

Section 4.4.1 were determined using the minimum mean square 

error forecast with leading indicators, as developed by Box 

and Jenkins 1976, pgs. 402 to 405. The model used the 

following as input data: 

1) 	 past values of influent TKN load in g/day at 

discrete 1 hour time intervals 

2) 	 past values of effluent TKN concentration in mg/ l 

at discrete time intervals 

3) 	 initial estimates for the error function, at. 

The initial estimates used in (3) above were 

obtained by calculating residuals for the forecast and the 

experimental data with at initially set at zero. Calculated 
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residuals were used to replace the estimate of zero and 

calculations were continued in this iterative fashion. 

A listing of the computer program and the plotting 

routine used is provided in Table C-5 . 

Transfer Function Calculation Procedures to Determine 

Response Times (From Box and Jenkins (1976) 

The continuous system satisfying 

(l+TD)Y(t) = g X (t-b-c) ... (C-7) 

is for a pulsed input, discretely coincident with the discrete 

system satisfying 

. . . ( C-8) 


where 
1-c 

, w = 9 (1-0 ) ' 0 

1-cw1 = g (o - o > 

The gain, g and the fractional time delay of the system, c, 

are independent of the sample interval. T is the average 

residence time in the system. 

The constants for loading model Al (Table 4.2) are as fol

lows: 

w = 0.08312 
w~ = -0.03450 
61 = 0.559 



C-8 


Therefore g = W - Wl = 0.2100 

01 

For the relationship: 

W0 = g (1-ol-c) ... (C-9) 

the only unknown is the fractional time delay, c. Substitu

ting into equation C-9, 

c = 0 . 134 

Since discrete sampling took place at hourly intervals , t he 

approximate time delay of the system is about 10 minutes for 

loading influent variations. 
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Table C-1 C- 9 

Computer Program Used For Cross Correlations and Matrix 
I nversion , Sample Outpu t For Model A- 1 

L 1: )00 1 c 
L 'l J 0 0 2 r, 
Lri - J0Jr - - - -- - --· -
L ~I J uC ... C 
L 'i Q0 C 5 
L M JOOo 

C 
r: 

L N 10 '} 7 
l I f J Q '] ·'3 
L :-.1 ') 0 0 g 
U J JJ1C
L ·i- J T11 ·

· 

--

C 
- C 

C 
C' 
---

L 'J J 012 
Vt ::1013 
l N ') 0 1 4 
L :1 ) Q1 ? 
L N ·· J016 
l 'l J I) 1 7 
L1'l 00 1 -'3
ui - n 1 q 

l f'I 'J02~ 
U l _J 0 2 1 
L N J 022 
L'I G·"J23 

L i~ 0 0 3 3 
LN 0034 
L"l JG35 
LN ) 0 3 o 
ULJ 0 3 7 
L N 0038 
L~ oc 3g 
::N~{}<+-U-
L ~~ J 0 !+ 11

~N 0042 
::1r'JL43 
L N 0044 
UL J Q4 5 _ _

o .!\T :l-- noJT/ 121/, ~ IL/ ir,----Z 

~::Ao 1, ( ( 1UI ,Jl .r=1.7l ,J-=1,·1 08 l 
.. ?.~AQ 2 ,( (.C,(l ,Jl,I= 8.14 l,J=1, ~JIJB l --- · 

1 ~ 0 R <1 A T ! Z oX , F 5 • 3 , 1 g X , F 4 • 0 , 1 X , F 3 • G , 1 X , 4 F 5 • 1 l 
2 F 0 R '1 AT ! Z oX , F 5 , 3 , 2 : X , F 3 • 0 , 1 X , F 3 • '..J , 1 X , !+ F 5 • 1 l 

~ R::A'1 4,!I.<,IY,I '-1) 

4- F CP "1 :l T ( 1 I 2 l 


P ~ I NT '+ , I X , I Y, I '.·I 
- - ---· - ·- --- - · - - - ·- --- ·-- · 

_N J046 
_N J047 81 
..:-n-- -J 0 4 --
L t~ :) 0 4 g 
_N 0050 

CRUSS C 1)~ R fLATICHIS ANn 'I \~ C:IGH T S F'JP ssr. S Y ~ T C::H 
l 0 Af1 I ~ i ~ V:: P ~US :: F' FLU:::~ IT F IL T C: QA t3 L::: fi.U J 

·- 11r 11 ::w;ra:1 · A c1 4 ,-121 1 ; x c12 1 1 ,vr1 21 1 ;z c1211;i,.rcr21 1 

tJ L = ~JU 18:: R 0 !=" L AGS 

-·--- -- -·- --- - - ----- --- ·

Z ( K l = ! X CK l .. Y ( '< l l " 6 • 5 5 2 
S Z=Sl•~!Kl 
Sw=S•Htl CK J 
PR I ~ J T 1 'J , <X ( K> , Y( Kl , Z ! K> , ~I ( Kl > 

1Q _f_Ol?....HA._L ( 3.X. ....E...1G. ...z...,_zx_,_u.a. 2_ , _..LQ X.,£.1..0 • .2' 1.0 x..,£.1 (1 .. 
5 

101 

10 2 

CONTI NU ~ 
AW=SW/FLOATCN03l 

-Z ::S-Z: /f'. t:-O AF-< NO '3 >-----

~I LTE~ 

- --·-

- 1 F ( I FE OF ( o C). ;::'] .-1 r-S-TO J . 
P~r;.JT 1~ 

.. .. 12 F 0R ·1AT ! 2 8 X , 1 0 H~IL T::.?. .l\ iJ L.::. , 3 1 X , 1 GHF IL T=: 0 A3L:: l _____ .. ________ 
PRINT 11 

11 FOR:1:lT(1QX,14 !-ffLOH(I';AL/ ... I'n ,1 x ,12 H~F T K~J( t ! G/Ll ,s x . 
l N- J I) 2 4 --- --- ·----- 11-'5HL OAD I NG ( SH / 0 AY }, 8 X , 1 3H~ r F - fKN ( MG /l} }- ·-- ·--
l~ aozs o~rNt g
L'l J026 ) FO~HAT ( 16X ,1H X ,1 6X ,1HY,1gx,1Hz,1 gx ,1 HW )
[11- 1:r - -s-w=IJ-;:- - - --------
u~ J023 SZ=O .O 
L' I 3 0 2 9 ____ __ _ _ _ 0 0 3 _ K=l, N03 .. - - ---------------- -· --------
L ~l 0 0 3 0 X ( K } =A ( [ X , K > 
L ' I ')031. Y<Kl=AC I Y,Kl 
l:-'l -J0-3-2 ------· -~ ( K >- =A ( [H, K l- - ·---- - ---

_2J _______ 

P ~INT 1 0 1 
FORM4TC///,24X,6HZ ~EAN,15X,64W HEA"l l 
P~TNT-r~7--,A - --------------
FOR~AT C/, 2 QX,F10.3,10X,F1J.3l
:) 0 _8LK:;1,.. NO B. ___ ·--- - ·-------------
W(KJ=W(Kl-AW 
Z! Kl= ZCKl-A Z 
6 At:t:-ID=-MF-- T F (-l:-, 1-1-,-NG-3-, Nb, 1-r-- - 
G0 T Cl .3 
ENO 

_______USASL... .fOR.IRA f'LO lAG ."lOS TI L.i~SliLI...S_E. O:L_E TN •..11Al..tl______ 

-- -- ----M-0 · E~RO RS -- -----· ----·---------- ------·- --

----·- ·- - ·-- .. ------ - ·------

http:2QX,F10.3,10X,F1J.3l
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Table C-1 Cont'd C-10 

1 0 0 1 SUB R0 UT I N:: I 0 : ) H T F CX, Y , N0 '3 , ML , ND IF!=" l 
JOO 2 c IO:: ~HIFIC A T I O'J OF TH:: U1PUL S:: =<:::s 0 0~ 1s:: 
'.)'J : 3 -- c----- ---- 8 y - r rn/ .:: Rs I 0 N .J F :•A T~ I x- - - -- - 
.) Or; :.. C TH I S S 1J f1=<0 UT I N:: P;:: () lJ I P :: S Trl C: SS P L I J 
J005 _ C SS? LI J ~~ST 8 :: ATTACHEQ 
J 0 G6 CC:1 :1 0 N SDA , S D ·<, 
Q: :; 7 J I ~1;: •j S I ·) ~j X C: l , Y ( !. l , ·"< C ( 6 0 l , GA '1 C2 0 , 2 0 > , VG t'.. •A ( 4 C0 l 
J 0 0 ? -- - - - - - -0 I M:: HS I 0 N CC1 { 2 !. l , CC 2 ( 2 !. l , l ( :. .: 0 ) , '1 ( :.. '.J 0 l , V ( 2 :J I , VN ( 2 0 ·l--- - -----
0QQg ~inATA =~l08 
l01C ND=O 
J C1 1 - - -- · -- -- 0 q I ~H 1 ~ 
J012 18 FOR~ATC52~1 c~oss CJR~EL~TIONS AT ~ ANO - LAGS FOR ~OIFF = 0l 
1 0 1 3_ _ __ ____ 6 ___ CALL (; ~0 SS CX , Y , ~JO f3 , ~ l L , r, C 1 , CC 2 l 
)014 CALL ACOR ~ tx.Ac,snz,N09,NL)
J'.)15 c eUILOI'lG THE '1AT ~ IX OF INPUT AUTOCO~P::LATim~ GAl1 
101-&- NLL=~jL-!. - ----- - - --- ------
J017 00 10 J=1,NLL
J01B GAM(J,J>=l.O1: rr= ~n::-;-:J~.---------------------------------

002 J DO 20 I=2,II
1IJ21 ___IJI= I +-J-1 _ _ ___ __ _ _ 
J022 2Q GAMCIW,Jl= AC<I-ll 
JC23 10 CONTINU::: 
.J~24------GA;1 <NL, ~~Ll=1- . 0 - -------- - - - ---- -- --- - --- ---
J025 80 3Q J=2,NL
)Q26 JJ=J-1 
'TO-? O'u4:Y-I=- , _ 

J 0 2 8 4 0 GAM<I , J l =GA:1 ( J , I )


_') 0 2 g____~o_cQNIl NU::: _ __________________ ----------- - -
003 Q PRINT 42,<<GAi'1(I,Jl,I=1,MU,J=1,NU 

)031 42 FOR~ATC1Q X ,201="6.2> _ 


-U 2 3 2 t, i:-q A- N-S-F 0 RM-I+l-~G--ll. ~T-0-A---V~G-T-0 R-- MA-T- R- I- X-VG4M------------
3033 00 50 J=1,20

Ju34 DO 60 I=1,20
'T!J 3 5 I K ~~\J=..-.--r-'0'~---------------------------

0J36 VGAMCI~>=GAMCI,J> 


Q0 17 ___&Q __c_o NJHJU-c:=,------------- ---- ----------
0038 50 CONTitWc.. 
J139 C INV:::RSION OF ~ATOIX 
4-J 4 3 G >H MV---4-Nf}--<~.PR-D--A-R: I 8 t1 SC I :N-T-tF-H---SU-8ROU-L-f-,'1,j->lb-'S..------
') 041 N=NL"'~!L 
J042 CALL HI NVCVGAM,NL,O,L,Hl
" : ' J044 51 FOR~ATC//////////,1QX,4H 0 =,820.8l

'.l Q 4 5 _...,,.N L~H ' __ _ _-~~_____ L~-lL ______ _ 
0046 PRINT 4 2 ,<VGA:ICil,I=l,NLLl 
JC47 C CALCULATION OF T~~ TRANSF~R FUNCTION PA RA~ETERS 

9-B-i. 8 CA~A-5-u43+\l-G-A-M-.,-G-G~,-V---.,~ -'-tt,.,~ ~-t-t----------------
G049 CALL GAS003CVGA~,cc1,vN,NL,NL,1) 
~JSO 00 16 I=1,NL 
JOSI V!Il = v<Il 

3052 16 VNCI>=VNCI>•SOA/SOX 

JQS3 C P~A~R A 1__
E.L~LI_I_NG~_.__ ~~~~ =-'---'-~-'--''-''-----------------------
a054 PRINT a ,NO
JG55 3 FCRMA TC///,1CX,3 8 H V WEIGHT S AT + ANO - LAG S FOR NOIFF=,I2l 
·J-i:--5-6 l;-=--50 R-T- f-VtrA-~+-H-/ F-t--0A++NBB-l-l-4'--5-9A~-2-.--01--SGx---------------
J 05 7 CLN=-CL 
G058 DO 2 K=1,NL 

0060 TT=-T 
G0 61 KK:=K.=1 __ _ _ _____------------- -- ---- ------ ·-- - --
JC62 ~1 = -KK 
JC:J3 2 PP.INT 4,Kl,VtJCKl,K'K,V(K)
) 0 6 ' t.- F 0 R '-1 A-l -( -7 x1 I 3-.,-.; X, F ~ , 3-, Ul X-,-I 3 , -5 X-,-F 6-• 3 ) ------ - - -----------
)065 PRINT 12,~L 
)066 12 FORHAT(//,53H APP~ox. 95 p~~ ' CE N T ~ONF LI~IT ON IMPULSE P~SPON S 

' .
)068 NOATA=NOATA-1
l Qo_g,_ _ _ ___ N0 =ND +1 ___ __ _ _____ ____ 
l Q7 0 I F HJ 0 • GT • N0 I FF l '; 0 (61 a·0------
1071 DO 41 I=1,~lfJATA 
la ~ X+ft--= X- ( f+--1-l--X-H t------ --- - --- --·- - -
1073 41 Y<Il = YCI+ll-YCil 
!G74 PR INT 11 
IaI 5 lg != 0 R"1 A I h 2 Hl I, ~ () s ') (, a0 ~'.?~t:"-.-[-1'AMr~r,.,u J --=---,-L-..AM"i,-CS~F~'.....f"'"ls~_,,A-TT--Xt=,---JA\-.'lmt..... ,-.~-jN"Q...,rNF~F="~-=--..-:---i 
l'.176 GO TO 6 
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C-11 Table C-1 Cont' d 

OC1 SU BR OUTIN:: AC:) =?.q cz , 4c , s'Jl, N, tlll 
002 OI M::: MS I ON ZC1l ,4CC11 
~: 3---------- r1 L r -= ·~L +1 
001. T ~ J = tJ 
Jc 3 --- - - . s l = 0 •
J C6 CJ O 13 I=l,M 
38 7 13 S Z = SZ tZCil
GOB- -- -- -- --- Z8A R -:: sz 1r1 
oo g 'J o 10 J .J=1,·1L1 
)1 ~ J = JJ-1
J1 r- -- ----- -- s zz =- -c . --- -- ·--- -- --- - ------- -- -- · -- -----------
J 12 ~ N = ~ -J 
)!. 3 _ .___ __ ______ _ J C 11 I =1 , t: 'I 
J14 ~ =I+J 
:15 11 SZZ=S ZZ +-CZCil-Z 3A~ l"'CZCi<>-Z B A q J 
J1 &-----1u - AC<JJ> -- = s zz 1r~~ ----- -- ----- - - -- - - --
l17 s nz = S~PT(ACC1ll 
i1 8 'J l = ACCll 
: 1 g - J 0- 12-· J= 1-; n c - -'- - -- -- 1 - - ---- -· ·--------

J 20 12 Ar:<J> = AC(J+ll/V Z 
J 21._ _____ _ ____~C::.. TU P~N_ ___ __- --·------ - --- 
) 2 2 ::: NO 

lJ SA S I I=' 0RT RA 1-\ DI AG N0-S T I C R:: SLJ L TS FQ~ AG 0 q R 

t40 ER~ORS 

·- -- '"'\- ---- - ·· . --·--=-- ·---- - -- -- - - - -· · ·
~ 01 SUBPOUTIN::: 0ROSS(X,A,NO~~ N L,CC1,CC2l 
j : 2 C 0 M'10 t J S0 A , S0 X 
aG,- TM2N~TJ ~rx crrn~r,-tff '-f O:i J 
) 0 4 r:l I ME MS I n ~~ CC 1 C4 1 l , Cr: 2 < 4 1 I 
:: 5 C ____ CC1 !\ .~::: CROSSCO P 0 ::LATIONS AT ~1:::GATI\f::: LA.GS ___ _____ _____ ______ __ _ 

JC~ c CC2 A~:: CROS SC QPR ::LATION AT 0 osrrrv::: L~G~ 

JO? CALL C~C O%, (X,.4,C C ~, s ox,soA,~OJ, tl ll 


)Q a- -------c il LL- -c~c0 p R ( A ' x ' cc l ' s0 A ' s Qx' NJ 8 ' t I L ) - - - - -----·- ---- -
j Q j POINT 6 
~ • ."\ 6 F 0 p '1AT ( 7 gH cq_css - c0 RRi:: L 4 T rrrn s 8 :: T',E :: ~ MANI p uL AT:: 0 '/ ARI A:) L :: s 
T1 ~ R~STOtJA[S--·xrT) .. A rT +K J ,-r; J 
)12 Nl1 = NL+1
J1. 3_ ____ _______ _Q 0 _LK-;; 1, NL1 ________ _ _ 
;i4 1( 1( = K-1 
J15 '<1 = -KK 
l 1-E----- 7 - P P I NT -.:- d - , - K1 , CC 1 <Kh KK , Cr, 2 ( K >---- - - ---- ----
i 17 3 FOP. MAT <5 X,I3.5X,F6.3,10X,I3,5X,F6.3> 
;i~ Cl = 2,J/S Q ~T<FL O ATC N O B >> 
; 19 PRT N-r-i-z - , - cc----- - ---------------- - --- - 
JZO 12 FO RMATC//955H APP ? OX. 95 p~~C::NT CONF. LIMIT ON CRoss~coPR ::L~TI ~ i21 __ ______ __i_ _;::,F6.3> _ _ ' ____ __ ___ _ ___________ _____ ____________ ______ 
122 PRINT g, SQX,SJA 
123 g FORMATC/,28H STA N O~RD O~VIATIONS SCX> =,F12.4,5X,6HSCAl =,~12.~ 
)24 1) - - = - Q-. ------- -- ----------
125 DO 1Q J=1,NL1 
J 2 6 1 ()_ Q = Q + CC2<J>•CC~CJ> 

------------------~J2 7 Q - Q""Tt:UtITTNUSl 
l28 NOF = NL+1 

lJU _iL, Q J'1 0 .__l 2 g D C{__ _ F____ ·=---=-=~=-=-=-=-=-:::---=-~-=---~-c--::,..-,--:::-~-=-=---c,--,-.,.---=--=--
J3 C. 11 FORHAT(/,25H CHI snuA~ED STATISTIC = ,F6.2,/,1CH BASEl ONC,I2,4 c 
l31 1NO. OF DY N A~IC PA~A~ETE~S> OE~REES DF - F~E~OOMl 
l-3 2-- R=--fu-+H ' -- ------ ---·· ---- ----- - - --- -
13 3 ENO 

USASI FORTRAN OIAG~OSTIC ~~SULTS FOR CROSS 

NO ERRORS 
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Table C-1 Cont'd c.:.. 12 

. - 
rt J001 SU 8~0 UTIN:: CRC O ~R (X,Y,CG,SOX,SOY,N, tl ll 
N JQC2 CJI~1C: : ~ S I 1J ~j XCNl,YC:tl,CCC1l 
'l JCC 3--- --------- -- S X ·= J . --- ---- - - ---- - -- - - 
tt J aa4 s Y = o• 
fl J OC 5 SXX = 'J , 
~ l ) 0 '2 6 ') y y = J • 
N JOJ7 00 2 1=1,~ 
~-I ·) 0 G8 · -- --- - -- S X = S X+- :.< < 1 I·· - --------- - - - -
N ooog SY= S Y+-Y(I) 

M J01'J S'/.X = SXX+-'l(Il .. XCil 

i~ 1 a r r- --------z-- s YY = s vv +- y·cr > '"Y < r 1 --- -- ---- ------- - ----- - · 
'1 ) 0 1 2 T N = ~l 
N J01 )_ ______________ SflX = S'l~T ( (SXX-SX-l<SX/T"ll /Hll ___ ___ 
~ ~014 SOY = SQ~TCCSYY-SY'"SY/TNl/T H l 
N J J 1 ? N l 1 = ~l L +- 1 

1N- J 01 S ------ - )0 -3 K=l, NL-1 - ---- - ------- --- ---- -------- -- - ----·--- -- - --- · 

N J017 SXY = O. 

tl ) 0 18 'P! = N- K +-1

w"Ju-r g o-o-:;-r =r,u-------------------------~ 
N 0020 '<K = I+-K-1 
'.'LJ 021 4 _ SXY _=__SXY+-<X (I) -S X/TNl • CY_C<KJ.::_S'l'/_r !{L_ --- - -------
11 JC22 3 CCCKl = CSXY/Hll/(SOX•son
N ao21 R'::TURN 
N---002-4 ..:NO 

_NO E~RO~S 

FILTE~ABL~ FILTER~BL~ 
F.LOWl!GQL/ MTllfr-P~TKl'rtr-rl,/Ll LQA .JI ~lG(G.'1/0Arr- ::.FF T.< 1'1( 1G7U x y z w 
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0.15 
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J.15 170.00 164.e5 50.GJ 
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~.15 

------!J .15
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17G.OO 
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0.15 
0.15 

170,00 
225.CO 
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a.rs 13t.uJ :26.Gb 53.GJ 

_ 
0.15 

______,.._.,.__~ 
122.0~ 

8-9.... 0 u_ 118.30 
-2 5 2_..__t;. 9___ 

56.CO 
__5 0 • GiJ ___ 
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Q.43 

---h -L+3
1. 43 

76.00 
70.GO 
7- 2 , .uG-
~z.oo 

-

215.61 
196.59 
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45.(J
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J.;3
• 

93.0J 
c.oo 
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36.CO 
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.34.GJ33.CJ ____ _ 

J.10 
o• 1 o 

278.00 
~ sc• ao 
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C-13Table ~-1 Cont'd 

V 'rlEir.HT S AT + A~HJ - Lfli.S FOP tlOIFF= 1 
----- ------ - 0 - - G• GJ 3 ·J --- --t.OQ1 - ·-- - - · 

-1 G.C~L. .!. --e. J 2 2 
-? -G.GiJ7 2 -C.017 

- ---3 -0-. cJ 3-- - ---- 3 -u.ocs- ---- - ------------
· -4 <. '; :J8 4 C.'J .J6 

. -? c.r.J3 5 -C,J15 

-s 0.015 6 -0.006 

-7 iJ.015 7 -C.JC4 

- ;1 G• C 14 -! -- - - - r. • :] J 1 

--1 J.OJ3 g [.QIJ4 


-10 -~.C03 10 -C.O'.JZ 
--· --- -11 ----- - ~1 -~004 -- 11 -.----- - c•0 1 :. ·----·--· --- ·----- - · 

-12 -O.CJ6 12 C,!JQ2
-1:3 -;.002 13 -c.0~2 
-14 -0.011 14 -C.J15 
-15 -G.021 1s - c.012 

-- -16 0.00'? - 1 6 -- --- - - c• ;] 1 0 
-1? 0.0'}2 17 (,J14
-.!.3 -S.007 18 C'.'J~7 

---- - -- t g - ~--. - a 1 z--- r1---- -c-; oa5 

- -- ----- --- ----- - - - ----- - >:"-I l T~RA Ill S---- -- - - FILTER~ E 
FLO\H IGALFHN t RF TK~HMG/U LOAOINGCGl-1/0AY) EFF flcUl<"1 G 

x y z w- - --w-. 4 C- "! 4-.-4-~ deb---1----------<9"5-J 
C.40 

______ _O. _l.t 0_________ _ __ 
36.20
3 3 • 7 O_ _________ 

95.35 
_________ 8 8. 7 6 __ __ _ _ 

16.2J
21. CJ 

·- ----- ---

Q,40 
0.40 
0. 4 0 -· -

35.60 
35.81 

------31. 6 Ci-·-- ---- ··---- 

g3,77 
J4,2g
8 3. 2 3

22;2Q 
23.3J 

-2"'. c.J 
0.10 31.30 82.44 24.4J 
0,40

---------u.-i 5 
30.EO 
~ 

~G.60 
~-~ 

23.dJ 
3el)j 

IJ,15 
__________.n.15 

o•.15 

18.60 
_i6. _40 
15. 7 o 

18.04 
_15.90 
15. 2 2 

17.CJ 
1.IJ.10 . 

2 • 6 a 
-------

u.15 
--f--.-1-

14.10 
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13.67 
!:-2-.-5-1 

o.gJ
...-&·'3--
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---------1""-.t 5 
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1 • 11 · 
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3 3. 2 Q 
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---------C-.-1 
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-..-1--) 
3.70 
3.30 

. .. 
a.43 
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0.43 

o.r 
13.00 
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~.20 

r;-3 
36.88 
.32.34 
26.10 

.~ 
2.20 

,8J 
1.~J 

0.43 1C.70 30.36 1.3J 
---------++.-4 
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0.43 

1;-h6 0 
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11.40 

32.g1
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a.ro 
a.10 
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21.ro 
21~10 
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13,82 
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121 7_ 

1.20 
0.60
J_t 7J _ 

j.10
c.10 

19.50 
a.co 
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- ---- --o .-10
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---------n~ 
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8. t; 8
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1.5J 
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·- · __ ___ _	!J.43 ... _ __ __ _ -+C.40 - ---·-·· ------- 113.~3 __ _ ___ _ __ .... 33.6J 
.:.14 4<:1.CG 44.95 32,f.3
0.14 ~~.go ~4.85 27.ZQ- - - - · u-. 14 - ----- ---- ~ 7 . -1.0----- - -· - -- .. '+ 3. 2:: ----- -- - -- ---24. 5··) 
J. 14 :.P.5C 	 44.49 21.d~ 
a.14 47.6~ 	 43.66 20.2J 

------ --u.rr; .. i;.-E i.: ·,.:1-;-5·,. 	 rg-;-o·::i-
o. 11.. .. s.10 	 i.2.2g 17.6J 

___ ···---------- - J. 14 ___ _____ ____ 4t..., 70 _ ___ _ ···- - ___ - - - - ~1. GQ_ _ _ 1:,. 30 
:.43 39.5~ 111.35 15.3J 
J.43 33.2G 	 92.88 21.4J 

- ·- · - --- - ----- ·- J • '.f 3 - --- ---· - -·---·- - -3 6. E: G-------· ·-- - ·- ··-· 1 G2. <. 0 	 2 4 • 6 J 
O. 43 39. 70 111. 07 	 25 .oO 
0.43 47.GG 1~1.49 	 28.6.J 

·------.....-~ ? 1·;-5 -- 1 c+ r:; ~- '3 <::: 	 31-;·cn- · 
J.43 47,i.C 132.61 	 35,4Q 

__ _ _0.43 _ __ ____ _______4C.60 ____ ______ _ 113.59 ------··---- -·· 32.GJ 
0.43 28.00 	 78.34 33.2J 
:.43 2C.60 	 57.63 25,gJ 

······ 0 • .:. 3 -· - --- - 11... 1 0 ··--- ·--- - ·· ·· ~ 9. 4 5 · - ---- - --- - 17 • uG 
0.43 18.30 	 31.20 10.7J 
Q,43 1e .GO ? G.36 	 ~.5J 

- - - - - -:-; !+3 E-;·50 	 · ra- ;-1g -- -""3-;53
J. 43 18.3~ s 1.20 	 s.oa 

····------ ---0 I 43 -·· - -· . - ... 15 •.E.O ________ _______ ---·· .. !.+3. 64 _ _______ _ _____8. G0 . 
J,43 22.50 62e95 7,60 
G.43 22.4~ 	 62.67 1~.3J 

-- - · - - G• 43 ·· · ·-··- ·--- - 2 2 • 1 G·- ---- ·- - - ---- · o1. 8 3 --- · 13. G·J · 
0.43 20.6') 	 57.63 14.10 
0.43 21.20 	 59.31 15.10 

---~---o-;-4-:3--· - Q-;-6 	 5 7 9- 5 J" ! -5"92 T 
0.43 19.30 	 54.CO 14,?J .a• 1.+ 3 .. ______ ______ ___i z• 2 o.________ ___.i+ a•1 2 . 	 _1 3 • 6 o 
0.15 16.40 15.90 12.6J 
'J.15 24.eo Z4.C5 1a.u 

- -------G-,·1-5 35,·GG 33. 94 ---8-.91}
0.15 26.70 2 5.89 	 6.3J 
0.15 34.90 13.84 	 2.~J 

-U.-1 1.-s - - ·:ro.75 	 • 50
J. 15 22.10 Zl .43 	 2.7J 

_ ________n~.15. 8.G 	 17.~5 .2.7J. 
0.43 15.60 43.64 	 2.80 
a.43 11.40 48.68 5.10 


--------~-u 3' Fh 8 0 ; 5-. 3 9 - 5-..--7 '1 

J.43 22.10 61.83 	 7.10 
0.43 15.70 43.92 17.00 
f) • 4 3 1 3 • 2 .... 6 • g 3 roozy-~-
C. Lt 3 12.50 - 34.97 	 11.8J 

_ _ _ ___ _ _ ..._._.1.5 __51. 0 Q ____ _ __ _4 9. 4 5 __ 	 '3. 2 J 
0.15 57.30 35.56 	 9.0J 
0.15 56 .80 	 53 .08 12.1J 

·· - ---- ----'J .15 ·· -- ·Sb 5iJ ·--- - -- 5 4. 79 	 111 7'.l 
1.15 35.90 	 54.21 22.80 
0.15 56.&0 	 ?4,88 26.10 

---------..,.....- 1 0. 	 ? -z+;-g i)-;JU
0. 15 55.90 	 ? 4.21 2~ .6J 

_ ______ _ J ....1.5 ---- --- - --- -- - - s5 • .1. Q ---- _ _ ______ _ _5 3. 4 3 	 . 2 7 • g J 
J.15 54.40 	 52 .75 27.5)
J.15 '32 .00 	 30 .42 27.90 

--------•+--15------ ·---·- - s 1. 0 0 	 '+ 9. 4 5- 2·7 • g !J 
0.15 35 .1G 	 33 .4 3 26 .5J 
j.15 57.GO 	 55 .27 26, 70 

• s-1 • ea ::> g. g 3 	 2 8 • I a 
0 .15 6 1.60 	 59 .73 29 .50 

--- -·- ________ _ j. 15.____ ___ ._ ____ 60. 2 0 - --·- ----- - ,-· -·-·-·---- 5 5 . 3 8 ·----- _31. 7 J 
J.15 55 . 50 	 5 3.82 33.1J 
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' ___ C~rJ<i3 _ i:n~~ ~Lti rr:i~ i s AT + 4 •1 0 - LA';S F J ~ ~rnrFt:" = o 

C P.'l'lS - CD <:< -::: :: LA TI Ot lS 13ETIE'.: ' ~ MA~lIPtJLAE Q l/A~I-HL:: S + ~::SIOUA LS X<Tl .. .f< 

-a c.120 J 0.120 
-1 0 .62 8 1 0.810 

--- - --> :J . 5 30 ·-------- --- - :? - --·- 0 • rJ .17 - - --- ---- - -----
- 3 0 .4 30 3 C.13C18 
-'+ 0 .32 ? I.+ :.734 
_ ::; - 0 .214 - } . 6~L 
-~ O.H:1 o C.32 5 

--- ----7 0 . !. 0 7 --- -- 7 --·· ···-- -- 0 . 42 3 
-9 C,C86 a C.325 
- g G.O E4 g c.222 

---~- re· · 010 s2-- -- r c-71~s-------------------~ 

-11 O .C~7 11 G.092 
.. ---- - 1 2 0 • 0 2 6 _______... 1 2 .. ___ _ __ c• as t . 


-1:3 0.018 :3 c.047 

-1. 4 Q.C13 1:. c .01..-0 

--·-13 -- G. a Qg · - -- · -- --- -1 3 - - G• J 4 0 
-ts -0.001 16 C.034 
-~7. -C.014 11 c.J32 

----ra •w. c~i- - - ---r o·• o2:.. 
- i:g -a.o-.8 19 0.007 

____ ___:- 2 a_ ____- c•a6 3 __ ___·--- __ 2 a_________-o•a1 6 

- - APP ROX .- -9 3 -- P~~ C'= NT COt-l F , -- LI i-IIT - ON -- C~JSS-CG={~:: l ATI OMS- -= - IJ . -182- ----- - 

STANO~RO DEVIATION<:; SC X> = 37. 2113 SCA> = J.1163E+J2 
- --- - -- - ----- - - ·- ---·- --·-··---····- ·

CHI SQU~REO STATISTIC = 493.~3 
-8ASEO_Q'LL2...LJ~O . _of~CJYNA!HC __ 2.ARAJE I.::.~~S L.'.J EG~.:::~s_ OF_ FR~i:: oo~~L___ 

1.ao a. 8 9 ~~79 o. f 7 o.s~ 0.41 0.21 0.14 a.02 -0.02 -a.a ~ 
G.89 1,JO a.B-3 a.79 C.67 Q,54 J.41 Q,27 J.14 0,(2 -0.C 

-------~, 7-9---G • 3 9 - - 1-. GJ - -0, 8-9- -u·. ·79- ;;, &7- Q. S!+-G-. '+·1--fh 2-1--0-. -1~ ·-G-, G;_
o.67 0.19 o.89 1.aa o.a9 0.13 o.67 o.5:+ o.41 0.27 a.1
IJ.54 o.67 o.7g o.83 1.00 a.a~ o.79 o.67 o.54 o.41 a.z- -------..~.~·-r-u. 5-z+--=o-;o 7 c• 7g a•·a-g r. cu J • a'J a•1 <3 ; • 61 a•s '+ ·j • t+. _ 
a.27 o.:+1 c.54 c.c7 u.79 c.89 1.ca G.a9 o.79 G.67 a.5___n.11.t_ o•2z__ a. 4i._o. =~__a. 67 0. 7 9_ u•a9--1. •.aa_c. .. _ •.7.3_0 • 6__ a_g~ 
0.02 a.14 0.21 o,41 a.54 o.c7 o.7g o.d9 t.os o.ag 0.1= 

-1J.02 a.'J2 a.14 0.21 a.41 c.s4 o.67 c.79 a .ag 1.ca a.a
--------~-. S--5--t--. J 2--ii--.-0 2----0-.-1:-~-.- -2 · 7-f-. · 41---h-5~- ...&-7 C• 7 g~ 8 9 1 .. f : 

-O.J5 -o.os -0.02 0.02 0.14 0.21 J,41 a.s4 o.67 o.7~ a.a: 
-0.06 -o.os -a.05 -0.02 a.oz 0.14 0.2~ o.~1 o.54 o.67 0.1 

--------u-;-1rs~cr.rr~u.o-s-=u.crs -o. oz o. c2 a. r :+ o. zr o. 41 o. 54 ~. s-
-J. J 2 -a.as -c.06 -o.o5 -J.os - o . a2 G. 02 _ 0.14 c.21 c.41 a.s_ ______-_a. 0 .1~ 0. o 2_~0. J s __-:..o . r6~·J. c :;;~a . _os~J. a 2_a . o _.,_o_t....1 _4_0_•.z.z__o, 1..: 

1J.02 -0.01 -0.02 -o.o5 -o.a6 -a.as -a.as -o.az a.oz 0.14 0.2 ~ 
o.a4 c.02 -0.01 -0.02 -a.cs -0.06 -a.as -a.a? -a.oz o.c2 0.1

----------t+~'-'Sf-'5.,.._-(h J -4--h~(i .... C-!--0-..-t:-C--lh-~3--D-.. ( 5--B-....v-5--~~ I ( 2 o-. ;} :: 
a.as o.Js G.04 0.02 - a .G1 -a.oz -J.o5 -0.06 -c.05 -0.05 -o.o : 

_ ____NOTE: The following _9_c_o_lurnns of thes e... ma.:t.tici.e.s.__.________ 
are provided on the next page. 

Q : o.~3549951E-14 
------~.a.2.~. L~0...._lt3._.G..1Jl.2 j • L~U a...1.1.....__J a.i_Q__Q_.. 3! , o.5_0 _,I Z..9..._1l_1.12 


-5,76 11.55 -5.36 -C.46 -u.18 Q.34 -J.Z1 -0.1~ -2.G~ 4.67 -2.4 : 

-0.43 -5.36 11.57 -5.32 -0.51 -0.21 J.3 ~ -0.23 -0.39 -1.85 4,6 ) 


·- --- IJ1 !} 2-Q I ~ 6--5- 1 · 3 2·- 11139 - -5 I 19-0 I 37--J I 3 ~ -0 I :+6-1}--. l 4--&-1 7~1-1 6 ~ 

~ .z3 -o.1a -c.s1 -s.1g 11.3 c -s.z1 -J.23 -0.44 o.48 -0.12 -o.55 


-0.11 O.J4 -0.21 -C.37 -5.29 11.Zu -5.15 -0.3J -0.56 O.c3 -0.1~ 

------ry-;-1 a - o--;-zr--u-;-'.)B - o. 3 9 - ·J • z 3 - ~. 15 n. 0-1 - s. o 5 - o•1:: - o. 7... .J • s ~ 


0.31 -a.19 -o.zs 0.46 -J.44 -0.30 -S.06 10.gg -4.98 -0.21 -0.7 ~ 
2. s 6-=2... :J s-=:.o.d g~o.i__LLt__O.......!t.8-=:.a. .__s s~.;_. 15~4. 3a_i1,_99____::.S_._e~a _, 1-;


-2.29 4.67 ~t.8S -0.54 -u.12 J .6 3 - Ll .74 -G.21 -5.84 12.71 -5.8~ 
a.12 -2.40 4.65 -1.83 -0.55 -0.1~ J.65 -D,75 -~.17 -5.87 12.7~ 

- - -- - - - -') • R4--0 .~ 8-2 .-2 ~ ..... 26---1--..--5-9-D ...--21+--G..-5&---0 ...-7-3 0, 8-Pr-&.-!1 :; • 6-~ 
j .?9 -1.J? 0.73 -1, 8 1 3.97 -1.93 0.22 -G.72 0 .7~ -C.75 -o. z~ 
J,46 0.11 -1.41 r.7g -1.83 3.g3 -1. 86 c.22 -Q.S6 C. tS -').7~ 

-1.1~ 1.48 0.24 -1.40 J.74 -1.82 3.9~ -1.3, -C.24 -G.14 J.6 · 
a.80 -1.as 1.43 0.22 -1.36 J.74 -1.81 3.~7 - 1 .:g -o.ss -0.1 ; 

- -- -· -----~!)~ 75 _ _lj al l_'"'."_1._ '3.1. _ .le 4 7- · at 22 _..:'.'.l 1 40 ·- at 7 9 _-1. Ji_ 41 2 s_~ l t 6 3 - ·JI :5 
- 1 .C6 1.73 C.18 -1.g1 t.43 J .24 -L.41 :.73 -2.2s 4.o5 -1. 3~ 
~.27 -1.11 lo73 Q,11 -t. 65 1.48 J,17 -1.37 0.8R -2.~ J ~.b · 

- 11 • u5· 0 • 2 7 - l • 0 e 0 , 7 ; ,) • e. G - l , 1 0 !.l • "+ .; 0 • ; ~ - 0 • At.. 1~ • 1 ? - ' • ;_ · 
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-:-o-s-----=-o-:1it):.c~s - :J. o2 - o•o1 :; • c 2 o•u4 o•a5 a•os
. • C5 -O.C5 -C.C6 -J.uS -G.CZ -:J. 0 1 u.02 O.C4 0.05 
- .--0-2-.J-.-0-5--h~;;_--g.•--0.0-~~ ...-{}.~{).....--J 1 0. ~ ...·----
• 02 -0.02 -o.os -o~os -o.oo -a.as -0.02 -0.01 0.02 
.14 J.02 -0.02 -:J.05 -0.05 -0.06 -C.05 -G.02 -0.01 

---.-2--7 ' • 1 4 i: • c2 - ~. c2 - c • LJ? - j • '.l 5 - ti • .., o - o• o s[--,-.,....,.0-._,.o,_.~~----
• 41 0.27 G.14 D.G2 -a.oz -J.JS -o.us -0.06 -0.05 

...•5~__o_. _"r.l_ QJ_2.7_ J d..'.1_0_._Q~__t_0_ 2~J0-5_::.L.0-5~0_LOo,_____ 
.67 o.54 0.41 c.27 0.1~ 0.02 -0.02 -o.os -a.as 
.78 J.57 0.54 0.41 D.27 J.14 o.02 -0.02 -C:.05 

--. 8 9- -0 • 7--3-C'-,-f,+----0-.~--..+1--0-.-2-7---0-..4-~ 0-,. -0.Z'----
. • OO J.83 o.79 o.67 o.s~ o.41 0.27 0.14 a.oz
.89 1.0D :J.E9 0.73 0.67 J.5~ u.41 0.27 0.14 

--;1""3~~ I • CJ 0 • o 9 C • '! 3 0 • S l J • 5 4 J , t+ 1 0.-Z_,,.______ 
• 6 7 0 • 7 9 0 • 8 3 1 • (, u c • 5 -3 J • ! 9 (i • •6 7 0 • 5 4 0 • 41• s 4__ J. &z_._o~_?g__o,_89_ 1._oo_ _o._s9_0 _~7_ g_ o.• 6 7_ o! s_i..___ _ 

.~1 o.5~ o.67 o.7~ o.a3 1.JG o.89 o.79 o.67 

.27 C.41 G.54 J.67 C.79 G.jg 1.00 0.89 0.79 
• 14-- G•~.?- :_, .--4 ~} . -5 ....---C ,. o7-- --0 -..-+~9--G ....~ 9-1-..-f-D--0 • 8 ----
• 02 ).1~ 0.27 0.41 a.s~ J.67 J.79 o.89 1.00 

. _84___ : _. s 3__ c- ._1t ~..:: 1.-1 _D_c. ._s:i__J ._z.s_~~ .J_e_ o .z.1~c. ... u5 ____ 


.8 8 -l.37 0.17 1.4d -1. as 0.11 1.73 -1.31 0.27 


.2? o.73 -1.41 0.24 1.43 -1.31 0.18 1.73 -1.00 
... 20 ---1. En- -o . -7c-1 ..-<.u---0 ..-22- 1- . :;.1-1.-9i- J .4-1- ft.-7-;---- 
• 59 3.97 -1.a~ J.74 -1.3b 2.22 1.43 -1.85 c.ac 
.24 -1.~3 3.93 -1.82 u.7~ -l.4J U.24 lo'+8 -1.1l 

- 0r) -- a-;-z2--1 -;-8•J-3~"3 -1. 1r.s a. 1~·-r.--+-i-o-.r1·-----o-.-~~·---.. (;
• 78 -0.72 G.2? -1.~3 3.~7 -1.31 u .73 -1.37 0.59
•a e. _.. i:. 7 .'3 _ <. 5i:.,_-:: ! • z.,_.::-1, s '3 __-+__• 2o·-=2 •.2 5_ o._eB--=J. 84_ _ _ ___ 
.17 -J.75 o.c? -J.:4 -c.55 -1.83 4.65 -2.40 0.12 

.a~ -0.21 -o.7~ J.63 -0.12 -o.s~ -1. ss 4,67 -2.29 

I g .'.3 - ~ 0 9 3- - - 0 0 i 3 - - J 0 3 Q--0 0 4-5-- 0 O 14 - 0 0 3 '3 - - -2. c 5--2 O 5&---

· o '.3~ lJ.93 -5.C o -0.3u _-C.'t-.. O.c+6 - G.25 -u.19 C.31 
.15 -5.co 11.01 -s.13 -c.23 -a.1g o.Ja -0.21 0.10 

--.s e>- - o.-Ta- :.;s-;-i s-:-i.-c~·?•-Z~---u-.-11--u.-z-1~.-3 t+---1l.-1i.---
• 48 -C.4~ -0.2 3 -5.29 ~1.30 -5.1 9 -0.51 -0.18 0.23 
,14__ __ _; . _Lt E> _::u , _3? .._-:: J •.31_~5 . 1 J __1_1. 3 g _-~. 3 2_::0 _. _4 o_c . o2 _ ___ __ __ 
.39 -J.23 ~.3~ -0.2:. -C.51 -3.32 11.57 -S.3& -C.43 
.cs -a.19 -c.21 o.3:.. -J.16 -J.~6 -3.36 11.ss -5.?o 
,56 - o.31 ·-- o.: t: -0.11--- · G• .z.s - --J.-J2 ·-- -c ..... 3 ---5. -7& - 6.2i..----
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- ~ -G.C40 o -o. uo~ 
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- ~ G.00 8 g C.006 
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- ~ 13' .... IJ. c J 4 -- -- - - - - 13 - ------- [ • Ju 1 

-1~ -0.0~8 14 0.00 6 

-15 c.co1 15 0.011 


--- -!.6 ----------- ~. r; 48 -- - - -- - - 16----- --- G. -~ 11 

-17 -~.002 17 0.015 

-t8 0.011 18 0.011 


---- ..;Tg ..:(r. ~ sc rg -a ; ·ar+3 
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- - - - -- ---------. 
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C-18Table C-1 Cont'd 
cR.ns3 c 0 R? ~ LA TI 0 f j s AT .. ~ ~ID - L AGs ~ 19 'In I FF = 1 

---CR·'J· ss-.:.-c· o~ R ELA TIO.~ ~s · 8CT ~J::~ 'J .'1ANI .=>1JLAT~Q . 'lA;;>_I A~ L~s ·~-~ + R::s IOUA Ls --y rn If.~ ( 

-a c.042 o c.042 

-1 o .~4g !. i:.43 5 


- - - - -2--- --·-- 0. 015 - . ? - c:. '.+ '} 7 
-1 0.032 3 o.·n1 

----- ~- '+ ___-c. o ss 4 c. 22 c _ 
-5 -0.1': 9 5 C. :J 48 
-6 -0.141 0 :.0~2 

·- ---- - - 7 - ~ , 2 c3 7 -·- - G• 0 6 4 
-8 -0. 0 43 ~ C.032 
-g -C.C 82 	 g -G.l7a 

------r-~ . o-•G 14- - - - - -----rc -c-.-14-r---· 
-n -0.035 11 -0.11.;.:; 

------ 1 '.? - 0 • 0 2c 12 ---- - ( • 1 2 2 
-13 -O.C37 13 -C.04 8 

-t4 -0.Q21 1~ -C,j57 


--·-------1:5 ·----··- GI G4 G--- --------15 ·- - ·- [· . J 4 :3 
-16 Q,(123 ·16 -0.029 
-17 c.03g 17 C.074 

- --- i: 3 -----;;;.a-. na3 ---------is -- c•141- -· - ------
- t 9 C.005 1g C.051 


_ ___-2Q_ ___o . 0 38 	 2D_ __~ c. 013 ___ _______ ----'--·--·-- - - -

- 1\PP R0 x .-g5--P E~BEN T- -c ON F .- -l -I H1-T--ON-B~ 0 s-s-r, 0 RR:: l ~ T I 0 NS-.;-- 0 -. 1 8 2-------

STAN 04 RO 	 Di:VIATIONS S<X> = 16.9733 5<A> = J.3288E+-C1 

CHI SQU~REQ STATISTIC = 79.~9 
_ ___g ASE.O_D~_cz..1..J'rn. _Of __ DYNAMIC _ P-ARAt:1E. TE...~ S> DE: G-=1. E:: S. OF £~=:£ 00 ~1,__________ 

1.00 -c.01 o.oa 0.03 o.ao 0.04 -0.04 -o.J2 -c.35 -a.G5 -0.1 
-0.01 1.00 -0.01 0.08 0.03 a.JO J.04 -0.04 -0.02 -C.3S -a.G : 


------(}. G-8- -G. 01·- 1-, G-G-(}. -0-1- 0, 08- --0•01- - J, I} Qc- C-, G4-G-. 0 4--0-.-f2-G--. 3 
O.G3 0.08 -O.J1 1.00 -J.01 0.03 J.03 o.ao 0.04 -C.C4 -0.G . 

IJ.CJ o.'J3 o.oa -o.ci 1.oc -0.01 J.:J9 c.J3 o.cJ o.c.4 -o.c . 


--------J-......0~4--c- •c r r.-n iJ - J • 0·1 a•ua o•a1 o• c.., c •c .--u cr-o--;-o-~oon-c;--J 
-0.04 0.04 o.oo 0.03 0.08 -a.01 1.00 -o.a1 o.oa 0.03 o.o : _____	-o ...o.z__~n. a1+ _ 0. a4 _ 0 .._oo.__a. a3 _ a. oa -~ :J. o1 __ i.. ao_..=.n_. o~ .. aa__o _.. ~ _ 
-0.35 -0.02 -G.04 O.C4 a.GO ~.03 a.ca -C.J1 1.00 -C.Cl o.a : 
-a.cs -o.35 -0.02 -0.04 o.o~ <J.oo a.~1 0.03 -0~01 1.co -o.c · 

------0-.-1-2-0-, 0 5--0-.-+S--G.-G-2--U-, £.tl+--0-.-04--0, 0 0--G-.-G-·3--fh0-8--lh &-1---4-. Ci . 
0.02 -0.12 -a.JS -0.35 -0.02 -0.04 o.o4 o .o~ 0.03 c.oa -o.c 

-0.:4 0.02 -G.12 -C.05 -0.35 -~.02 -J.O!+ C.04 G.oc o~c3 J.( . 
--------0~.~1~4--~~o-;-cr-z-=o.12 -o.os -o.35 -o.cz -c.04 u.04 a.co o.c 

a.og -0.14 -0.04 0.02 -0.12 -o.c5 -o.35 -0.02 -0.04 o.oL+ a.c : _ _ ____ _-a . _0_4-D. o9_::_ 0 _.i_4__ ::..a. 0_4_. _ _o. a2-_::_G ....1~ u. a5~_ c__. _J5~J ..._o~tG_C _Lt_o_ . c
o.oa -0.04 0.09 -0.14 -O.C4 c.cz -J.12 -C.J5 -C.35 -c.c2 -O.C 
0.05 o.uo -0.04 c.og -a.14 -0.04 u.02 -0.12 -a.as -c.35 -o.c 

--------..-.-tl-2---0-,-0- 5--11---. 011--0-.-G4---0-, 0 9--0 ·.-1-4- 0 • 0 £+.--- 0-..-0-2-0-..-H-G-.-&5--G-.. 3 
-0.05 , 0.02 o.os o.oo -0.04 o.og -0.14 -0.04 0.02 -0.12 -o .c: 

NOTE: ' The final 9 columns of these matrices are / 
provided on the next page. 

0 = 	 0.114S6284c+-CO 
-------~.z.1___o_.._a5-..::o •.11s-=:.o .f1z..__o. o~c_ . o3_ .tJ. a1__o_.._o a__o_._4a_o . 1o_o_.1 ~ 

a.os 1.23 a.o4 -o.o:, -a.o3 0.01 -a.01 0.01 0.08 o.:..-'.j 0.1 _ 
-a.as o.o4 1.23 o.c4 -a.co -G.03 0.01 -c.03 -0.01 o.c7 ~.~ · 

- -------h-0 2--B • B&-0-...0 '+--1-1-2-3-G-rtt-£'...-&-.-0-6---J--. 0 ~-{L.~f........C~-.-ti--0-.-t. ~ 
~.c1 -o.a3 -0.06 a.as 1.20 c.c4 -J.o5 -o.Js a.01 -o.c3 -o.c

-0.03 0.01 -0.03 -O.G6 a.04 1.20 J,04 -a.JS -0.07 o.G1 -o.c . 
'J • 0 1 - 0 • 03 G• J 1 - 0 • G3 - 0 • 0 5 C• 0 4 1 • 1 g C• 0 5 - C• G5 - i.. • C7 0 • : -_ 
~.~6 a.01 -0.03 o.C.1. -G.C5 -C.G5 o.os 1.18 Q.07 -0.(4 -c.G 

_________ Q. 4 a_a ..JlB -=..o.•.n.L.::Jl...JJ ~-_J). o 1 - u .. az_~1i.. a 5_ 11. a z 1 • 3.L.__C.~1...-1l ..... c ~ 
at 1 0 a t ~ g 0 t 0 7 - 0 I 0 2 - 0 t 0 3 0 • 0 1 - U t 0 7f - 0 0 0 !+ ce 11 1 I 38 Q. t 1 . 
0.11 0.10 o.48 0.01 -0.03 -G.04 J.oz -G.J8 c.oo c.12 1.3 · 

-------') . -G--5--0 . -1:-o---G-.-i -u--.:-G-o'-8--1...-G-6--0-.-B-i.---lrO.. GI a1 3. 1 E 0-...(; 9 9. 1 ~ 
~.os -0.01 o.oa 0.10 J.41 :J.01 o.ocr -0.01 c.01 -a.ca -a.c 
0.13 o.os -0.0d a.OB IJ.09 0.41 0.04 o.oo -0.04 O.L2 -o.c · 

-1J.10 J.t3 o.o? -o.cB J.Ga c.oy o.41 c.J3 -c.04 -c.c4 •1 .... · 
J • -: 6 - o• 1 o a• 1 3 o• cs - ·1 • c7 ;j • a8 J • J g c • Lt 1 a• a6 . - o• c3 - J • c _ ___a.. LI __ .a ... oo_ _- a....1_i___.c .12 _a•r_s~u... oa __ J • cs_ __ c•1 o__ n.....~a_ a• c7 '... - a •c 

- 0 • G1 O• 1 q 11 - fl 7 - n • 1 1 •1 . 1 ~ ~ n c: - ., n ° ,., . " " - - - 

http:0~.~1~4--~~o-;-cr-z-=o.12
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:·:o 2·---=-:~o-Lt=o-;-14 ·a. cg - G• o4 c. oc G. as o•o2 - o. as
:.12 3.02 -O.G4 -0.1~ o.ag -0.04 a.oo _a.os a.oz 
; -.-0-5----0 .-4--2------0-.-D~-J .-t;~fl--..-1--4------0--.~ ~ u-.--0---0---0 -.--Q--'7----
:. 3 S -J.QS -0.12 J.GZ - 0 .~4 -0.14 ~.09 -Q.04 o.o~ 
~.02 -G.35 -o.cs -0.12 o.a2 -O.J4 -0.14 0.03 -o.o~ 
:---oo i+ - o. o-z-----n.ss--------o-;----o-y---o •1 ~ o•J 2 - o. o4 -o • 14 o. o3 
:.o~ -o.o~ -0.02 -0.35 -a.us -0.12 0.02 -0.04 -c.14:_. oo_ c__. o_i+_::_ O. _ c~~'J ._u 2_::_;: .J-5_:-_J •.Q.5-_::___0 .__iz o. o _~c. a·,.____
:.03 0.00 0.04 -o.G~ -0.02 -o.Js -c.os -0.12 a.oz 
: • 0 8 0 • 0 3 0 • 0 '.) 0 • 0 4 - 0 • J ..- - 0 • 0 2 - (j • 3 5 - 0 • 0 5 - 0 • 12 
~- • 0 1--0 • G-8----------f .-G~'.l .---0 G-----G-r-0-4-----0 -.--J--4---0 .--0-2---------0--.--J-5-0 w--0 »----
:.. QC -G.Ql O.CS o.a3 O.GO Q.04 -C.0_4 -0.02 -C.35
:.01 i.ca -o.c: a.oa o.u3 a.Jc u.04 -0.04 -c.02 
:---;u-s - '.l • o1 1 • oi..: - a• o1 J • o_a o.-r~ J • o-n-u •o1; -O--.-O"'"'..,-----
~. o~ G.C8 -0.01 1.GO -J.01 D.J 8 J.03 u.oo a.a~: •o'J _ o_. 0_3 ___G. c_e~o ._ci_1_, c. ~__::__o. oi ___o. oa_ o. 0_3__ 0, oJ__ _ _ 
~ .G4 ~.CJ 0.~3 o.oa -~.01 1.Jc -0.01 o.oe 0.03 
: .oL+ a.a~ 0.00 0.03 s.ac -0.01 1.aa -a.01 G.ae 
~ - .-J 2-0 .D~-~ .. -Ol..--{J-.-O-G-G~-3-----0 .-ti-&-iJ. 0--1 1. D-O---C.--0-1---
:. 35 -G.02 -0.04 Q.G'+ Q.O~ C.J3 a.oa -~.Gl 1.J~ 

: • G5 ___ o_. 0 5_ 0__. _ 1 _~0 . _1_0_ (! • 0 -:i_-_o _ , _ 1 3_~0 . 0 1__ Q_, O_L_O____.__O_o 
~.10 -o.c7 o.cs a.13 G.J( J.1~ a.04-~.~u -~.cc 
: .1~ j.G3 - G.C 5 J.CS c.:3 -J.11 c.u7 o.1g -C.Jl 
~ . :.+ 8 - --j .1 ~ -- -.;; . -G8- --..J . - J-o-G- .--J~----J . -1-2- -0 .1-1- {) -..--t---&----t .--!-~---
: .o b o.~: o.og o.os -L.J7 a.as 0.13 -o.1a o.os 
: .oL+ 0.03 o.41 0.03 a.o3 -G.Jt u.eis ei.13 -c.1 0 
~~-;i;~-;-r..-J. 41 '. .---::~ J 8 i.: • J 5 c• 1..,
:.01 -0.23 0.00 J.J3 :J .41 c.u: o.Je -o.o7 a.as
: •1~ -- - ~.o1 _-a. o___~---= a. u,.. _ o. at> ___o.-'.t B_ _a.1 o___ o.1 a~o. o:: ___ _-__ _ 
: .GO -J.Od 0.02 -o.o~ -C.J3 Q.07 0.48 0.10 0.11 
: .11 -;.v~ -0.01 a.~: -~ •.03 -a.~z c.c7 0.49 c.1~ 
~ . 31 - j . •J 1- -c~ . --u-::;-0".-£, 1--v-. -j :-~ -J. -J 4~G. 0-1-a .~8-- -c. 48 --- 
: .07 1.1e O.OS -0.0S -O.J5 J.J1 -0.03 a.01 0.06 
:.as o.o :- 1.1g o.c~ -c.os -J.J3 c.01 -0.03 c.01 
-:--;·-o r--""L;C 5 -i:---;-c~--;-z-u "' , . 4 - ..; •~~ • ... 3 L; • C I - L• '• 
: • G1 - ~ • ( 3 - 0 • ( ::> J • · ·~ 4 1 • 2 :: J • J 5 - 0 • LI E. - a, C3 C• 0 1: • c.,.___ G• o1_-:: o• o~- :: a• orL___o• us___ 1•23__ o•a4___:- o_. oL'.'.'. o•a2______ 
-.01 -J.03 0 . 01 -'J.0 3 -Q. 1J6 J.04 1. 23 0.04 -0.03 
.o ~ a.c1 - ~ . c3 a.31 -~.J3 -J.~~ ~ .J4 1.23 o.J5 
• 4 9 --- J . ;}.:, - ~ . [ !. - -:: • u3 --- 0. G-1-- -J I D2 - G. v? ---J . C5- - 1. 2 3 -- - - - 
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V H~IGHTS AT + 4 ND - L4GS FOR NJI~F= 1 
---·--- J 0 , J 1 3 - - J - - - - G, 0 0 0- ----- ·---------- ----- -c:-·- - -· 

-• 'J,IJJ4 1 c.~83 
_, 0.008 	 ? [~088 

- -3 · o-; oos - -------:r---·-o. oas -- · -·---- ----- · ---- - --- - -· 
-4 -0.021 4 C.017 

-·- -·· · .. -5 . -J.Q3g .. - 5 [,QQ I)
-') -C.0 3 6 6 -C.J :J1 

-7 -O.OS4 7 -C:.J10 


-- - - · - · - 0 - · · - - G • 0 J 5 - - - - - --- · - --- ii ··· L Q 1 3 
-a -o.oog 	 1 c.Go? 

-!.D c.011 	 1 r; c.J22 
. - - !: 1 - -· ·· - --- c • c iJ 4 . ·-- -- ·-- -- . - . -·- 11 -- -- ··-- l . J 1 4 


-12 -o.oJg 12 c.ooo 

.. 	 - .t 3 . . . - 0 • c2 3 - .. - - ---· . 1 3 c• Q0 1 

-14 - ·J.C21 14 C.005 

-is -J.~1s 1s c.011 


·- - -- - ·-· -15 - --· ·- --0.001 . - · - ·------ -- 1 fr ------ -- 0. J 0 3 .. 
-17 -C.004 17 G.u19 

-13 -O.OJ1 13 C,033 


--- --- t g - i: -;-TI 'J 	 .rg c·• J r-g 

APPRO~. 95 °ER CENT CONF LIHIT ON !~PULSE ~ESDQNS~ = 0. G39 

1 1 1 


------ ----- --- - · 	 -··-·---- - -------··--- ---- -- - - -- -- ---

STOP 

---------- ·- -------- 

. ------- --- ------- --------------

-------- --· -- -- ---- -- ·- ------·- -·-·- ---- ··-- - ----- ------- - ------------ -- ------- --- - ---- - 

- - - - - ----- - - -- -· - - - - ·--·-··- - ·- - .. ·-· ----- ---- --- - -- ---- -·- - ·- · --- ·-- ·-----··--

----··-- --- ----- --- - --- -- ----- ------------- -- - ------- - ------- ---- ---- - ----- -- - - ------ - --- - 

----· - - ---- -- -· 

- - -· - - --------



Table C-2 

Main Program Used For Estimation of the Noise Model 

With Outp ut f or Hodel A-l 

c 
c 

:: 0 ;'t ~) t: x ( l 41 l ' '( (: 4: ) 
= x r =- => : . ~ L l ~ u ::L'.l , '1!') ') = L s . ·1o iJ =L ::: , M:.J O: L cJ 

c 
c 
C 
r, 

X J::~:!: :; ; .; .:. r :::s T-l': I iJ FLJ::: NT S'.:~I :::S ANO Y r u:: :::~FL Ud< T S :: RI :: S 

c 


X C:i l = GCl ,U"" G C7 .I l'" 6 . 3S 2 
'f 1I l = A C1 L. ,Il . 
:J X =~ X + X < I > 

c 

~Y= A Y~Y( T ) 

c 
c 
c 
c 


3 X= A:X: /rL O AT ( \103 ) 

B Y= il '( /FLOH ( N03) 

J 0 6 J =1 t·JCli3 

X (J) = X (Jl- B X 
YCJl = Y! Jl-S 'f 

6 	 CO NT I.i :U :: 
C Ci L l [. I F F ('l J 8 ) 

T H ( .::' > = 1 . ~(.

CALL TS -l AU S C : ~ P =?. J 8 , '1 J J ;: L f3 , t l J 3 , NP , T H , :: :::> S l , ::: PS 2 , >1 I T , Fl A1-1 , F '4 U , S C~ .:. - : 

·~o :;, n~ =3 

:,J o ~- 3 

T~ C:l - . :·6 3 
THC 2 l = - . 0 2E: 7 
TH C3 l =J .739 
c nL I Ts rl A lJ s ( t-J p =$ 0 D • '1 () ) =L c • ~JJ 8 • ~l p • TH ' =p Si • ;:- p s2 , M IT , FL AM • F 'W • s C:s.::. T ) 
~~C ~Q B= -
~; P= Lt 
T HCll ='J . u ::i:: 
T . 	 ? = - .-. :.. r: 
TH ( 3 ) =· 06 13 
TY C-l = G . S c~ 
S :. L ~ T S '-1 A US ( N ~ ~ J 9 , ·1 0 'J ':: L C 0 , :~ J 6 , N :::i , T ri , :: P 3 1 , : P S 2 , t; IT , >=" L1-. -: , =r\ LI , S ::; =. ~ ~ 
=8:: · . ~ ~ 1 <? 6 .X , =3 • 3 ~ 1 o 'I.. , ~ _. • C • ! X , F 3 . ..r , : X , ~ F 3 • ! ) 

2 F 0 2 ·1 t. T < 2 6 X , F 5 • 3 , 2 1 X , :- 3 . j , : X , F 3 . u , 1 X , .. F 3 • 1 l 
3 FO ~ ~AT C ~F ~ [ . ~ , ~ I~ l 
4 F 0 ;:: :·: t T < .!. H l , : 9 X ,1 E. ~ T <~ : L. 0 A D - G •1 I D 4 Y , !. 3 X , 2 : H ::: F F L U :: NT T ~ N - :::i ;:J .1. 

.... 
7 F C~ ' ;,4 T ( 2 3 X • :. 1 2 , '-. , 2 0 X , :. : 2 , '-) 

S T:J .:i 
:: ~ : J 



J . < "" • 

.;::):t:f~~ .1 ~: '.--~·::::.¥/~:{:~: 


LN 
LN 
L "l 
UI 
VI 
LN 
Ltl 
LN 

!) 0 0 1 
:J 0 G2 
JG :i 3 
0 J ~ 4 
J ac 5 
0 Ju G 
:JDC 7 
OOG8 

1 
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SU3ROUTIN~ DIFF!NOBl 
COMMJN X!141>,'f!141)
NOG=N09-1 . 
no 1 II=1 NOB 
X <II>= X ofi-1 l- X (II) 
Y <I I l =YII I+ U -Y <I I> 
R::TURN 
END 

·, ; :; : .... _, :: 

-.,: __: i

c- 2 3.. -

~-L • . 
~..:- .. . 

. . ·. ; 

-t.·. 

:''> _.. ; ',!, .· 

·: J. 

USAS I 

LN 0001 
l I~ U0 \i 2 
UJ J 0 ~ 3 
L N ·J 0 0 4 
Ul JOG 5 
LN JIJOo 
LN JOO? 
LN 0008 
l'I Q009 
LN Jofrr 

USASI 

1 

FORTRAN ·DIAGNOSTI~ ~~SULTS FOR 

.< ·· 

. : , "·;' . 

HOOELA 

· .\· ~: ; ·- ..:J" 
~ . · :· . 

NO ERRORS 
. ...... -. ... . . ~ · >1 

LN 1J oa1 
LN 0 Ou 2 
LN 0 00 3 

·:·· LN 
LN 

:) 00 4 
JOOS 

UI uaoF.i 
LN ooa 7 
LN 0 0 G8 

~ .: ...: 
USASI FORTRAN 

N0 ERRORS 

... ." 

\ 

.'· 
"' ' . ... -· 
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S 1J G~ J U f :: :~:: 10 8:: l : ( .· 1 ° :;:: il 3 , T :.-J , .~ , ' l J 3 , t·! ? l 

C0 '111J~J X ( l!.l l,Y<::..~) 

Cl I M ~ r Js::: ,J~~ ~(1l,T H (:.l 

!l (:l=~. 

~<:~ )= ; . 


JO : I-3, ilCB 
1 A CI J = Y ( I l - T H ( 1 l + X ( I -1 l + T~ ( 2 l ""X ( I - 2 l -T H < 3 l ,,_ ( (I - : l + T '-I ( ~ l + .\ CI 

3:: T d ~ ~! 
. t·: 

!I. < :!' > =c·. 
JO 1 I=~,~J3 . .. 4 ( I l =Y<I l - T .; < : l ,,. X C I -1 l +TH ( 2 l "'- X< I - 2 l +T1-1 < 3 l • X ( I - :3 l - T; < '+ l + Y ( I - :. l + Tri ( 

2l'+AC T -:!.l 
"<:: T U ~ N 
:: t; 0 

us:.s: F ORT '< :. ~· JIA'.;:WS TIC '< ::SU L TS F Q;;> 100:.LCO 
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TKN LOAD - G/ DAY EFFLUENT TKN - PPM 


~ . ~ - 23 ::+ C2 J.233 0 E+~2 
:. ; ~2 3:+G2 J . 2'.+J~::+~2 
I.I • •:; 2~1.+ ::+: 2 : . 2•+<+ [ :: + .:.2 

---~- · -~' ·~>)"--: ~~ "-'--'02 3 s .; ~ + v z~-"-~- ~,..,=~+_.-~'-------------------':--
: ~ :. 3:. + 0 : .~ . ?3 ·~~= + :z 

J .J.. 32 1...:+J Z 0 .~7 G ~7- +wt 2 
;_; .1?E:::+J2 J.: c :c::-+~ 2 
L' • : 322 ~+ : ~ ~ . 2:, ·:; .~ ~+ ·~ : 

0. 11.:: c ::+.: 
J . 3 CJ G: +ul 
c. 2 3 0 : :+~1 
:.. 2 3 -:: =-· ~ : 
t: . 23: ~ ~+ : : 
J. 31GO =+U1 
0.370CE+;.;: 
C . 330C ~+ .j 1 

:..;.S:3:>:.+:2 
C.:1 S 3.E +: 2 
~ . 32 3t. E + J2 
0 .2 s 1Q=-+~2 
... . .::~ ?6.:: + ~ ~ 
c. . :231 :: +J 2 
c . 33-a::+J2 

i' ? ~ !... =+ -, :-: 
~ .: .:::; ~~+:z 
C.::.3 32:: + C2 
c. :211::+c 2 
J ,1 27F.FH2 

o. 326c:: +oz 
G. 2 720E+G2 
:.2~5~:+02 
Q , ?1 8C·" ·H 2 

J . !.1:3:. + J 3 
u . S235:: + : 2 
c . 1 ::i 2 i.+ :: +J 3 

· 1~ ·=+ -:~ 
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·1 7 :, ·, jl C' + ·, 1 

J . 1 G3G :. + u2 
..i e ~i :_"<?==~ :: . 1~ : c:. + ..1 2 
~ · ?? t. 3::+ ,.. .: ~: : - + ..J ~ 

w- e J:131= + ' ·J . 31~ ~ +~· 
~ . ~7~3::+ c:.' G. L? C: + ;,,..: 
..:; . :; ~ j "'=- + ( J . 14 7 ..,; c- + ,_2 
:: . - =3 2 :.+ c. ·J . 1~~ 0 ~+ .. c:: 

1 · ~ : : + ...:. e .J..C:.~ - + · 2 
..: . 2-. ?::.. + 

i.: e 33:J4 :: + 
'.. ' 2 5 .; + 

. ~ ~ - 4 r + 
_ . 3 67::>~ + 2 .... 3 :; _ C,:. +~ 1 
J. 2 .. ..... 3~ + c:. u• 27 ·• - ._ + 01 
G.: 7:+?'.:: + 2 t,,,1 . 27 ,.. _+: ... 
L f ~ ; ? ~=+- .. • 2 3 , :C' +.1 ..,''

c:. 

... . ?::::> 3 ::+ 
J . ?:..7:i- + 
., . s .... ~1-+ 
• I ;:..3 ')- + 

!' I 

" .-. 
' w • 

n I 

5::;.2:: + 
~3 !+?:. + 
~3- E + 
-; ~ ?7 C' + 

2 
2 
2 
2 

( 

•j . 1::'~ =+ 2 
J . 177C~ + :2 
J . 2 ~8P- + J2 
: . 2? 1~ +g2 
... . 2 ~3 Ct: + _2 

• 2E.o G + J Z 
J , 27'3C :: + u2 
J , 2 73G + J ? 

_ . 33-3 3 + 
- • 5~ 7 3 + 2 
Ci . ,63 8 + 2 

< 
;;L• • < 3 2 + 
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I N IT I ~ L P t. '.:? ll. ·1:: TE R V ll. L: J :. S 

1 ? 3 
c..a3 :-;7'i:-_ -.. - ' , ? :::z t =- · : ·. , 7,;i · ::-+ r · 

I T :: ~ A T I 0 ; J I~ oJ . • 
~ ~s _::: I~ S CAL ::: O c o~ ~). =~ 0 .3 3 0 ~G~E :. s 

C • 8 C• : :; :. - : :. - : • 2 3 8 7 :. - • 1 2 • 6 ~ S ·:; ::: ,. 2 : . 
TEST 0 0I NT SU~ OF S J UAR :: S = 0 .3 32 ~:.+ r ~ 

PA RAMETE~ VAL U ~S VI ~ REG RESSI JN 

AM PDA = c . 1 r.r= - :i2 SUM OF SQUARES A.FTEB REGRESSION 
=332.04 

OETERH :~il N T = G.25o 3E+ 0 u 

PA R A ME TE~ V ll. LU ~S V I~ ~EG ~ E SSIJ~ 

1 2 3 
0.8 29cE- w1 - ~ . 4 2~ S E - 0 1 G. ?1 21 :. + GO 

SUM OF SQUARES AFTER REGRESSION 
LA H90 A = ~ .1 C : E- J 3 =324.76 

I T E~ ATION NO. 3 
A \J G - 7 \j 3 r: :1 1 =0 1-: 0 Q ;:; : ) I = 4 ."; • 8 "; Dc :; R==-: 

TEST POINT PA R A~ET ~R V4LU:::S 
C.83 56 ::-0 1 - G. 3 -:S 8E- 0 1 Q. 5 326 :::+- i:C• 

TES T PCINT SU!1 OF SJ LJ tiR::S = J . :3 2 ..,.?:::+ C3 

0 (). R 0 M =I=R I / ,'l ! · 1=c:: II I Cl Q ::- r, ';:;> :- c:: s i' 0 ~J 

L A HBD~ = C . 1 iE E - ~ 4 SUM OF SQUARES AFT ER REGRES SION 
= 32 4 . 52 
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-~- (~""-~_'-_~-~_TL I .) ('I NT C' '.l ··~ '." c r:- ~ ! 1; ~- : =-- ·--+~_':__________________ 

P A R A ~, :: T:: 2 V A L J ~ S '.' : A ·-' :: :; -' : ~ S I ) ~; 


•
.1. 2 3 

C, 83: 6 ::-~ :_ -: • 4:.__:L::- ~ 1. ~. :;~52=. + c: 


-L-A-,-.,- 4-=-C- -J-~::--------------iS-.++UM--BF AFT-BR-REGRESS I ON5-Q_, · ,-1 ~ ~. 5 SQUARES 

=324.50 


S . 2825 '::+ 20 


PARd ~FFR I/Al u=-s vq •F G~ =-s sTON 

1 2 3 
C.83S7::-G1 -G.4~7~:::-01 J.5276E+GJ 

LAMBDA= c.10:~-0o SUM OF SQUARES AFTER REGRESSION 
=324.49 

AN GL:::. I N SCAL:::.0 COJ2), =3~.~1D~G~:::.:::.S 

TEST OCINT SU M OF SQUCR~S = G.32~5::+C3 
OETER~INA N T = o.2813:::+c: B~G~:: I~ SCAL::J COO~J. =34.51D::G~:::::s 

TEST ~oINT PA ~ l~::r::~ VtLu::s 
0.83?7::- .:.1. -C.L..: 30 :::- c1 2.5267.lC:+~O 

DETt:R :n :~ANT - C.281~:::.+~G Bi~GL :: I'l SC4 L:::.D COO~:J. :34.;:_o~G;::::::. s 

TEST POINT SU~ OF S1U AR [S = C.324SC:+ 0 3 
0 E T E R·n '~ AN T = C • 2 c.:.. 3:: +CiJ n. tlGL E I 'l S:: A L :: 0 C 0 0 ~ 0 • =3 4 • 5 !.D E G ~ C: :: S 

TEST POINT PARAM:::TE~ VALU::S 
0, 8 3 5 ?E -IJ 1 - Q • !o. 0 8 8::: -G 1 0 • 5 2 S 9 E + GG 

OETER~I~ANT = ~.2815E+GJ ANGLC: IN SCAL:::O COORD. =3~.3 CD ~G ~ ~:::. S 

TEST POI NT PA 2 A~~I::~ V~ LU~S 
o.R~5F-J 1 -J.LJ ·H) =-c:l ·; ,:;? i:,..:ii=- + ;;:o 

T~ C: T D 0 I NT SI J~ 0 c- C: 1 I J'1 ? ::- ':: : j : , ;< ? £. 5 :: + ' 3 
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DETEs. · ~TJA ' J T = c . s?:1=+['1. 

TE ST P OI~JT S'J'1 OF so ui: ~ ::s = Q .?243::+ ~ 3 

TEST D QI~JT P A~.:.T::TC:K iA._U: E'
c • e~ s z= - ~ 1 - J • L. oz L =-o1 J • ;; ? z7 r +c o 

TEST POINT SU'1 o~ s~uAo::s = G.3245::+J3 

PAR~ H2T~~ VALLI::~ VIA ~::s~~SSION 

LAM BDA= 0 .1C:'.:+31 SUM OF SQUARES AFTER _-REGRESSION 
= 
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F It;A l P:: S I 'J U A L If A L U:: S 

C • 0 G 0 C.:: +~ 0 u , : : ~· C:: +: : - J • ~ 7 3 7: + l .:; - : • :. ~ j J :: + C~ - G • 2 3 2 g:: +~ : :. • ~ :.: '; :: + ~ 

0 . B.:.11 :: + ; c 

NOTE: The final 4 columns of this matrix are given on page C-31 

CORRELATION MATRIX 
2 3 

1 ~ .- ~. r-. 
• .J t,.. :.· ·

3 0.)068 [.. 7 iC 7 1 .0GCiO 

NaR M µ 1 I7 IN G r 1 c- M=- tHs 

VARIA NC:: OF R::SIDUALS = 0 . 2773E +Ci, 1!7 DEG R ~ ES JF ~ R E::QJ H 

INCIVIJJAL C~~FIJ~NCE LI1I TS FOP EACH 0 ARAMETE ~ ( 0 ~ L INEl ~ ~f P JT~E SI5 l 

1 ? ~ 
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c.?Ja::: +c::. -o.23 ej::+c. : -J.1:s~::+,:,1 - ] . 65 .,.?:::+Gc 

0 .4 192:: + J~ O .l ~~9E+01 0 . 59~E::+~: - :.:232E +~ C 

-c.~J7~E+C ~ c .~ C ~4E+G G - U .113 E ::• G ~ - J.616~E+OG 

C.1?71E+Q: u . 3l'.l55E+G1 j . ;,,• c:::+Ll "· . z62~E+GC 

-:.1~:6::+01 G . 5~~4E + ~: - C . 4~2E~+~j ~ . 3G82~+0~ 

c . 9?9S E+ J~ G.171~E~c: ~.2-77~•uL - C.~831E +0G 

-C.6S43E+J<_. - G . 1<5~-<- .:J . 6~:+r:- ::+ .. i.. :i • .:.z:e::+~l 

C.10C6E+J~ - o . 1s11~+c1 - ~ . 51 : 9E + (~ J . 606[~+~1 

0 . 4&56E+J1 C. 3126E+Gl a . 1:2s:: - J1 J.198~E+GQ 

C. 1J22E+2b c . ?~~S~+J [ u . 167£::: + ~: : • .:. 2~?E+i..: 
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AUTO l\jQ D!'.\DT I!'.\L 

I AUTO PARTIAL 

1 ._ • 21 3 G. 21 'J 
' ~2 • .: ... ::;> -: • : ~8 

3 - L • ~ G-... -C. C33 . ... . - r· • .~ 

_ r 1 :i 

~ 

29 -'.J.J21 
30 G. 1 0 3 

A P P R 0 X ., 9 5 P E~ C:: ~T C 0 '\! F • L I M I T GrJ CQ ~ R : L .0. T I 0 ~~ S = !) • .:. o3 

CH I - S WA ~:: 0 S T AT IS TI C = 2 o • :;. o 
BAS~O O'l ( 30 - tJQ, OF STOCHASTIC Pt\RAM::r::KS) ')~Grs::::s OF :=-~:::00'1 

::> 
6 
7 

9 
1G 
11 

13 
14 
1 ~? 

17 
!. 8 
19 
::i~ 

-G,JS7,.. - _,_. 
... t J ( ::;> 

(.. 117 

- u.097 
- 0 . iJ :.+G 
-J.133 

-C•,GL..9 
[.. Ct~ 
'.I • c.:. 5 
; ,., i+ < 

-o.J;z
0.126
c • :: 6 1 

21 
22 
23 

' 
?5 
26 
27 

' 

u • G.:+o 
-G. Gl.7 

\J .J c.2 

iJ.C3!. 
-G.Gi2 

0.133 
-. ~ A&:.. 

-o. o~c. 
-0.13 '3 
c. [i cs 
~ .... 



Table C-3 ·· . C-32 . - . ·-, . 
Comput~r Program psed for The Rimultan~ous --';I.'F-N ~ Mo~el ' ,Paj:'amet~;-;-~~=~ 

p!stimation. and .Residual Checks With '' Outpu,t "for.,•· ·· ~ - ·; · ·'· ·/ ;.:. 
PPOG~A ' 1 . '10.HI Model A-1 Sample .. . . " ! •/ 

'wl I\ J 1. 
l ' J ~ 
L 'I 

- l ' I 
l ' l 
l ' J J J ·~ ::- ) I "' ::: HSI J :·J S .:: ~ :\ T C1 : : C l • T -1 C ;. > • AC.!. -. , : -+- : l 

L ·1 . - - ~ ~ Cl 0 :: , :: P S ~ , ~ :J S 2 , ~ L ~ '-1, ;- ~ JU , · 1 I T , :JP k( J 3 , N J 9 , ~l P 

Ll J F J1 ~':tlJ :,CCACI,Jl.I=:.,n,J-=J.. • . W1l 


_ L j J ~ J___ ·---·~.:,,,J ..._l.=.=...i.l_,,uNu.J..1..i3ul:~ _-2t-LL~lLt..J,_l...s•-"'-:==-ci_,,,_1._:=t:L.L.l_,,w. .-..:L _________________ 
L ' J : . .j 1: c 

L ' j c 

L 'J c x o::SISNAr.::s 

' ' ... L'I c.. \,J - ... 

L :: J .J..:: .l'<=~. r 

l 'I ~ ] 1. "- .l V: '.: , ., 


_L:l _. j J.: ? ________:}.8.___j__ __:__:_.:_~·103.._-:::---:--~--::-::-.,,.----------------------
L 'J J 2 .:. 3 .( ( I ) =A ( .;. ' I ) ,/. j.;. ( 7 ' I ) a. 6 I 5 s2 
UI : ~ :.~ 'l'Cll=Ac:. .... r> 
L'l J CZ] .lX= t. X+ '((!l,., . 
l ~I j : 2 2 5 _: G~J TI I IU:'. 

LIJ :: 2 3 Dl;lI4T ... 

L 'J jJ2~ 0 0;;, I=1,N01 

-LJ-.l-~2-=----:--9---~e_y_._..r_·J~r-~7~,~x~<-I~>~,~v.._.<~r->.______________________________ 
l ' I J J 2 ;, C 

L'l J ::z7 C 

L N J ~ ~ 3 r. ~U 8 T ~A G T HJ '; TH :: 'E AM =R::l r1 T H :: - S.:: R I.:: S 


c 

L tJ )03'1 ~-IP=i.+ 
L~ j:3~ THC.!.>=~. • 'Jd263 
L ~I J J ... : T l-4 ( 2) =j I J 6 c .... 1 
I 'l 1 ~~·,.--~---~~-' · · - ~=._._~~,'---~-----~--------------~~----..........~=~--~.._.. ~

LN J~~ 2 TH<~>=~.~~2 
V~ : j 4 'i ~ ~ :_ L TS "i AUS <N~ ~ J 8 t'10 ) C: LA ~ :~ J ot NP , TH , ::? S l , :: PS 2 , :HT , FL AM , FNU , S r 
UI J]"-= r:ERJ=
1 'J , , .. ? Tr;:o.::..~ 1 0+1 ttizi:-jo 

LN 
L'I 
L ~I 

v~ 5 ·:, .-- .. 
- '•? ~ . ,, ::; .,
J ~ • ·

' = ~ 
LN JJ3-+ 
L t1 )J53 
LN JJ~fi 
I "I J J 5 7 
LN J :J 5 ,; 
L ~I }J59 
L N J G~:. . . 
LN J~o 2 
LI j,.,':) ~ 
L"'l JC! ? ': 

r H c2 > =-. o ~c 7 ... 
. THC3l=,3277 . 

IYC..:l=,2i:3 

L ~ I J ~ 7 : CALL ~~1SSCX(:'\IZ::~o> ,SC;>ATCIG>,N00,2J> 
' .L ' I "' j 7: 'JOB=~O;"J+NZ::~O .. .- . ....... ~". . ·...... ,'\ .. •. .- -· ..~ 

.. -~.:..<~;/ ".•. .:·:..·~·· .1;,_~:··L :1 J C 7 Z ' I P~OJ =-+ 

LN 

I ' I ) J7) Ii-1111:,)8•7 

.~ ~: ~: ~=: ~ 3~ ~ ~ ,-· t·~;:~f··{;·:.;;.. ;~r7t~·frt;~1;'f§t~·~·''~Y~-'~;~5:t;-:::\"'~.:}'·~}i~r~;r:~~~;;,,..c: ~rr ,i:, 
f4<•> = .~cs1: 
T : - 1 ) .. 

' I P: -j 

/ " ·
. ; 

· .-



Table C-3 Cont'd . C-33 _:...:....=--:-
.. - : - .. -~ .:_. -· 
- i ·~ 

' 
L ~l J: 7 1 G ~ LL TS ·H .. U S ( ~l P ~:J ~, , ·10 'JO:. LC 0, :w 0, N?, TH,:: PS 1 , ': P52, 11 IT, Fl~ ·1, =ti U, °')-; 

L 'l J J 6 : :? 7::~J=~ 


LN )Jo: :i:G= ·3 ~t 1 ::i+1H . ?::~1 

L ·1 1-J5: "I G 'l = ·JC 3-:: E :;- 1 

L 'I J '1 ) ' ~~L! \.:;,J~S (X( ' J7=::1i ,SC ~:l T!IG> , NU J,?:) 


· ~ (' '3 ="l 0 1 +- ~ I Z:. ~ 0 

tJD-(.J'3=:1 

-'J 0: s 


____T__H( _;_)-=' - "-'-~ ~ z__:, -~----------------------------
i:"~( 2> = ~ .:~ ;~ .:..: 

PH3l=+~.~:;;;:;..c 

TY(-l=~.2
..:: =- .. ,-:i = 

L'I J~32 ·: ti LL TS -i AUS < ~H' ~ .J f3 ,-1 '1 CE LA A , th) H , NP , T-i , :: PS l , EPS 2 , HIT , ;: LA :1, ~NU, SC 
Lq J!j' 'l Z::~J=·) 
UI .J 'J9;.; T G=:) ... ~J._) .. 1 + t.; 7 ;: 0 0 
LN _jJ35 _ ____,·L0.:3 ='J CJ3~~ 3 - , 

:; 1 LL c ~ ') s s ( ~"(~( ,.-J-=-(-=::-=~-::o'""'>-,-=s-=c-=;;:=-~ . A~T....,<-:I-::G:-)c-,-N-0....,8-,-2-=-=-J-)______________L 'l :: : -~ ~ 


~ :J J: ·j 7 .·~ c3 = l +~; z:: ::(. o
~w 
L ' J JJ::;, 8 ~Ip:;_ Jt:3 =2 1 

~ t -: .... .: ' D=? 
_"l Jl:-: TH(1.):,:. ·L5 
_ ' I .,; 1 ~ 1 T '1 ( 2 ) =1 , C ij 
_ ' I J 1 G2 C A L L T S , H, U S ( iJ.P ::> '1 8 , ·10 D :: L ~ 13 , :rn A , NP , T t1 , E P S 1 , E P S 2 , MI T , F LA ·I , F N U , S C: 
- ~LJ .!...~ 3______' Il~_:;i_o =? . 

_:-..: J1.::. IG=? .. ~1°+-1H:7-::~o 
_~J Jl: ~ ~l C3=~0'3 - ~1 z:::~c 
_ ~I J 1 G t: C .~ L L 1>~ ') 'S 'S < l( C~1 Z:: F 0 l , S C R .H ( I G > • N 0 S , 2 0 l 

N ] F 7 i I 1 q =,, a 3 • :a c :; Cl 

US.lS I rO~TR~ N or ~G ~ JOSTI: R::SUL TS FOR :1AIN 



··-- - ··-- ----·--
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_.ANS I _F_OR _T~A N{2.. 3 >I HA STE~ _______l 'l I.EG_E _~_ ..jQg_Q _S I.L.:: __=-._L _., _ +_ OPilO N_IS_j)f_f_ .,_o_opl 

LN GOC1 SUBROUTIN~ JIFFCNOS> 
Lit JO S2 COMMON X(141),Y(141l
LN JGC3 N09=NO B-1 
LN J004 DO 1 II=1,NJ8 

_ .LN __ J o ~ 5.___ ____x (I I) =X ( II+l ) .::_)({Ill ----- - -------- - -----
LN Q0( 6 1 YCII>=Y<Il+1.)-'f(Ill
LN JO C7 RETU Rt! 
LN 0008 EN O 

USASI FORTRAN DIAGNOSTIC RESULTS FOR OIFF 

ANSI ~oRTRAN(2.3l/HAST~R INT::G~P. WORD SIZE= 1- , •OPTION IS OFF , 0 OPJ 

LN 0001 SU9RJUTINE HOOELA<~P~OB,TH,A,NOB,NPl
LN J!)( 2 COH~ON X(141> ,Y(141>
LN OO C3 DIM ENSION AC1l,TH<ll
LN aoo~ A<L>=O. 
LN '.JOiJ5 A<2>=0.uCJ006__.___ A<3> -=o.'-------------------------
LN OOC7 A(t;.l=O. 
L~ 0008 00 1 !=5,NDB 
LN J 0 G9 1 A <I >=Y<I > - T-i ( 1 >_~ .X( I _: 1> +TH<2 I !: X<! :: 2 > -t:_T H<] l • XJ I~_3 >_ 

LN 0010 2-TH<4>•Y<I-1l
Liii 0011 3 +THC11"'TH{t;.)•X<I-2l-TH(2)"THl4>"'X<I-31-TH<3>•THC4l•X<I-4>
LN J012 RETURNENO_ LM_fl~l~ _____ _______________________ 

USASI FORTRAN DIAGNOSTIC R~SULTS FOR ~oo::LA 
. - · ·- ··- ----- -- .·-- -- ----- ··- ·-- -- -- - ·- -- · 

NO ERRO~S 

~~SI FOR TRANC2.31/MAST= R __,I ~ T E G E R W~"'-=~ Z~ 1'-" " 0 P_T ~ O F~ ,_,,O'----"' PTE~~_ ~~~~~~~--~O RD S I~ ;_=___., ''---__,~ ~I O::<....!..!.N-"'-I=S-=~F___i. Oc..:.__

LN OOCi SUBROUTINE MOO ~ LB<NPROB,TH,A,NOB,NP) 
LN J 0 C2 C0 HM JN XC1~1) • Y(1 41 I 
LN J00 3 OIH~NS ION A<11,THC1>
LN OOC4 A<1l=:J.O 

_ L N_0_0_0_5_____ A_ ( 2_~ •'-==--:-:-::=-=------- - --- - ------------
LN JOG S 00 1 I=3,NOB

LN 0007 1 ACil = Y<I>-THC1l"X(I-1>-TH<2l+Y(l-1>+TH<2>~A<I-1l

LN JO OS 2 -THC 3 J"'Y<I-U+THC3lf-TH(2)+Y(I- 2 l 

LN 0 0G9 3 +T HC1 l ..,. TH ( 3 ) • l( ( I -2 l 
LN ao1 0 RE TU RN 
L ~I J 01 1 E NO 

- -----USASIFOR f RAW DIAGNOSTIC RES UL TS FOR MOD ELS 

NO E~RO R3 

http:ORDSI~;_=___.,''---__,~~IO::<....!..!.N-"'-I=S-=~F___i.Oc


----------------
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__l NT_:::;.::R_ \iO RD_ S I z~ - -~ _ ! -~ -~o ~LION _I S _ OF:_[__ ,__:1)_ 0 ~ ON_l_S _ 

01 SUBROUTIN:: HOO~LCO<NP~OB,TH,A,NOB,NPl
i...2 COMMON X(141) ,Y(141l 
::3 DIH::NSION A(1l,TH!1l 
Jt+ AH>=G. 
0 5 _________ __A ( 2 )__::: v, _________ ---------~ 
:o A!3>=G. 
r;.7 A!l+>=C. 
08 DO 1 I=5,NOg 
0 g 1 A ( I >=Y ( I >- f H( 1 ) "'X ! I -1 ) +TH ( 2 ) "X (I - 2 ) +TH ( 3 ) .. X ( I - 3 > -TH (I; ) .__y ( I - 1) +TH ( 4 
1~ 2>•A!I-1> 
11 3 -TH!5>•YfI-t>+TH!5)"'TH!41"Y<I-2>
12 4 +THC1l"'TH!5),,.X!I-Z>-TH!2>"'TH!5> .. X!I-31-TH!3)"'TH!5)•X!I-4>13__ _ _ _____ RETU~ ~J __ ____ _ 
1 L+ ENO 

USD,SI FORTRAN DIAGNOSTIC R~SULTS FOR___HOD::LCO _______________ - ----- -----------------

No- ERRORS 

~ TR A~111 = ~'------~I~ N~r ,,,_~:;= R--!! O R'---'=O S ! ~E=-.::..=----"'-1____.:r__ O _T =---= N I --"' '-'-- _ =--=- P----'-- I--=O---'--'N'--------"I~S~_. 3) I HAs r ::___:, ~ !___t.- =-~ W..-"'~ "---'~...___Z , .___,e_____P ,_I O_,___,-"' S'----"O F_,_F _.__o 0 --'--- T-=

i i SU3RDUTINE HOOELC!NPROB,TH,A,NOB,NP)
12 COMHON X!141),Y(14U 
i 3 DIMENSION A!1>,THC1l 
i4 A<il=C. 
15 _ _ _ A<~>=C_L__________ _ ~--------------------:6 ---- :.n3;=c. 
i 7 00 1 I =4,NQ8 
18 1 A(Il=Y<I>-T~<1>•xcr-1>+TH<2>•xcr-2>-TH(3)~Y<I-1>+TH<3>•ACI-1>
19 2 -TH(4) .. Y!I-1>+TH!'.+l""JHC3l'"_Y!I-2l __ ----- - --- - -------- - ___ __________ _ 

3 +TH! 1 l •TH ( 4 l ~ X(I- 2 > -TH ( 2) ""TH ( 4 > •x (I - 3 > 
. 1 RETURN 
.2 END 

USASI FORTRAN DIAG~OSTI: RESULTS FOR MODELC 

.. ----·-_, - ·- ------------- ---- - --·-----·----- -··· -- ------ ·- ·· -- - -- ---
NO fRRORS 

- - - ---------·-- ··- -- - ----- 
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~ORT RA ~J <2. 3 l IHA ST E~ I~ T EG r: P __W0 RJ~ I Z_C: _~-1 _, • _ 0 P L I 0 N__I S _ O[_F__i__O_ OEll ON _ l ~ 

10~1 SUBROUTINE HOO::LAA<NPROB,TH,A,NOB,NPI
10112 COHMJN X(141>,YC141> 

I 0 0 3 0 I H:: ~~ S I 0 N A ( 1 ) , T '-i ( 1 l 

IOG4 ACll=C. 

I OC5 AC2>=0. 

I OC·-ti A<3l -:o. -
1007 A<l+>=G. 
OCf. A<5l=C. 

1QC:9 00 1 I=&,NOB 
I 0 1 0 , 1 A <I >= Y CI l - TH ( -1) ,. X f I -1 >+TH ( 2 l ._ X ( I - 2 l +THC 3 > ., X( I - 3 ) - TH C4 >.-., Y ( I -1) - TH 
1 011 •>•YCI-21 
812 2 +TH(1)+TH(l+)+X(I-2l-THC2)¥-TH<4>~xcr-~>-THC3>•TH(4l•X<I-4> 

') 1 3 3 +TH< 1) + T_HJ 2L!.U1 -3 l -TH <2 l •TH ( 5 l • XCI - 4 l - TH C3 >... THC 5 l • X(I- 5 > 


rC14 RETURN 
015 ENO 

USA SI FORTRAN DI AGNOSTIC RES UL TS FOR --1'10D:::LAA___ 

~BT~AN c2__!__ T=-R___l 1H:::G::~ WORD srz:: = 1 , • OPTION IS OFF , 0 OPTION3 Ll_f1A__S _,_E__,_ I~ 

OC1 SUBRJUTINE HOO::LBBCNPROB,TH,A,NOB,NPl 

OC2 COH!'10N X<141l,YC141l 

003 OIH::NSION A(1l,THC1l

004 A<U=O. 
0L_5 ___ ____A ( 2J_::: C•-
0C6 00 1 I=3,NOB 

007 1 ACil = YCil-THC1)•l((I-1l-TH<2l•Y<I-1l+THC2>+A<I-1>

008 2 +ACI-1>-T.-if2,.·A<I-2>

OC9 RETURN 
01 Ci ENO 

_ _USA S I_fOliRAlLDl_A G_NOSJ_I.G__R_E..SUI IS FOR MOJJ.EL.8_,_,__________________ 

NO ERRORS 
.. ·- - ·-·-- ·--- ------·. ·- ·- - ----- ·-- ··--- ------------- ------ 

. . - . -- -···-- ------- -·- -- -- ------ ·· ··--- . -------·-·· ---~---------- - -- -· --- -------

- --- --- - -- --- -- -- --·-·-- - ------ ·- ·- -··- - -



C-37 . .Table C-3 Cont'd 
,,-------------~T_K~~~J~LOAD - GH/OAY EFFLUENT TKN - PPM. 

G.g061~+J2 0.95GOE+01 
o.gs3st:+o2 o.1e,2oc::+ o 2 
o.aa76E.- .J2 o.21ooc:+c2 

, 	 0 • 9 3 77 E+0 2 'J. 2_2_2_0_C::_±_u_2~--
~--------~----o-;-g4-z9E+oz'--------------.0. 2330E+u2 


0,8323Ei-G2 0 .24:0~+v2 

J.8244E+J2 0.2440E+ 0 2 

0 • 8 0 6 0 E+0 2 ... -- · .... 	 J. 2 3 8 0 E +0 2 _ _ 
0.1813E+02 o. 2300E+ ij 2 
0.1804E+02 ~ .170QE+C2 
v.1590E+02 o.1010E+G2 

_______________ J. _,_15_22 E_!:_a__2 	 O.L2J_O_O_E+J 1~--
0. 1367E+02 0.9000E+GC 
Q,12S1E+J2 0.6000E+OG 
0.1183E+02 J.22JOE+ u 1 o• 1 oo7 E+ o2 . 	 aL 1 ooo::: +o1___ 
0.2793E+02 	 0.1100Ei-01 
J.3219E+J2 	 0.3000E+G1 
0.3326E+J2 	 Q.23QOE+ C1 

_______________ .0~2.3 0 E.±..0_2 ~. 2 3 J 0 ~ +0 1 

u.4771E+02 0.2300E+01 

J,4975E+02 0.3100E+01 

0,3152E+J2 	 Q,37JCE+01

- i 	 0.2812E+C2 J.3300E+C1___ 
0.5135E+02 o;2700E~~1 
0.3638E+02 0.2200E+01 
0.3234E+02 0.1800E+ u1 

_______ _ __ C_._2£~ C~.±.O 	 L.t.JJLQ_Q_~~1._________	. _ 
0.3036E+02 0.1300E+01 
0.3291E+02 0.1400E+01 
0.33~8E+02 0.1400E+u1 

_ · __ ___	J. 32 34E+.0 2 CL13G.OEi:C1.___ 
0.1382E+02 J.1200E+ 0 1 
Oe1382E+J2 0.6GOOE+OO 
o.1211t:+o2 o.7oooE+uo 
0_,_12 7 8 E+Q 2. 0, H 0 0 E+G1

--------------->G,52'4'22+0 1 0.1400 E+0 1 

0.1094E+02 0.1500E+01 

o,9697E+o1 	 o.1soo::+ o1 
a .a714E+o1 	 o.1soo::+o1- · .. . ____,,_ ____.,__,,__ . ... . .__ ___ _ c. 9848Et'O2 	 o-.- 15-0G E+u_1_ _ _ 

0.92~4E+02 	 0.7700E+01 
0.1060E+03 	 0.1690E+02 

--------------~~15~.±.0_3 	 0.2340~+ 0 2
0.1318E+03 0.2660E+G2 
Q,1333E+03 0.3040E+02 
0.1321E+03 0.3320E+02 

. 0• 12 79E +_O3 	 Q_._331 0 ~ +C_2___ 
Q,1427E+03 0. 3420E+ 02 
a.1346E+l3 Q. 3520E+ 02 
0.1265~+03 0.3510E+G2 

6E+03 0.3420E+ Q 
0.1270E+03 0 .347 0 E+ 0 2 
0.1390E+03 J .345GE+u2 
0.1276E+03 	 0.3540E+ 0 2 

._ .._. ___ .. ._ _______Q.11.JOE+0.3 	 , ...3360i:-+a _ ___ 
J.4~95E+J2 0.3 2 60 ~ +02 
J .4~85E+Q 2 C. 27 2CE+02 
J,4320 E+02 0 . 24 50E+02 

__________ _..,---=~A.9£.±..02 	 •~0~2_______ ' 0.2t8D~~E~ _ 
G.4366E+02 0.2020E+ G2 

-<J • 4183 E+O2 C. 13 0 Gf: + O2 
J.4229E+02 J.1760E+02 
u.4100E+o2 a.1030Et.u2___ 
u.1113E+03 J.1sgo E+o2 
o .g288E+u2 o .2140E+ o 2 
J ,1024E+0 3 J. 2 4 60 E +u 2 

- - ------------ 0 . _1111E+0_3 5_60 ~~---
Q, 1315E+03 J.2960E+02 
0.1449E+03 J.3140E+ G2 
0 .1326E+03 0 . 3 540~+0 2 
0.113&E+J3 _ ___ _ _ ... ___ · - - ·· - 0.3200E.±0 2_ _ _ 
0 .7834E+02 	 0.3320E+ 02 
G. 57 63E+02 	 J . z 5 go E +0 2 
~ . 3 945 E +J 2 0.17 J O E + ~2 ----·_ o. s 1 2a E.J·C." J._uz~u____ 
G. 5J36 E+J 2 0 . 9500E +0 1 
0 .1819E+02 1 . g;Jo::+J1 
~ .5120E+J2 1.80:0E+J1
r: . 4 :l_n_~_.._!1.2 _ 	 ~ '"'"" '"' .... - · - · 

http:a.1030Et.u2
http:o.aa76E.-.J2
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___ _o. 6295:::+0 ~-----------O.J50 0 E±01___
Q,6267E+02 Q,1Q3GE+u2 
0,6183E+02 0.130CE+02 
~.57o3E+02 0.1410E+J2 
J.5931E+G2 0.1310E+u2 
Q,5763~+32 0.1?20E+02 
0.5400E+02 Q.1470~+02 
0 .4a12E+G2 a.130D~+u2 

- --·- --- - --------- __ . ___ _ _ _ 	 J. 1590E+O 2 J_._1_260 ~O ..._2__ 
o.24osE+o2 o.1010E+o2 
O. 3394E+02 :J.89COE+J1 
C.2589E+G2 0.63GCE+:J1 
~ • 3 3 3 4 C: +J 2 ________________ O• 2:l OOE+ O1 ______ 
o.3675C:+Q2 0.3300E+01 
0.2143C:+02 J,2700E+01 
u.1745:::+02 c.2100E+o1 

_______ _ _ _ _____ J ._L:! 3 64 E±JL 	 ,, 2_.s_o_c_c~+~U~1~--

0. 4868C: +02 	 Q.5lOOE+01 
o. 5539E+02 	 O. 5700t:+01 
J,6183E+J2 	 0.7100~+J1 u• 4 3 9 2 E+C2 ____ _____ _ ___ 0 • 17 C0 E'. +u2 
C.3693E+02 Q,1600E+02 
0.3497E+02 0.1180E+02 
0.4945E+02 0.9200E+01 __ _ _ o._55.56EJ:O 	 : 1 _ _o. 90ca_i=-+u~_ 
o.ssoaE+oz o.1210E+o2 
0.5479E+02 0.1770E+02 
0,5421E+02 	 0.2?80E+02 
a.5488E+D2 .__ __ 	 1a.2o1GE+C2_ _ 
o. 5498E+a2 o. zoJOE+uz 
0.5421E+02 0.2660E+02 
0.5343C:+02. 0.2790E+02 

·--------------~._52.L5E±02 	 o, 275oc+:;;z._
O. 5042E+02 0.2790E+G2 
0.4945E+02 0.2790E+u2 
a. 53'+3E•02 	 a. 2ssaE+a2 

·- - G• 5 5 2 7 ~+0 2_ _____ 	 0 •-2 5 ?' 0 E+O2 _ _ 
a.5993E+-C2 	 Q.2310E+02 
o. 5973E+-02 	 0.2350E+02 
0.5838E+02 0.3170E+02 

.---------------'~. 5382E+J2 0.3310E+02 

- - - - · -·- - - - - · 


-·- - ·-·- - - - · - - --- ---- - - ----·



C-39 1 · Table C-3 Cont'd 
-~_ _ _ ES lI~ A_l_ PR:> 8L~ ~~O N-L J N:;~ R _ I_O N, l::~"1~NJ t-__,lB~=:~R,.,.___,3"----------------

120 OBSERVATIONS, 4 PARAMETER:> 636 SCRATCH R~JUIR~D 

INITIAL PARAMET~R VALUES 

1 2 3 4 
~ C.835,~-01 -0,4074E-01 Q.5277~t00 0.2130::+00 


INITIAL SUM OF SQUARES= 0.3076E+03 


ITERATION NO. 1 
DETERMINANT = 0 .3975E+O 0 "NGLE IN SCALED COORD. =18.400'='.GRE::s 

___ TEST POINT P~KAM;::TER VALUC::S . . _ - ---- -- -· - - __ ·-,----------
0.~298E-C1 -0,3341E-01 G.So84E+GO G.223SE+OO 


TEST POINT SU~ OF SQUAR::s = 0.30o8E+03 


PARAHETER VALUES VIA REGRESSION 

I . · 1 . 2 3 ~i--. o-;a 29 a:: ::o i - ·-a-;·334f·E::o-1-o-;-s-6-84ETo-o-o-:-22-:rst:+o-o 

i LAMBDA = o·.iOOE-02 SJH OF SOUA 
After . Regression ·= 306.7 

I -- - ------ --·· - - - - -- - -- ---· 

ITERATION NO. 2I OETER:-tINANT = ~NGLE IN SCALED COORD. =38.750EGREESI 
TEST POINT PA~AMETER VALUESI 

I 0.8316E-01 -0.3529E-01 0.5535E+OO 0.2365E+OO 


! --·-----.TESL.POI NL. SUH . OF___SQUAR:'.S =___ Q o306I.8_J_..______________ 


I p AR AMET:: R vAL uEs V.I A RE~ R:: s s I 0 N 

1 2 3 4 
0.8316E-01 -0.3529E-01 0.5535Et00 0.2355::+00 

SU ~~ OF sdUA ; 
A/)t~;:- . ,Re~r_es sf _<?.n . = .3_0 6 . 6 ; 

ITERATION NO. 3 
_ OETERHI~ANT = 0.3873E+OO _AN GL ::_ I_N__S_C~LE..O_CO.ORD .___::J2.•.li.O.£.G.R.E.E.S._ 

TEST POINT PARAMETER VALu=s 
0.8310E-01 -0.3424E-01 0.S610E+OO o.2321E+oa 


TEST POINT SUH OF SQUARES = C.3067~+C3 


PARAMET~R VAL'.JES VIA REGR~SSION ... . --- - - ..·- ·- ..·--·- --- - - 
1 2 3 4 


0.831G:: -01 -C.3424E-01 O.S&1CEtCO 0.2327E•OO 

LAMBDA = O.iOOE-04 S'.JM OF SOUA P 
After Regre~sion =306.65 

·- - ..----1 ' ·-·· ----- - --- - -- - 

___ _ _ ITERAJ.LQN_jffi._ __~-·~~--
IJETER"lINANT = 0 .3811E+O O A'-.IGL :'. I~. 3CALEO COORO. =15.82DEGRE=:S 

T~ST POINT PA~AHETEg VALUES 
lJ • 8 3 l_L+:. - Q1 _.::.C_.__3 L+ 71 ::::. - 0 1. ~'.') • S S7 4 .:- + .SJ1 __!L.2_~ '4 A;: '- n t - 



- -
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~SL.£OLNI__SULL_oE_..SQUAK:::.s = a_._3__Gii =.. , 

I PARAMET::R VALUES VIA REGRESSION 
I 1 2 3 4 

0.8314~-01 -u.3471E-01 0.5574E+CO c.2348E+GQ 
I 

> LAMBDA = O.iOOE-05 SJ '-1 OF SQUAR E 
After Regression= 306.65 

ITERATION NO, 3 
I_ _..D~E~T~E~R.__-'1~I~N~A~N~T~=--O~·3~84~1-E~+~O~O___--"i\.__\l~G._..L~::'-I..__'4_.___.5"'-'C""--'A""-'L..._£....._.,,_0-->L..>OC0 0 R.J • =34 9 6D ~GRE::: s 

TEST POINT PARAMETER VALUES 
0.8312~-01 -0,344CJE-01 0.5591::1-00 0.2338::+00 

-·· ------ · - -----=-------------------------
TEST POINT SUH OF SQUARES = 0.3066E+03 

p AR A M;::'TC:- R v aI ti i:' s v I A R E G9 !=' ss I a N 


1 2 3 4 

0.8312~-01 -0.3449E-01 0.5591E+OO 0.2338E+OO 

LAMBDA= 0.100E-06 SUH OF SQUARE 
After Regression= 306.65 

---=-= -----______,_=-==-~-----=-__,,--=,__..,,--,-,-......TERAJ_I_ON_NQ , _ _ o __ ___
DETERMINANT = o.3827E+OO ~NGLE I\I SCALED COOR~. =35.27DEGRE::s 

TEST POINT SUH OF SQUARES = 0.3066E+03 
DETERMINANT= 0.3827E+OO ANGLE IN 5CALED COORD. =35.27DEGREES 

0.2343E+OO 

TEST POI NT S!IH a E SO!JA~R~E-S~=~-o_._3~0_6 = 
OETER~INANT = n.3827E+OO ~NG~L:-:-E~I~N~s=c~A~L~::=o,---,c~o~o~R~D~.-=~3=s~.~2~7=D~E=G~R=E=E=s=--

TEST POINT SUM OF S~UARES = 0.3065E+03
OETERMI:UNT = C.3827E+OO ANGLE IN SCALED COORO. =35.270EGRE~S 

TEST ?OINT PARAMETER VALUES 
~ 0.8313~-01 -0.3460E-01 0.5583E+OO D.23~3E+OO 
1 ·- TEST POI NT SUM OF SQUARES . _::; _ Q... 30 6o~tQ ....,._3_ _

DETERMINANT= 0.383CE+OO ANGLE IN SCALED COORO. =35.26DEGREES 

__	T~a:l~f~J1P~~~~~l~~-M~Luh:sse3F+oo 0.2343~+00 


TEST POINT SUM OF SQUARES = 0.3066~+03 

DETER'1I :~ANT = IJ .3853E+OO ANGLE I'J 5CALEO COO RO. =35. 23DEGRE=:s 

TEST POINT PA~AM=:TER VALU~S 
0.8313~-01 -o.3~59E-01 o.5583Et-OO 0.2343Et00 

__IFSI POLNL-5UM-Q.E__$QU~RES = 0.305-6£.±~-~-,-~___,,---,---,-----,--,,---,=--=-=----
' 	 DETER'1INANT = "•409GE+OO ANGLE IN SCALED COORO. =34.SSDEGREES 


TEST POINT PA~AMET~R VALU~S 

0.8313~-01 -0.345qE-01 a.5583E+OO 0.2343EtOQ _ 


TEST POINT SUH RF SQUARES = o.3oo;E+03 

DETER~I~ANT = ~·5q50E+OO ~NGLE I~ SCALED coo~o. =31.52DEG~E~S 

- -- - · - - --- - ------------ - - - -- - --- ------- - -- -- - · TEST POINT PARAM!:'TC"P Vdl 11:-c:: 

I 



Table C-3 Cont'd C-41 

TEST POINT PA~A~~T ~R VALU ES 
0.831 3~-01 - 0 .3450~-01 J.5389E•OO 0.2340E+O~ 


TEST POINT SU~ OF SQUARES = 0.3066~+C3 


TEST POINT PARAH~TER VALU~S 

·,_ _o_~ _ _::_OJ_=!d_!-3~ 5 Q ;;:-o L_J_L2-5-9J2E •o o c. 23..J3 E + ~~______ _li_;u z; _ _ o o _ _____ 

TEST POINT SU~ OF SQUARES = 0.3066E+03 

1 2 ~ !+ 

Q.8312::-01 -0.31;5QE-01 0.5590E•OIJ 0.2339E+OO 


SJ:-1 OF SQUARES 
... -- - ---·- _-·-------·---·--~ter_ Rsgre s s i on_::-3.Q.6......6.5. _ 

ITERATION STOPS - RELATIV~ CHANG:: IN SUM OF SQUARES LESS THAN 0.10GOE-~ 

------ ----- ------ ...... _. --- --



C-42Table C-3 Cont'd 

,,--Eilt~J-_R_::__sr_o l)A,_'..._ .Y AL_lJ'::.$_____ _________________________ 

0.0000::+00 o.oaoo::+oo O.OOOOE+CO 0.4975E+OO 0. gu 5 z:: - 0 1 0.9914E+ C 

-G.3983E+w1 C.12G6E+J1 IJ.c3634E+GO G.2213E+01 - 0 • 12 c9:: +0 1 o.&a22::+ c 

-0.115E+G1 -0.2882E+OO 0.5131E+OO 0.6554-E+DO -0.1737E+01 -0.2273E+ L 

>--=-0 .2.6.!i_ +0 D___:-_O •_6 .2 3 8~D...... 0.3322EHO 0.860Zc:-+oO Q.66ZZC'+ (9= 1~__..__._,__,.._.__..~__..__..__...___._.o•13..a 7 =-+a 1 

-0.1173:::+01 C.28C4i:'.+C1 0.1242E+C1 -C.119'.l::+C1 ~.1311E+OO -0 o4974E:+ ::. 

__ - a• 9 1 57:: - o1 o• 1 27 6:: +o1 - o• 1 7 a1:: +aa____a• 1 o6 3E - o2 _-=..o•.1 z_s sc_+o_i_o •.1 aLt 3 E+ c 
-o.1s1c::+co -C.5668E+OO -o.6aogE+GO G.1522E+OO -0.9219E-J1 -0.7392E+ ~ . 

__-..... _~73=+o1 CL..35L4~tli1 - J.3615F+ :"l 1 -C.2877>='+01 -C.2672=+•10 o.1012=+ c0 '

0.1323::+01 C.9181::+00 0.5514E-C1 0.8703E+OO -0.1454-E+OO -0.4494E+ C· 

_ _-o. 2611:: +o1 -o. 2 40 '+::+a 1 ____a. 115 2 Et_o.L_=o .1sJ3 E_+: ai_c..L1L6-1£.±.a 1 _ 0.•.1.232.E.+~ 

-0.2540::+01 -0.2E85E+01 -0.7779E+uG -G.3533E+OO c.1~79E+01 0.4288E+ L 

'._ _ ___a ._.izs~~+..0....1_".'.'o_. &13 5Lt.Oo_Jl _._.6 o6Jl =+n.O __D_L..L6..o_ru_n _~ . 1144;::- +a 1 o----n.5-1.L! ,. 

i____ ___NQTE;_ ___The _fin9.J_. 1___Q.l\lJ!lnS__9f___:!Jlis rgatrix are on the next page. 

CORR~LATION ~ATRIX 

L_____ _ 1 _ ___________ ___ __ 2 --- 3 1t ·-------------

1 1 1.JOCO 
. 1. ~ ooo_____ ___________ 

II ____ . ~--::::~: Q.7028 1.0jCQ. 

~--~ J....a._~ 4 7 __ ___ O~•~C 1~1~5___ ~•......_n ___ _- 4"----~ • )=4=~_ _.....Q_._j)_QSJi. ~ ........... ~1~- D .........._ ________ 


I ---·-- ··---- - ·.. . 

NORMALIZING' ELEMENTS 

o.5346~-02 0.7461E-02 0.4199E-01 C.556uE-01 

VARIANC :: OF R~SIDUALS = Q.2644E+01, 11$ J~GREES OF FRE~OOH 

1 2 3 4
c.1ccs::+cG -o.1n4E-01 rJ.6955E+ GIJ C.414ZE+Q".J 
0.6574::-ul -G.5876E:-01 0.4225E+GO c. s 31 2~-o 1 __ __ _ · -- - ··-- ------ -----·

·--- ·---



- - - - - ---- - -- ---- -

-- --- - - - -----

Table C-3 Cont'd C-43 

-0. 3!+99E-01 -0.2156E+OG -0.3510E+GO -0.1510E+01 

c. 6224::+;J~ -0 • 2 4 6 9 E +C 1 -0.5905EHO -a.6013E+OO 

0.5072::+00 0.9188E+OO 0.3442E+OO -0.22oEiE+OO 


o.a110=-+ou O,___6_ Q.B-3£::JL1 C. 7 3_1_e_E-C 2 OJ-1505 E..±.0 0 


-C.88Ei2E+OO 0.4935E+CG -0.283~E:+GO -0. 5 685E +O 0 


_ a_.152 6E +O 1.__Q ._3219E+.O1 __ 0 .12 35E +o Q_Q .17..L+2E +O a __ _____ _ __ ___ _ __ __, 


-0.1210E+01 0.9360E+OG -0.6762c+OO 0.4404E+OO 

o. zzs 1c:- +a o a .1558E+_o1 -a. 206.2.E.±JL.O.~Blta.nua _....-_ ________ 

-0.6005::+00 o.&g53E-03 0.886cE+OO 0.9076E+OO 

_J). 66 87F +Q c_~a.•_.1_682.E.!O1~0 .13 Z.?E_+Q o_ a. 819 6E +Q L ._, -- - --- - -- - - 

0.3543E+G1 0.2017E+01 -0,572CE+OO 0.1743E+OO 

_.a..... i.02...SE +a 1 O..a.5.00.6.E..t.OO.__Q_._15..D= +G 1 0 .._B_Lt.O OE.J-0 Q__________, 
' i , 
I 
I-· - ·-------------1 
I 

I 

.. -· - .. ·- _ _,, _ __ I 

·- - - --·--- -- ··--·- - - ···- ·-·------------ -····- . --------- ----



·~

1 0 • 0 1 8 . .o' .; a• a1 8 
2 - o.oao · -o.oao 
3 - c.nso - -0.01+8 

, ' ·.:. :.~·· 

:-~~.~· ·.~. 

4 0 -G 34 

21 o. o42 .. . ;~· ~~ ~ ~;, :_..::·~-:-:: · · o. a4 2 
22 -0.033 ~~0.031 ' --~· }f!5J§:;~·:L'.~~.'. 1 ,~. , -~/: 

' 
~..... ~.. ··~ -~ 

Ta~le.. c-3 Cont Id C-:44 

·:·:'.?~";;,j:;;~:~./·£...~ 

. , . 

. -.~ :. ~: ;( -~ ::..i:;.AUTO PARTIALI . -·~·- ... 
: "'..• · 

23 0.055 0.110 
92_____..____QJ.1_1__~-------------

25 o.a11 0.030 1-. -·· ~-·- . ... . .:..,.
?6 -0.117 -0.120 -_;,· . ·'·' ~~;··ho 

27 -0.076 -0.0478 \ 

;. 

--APPROX-.-9·5-PER-C-ENT_ C_ON.F-;-Q-fHT ON 

CHI-SQU~REO STATISTIC = 
S D ( 30- - NO 0 

... . .. ~ ..... ~. .;;: 
' ~ ·... •:.. .' ,;.:.:_ -· .··.--;.'!..•/ .. ' - • •,,..0#. ~ -.. ... 

r? 

-J ~

_;; -. 
--3 

I . -..- ~ -~ 

..; -,' 

'------~ 4________o_L3 _

_i;:. 

-7 
-2. 

·:. ~~7 -
G. 0 ~6 .. •c25 

-J .C03 
~ .i 45 

r "l c: 

- u • 0 37 
~ • 1 76- • 1: 14 

·' ·~ .' 
. r~·-1 

. ·.·. :; 3
' ; ~ - , ·_,. 4 .__:::_;::;.~~-~r~~ 

.:.· 2 

-c. 1? 0 ': 
. C.113 r 

,.·; ' - ~ • C' 7 2 . 

~ :· ~-. __ ·.(;r,._ , . -: . -~ .,... ·.. ... ·: .·. 
r. -~ ' -.-·•'. :·• ~ ·.. , >--· • 

~ 0.c I'\ ,. " 7 
-10 -o•c "' 8 c.012 
-11 j • c ~1 .. -C. J 53 ,_, • . ,~~ ! ... ;).~_:;~·-~-i ~~~~;~:/~/ .. 
- !. 2 ; • r 48 r .::+6 .....~ -'. . -·~ } .~ -·~: ·:~. ~~:: ..,..., .;..>:.", ' '

f" :: f' . , _,___ 
- !. 4 -ij .115 1. L. ·' -~ .: ... 
-~ ~ 

-!. s - 1: •c 42 .
i. :I\ .. ·· - 15 • C~l 1:: ·- --..- -.-_-· - ~ r ' • 

=~- ~8 i.' • 0 ~ ~ 
- 1<3 - IJ • 0 :.1_., -.-.. - ~ .124 

APP~ox. 95 p~~C~NT CONF. LI~IT o~ C~OSS-CJRR~LATIONS = :J • 13 S_- ---';"' 

.., = = 
·\.,·'· 

CHI·S~U~~~O STATISTIC = 21. 33 84S~O ON 21 . O~GR~~s o~ · F~~~OJM 
~-L.__ ________________:___ ____ .._·:_.~!t.:.' - _ _ :_. l·_ ... ;;_~ .. ..-.'·: ~ ..~ .. ~:.·<~·~ ..-:-'- - .:-:_· '.":.__ ~·-~- " ... 



Table C-4 C-45 
Subroutine TSHAUS 

_f _j_ __ -- --- - - - - -·------------ - ----- - - - - - ·. - · ·( 

SUBROUTIN~ TSHAUS(NPRQg,MOO~L,NOB,NP,TH,EPS1,EPS2,MTT,FLAH,FNU, 
1 SCRAT> 

C 	 R~SIOUALS ARE RETURNED IN SCRATCIG> WHEP.: IG=5~NP+1 


OIHENSION SCRATC1l 

IA =1 


' r - -- -- --I'3=I A+NP - -- ···----- - - - -- - ·- - ·- --- . -- - - - - -- --
IC=I 8+NP 
IJ= I C+NP 

·-· I::= I 0 +NP ----- - -----·----- -·-----·---- 

IG = IE+NP 

IH=IG+Noe 

II - IH-~O 


IJ = IH 

CALL HAUSTSCNPR08,HODEL,NOB, NP,TH, EPS1,EPS2,MIT 

1- - ·------·19FLA-t1;f'Nu.,- - "SCRAT t -rA, ;- ·---SCRA--r-1-ra;-;-s-c-RA"T\IC)' SCRAT ( I1'>' 
I 2 SCRAT<IE>, SCRAT<!G), SCRAT<IH>, SCRATtII>,SCRAT<!J)) 
I CA LL I 0 ENT <S CR AT CI G> , N0 B , 20 , 2 > 

RCTtr?I £NO 
1 SUBROUTINE HAUSTS<NPRBO, HODEL, N'.30, NQ, TH., EP1S,EP2S,
! - - - - --i"11IT;- FLAH;-n.:u, H·-- o,-P,-c:...,PHI-,iB, R,A,n-t0t:t-z1·---- --- -----
\ C F OR TRAN I I VE RS I 0 N 

I c llOAPTEO FOR THE CDC 6400 (J. F. MACGREGOR 9/72) 


C DIMENSION TH<NQ), R<NBO> 
C OIMENSION QCNQ), P<NQ), ECNQ), PHI<NQ}, TB(NQ> 

I-ME-NSI-O-tt-Jtt-NQ--,tHlr,--1}ffiQ:fttQ > , OE~·~--'--------------

0I ME NS ION TH(1), QC1l, P<1>, E<1l, 
1 PHI<1 >, TA<1>, R(il, A<1>., 0(11, DELZ<1> 

tt-AC<31> .,~ 
ACOSCXl = ATANCSQRT<1.0/XH·2 - 1.0)) 

I NP = NQ 
------· ~PRDB ·--~NPRBo-----------------------------

NO B = NBO 

EPS1 = EP1 S 


NPSQ = NP • NP 
NSCRAC = 5•NP+NPSQ + NOB+NP•NOB 

,____ _ ___,,_ RINT·--i-O 0 0 ,..--NPR 0 s -,- N09-f-N P .;~A-------------------

PR INT 10 01 
CALL GASSC:O <1, NP, TH, TEHP, TM E P> 

IF ( l'1 I NO ( Np -1 ' 5 o- Np ' N0 B -11 p ' MI ..,..r=-+1-,-t'l9,...,grl"lg>-=--MHI~T~J+")~g..-.g-,..... 1-t5~---------1-es~,...... 
15 IFCFNU-1.0)99, 99, 16 
16 CONT INU:: 

~------no -19 - r=1·;-NP 

IF( ABS <TH<f>> 99,99,19 

19 CONTINU :: 


GA - F.--A--------- - --- ----------------- ---
t-:I T = 1 

IF<EPS U 5,70,70


1-· -- ·5 · -- EPS1 =C -···--· - - - - ------·-------- ---- - - ---
I 70 S3Q = 0 

CALL ~OOEL<NPROB, TH, Rt NO B, NP) 
00 90 I - t, Non------------- ---- - ----------

9 0 ~SQ= SSQ + R C I >• R<I J 

P~INT 10 0 3, SSQ 



!.....- ·- - ----- -. ---· 	 . Table C-4 - - -- ·· - -- - . - - . -- -·--· - - -- - - _.:__C.::.46 _ --- -
I 1CO 	 GA = GA I FNU 

INTCNT = Co 

P~INT 1004, NIT 
H 1 JS = 1 - NOB 

00 130 J=1,NP 
,,----- - -T::-MP ----TH ( J) 

' 	 P<J> = o.01•TY<J> 
TH ( J I= TH (JI +P CJ> 

- -a< J > =o 

JS = JS + NOR 

CALL HODEL CNPROB, TH, OELZ CJSI, NOB, NP) 


J - dS~t------------------------------

00 1 20 I = 1 , NO 8 
IJ = IJ + 1 

--- ------ - CELZ C!JI -- =- R <I I -~--OEL-Z·H-J>--------------------

120 QCJI = Q(J) + DELZlIJI • RCil 
Q(JI= QCJ)/P(J) 

c 
130 THCJ) = TEMP 


131 00 150 I = 1, NP 

·- - ·---00-151 - J=1-, I ------ --------·------------------------

SUH = 0 
KJ = NOB"" CJ-1> 
!(I - N 
DO 1 60 K = 1 , NO 8 

KI = KI + 1 


- - - -YKJ--:- K.r-+-i- -·----------------------------
160 SUH = SUM + OELZ <KI> • OELZ <KJ> 

TE MP= SUH I< P CI>• P < J > > 

I 	 OCJI) = TEMP 
IJ =I+ NP•CJ-1lI 

--·- ---1-51---0 <I-J >-=- TEMP --
150 E<I> = SQRT<DCJI > > 

66& CONTINUE 
t 

IJ = I-NP 
00 153 J=1, I 

j --=--I-J-+.:-NP 
A<IJ> = OCIJ> I <E<I>•ECJ» 
JI= J + NF•CI-11 


153 ~CJil - A<IJ> 

c A= SCALEQ MOH~NT MAT~IX 


II = - NP 
00--i-ss --1=1-, NP --
P ( I I =Q (I I IE CI> 

PH I < I l =P <I )


i------1fHIF--___,~p---. 1 + r----------------------------
155 AC!Il = ACII> +GA 

c 
--- I= 1 	 ·-- --· --·- - -- - 

CALL HATil\CA, NP, . P, I, OET> 
c 	 PIE = CORRECTION VECTOR 

~----~3'-"T~-P=t-.-(\-------------------------------

SIJ '11 =O. 

SUH 2 =0 • 


I . · SUH3=0. 	 --- - ------ ----'-- ------------
DO 2~1 I=1,NP 

SUH1=PCI>•PHICil+SU~1 
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! 

SUH2=PCI1•PCil+SUH2 

SLJH3= PHI CI> • PHICI> + SU~3 


231 P-lICil = P{I> 

fEHP = SIJ~1/SQRT(SUH2+SUM3l 

T~~p = AHIN1<TE~P, 1,Q) 


- -E MP --;:- 5 7 .--295+ ACns (T fl'!P) --

P~ INT 1041, IJ€T, TEHD 

170 CJ 220 I = 1, NP 


- PC I> = PHI CI> •STEP I t:: CI> 

TBC!l = THCI> + PCil 


220 CONTINUE 

'-Ttlijn------------------------------

7COO FORHATC30HQTEST POINT PARAMETE~ VALU~S 
PRINT 2006, fT8(!), I= 1, NP) 

- --"SUMB--=O -- -- - - -- - - - - - - - -----------------------

CA LL HOOELCNPROB, TB, R, NOB, NP> 
00 23'.l I=1 ,NOB 

1----'J~t------'~~~tt~~-+~R~(~!4)~•~R:>---+-'(!'f'---+-)--------------------------

PRINT 1043, SUMB 

IFCSU'18 - C1.0+EPS1>""SSQ) &62, 6&2, 663 


- -1)63 - IF--(----A HI N1.-f -TEMP~ 0 .-tJ-,-:-6--Ati-t>~5--,-e-65--,--e-6 


E65 STEP=STEP/2.0 

IN TC NT = I NT CNT + 1 


- 3ot 110, ZTOO, ZTOO 

664 GA=G A..,FNU 


IN TC NT = I NTCNT + 1 

IF-ntHCNT--~6---r-6cio~ 0 0 


662 P~INT 1007 

CO &69 I=1 ,NP 


CALL GASS 60 <1 , NP , TH , TEMP , TE HP > 
PRINT 1040, GA, SUMA 

------- - 1F- CEPS2 >-22g-,-z2i3-,--22-5----------~--------------

229 IF CEPSU 270,270,2&5 

225 00 2 40 I = 1, NP 


241 IF CEPS1> 270,270,265 
240 CONTINUE , 

- - --PRnn-i 0 0 9 ;- EO S2 ------
GO T 0 28 0 

265 IF <ABSCSU~e - SSQ) - EPS1•SSQ> 266, 2&6, 27Ct 
r---zo-o-----P~ I !<IT H 1 0 , Ef>"S1 

, GO TO 28 0 
I 27Ci SSQ= SUH 8 
r--- ----tir T= N! T+-i-- -- - -----

1 IF<NIT - MIT> 100, 1QQ, 280 
I - 2700 PRINT 2710
I 2710 FORMATc1111sHo•.----.• TH :. soM oF sauARES CANNOT B:. Rt:.DUCED ro TAE su'1 
i 1CF SQUARES AT THE ENO OF THE· LAST ITERATION - ITE~ATING STOPS /)
! c
1--c ---- - ·- -·- -- -· ·--
I c 

280 PRINT 1011 
r-----~R--rtn-----z-o-c 1-, - { R""t I J , I =---r-;

SS Q= SUHB 
IIJF=NOB-NP 
P~!NT 1015 
I = 0 

CALL MATINCD, NP, P, I, OET> 


~----------------~ 
l 
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' 

00 75gz !=1,ND 

II= I+ NP•<I-1> 


7692 	 E<Il = SQRT<O<II» 

oa 340 I=1,NP 

JI = I + NP• <I -1 l - 1 


-------I'd-- - I ---+-NP+ <I-2 t --- - - ---- - ------ ------ -- -- - - - ------
OCl 3 40 J = I, NP 
JI = JI + 1 

-- --------- -- --- ~<JI l - -= - 0 <JI>-- / ,_<E <I·).., E (J >>--------- ---- -------------
IJ = IJ + NP 

340 AlIJ> = A<JI> 

{) (3 , NP , T:: HP, TE 11 , 


PRINT 1C16 

CALL GASS60 (1, NP, E, TEHP, TEMP> 


----	 - - IF-n on---3 41, - 410 --,-341- ----- ------------------ · 
341 	 SOEV = SSQ I !OF 

P~INT 1014, SOEV, IOF 
SO:: If Se-R-T-{-S0~-+-----'----------------------

00 3g1 !=1,NP 

PCI>=TH<I>+2.0•E<I>+SOEV 


--391--lfH I '=TH {I ) - 2ii)~-( -f--)-+-SvE-v---------------------
PR INT 10 39 

CALL GASS60<2, NP, TB, P, TE~Pl 


CALL ACORR<R,AC,SOFtNOB,30> 

CALL PARTAL<AC,PP,30l 

PR INT 59 


---5.-...9--ro~H-AT-H:+U-,-4-?t-t-AUTe---AtH) PARTIAL CORR:OLATIO!"tS OF THE RESIOUAtS,// 
1SX,1HI,14X,4HAUT0,14X,7HPARTIAL//l 

00 58 I=1,3C 
>-------5....8--P·R INT 5 7 ' r,-A-€'+(--i-f-t-)-:,~P>-i-PH(Y!H)>-----------------------

57 FORMAT (8X,I2,13X,F5.3,13X,F6.3> 
CL= 2.0/SCRTCFLCAT<NOB}) 

----p~-I-N T- 54-, CL·-
54 FORMATC//50H APPROX. 95 PERC~NT CONF. LIMIT ON CORRELATIONS = ,FS. 

13l 

00 56 !=1,3~ 
56 CHI = CH'I+AC<I>•AC<Il 

---- - CH I---CH I-+fl.-OAl-1 NO Bl - ·-----------------------
P~ INT 55, CHI 

55 FORHATC/25H CHI-SQUARED STATISTIC = ,F6.2/65H BAS~D O~ C30 - NO. 0 
1~ STOCHASTIC ~ARAMeTER3) o:G~eES OF FREEDOM /) 

410 CONTINUE 
1 R::TURN 
I - - - 9 <3 ---- PR IN T -1 0 34 - -------

GO TO 410 
10000FORHATC38H1NON-LINEAR ESTIHATION, PROBLEM NU~BER !3,// 15, 

.----it--11'-+lfM.t-t-QS-S-€ -RV-Ai' t ET ER3 I 1 4 ' 17 H seRAT eH RE QuI Rf[}-) 
1001 FOR~AT(/25HOINITIAL FARA~ETER VALUES 
1003 FORHATC/25HOINITIAL SUM OF SQUAR£S = ~12.41 

I - ·· - -10 0 4 F0Rt1 AT< I I I 1145 X., 13 HI TE RAT I 0 N- N0.-----I 4>- - -· 
1007 FORMATC/32~0PARA~ET~R VALUES VIA REGRESSION > 
1009CFORHAT(/62HOITERATION STOPS - RELATIVE CHANGE IN EACH PARAMETER L~ 

1s-s-l-ttAN-E-i • 
10100FORHATC/62~0ITERATION STOPS - RELATIVE CHANGE IN SU~ OF SQUARES L ~ 

1SS THAN E12.4) 
1CJ11 FORM ATC 22H1FINAL- R~S IOUAt.:-- VALU=:S---)- --- ----------- -
1012 FORHATC////10HORESIOUALS l 

, 1014 FORMATC//24HOVARIANCE OF R::SID UALS = ,E12.t;.,1H,!£+., 
'~-------------------------------------~ 
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12JH DEGREES OF FREEOO~ > 1 
1C15 FORHAT(////1gHQCORRELATION MATRIX 
1016 FORHAT(////21HONORMALIZING ELE"ENTS 
1034 FORMAT(/lo~OPARA~ETER ~RROR } 
1C390FORHAT<l71HOINDIVIDUAL CONFIO~NCE LIMITS FOR EACH PARAMETER <ON LI 

tN~~-R-ttY?-cttiiE~1~>--l 

10400FORHAT(/9HOLAMBOA =E10.3,4CX,33HSUH OF SQUARcS AFTER REGRESSION= 
1E1 5. 7) 

-:----10 41--·f ORM AT (1 4H. 0 ET ERM r -NA Nr --=---E-i-2 •--1+ 7-6-X,.-Z 5H-ANGtE-~cr-rr-c-om~o. 
1 F5.2, 8HDEGREES > 


1043 FORHAT<28HOTEST POINT SUM OF SQUARES = E12.t+I 

2001 FORHAT<l1CE12.4l 

2006 FORMAT<10E12.4> 


END 
- -- -- - - -su BR-OUT I NEl'1 AT-nt t"A,-NV-AR,--a-,-r·m,--LJEl1 

DIMENSION A<NVAR, 1>, B<NVAR, 11 
COMHON/GASPAR/OUHI ES<?l, PIVOTM 

::> Iv-o-TM - _ 

DET =1.0 


CO 550 ICOL = 1, NVAR 
- - - - -n_lV~T-=-A-(I"C{)t,--IC-01:1'------------------------

PI VO TM= A~IN1<PIVOT, PIVOTH) 
DET = PIVOT • OET 

C OIVIOE PIVCT ROH BY PIVOT ELEMENT 

c 


- ------ncot-,- ri;ot> 1. 0------------------------

PIVOT = AHAX1<PIVOT, 1.E-20) 

PIVOT - A-tt-eOL, ICOL)/PIVOT 


00 3 50 L=1 , NVAR 

350 A<ICOL, L> = A<ICOL, L)-¥PIVOT 

IF--tNB - ..-Ea.-·-ot-GQ-- To- 371 -------- -----------
0~ 370 L=1,N8 

370 9<ICOL, U = B<ICOL, U..,.PIVOT 

C REDUCE NON-PIVOT ROWS 

c 


----371- - 0'.J-=s·so -L-1.-=-htN AR -· - ---
I F·(·L1 .EO. ICOLl GO TO 550 
T. = A<L1, !COL> 

' .
00 t+S r' L=1,NVAR 


~50 A<L1, L) = A< L1 , L> - A<I C0L, Ll "T 

---·-· · --·1F rn e·--.-Eo;; ·- o> - Go -ro- s sn--- - --- --------- -------

00 500 L=1,N8 
500 B<L1, Ll = B<Ll, Ll-B<ICOL,L>"'T _ _ _,,?iJ 

Re TU QN 
EN O 

- - -··------- SUB ROUTIN E GA SS 60 <IT YPE·-,- NQ·,-A...,.--s-;--c-
OI H~ NS I ON ACNQ), 8 (NQl, C<NO,N Q) 

NP = NQ
NR - N~_._-------'-----------------------~ 

LOW = 1 
l UP = 10 

-10 IF ( N~ >15 , 20, 30 ---- --·------- -· - ....... -· 

15 ~ :'. TU RN 


2C LUP= NP 

http:FORHAT<l1CE12.4l
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IF Cl OW • GT• LUP) RETU~"4 	 f ; 
J ' • ~ :, ~ i

30 P~INT 50'.i, CJ,J=LOW,LUP> 
GO TO C4J,E0,80>,ITYP :: 

40 PRINT 600, CA<J>,J=LOW,LUP) 
GO TO 100 

--eu---P~N--T-6 0&-,---( B G;J) -~~W-rt-UP )-- - - --- 
GO TO 4 C 


8 0 DO 9 0 I= L0 H, LU P 

- -<30 - ·-f'RINT -·720, I;· (C (J,I> ,-J=tOW9-It-- --- - ----------------

LOW2=LUP+! 
IFCLOW2 .GT. NP) GO TO 100 
CO '35 I LOH2,N 

95 PRINT 720,It<C<J.,I>,J=LOW,LUP> 
100 LOW = LOW + 10 

--- --t.-UP---L--UP --+- -t-0----------------------------
NR 	 = NR - 1 
G0 TO 1 0 


500 FORHAT(/I8,gI12> 

&00 FORHATC10E12.4) 

720 FORMAT(1HC,I3,1X,F7.4,9F12.4) 


--~1-----CONT~NUE--------------------------------

R:'. TU RN 
END 

SUBROUTINE CR033fX,A,NOB,NL> 

DI ME f\ S I 0 N X( N0 B> ., A( N0B> 

DIMENSION CC1<41> .,CC2< lt1l 


-----<CAtl--CRCi>R-R<~,.-A,-eC-ZTSfl~--,SitA--,t.tfrB· .~,~~-----------------

CALL CRCORR(A,x,cc1.,soA,SDX,NOB,NL) 
PRINT 6 

6 FORllAT (1Ht,1nx,76H CROSS CORRELATI-e-N-S- BETWECN t!A~HPULATEO VARIABL 
1ES AND RESIDUALS 

t\L1 = NL +1 
---00-1-i<=1.-.-NL1:-------------------------------~ 

KK 	 = K-1 
K1 = -KK 

l P~!NT 8 ' ~1,CC1c~K1t~,~K~K~,~c~cF2~<Kir+)--------------------~ 

a FORMAT (5X,I3,5X.,F6.3,10X,I3,5X,F6.3> 
CL= 2.0/SQRT<FLCATCNOB>> 

---P~ lN-T-12-,-~-{}t 

12 FORHATC//56H APPROX. 95 PERCENT CONF. LIMIT ON CROSS-CORRELATIONS 
1= ,F6.3> 
~-1\-----------------~---~--~--~

g FORMAT ( /28H STANDARD DEVIATIONS 
1) 
-a--=--o.- ---·--- ------
OJ 	 10 J=1~ 11 

10 	 a= Q+CC1<J>•CC1lJ>+CC2<JJ~CC2<J> 


Q (Q-CC1 (1) .. CCUU )•FtOAT<NO 

NDF = 21 

P~INT 11, Q,NOF 


--- - - 1-i-- FJ RM AT ( /2 SH CHI -sau AREQ ·-sTATI-STI~----=---,- -n:.-2t11lH-BA-SE~"2t-ZC: H-o~-

1G~ EE S OF FREEOOH /l 
RETURN 

SUBROUTINE CRCORR<x,v,cc,sox,sov,N,NL> 
CI HE NS I 0 N X<Nl , Y ( N > , CC (1 l 
sx 	 = {). 
SY 	 = 0. 
sx x = 0. 
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SY Y 	 = G. 
DO 2 I=1,.N ' / / \ 

: 
SX = SX+X!Il 
SY = SY+ V! I l 
SXX = SXX+X(IJ+X(Il 

Z 	 S 'f 'f - s-Y"Y ·-t--y-1-n-+ti I l -- -- - ----------

TN = N 

SOX 	 = SQRT<<SXx-sx•SX/TN>/TNl 

------ - --------soY---=--SQ RT ( (SY Y-S Y• SY I TN)/ TN) -

NL 1 = NL+1 
00 3 	 K=1,NL1 

- .. 
NN = N-K+i 

DO 4 1=1,NN 

1CK---r-+K-1-

4 SXY_ = SXY+(X(l)-SX/TN>•CY<KKl-SY/TN> 

3 cc (K) = (SXY/TN)/(SOx•son 


ENC 
SUBROUTINE IOENT<Z,NOB,NL,NDIFF> 
DI1'1E"'"NSION - z -( 1 >-,-A-c ( 6-0 )9P?to-o-+---------------------
OI H~ NS ION H(400) 

ND AT A = Noe 


NZ= NL +1 
DO 10 I=1,NOB 

----i-o~<-r1-~'l--n-> -----------------------------------

PRINT 30 
30 FORHAT<1H1,1ox,4gH AUTO ANO PARTIAL CORRELATIONS OF ORIGINAL SERIE 

' GO T 0 2C 
41 PiUNT 31 

-31- f'ORH AT (1 H1 .-1 ox,E>-1H - Auro-A-NO--PA'"RT--1-A-L--C-ORREt1\'"fI'"-ONS--O-F--Ftt-S--~-REN-

1c~ s OF SERIES,//) 
GO T 0 20 

32 FORMATC1H1,10X,62H AUTO ANO PARTIAL CORRELATIONS OF SECOND OIFFERE 
1~CES OF SERIES,//) 

------z o-- -PR nn --53 - ,-- --
33 FORHATC9X,1HI,14X~4HAUT0,14X,7HPARTIAL,// 

CALL ~CORR(H,AC,SOZ,NOATA,NL) 
113 	FORMATt1H1 7 4HTE3 


CALL PARTAL!AC,PP,NLl 

00 58 I=1,NL 


- -- --sa '"PRINT -57 - ,-- 1 ·9AC<I> -;PP(""!) 
57 FORMAT !8X,I2,13X,F6.3,13X,F6.3) 

P~INT 59, AC<NZ> 
59 FORt1ATU/22Ft-1E"A'"tLOF' THE SERI~S = ,:'.12.51 

CL= 2.0/SGRTCFLCAT<NOATAl> 
PRINT 54,CL 

-- - - ----- 54- FORM AT (I 15 0H APPRO x~----g5 H-PERC-::Nr-GONF'"";l_1 MI'"T --ON'"'"'"CURR~r-AII ON S - , F5 • 
13> 

PRINT E:O, SOZ 
_	 _ _.,.6_.0.__,.F.,..,O""""Rl1ATt731A SIANOARD DEVIATION OF St.~IES :,El4.7J 

CL..t I = 0 • 

DO 56 I=1,t\L 


. ·-· 5 6 	 CH I = CH I+ AC <I l •AC CI l -- -- ... .. ------

Crl I= CH I-f· FLOATCND-ATA> 

PRINT 55 , CHI,NL 
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· - ·- ----· - -·- - - ·· - - ···---- ·--- ----- ·---. 
55 FORMATC/25~ CHI-SQUARED STATISTIC = ,F6.2,10H BAS::n ON ,r2,19H DEG 

tR::ss o~ FREEDOM,!> 
NOATA = NOl!TA-1 
f'\O = NIJ+l 
IFCNO.GT.NO!FF) GO TO 10C 
eo 40 I-1, NfiAi"-A

40 W<I>=HCI+1)-WC!l 
GO TO (41,42), NO 

- --ioo - R:: TU9N -- -- -- .... ·-·- 

END 
SUBROUTINE ACORR<Z,AC,SOZ,N,NL> 
OI ME NS! 0 N Z 

NL 1 = NL +1 

TN = N 

sz--=- ·n.--

co 13 I=1,N 


13 ~Z = SZ +Z <I> 

z:u 

OJ 1C JJ=1,NL1 

J = JJ-1 

----"'SZ-Z-= · 0 . - - - --- ·-------------------...;____________ 

NN = N-J 
00 11 I= 1, NN 

11 SZZ=SZZ+ <Z <I>-ZB.llR>• <Z <K>-ZBAR.> 

10 AC<JJ> = SZZ/TN


-----.coz-=-SQRT-<AC (-1) ., _ _________________________ 

VZ = AC ( 1 l 
DO 12 J=1,~L 


12 JIC<Jl - A 

R:: TU RN 
nrn 

1----~tJBRDUT-I-NE-P ART Ati R;-P AUTihi't}---------------------
0I M:: NS I 0 N , ~ <1> , P .ti UT0 U ) , PH AT ( 4 0 > , PH ATN ( 4 C) 
PAUT0(1) = R<U . 

1------CH.l-ll-'f-1~) - R11)'(1owRh(µ2'>+)~)+/+(+t- 14)Hf~'µ2~)-----------------.~w~RH(4

PHAT(2) = <R<2>-R<1>••2l/C1.-R<1>••2) 
PAUTOC2> = PHAT<2> 


·-····--·- ·· --··oo i+ -r=3 , M· - --~-- ----·-· 


l = ·1-1 
FNUH = O• 


• 

00 1 J=1, L 

, K = I-J 
-----·-f~UM = PHAT<J>•R(IO +FNUl1 


1 O::NOH = DE~OH+PHAT<J>~~<Jl 


PHATNCI> = <R<I> -FNUMl I C1.-0ENOMl 

>------<PJ\1fi1~tr~HA-TN-t-I·-+---------------------------· 

DO 2 J= 1, L 
!<' = I-J 

2 PHATN<J> ~ PHAT(Jl-PHATN<I>•PHAT<K> 
00 3 J= 1 tI 

3 PH AT ( J > = PH AT N( J) 
1-----~0NT-INU~ --- - ------------------------

R::: TU RN 
~Nn 

i 
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_ _ _ _.....f~~ ~~ghl}l~§L~~ ~ ~~ ~~~!~--- ---------------· --- --· - ---- -----
C0~M0NI AAAIX MUJ ' XMAX ' V' tJTX t XS CALE , NP LT S 
THIS SUBROUTINE INITIALIZES THE PLOT ROUTINE· ~ 

:c .. . A MAXIMUM OF 1000 POINTS MAY BE PLOTTED PER CALL TO PLDTA.. ·--·-·-·-
c THE CALL TO THIS SUAROUTINE MUST BE THE FIRST EXECUTABLE STATEMENT 
c IN THE MAIN PROGRAM 
c AS OF OCTOBER 20 1976 THE CONTROL CARDS NECESSARY TO PLOT ON 
c !Hf: BE NS~L.El:ilJEELAB-----------------------
c ACCN, MT le 
c ATTACH,PLOTLIB,IO=QPAK.

OTHER CONTROL CARDS - ~ .. FHJ• 
c LOsETCLIA=Pt.OTLIAl 
c LGo. 
c 
C NIX • N°UMBE.R_ ..QE._T_-1_C-MA.RKS__QN X AX 1__,_S-
C EVERY TIC M~RK IS 10 MM FROM THE NEXT AND IS ANNOTATED 
C XSCALE IS THE INCREMENT IN THE X DIRECTION 
C IE THE TIC MARKS ARE I 10 20 ETC IF XSCALE S 10. 
C NPLTS - NUMBER OF PLOTS DESIRED INCLUDED ANY PLOTS TO SE SUPERIMP-
C OSED 
C INITIALIZE PLOT ROUTINE TO CENTIMETiRS 

. XoRG=o.o 
-~XORG:tNT X.!!XSCAt. ......E- - - - - --- - ---- --- ---------

XMAX= 1 .1 *XL
V=XORG- OttXSCALE 
XMitJ=V
NPLTS=NTOT 
RETURN 
ENO 



___ _ 
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SUBROUTINE PLOTACIFLAG,NPT,NStNOBtYSCALEtYORGtTJTLX,TITLYtDATAtTIM 
___ *_,_Et ------· -- -·- -- ·-· - - --- - - - - ·-··------ ---- --------

DI MENS t ON TITLX(2) ,TITLY(2l tFMT(Sl

C8MM8NJAABINTYtXORG . · 

C MM NJAAALXMIN,XMAX 9 V,NTX,XSCALE~NPLTS 
DI~n~S!ON Z(lOOO) tTIME(lOOOl tOATA11000> tDIST<1oool ,sLOPE<looo> .. 
DATA F M T/t(FS.2lt•t(F5,z)t,tCF4ollt,i(f4ellttt(FS!Ol~/ . 

E NPT - NUMBER OF CURRENT DATA SET 
_..____l.f.LAf3_~_ lf MON .. ZEF~Q __THEIL CURRENL...fLOL.sueERHWOSEQ_QN LA ST GRID 
C 	 NS - THE Fl R S T AB SC I SS A VAl U E I E O 0 R 1 O 0 R l 5 
C 	 NOR - NUMBER OF DATA POINTS TO BE PLOTTED 
C 	 YSCALE - THE I ~ICRE~ENT PER TIC MARK ALONG THE ORDINATE AXIS 
C 	 YORG - ORIGIN OF THE PLOT IN DATA UNITS THEREFORE THE VALUES ALONG 
C 	 THf ORDINATE WILL BE YORG YORG+YSCALE - · YORG•2~VSCALE • ,
C 	 YORG+s~YSCALE 
C 	 TITLX - A 20 CHARACTER TITLE TO BE PRINTED ON THE ABSCISSA · 
·c 	 M-H.-X--AAv€er§~A~Bfrf~~Nf~~LTHtQ0a5r~~f~rQ~[8~·s1¥5-i~~Mi;;.....TE_o 

-~ ~~~-ii-~~~~!~ b~l Gf &i 1 a~-~ ~Rbih~tE~-~~¥~~ -;£1 ~: ~~: ~g~ : ~J~~~~§R&i&Jt4! x r si. 

C 
C 

THE 
NTY 

FIRST 
- NO. 

ELEMENT 
OF TICS 

CORRESPONDS TO 
IN Y DIRECTION 

THE NS TH DATA 
-

POINT 

c . 
c 

WRITEc6,600l)NPT,NOB,yORG,ySCALE 

'. 
2 ~~~t~)(6,6002l 

~002 	 FQRMAT<1Hg•20X,#OATA FOR PL8TTING~l
\'IRITE<n'6 031 WAfA(Ll •L=}'N Bl .. .. ·-..···· 

~003 FORMATC1H '7El0•4l 
IFCNPT.~E.llAO TO 20

C 	 INITIALIZE PLOT 800NDA~IES ON FIRST PLOT ONLY 
f~tt~c8l1·g: ;g: :;f o>- -- -- · ----··----·- ---------
Go To 	 30 

20 CONTINOE 
IF!IFLAG.NE.OlGO TO 10 

C 	 INCREMENT NUMBER OF' INDIVIDUAL GRIDS 
CALL PLOTCDXL•lo.,o.,-3)

30 CONTINUE
XNTY=NTY 
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Do 39 r=l•NTX 
---tAE~-+ ~ .4 TH ( x-;-·r9.-f;9 0-; -,-2-i·-- --- ------- -- ---- -----· 

39 CO NTHJU E 
c 	 DRA W Y AXI5 

CALL PLOT!Dx,oY.3)
CALL PLOT(OX,DYL,?.) 

c PLACE Y ~XIS AT RIGHT HAND EDGE OF X AXIS
CALL. PLOT COXL,DY,J) 

· c- - --·- --f5 t~E E Pt~~J 0 !b~8~~' ~~-E- -HfP-6F -GR-APi=f - ·-· -- -- . 
CALL PL0T(DX,DYL,3l
CALL PLOT(DXLtOYL•2l
I NSE RT TIC MARK AR RIGHT HAND EDGE
XX:: DXL 
Do 4 9 	 r=ltNTY 
Y::oY+I 

---tAC C0 M2fFfT xx--;-v---;-:J:-; o• , 2 i 
49 CO NTIN UE 	 

C 	 PLACE TIC MARKS AT LEFT HAND EDGE 
X=oX-.1 
DO 50 	 I=l,NTY
Y=nY+I 
Y=v-o.oS ___......A.LL-MA_Tfil~_Y._ , _.__l--• Q_.__t2.l____ 


50 CO NTI NU E 

C 	 I NSERT SCALE ON X AXIS
C 	 PLACE I ON AXIS 

Y::oY-.c;
CALL SY M80L(OXtY••20'1H0,90••ll
INSERT NO ALONG AXIS 
Y=OY-1. 


_ _ _ _.D_Q_ 59.- I :;.2.-t-N.!.Xt 2- ----- - - - - ---- - 

X=oX+I . 
NUM=XScALEitI 
CALL I NUMBR(X,Y,.2,NUMtOet4H(l4))

59 Co NTI Nu E 	 . 
X::OX-1.5 

c 	 PUT NO ALONG Y AXIS 

NTY= NTY+l 

----D~0-09---I__;__l_.Jll_"f_,______ _____________ _ 
Y=oY+I-1 
YVAL=YoRG+(I-ll*YSCALE
CALL NUM BER(X,Y,.2,YVAL,O•t6H(F6•lll 


c 69 
 ~~~l~~U~ITLE ON ~ AXIS 
X:f)X+0.3*NTX
Y= oY-1.s 

--- -	 - -C.ALL- SYM HOL(J(_,_'{_..... 25.1-I-I.:rt....X .. o---· 2 o->----- -- --·
9~89~1:~ 
CALL gYM80L(X,Y•.2StTITLYt90••20l

10 CO NTIN UE 
c 	 PLOT DATA WITHI N GRID

DO 9 J=l•NOB 
Yo=DATACJ) 

http:2.-t-N.!.Xt
http:Y=v-o.oS


-C----

c 

9 
C- 

597 

78 

C 79 

-
· 
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TO:TP.1E!Jl · 

CONS TRA H L POLMOVEt/.ENT- - -- - - --- ------- ·-. ----· - - -- ------
! F (YD o GT o Yl l YO=YL 
!F(YD.LT,YORGlYD=YORG
CONVERT TO PLOTTER UNITS 
CALL urnTTO(TD,YD,TP,YPl
T!ME(J)=TP
Z(Jl=Yp
CON TI NUE 
.E.Lo r._o AI A- ----- ----····-- ··- ---------·---
1F ( l FL AG.NE. ol GO TO 70 
Do 5gt ML=ltNOB
ZZ1=T ME(Mll
ZZ2=Z(MLl _ 
CALL GRAF(ZZ1tZZ2'•15'1)
Go TO 79 
!F(lFLAG.EQ,}) CALL MPLOTCTIME,z,NOBl 
IF (.l.E.LAG...-Eli • 2 l CAL~ElAE-Ll.I.ME....Z..,.....l.S -t-6- i-----~----
~~1fi~Lt~.~~~N~Yl~~~o~HM NUMBER OF PL TS HAS BEEN REACHED 
CALL PL0T(0XL+20••0••3l
CALL Pt.OT(X,y,999l
RETURH 
Etm 

·~·-- . - - -,.· ~~~-===========--~~--

SUBROUTINE NUMBER(X,YtHEIGHTtANUMtTHETA,FMT) 
DH~E t~ S rO tL BCD i 1 l_ _____ _ _ _ ---- --- ·- -- ---

-E°NCODE (lo' FMT, BCD l ANUM 
CALb SYMBOL(XtYtHEIGHTtBCDtTHETA•lOl
RET RN 
END 

\ 

http:F(lFLAG.EQ


D-1 


APPENDIX D 

REACTOR RETENTION TIMES & MIXING CHARACTERISTICS 

Dye studies were performed on the 0.5 metre RBC and the 2.0 

metre RBC f or two reasons: 

1. 	 The tracer studies provided an indication of peak 

retention times and RBC response to influent spikes. 

This then provided the basic information necessary for 

choosing discrete time intervals for the dynamic experi

ments. 

2. 	 To identify the mixing characteristics of each RBC, 

which previously had been shown to approximate two 

CSTR's in series for a 0.5 metre RBC. 

Dye studies were performed with a Turner Model I I I flow

meter. Samples (200 ml) were ob~ained at discrete time 

inte rvals s o as not to miss the peak. Fresh water was used 

to feed the RBC' s except in the case of 2. O m which was 

being acclimatized at the same time with raw sewage. The 

0.5 metre RBCs did not have a biological growth on them at 

the t i me t he dye studies were conducted. Calibration curves 

were determined using dye solutions of known concentration. 

To initiate each study a slug of dye of kno~n concentration 

was added to the RBC inlet. The RBC was stopped for approxi

mately 10 seconds fo r this purpose. 

The results of the studies and further details of each study 

are included in Tables Dl, D2, D3, D4 and D5. A computer 

listing of the program used is presented in Table D6. Flow 

conditions f or bot h t he c a rbon ox i dati on and car bon oxida

tion plus modes were investigated. 
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A description of the flow models used to develop the com

puter program is given below. 

Tanks in Series Model Theory 

The final effluent of a system of j equal sized CSTR' s in 

series can be found from the follo~ing equation: 

C = J· J e j-1 e-j8 ... ( D-1) 

c (j - l)!
0 

where: c = effluent tracer concentration 

8 = dimensionless time 

J = number of tanks 

c = the quantity of tracer added divided by
0 

the volume of the entire system. 

This applies only to a pulse input of tracer. In this type 

of system, as j approaches large values (say > 15), the flow 

regime approximates plug flow whereas, when j is equal to 1, 

the flow is completely mixed . If the time at which the peak 

dye concentration occurs is known, the above equation can be 

solved for j by taking the derivative and equating the 

result to zero. Theta peak is determined by dividing the 

peak time by the residence time. The final form of the 

equation is: 

j = 1 . . . (D-2) 

1 - 8 

Dispersion Model Theory 

The dispers i on model is developed in such a way that it 
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assumes plug flow for a g iven r eactor system with the i n

clusion of a term which describes the degree of molecu l a r 

disperson or deviation from the ideal. The general e quation 

of this model is: 

u 	 a c ac = o .•. (D-3 r 
ax at 

where: u = mean displac ement velocity 


c = concentration 


ac = concentrat ion gradient 

ax 


a c = reaction ter m 

a t 


D = turbulence expre ssion 

The solution of t his equation f o r a trac er pulse input to a 

closed vessel given by Mjjachi (1953} is quoted by Timpany 

( 1) : 

c = 2 ~ Un(U sin Un + cos Un) EXP u -	 (u2 +un2 ) e . .. (D- 4) 
Co n=l (U2 + 2U + U 2 ) 	 2U 

n 

where: ,u = COT- l Un u / 2 n 	 )u u n 
u = UL 


2D 


L = tank length 


The value Un is best calculated by trial and error using an 

iterative approach. Also, the s ummation in equation 4 is 

taken to some reasonably large but finite value f or prac

tical purposes . 
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Instead of determining a value for D by the normal variance 

technique suggested by Levenspiel (1967), a correlation 

between peak time and D/ UL developed by Timpany (1966) was 

used. Proper use of the variance method for D/ UL calcula

tion generally requires concentration data to be entered for 

at least seven detention times which is rarely practical. 

Since the concentration data approached zero after two 

detentions times data for about three detention times were 

used. 



Table D-1 D-5 

Tracer Re s pons e Analy sis, 0. 5 Ml, At 0.82 L/ min. 

Rotating Biological Contactor 

HYOqA!JLIC CHARACT::::'IZATIO r. 

r;. sr ·{~H () ) usr r~ G A PULSE J !~POT Qt=' qoCJAMH~:. WT i)YE 

REAGTO<;> o 0 ::P.L\TIO~J AN~ TC:ST CONOITIO'l S 

TH~ 0 ;;> :. TI Ui l rJ ~ T = 17 3. 9g MI 'l 

DY~ Pu ::c rro ~ J = C.VC3CLITq::s 

co~c 0~ ~YE AOQEO = Q.233E+C7DPg 


·-- ··- · _____nx;; (___ __.:_5-=..0_,,_._:;c_:5'-P-'-P_R'-'·-·.. _ _ ____ _liUj~Q_L U_M~::,__= 3 . -------------

TES T ~ :: S 1.1 l TS .~ Mf1 C ALCtJ LA T:: '.) VAl tr :: S 

:. o ny:: ~ :.C O Vt ~ v 94.314~ 

>="P.. , S T AGt~ iHJT Z'J"l :: = J .131 


CST R s It J s::Rr::<s USING TH~OR7TICAL P::S. = 1.~F -----cs Tr;:- s . I w·s:: ~T:: s- oST J\J GM:: A~f) v· ::-P"E: "S. ---- 2 ~-·4 c_---

O/UL VAL U:: USI NG THfOR::TICAL ~::sr o :: N C~ = ~.3336::+:: 
O/lJL VALIJ:: USPIG M::A ~ I DYE ~::SI-E N C:: = G.2282E:+O ~ 
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::- X :> ~ '? I ·~ ::- 'J T AL P~ SLJ L TS CI C0 V:: PS 1J S TH: T C. 

'.J • 'J 4 :. : '· J 1. r 
~.r5;:; ;."71 
~.12° J.17 g
0 • 17 ? ---- -- ---- ~ • 31 5 -
C.?1 fi 0.447 
c.z5q C.'.Jf(' 
,.. 7- ? ,,- - 1""t 

----":'. ....!........~ .:...------------· • JI 0. 34 5 2~3 ~--
:J. 3'38 G.777 
'..i • !+ 3 1 .: • -~ ( 4 
:.it74 ' 311... 
1] • 51 7 ·----·· .. - ···- ·- ---- . ----.s ! 8 i -4--
:i. S 6 Q J.3[.'.. 
0.603 o.?es 

_____.:G.E47 0.7fi7 
~-;-;c;:~ C,737 
~.733 C.7!S 
0 • 77 ~ c• s~<~ 
o.~1g 'J,672
0 • Q, 6 2 ': • .:,-5 5--
,: . <? S 5 -:.s22 
0.94 -'I :.:;;c:;:
Q,991 ;.5:6 
1.a3s ::i . 526 
1. 078 (· . ~~~ 
1.1.21 :.4f:7 
! • 1 f, 4 - - - -- -- ______: , _!.: 3__'3_ - -
1. 20 7 o. L.12 
i.250 c.~f5 
1.293 0.3f:1 
1 ~ 7 - ~~7 

1.581 C• 2L: 
1. 7 2 L. 0 .1<? 9 
i.8f:P 0.1f: f: 
2. J 12 0.!.31 

2.1:;5 ~."00
? ? a a;----------~-;,_____,,-" _ 
- • - "" ..,, I.., • - \.. 

2. 44:: c. o:=: 
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THEO~~TICAL DET~NTI ON 	 Ar: T J C. L 0 t T EtH I 0 N 

::: / C 1 

L 'J ( :-- - 2 • C·J G C • G0 : J • C: : 
:.j5': C. 1'1!. C... ?C J.1~1 
0.1CC' 0.~27 ri.1JG J.327 o. 1 c:: o c• :.. - .... ____ __ _____ o. is o______ ___o.. .1...1+ ~---
o. zc r O . C:3 ~ G.20C 0.53S 
::.2c;:- : . G~· 7 ~.2::3C 1.6C7 
0 .30., J , 651 :.3JC J.E:::g 

_ _ ____c ._2~ c_ __ _ _ _Q_ ._ .s___J~· ----------'o'-n~·~3"'-""5_,.D~----"0~ '~3~5=--------_ ,~(:_=·
Q. :+ ') O J.71 g c.-.oc o.71g 
G,45~ ~.732 (,-+5C 'J.7~2 
~.:;ci:. c.13i:, o .:;J c c .11s 
0 . s: 0 _0. 7 '2 __ __ ___ _ _ __2 ,S_50 _____Q___.J__3__,,.,?,________ 
o.;scc o .7~ 3 ci.::,uo J.723 
C.65r Q.7Jq c.S5G Q.7C-3 
·~ • 7 : r- : • .; ') ~ r~ • 7 .-; j ; • 6 ::;i G 

... --- ----~. zr; ':. _ _ ..._J ._6.29 ~_.__z__5_ C J. E:? 3 
o.a Jc o. tiL fi 	 o. aoo o.E>Li'.> 
0.3?( C.62!. 	 C.350 0.621 
'..1 .3 CC ~ . 333 	 C.3JC 'J .535 

_	ci. g~ ci c. 2 r;,13 _____ ______ c_,35_o____J____._:__5_5._______ 
1.occ 0 . 5~1 1.JOO Q,SL1 
1.2 oc 2.41 ? 1.2Go ~.435 
1 .41JI'.' ~ . 341 !.:+:.iC J, 7 4 !. 

-----~·~ P,J ~ Q • 2-6_1_________~!.:=-"'-.-"o~?-!-C " _______. ? o 1 
1.8~ C' J.117 1.5QG Q,137 
2.oor : .1.:. 7 2.J:JO 0.1'.+7 
2 • 2 ·J r. c •1 : I) 2 • 2 0 u ~ • !. c 9 

_ 2 • 4 ~ ~ ____ ____ _ 0 • 'J 7 9 Z..L-tJ.l ~ "___._r'J-3______ 
2.so2 : . J:;1 :?.oJ'.l o.:::7 
2.8CO :.J'+i 2.30: 1,IJ4!. 
3.0~ f' : . Jr 3.~oc 1J.C3'J 

? ,. :· , ,, ? • 	 7 ? ,, ~ : r ., 1 

3,4~~ ::.~ts 	 >.:.o: :i.C'!".' 
7,.6 c s . 01~ 	 3.so c o.c11 
3.~ r_ ~.OJ f- ~ .:38S a.cu.:; 

__ ___ 4. a 0 _ _____ IJ •.c ~ c:;____ __ 4 L;; ~ G. r c.~==------
'+ • 2 c c• .J ) 4 4 • 2 J (_ 8~-C-2 '+ 
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CALCLJLAT':J C/C Cl 1/c~S I JS TH::Tn l/ALU~S 
FO~ OISP~ ~ SION ~OO~L 

_. . TH:: 0 o.:: TIC AL_J) ::J ~NT l Ot !___ _ ____;!\.C.1-!J.ALD..::..I£:tl T ..._I'-'-n_,_'I_____ 

Q,3(l [i 
o.~oc 
,J,3 0 0 

...:ti:.: c __
0.n c 
o.a ~ r 
G,9CC 
1. -jJ ~ 
1.1cc 

1.2 -JQ 

1.3GO 


..1. 	4G C ____ 
i.s!" 
1.6'30 
1.100 
LQJr 
1.9':"~ 
2.:Jo 

2.1:i1J

2.2oc 

J,7!.7 
o.~ 8 4 
S.-'.314 

··--- --2 I d 72 
j,7 '3 7 
0 .113 
0.62~ 
c.ssc 

'}.3JC 
o.~Jo 
C.5QG 

____ __ __	:- _, __6J~ 
n.1J c 
o.saG 
0.9'.JC 
·.J.;" 

Q,47p. 
C1 • .:..1:; 
0,359 

_____	'· i 311_ 
c .zsg 
0.232 
J.2'.l1 
::.1z3 
C.1.'3~ 
c.12g
c.112 
o.o ,Jo 

r. " 3~ 

1.1~0 
1.2:0 
1.).JU 

_ __________.1...... __~.J ..._O___ 
1.sJ: 
1.oO C 
1.700 
1.a;c 
~.-:3..;: 
2.oJ: 
?.100 
2.2)0 

?. 3J~ 

Q,L.L2 
0.1~~ 
0.<:117 
Ja 9 _$__?_____ 
.J.gz:i 
o.e3~ 
i) ,7f1
1.554 
o.s12 
IJ,L.~8 
0.4t3 

~OJ!+~::i.,.,_____ 
0.293 

J,2LS 

0~286 
c.1z3 
J .144 
s.121 
o.u1 
o.C84 

ri.r1:;
--~:~:~F~7~2:---------~2r.~~:_;:.J~J---~Jr.,_,._.c~?~8,-----

a.~~2 ?.SO C Q.OL9
o.u?4 ?.S'.)0 G.O~i 
C .G46 2.7'.JC ~.r•4 
·1 • : '+ 2 2 • aJ ~ ~ • o2 R 
0 • .J ~ :; 2 • 3 J : ') • ~ 2 ~ 
o.-J30 7.J..Jc o .c2a 
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Trace r Response Analysis, 0 .5 M2, At 2. 33 L/ rnin. 

Rotating Biol~gical Contactor 
H Y r:l~ l'llJLIC CHARAt; f:: '< iZ n 1 I li" 

: . _, Y- TP OTUSI ' lG 4 ? 1JLS : I'lPOt OF -:O OAl lifl :. \H t") Yt

i:i:: r, cr o ~ () P :: J:<C.TI O~I AW) T~ S T CC ~JOITIO tfS . 

1/ f""\ L l I "1:: 0 F ~ ~ ACT 0 ~ = 1 3 1 • 4 : L : T ~: S 
µ Y 'JR.'. ~ JLrr: L OAfl P~G = 2 .3 )LI T ~:::s 1 ~11~1 

--------F::-~TTT.n~-::-· r--=--~?..-ct:~.-3-...g_,, 1---"--''-------------.... ·1,....1~,-.--

o v ~ I N J ~ ~T! ON = c.c:30LIT~ES 
CO'! (' cir= riv ~ AnJ~ 1 = L.2 3 3=:+:7PP 8 
DY:: ! __! __ = _ 5 t..__~__~__ ______ _____._~E~ __V0 L, l_J 1-1 _::~_ ___. 3 -+ :> ci 8 _ _ 

T t::S T 0 ::SU L T S ~~W C A L~ U L ~ T .::D VALU :S 

P~aK 1 · 1:: ~N n v~ 1~S = C; • 5 3 !. : ~ HI 

M~~~ 1 v ~ ~~sro:::Nc .:: = 6 6 • ')Cl M~- _ _ _
! '!_ ___________ _ 

--------p~c."C:'>nv :: P:: ca 11~ ~v = 8J . 2~ 
F P . ST% ~ :n ~ JT ZG tl ::: = - c . : 7c 
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TH '.'."H c1:: (l 
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TH:oP::TICAL o::r:::: -nro~ : Ar.TUAL o::r~·HIO'I 

TH:T~ C/C1 C/CO 

o.o~o o• .JJO c.Joo J.tic·o 
1J. ·: 5 ::: ·~, J 2 · ~ __ __ __ _____ __g. _O?q _____ _O_J P.1. _____ _ 
·~ • 1S ·~ Ci • ~ CL' _ • l ..i ..i 'J • 3 2 7 
0.15C 2.19'- C.15C :J,£.4~ 
O.'.OC o.zg~ ~.20J IJ.S36 

-----~o~......:::;:..0 : L13~ o, 2 20 J, 6J 7 
~ .~G'" -•'+-3-. r,3~c ~.639 
0.:!5':' J.379 0.350 'J.f~5 
o.~~o 0.6?1 'J.~oo a.119 
0 .450 J.7;g ------~,__.+?() _ '),732 ____ 
G• SC 2 ~ • 7 5 3 C• 5 J : ~ ;r~-6 
::.55~ J,734 C.35'.} 0.732 
0.00".' n.3J3 G.ooo J.723 

-------'00 • -=i 5 0 -=--.:~F, 5 'J J • 7 rqJ • ·31 i ___________r · 
:--;fo '.1 G• .'~10 :: .? JC ~.6!'.l: 
o.""5C '.}.~:o o.7?: a.6fd 
0.'9GC C .7134 r.8CJO O.~U.6 
0. 85 Q .. G. 7 62 ___ 0 L~.5 .J Gi._Q?_i,______ 
o.g~o J.11s o.~oc 'J.535 
:: • g 5 : : • 7 ,; 5 r_· • g 3 J J • 5 6 8 
1.nc :J.672 1.Jo~ a.:!..1 

_____1 _~2 10 . J_t.3_31_ _._2_Q_lj 1. 4 3 3 
1.4:0 J.317 1.i+JG J.34: 
1.SC' S .?54 1.oJ: .J.2$1 
1. ~("(" J.1=J e :.sc o 1.1=?7 

----~- •• ~-R c" --- - - q_ •• ~ ;; ~- - - - ? t.J)]J_ "u_j_~_,7~---... __ , 2.ZjC 0.1~Q, 
2. 41JC r. j5:i ::. -.F ~. ':'?g
2.scr' '.:.~)? 2.bJ~ .1.""51 
2.90'" J.·p.... 2.a:G ~.ht.1 
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r t. ' 1J !\ r=·) CI I, J V= ~ '.3 US I H:- T o VCi L IFS 

· ·-· ····---- - - -·-- ----- ----------
rw=-iJ~ETICAL o::ri:rnI Gt: 

C;. u c ~.J 2C 0.11 J ~.~:: 
:.2 C· i ~ • ·} 1 '\ r: • 2 J f 2• 1 2 2 
~ 1,.. r 
.._ . ~ . . ~ .1 :; 4 C. 3J C :J. 4'::7 

. .. -- -- G• ~\I C --- ·--·-- J •.S.22__,_________,,---=tJ .C .1.. 7_~-'B,_____ 
0. 5~ c c. a21 0.sJC· o.s1g
c• 0 ~ c J.:i:i s C.60[ 0~??1 
::. • 7 >" 1.~'+" ~.? ·j .: o.gzz
o. 8 J r 1. n~ ~ r,aJ c ~.F~; 

0.9CO 
1. : ~ 0 
1. 1s ~ 

__ __1. 2[ (· 
1. 3C r 
1. <tC C 
1. 3[ c 
~ k 'I ( 

1. 7 c(' 
1. '30 c 
1. ?'.:: 
2 I uL' :. 
2. 1C c 
2. ~O C• 
2. ~ o c 
2. 4 r. " 
2. 5G C: 
2. c0 r, 
2. 7 '0 r::i 
2. 8~ :

~. g~c,~------;r~.~~;;.-r1~3'-_________..,?r.~j~0~____~Q~·~(ri?.....,._~___ 
3.)CO C.QIO :t.rrocC ~.OZG 

c.J2G ?.oJO o.c~1 
O. J ?!. 2.7J C J,(';:5c•Q1 0 2 • 8 J : ,, • r 2 ~ 
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Trace r Re s ponse Analysis, o.5 M2, At 3.4 6 L/ rnin,-. ........ 

Rotating Biological Contactor 

HYn~ AULIC CHA PA~T~~I Z ATI 0 ~ 

T:: ~ T E -T~ nJ J s r 1JG A P '1Ls::: r ·~Pu r o F ~ o 11 c. 11 IN:: \H ov c 

~:::Ar. T0 '\ 0 P:: PA T I 0 ~J Mm TC: ST C '.1 ND IT I 0 ~ l c::; 

------------~------

VO L U "1 ~ o~ ~ t: !\CTO? = 133.?JLTT~ ::s 
------~11 y D c;> ll LLLl'"'. L 0 Ao~ ~1 r, = . T-'~W. ·1~r_;3 • 4_fil,,_I_C.., ;:....CS"-'/~ ~!'------------

TH~n ~~r1cAL 1~T = 38.S R ~I~ 
DY:: INJ~CTIO~ = G.0030LTT~~~ 
CONr OF DYE AOJ~Q = C,233::+C7PP~ 
rw ::_.L ! A. :~_"5__v? l.JJ.tl ;_.= ~ • 4 ~ o or.. - _ _____________ __~ ~ _ 

___TE s T ~ ::: s IJ LT 3 Cl '.W c.--'-_,__,._C U_,,. t-' "'-'o V_ L U ~.=______ __ _ ______A L "'--=L-'- T~:: "--_,_ A;..,,:....>~F s _ _ 

0 Y:: _°-.: ~ K___I I _r1::__ __=__2 2_• '.l- ~~il.~ 


D E CI K /TH~O~ DET = J.570 


p cR ~Y ~ ~::r, o v :: Pv = 71.9S7r+ 

Fr • S T AG"IA "l T l 8 N :;: = 8 . (o 3) 


____CST i;. _ s ___J N__S_E~__r_::_s_ u_s I_N_G_I.H~_J_R::J_ I_C _A L . p ::s '-- = __2 ·-~ 3_ 
csr 0 s IN s::~r::s ~SING M~A~ or:: RES. = 2.6~ 
O/UL l/AL 11:: USHJG THEO RETICAL o:: s r o ::1~ c: = G,2?9C::+J;;
n/UL VALU :: USING ~::AN DY E ~~ S IO E NC :: = G.13 5 6E+JC 
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.:_ X P : .-:i I '-1 ~ N T LI L P :: ~U L T S CI C 0 V t:" o S lJ S THt T r... 

TH C: TA c !'.': 0 

Q • Q7 0 J • ,, _~ 
D.1S E: 1).11 ::' 
G,2P ~.~ f ~ 
."J .311 ~ .4:s 
J • 3 8 g Q. 52 4 
o .:.. 6 7 o.:;7 ~ 

_ ____ Q__0_t.~!+_ ________ _ _ J • 3 c ~ 

8 .f22 C:.s c: c 
'J .7 1.: : ~ .5E: F: 
J .77P. ';,5?:.+ 

- __GI 8S: ·- ·-- - ·----- .'.:..L~.f:>'.___ 
:l.'333 G.44! 
1.. C!.1 O. 4C 2 
:. ?89 :. '16 ': 
i.166 "l,3!8 
1.2 :.. L 0e2 5 C:: 
!..~ 22 'J , ?SS 
:..4': 0 C.2 29 
.!..4 7 7 . ..., .___ ___ _ ...:.2 .c ~ - - ---
1.53 5 ~.l f? 
1. ~ r~ J.!. f-F. 
1.711 J.1 ~3 
1 I 7 >i :i ........1.__~--:3 S
1. J3F- 6 ~ .1 2 2 
1.944 J.1.! C z. ~ 22 J. ~'?0 
~. 0 9 9 ---·___ _ 0 • 0 3 G 
2 , 1.77 ~ .O F :. 
2.255 ~, 11 7L 
2.3 ·p :. QE.7 
? C::Q'.' ., 1l0 
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TH~0°~TICAL O~ T ~N TI ON 

TH : T A TY : T A 
- --···-- - ---------

2.~ ·:c a.::: o .JJG J.CGG 
"1."S,. :.1'31 ~ - .0'3 : .;.c21 

--------;;·~f..rr• -------0-. v.--7---------___,r,...~-."""1"L;.,_.,.,..c----.... .-i ~"""':--~~ ~- :J~ ........ 
o.1sr o.i....... !:; .1s o 'J.13!.o. 
0 . 2'JC IJ . 53 ~ ri.2 1JQ J.296 
o.25r ". 6! 7 c .25( s .~<?9 
: • ~r:, r c . ~ 3 C: · -·· ~. 3 Qc·---,r. 4? 4-
0. 35C 0.6JS C.35C o.c;;7g 
J.~1c 'J.71<? 'J ... oc •J. 6 31 

______ ;:; • 45 l" ·~ • 7 :..,.2 _________ • G,__ _,Q,_.'----0.,7,..,._ ,.'J~-4....._,.5.... ___ r~~..,.___ 
-~- :-s cr ..~7,i:: : • J:....; c. 75 3 
0.55 0 C.7)? :.33G 0.794
o.f:a o o.7?3 ').010 o.a.03 
': . 65 : ~ .7 J9 G.650 0.1311
: • 7n ~ , • -, Ji - - ··--- -- --- - ·--;. ~ 7 ~ c ~ ~ · a·1 .j___ 
·) .75i 'J . 6:., g G.7 5G G .80 ~ 
a• .grr ::i.s:.. s o.aoo a.7?.:.. 
:. e s c c.n21 s.:3SCJ 0.1&2 

------~---;-g~ ,. .- . ? ; c:; _. • E : • 73 ? 

J.gsc c.sse :.gss a.1os 
1.:J O G.541 1.JOCJ O.IS72 
1.2oc o .~, 5 1.20 0 ~.s3_1___
1. 4C c J . 3 :.1 ··--- - -- ---·- - - i ·; --.o n :.:--3~ 

1. s~: G. 2 '.)1 1.6Ji: . 'J.2 8 4 
1. 8(1 ".' G.1 37 1.8JO 0.1=38 
2.0GO 0.1:.7 2 .0JC 0.134 



D-16 Table D-3 Cont'd 

T f·Eo~::TICAL o::r:::~ITIO~J 



____ _ 

Table D-4 D-17 

Tracer Re s ponse Anal y sis, 2. 0 M, At 37.2 L/ min. 

=?.J-T ATitJG_ JIOLOG ICAL :oNT ACT Q ; :.._ _____________~--

YY D~A UL IC CHAPA C T~~IZAT IO : ~ 

TEST ~::T~J) JSING A ~ULSE IN~ur OF ROJAMIN: HT av:: 

REACTOR OPERATION ANO T~ST CONuITION S 

---·- ---------- - -·· - ---- -- -- - ----

- ---- - v o L-j 11 :: -D F-~ ::-A e-rOR--:-:3 4 o-£-.4-D t -r-r-R=:- s---
HYD RAuLr: LQAOING = 37.20Lif~~S/~I N 
TH::o~::TICAL DET = 93.24~I~ 

-----~;-y:. I "J ~-CTTIN = G• [ 0 13.-l-.,.r--rr...,..Rr-::..-rs~-----------
CDN: JF OtE ADO:o = o.23 8:: +03~~8 

___[) Y_::__J__J A~J< -- V. OLU!1C..-=..- 55-• 77 P P. 3_- - 

·- - - - ·-·----- - - - - 
TEST ~::SULTS A~ D :AL~ULAT EU VALU~S 

~=~___,z~_;)_l_1-L'l-_ ____ ___------4J Y-~f>-EAK-T.IJ1 _:: __ 
PEA<IT •-EO=?. o:::T = o.73~ 

------~-K--ttE-A t<t-OY--E--Rf-S - a• 7 2~l------------'---
~ E A~ JYE RESID ENCE = 1~ 2 .0 0MI ~ 
PS~ DY~ ~ECOVE~Y = 91.973~ 
FR, STA~N~NT ZON:. = -u.Cg4 

-----~c~~s+r~R~s I-'i-S.~I~S-1.N.G-JJj~flRSLLCAL..-.R~.__.;_-__...~~·~8+~---
CST~ s IN s ::~ r ::s USING HEAN DYE PES. = 3. (4
D/UL ~A LU: JSING TH EOR:: TICAL ~ ESIDE N:~ = C,83 35E -~: 

_____ _,..-f~::-V-A ':""U~ S--I"'.'1G--:1~ -!'1--:l 'l' -f-':{~lD ~NC _: -- -----+--(-, ~-2-r=T+:--

http:13.-l-.,.r--rr...,..Rr


D-18Table D-4 Cont'd 

EX~~RI~~NTnL RESULTS C/CO ~~osus THET n 

THETA 


c.064 J. cC:

c • 12 ~ 2 • :] ·c : 


- ----v-.-1-8 ~ ------------~ •. c. 0 2- - -- - --
0. z: 7 s.1£..5 

G.322 	 J.2t.. f 

-- - - -- - fr .--3 8 6 ------- -.-3 4 t\ - - - - - 
;~. 45~ 	 :.4::: 
0 51c 	 J.437

----~~9----------'ow-:-.~S~E~3~-----
J. o<.+ 4 	 J. 61 5 _ _ ,_..7.t. e. -	 r: .. 5-!..- ---
J. 772 	 J.673 
0.837 	 0.S75 

-----tt.-9Q1---------'.)~ti;;._,-----

0. 96S 	 J.646 
1.03:, 	 :i.b25 
i.094 	 ~.od 
1.15~ 'J.575 

- ----r',.....-2 2~ -:.-5-4&----
1. 287 	 a.513 
1. ~51 2 • .,.g4

-----1--. -nq-+-1·c, •-~·t..-r-----

1. 480 	 J.416 

1-------,1~'l-'+------------C-.-3P+-S'-----
1.6C9 	 :.3?6 
1.673 	 :::.327 

- - -----.73 	 -•3C--j 
1. go2 J. ~73 
1.as~ :.24~ 
~.331 	 :.22~ 
2. 11..: 	 J. 1S9 

-	 - ----2.........3(, c --- J. : 2 ;__ . --- - - 
~. 574 J.Qt4 
2.789 :.CJ3C 

- - --3.-c-n. 5 	 -')--- ~ 2 2 --- -----



D-19 Table D-4 Cont'd 

CALCULAT':J C/CO vc:~su s TH::TA VALlJ~3 
------------~----'-F-=- CST q TN SE~ I .:. 110 f) ~ L0 P -S 

-- - --TH~ 0 ~ e: T I C AL -- 0~T~ NT I 0 :-.! - - - -- - ---- ACTUAL-- OE:T':~HIO'I 

TRc. TA C/CO TR:.TA 

C.JO'J O.OJO 0,000 0.000 - -- --n -.---IJ s o-----o~-:l 1 - - - -------- - - ---------D-;--U s :J -----{J -.-r: G4----
il . 1c: J.:38 G.1J2 G.C2 J 
G .15~ :.Q31 c.15L Q.G7~ 

-----.:J.--t----x-<'.'.lJL J . -07 7 r.-2 J ( 'J • f :' J 
iJ.250 0.1~6 G.2:JO J,245 

----D~• - -il--.-Z-3 S--- - ---J- ---.--3C C 0 . ,3~ C --- .--3--41
2 . 35( ~.3:+0 ~.35( J.451 
u.40u 0.431 C.Lt 'Vi J.53.!. o. 45 e a---.---s--,:,--3 ~so o-;-64 3---- 
n. 5 oc G.060 C.5QG J.722 
J.550 ~.762 ;.550 '.:.787 
0.;.:c w.a:+o o.oJC ;.i .133S 
o .65(1 o. g ..:1 c • .:i5o j.87J 

-- - - ---0. 7J-O-------J-. ~44_ _ _ ______ ______(;. 7 _Jc -- c•.f 3 r;, _ --
J . 75 C 0.96g 'J.75C Q,P:; <:i 
u.80: c.977 c.aoc 0 .8:;0------o-.-w-a~sn -e. g7D .-s-s-f-------0 -.----Bf~---
o. 9o c ~.g:.g c.~oo c.83 .J 
G• 9 5 G Q• 31 8 C. 9 S j J • 8,""""1---"8'-----
1. ~~C S.877 1.'J)C !--:fg1 

1.2GC 0.669 1.2JG O.E-~7 


---1-·~oo 3 ...._s& - -------- 1 ... ....ou -- ____n .... 33_ _ _ _ 

1.IJO G 'J.;266 1.6G: J.23: 

1.acc a.1".>9 1 • .1J c J.19G 


_ _ __,.,'-.--JG c ---~--. '}-g5----------- -- -----2-.'JD :; ----:--.-1~----

2. 20 C J.c51 2.2oc J.G; !3 
2.4Jf• 0.027 2.t+JC 'J.Gi.: 

-----;~---·"--ao- c ~T- ---:-;-r: J. c2·___;,----
2 . a~: j,: : 7 2.a~c ::?.c1 3 


____J_.-J G-t!-----iJ-...JJ..:_1 ---- -.4_;:_____.,;_~•'--------

3. 20 C O.OJ2 3.2 QL J.CJ:.. 

3.4'.:IC G.GG1 3.-.J~ C.Cj2 


------'1 .-60 '-----...; -;~] ';-:-- 3 .-- 6--:. ~------:--.-·:::~----
3. 8 ':. ( G. J J ~ ~.8JC 0.0~1 


--~-~~.ooc a.Jee 4.JJG o.GJu~-~-
• 20 r J~o o 4. "2 irc;---j-:- ;:r : 



D-20 Table D-4 Cont' d 

CA_CULAT::J C/C U v::Ksu s TH:TA VALU~S 
FO~ -- DI SP ::::RSIOtJ -'1JO ~L - ---- ------- -

---·-- - -- ------- ---- · ---- ---- --- ---- - - -- - ------

At: TU AL 0::: TE ~H ~!_O_'J______ 

------ -- 0 . - D t -- -- -- J-. -C-] [L - ---'.J;-10 0 ---- - - -C-.-.n 0 J - ---
0. 20 C Q.uiJ1 o.2J= J.OJ7 

C .3CC c.u41 C .3JC u.!.27 
---------c .-4'.l e------e-.-2i+s- -- ~--- -- - - J.-~-2 7- ---0--.-.+ -H

a. sG r. G.5'.36 0.5JC Q.739 
___,,0~._..oar 0.931 o.:,oc a.957 

::i.7oG i.113 o.7c::i 1.06~
J.3rc 1.155 G.~:c 1.ro3 

--~-.-90.(; ---- 1+1-2--3 ________,r _•--~ -;:;~--- --J-97-0-----
1. J J Q 'J.994 1.00G 0.8?'3 

1.1JC G.839 1.100 J.731 


-------r-;.~t r---- - - J ;-o :J 4 ----- - ----- -- -.--20;} e.- 0J--r--- - 
1. 3c c J.5<+3 1.3JO S.436 

---. - --- - ----il-.-.io. 2 2 -- -----1+-*U-0----C• -L. 0 w--------1• --4.J 0 
1. ?G Q J.324 1.5J G !J .320 
l.5JO 0.245 1.6:JJ J .234 

-- -- - i • 7 ". (- - ;; • 1 ~ 4 - - - --- - - ----- - 1 -.- 7 -i ;; ~ -.--2 r--u --
1. 8~0 .J.137 1.BJO J.137 
i.goo 0.101 i.goG 0.121 
2.JOU J.074 2.GJu O.u3~ 
2.1 ::c o.cs5 2.1oc 0.074 
2. ?'J Q J~_.J_4J) 'JlO J, ":; B 
2.300 O.J29 2.3QG 0.0~5 
2.400 o.:;21 2.-+uC J.035 

--~2~ .-- ::: • 5 9 G 9 • :;--? 7---. -5 'H--------f:- J-!-5-
2. 6 G C J.J11 2.6JQ J.C'21 
2.7 '.H o.a!Jo 2.1ac n.010
2.aoc c.OJ5 ~ a.012z.s~
2.gcc J :i 14 2.'3u~ ~.• :.1 c 

___,.3__._._,i :• I' r : G?j 3 3 • ,; u r i z 

http:il-.-.io


D-21Ta ble D-5 

Tra c e r Re s ponse An a l y sis, 2. 0 M, At 100.6 L/ min. 

TRACER RESPONSE AN~LYSI S 
- - -------- ··- ---- -------

~OTATING 3IOLOGICAL CONTA~T0° 
HYDRAULIC CHARACT'.::~IZATIO t l 

- --· - - -- ·--··------------------

-- -------T~--ST-M~-THO'J-USTN~JLSE----'tNf>tH-OF~OOA11-I- N~-W-T-fTV~ ---

REACTO ~ oP=RATION AND TEST CONQITIO~S
--'---='--------------~ 

VO~U~E 8F R:ACTOR = 35~5.6 0 LIT~E S 
HY~RAULIC LOAD1NG = 100.56LITRES/~IN 

---------- - --T"H :-o~~ TI C-At- DE-T - - - 3 5 -;--2 6 MI'°' - ------- - -
0 YE I~JECTIJN = 0.lG13LITRES 
CONC OF DY= AOO~O = C.238;•03PPB 
DY~ I TAN< VOLUME - a3.91P 

TEST ~~SULTS 	 ANO :AL:ULATED VALUES 

GYE Pr..AK TIM:. 3C.;,QHI'I 
P:Al(/THEO~ DET = G.865 

- - -- - --- - -- . 

P~AK/MEAN DYE RES= a.7S2~I~ 
HEA~ DYE RESIDENCE = 4C.COHI~ 

------- -0ER -eYE-~ EC-0 VE RY---=-------91--.--3 51,.. ------- ------
FR. STAGNANT ZONE = -~.134 

CSTR s IN s~RIES USING TH:.ORtrICAL R~S. = 7.'1 
CSTR SIN SE~IES USING MEAN OYE RES. = 4.21 

_______ 	 _.., /_lJ L-.V--A L_lJ~-US-I-NG---IJ.i E--J-£?.~J..IC AL --~ ~S-I-D-E.N..._C-i..-E:-----_..._C.....~o 2~1~ 1
0 / Ul VA LU: USING H:AN OYE R:SIDENC: = 0.1J2SE•JG 



__ _ 

---

--

D-22 Table D-5 Cont'd 

EX ~ERI~ENTAL RESULTS C/CO V~PSUS TH~T6 

---------T-HE-T A c1:J - -·- ---- --· 

o.085 o.a:.r 
j.172 S.Q1C 

----~0-:-25S-------o-;0E1----

'.J. 340 0.1!:1
--U . 42 5 - 0. 334 ______ _ 

Q.511 0.45'+ 
C.596 G.546 
~•681 u.-02 2 --

0. 76 6 0.66~ 
0 851 0.6f9 
C,936 0.587'----
1. 021 0.668 

--·--- -·----- 1.-10 6 - 1). 643 - ----- -
1. 191 0.5G1 
1.276 o.553 

--i• "361-- ~-. -4<;;5 ·--- - - 
1. 446 0.44C 
1. 53 2 ~_ i_3 3_~ 

-----~1~.~6~1~7 Q,3b0 

04 -;-1-g 6

_ 
1.70? iJ.31 3 

.  ·--  1 • -7-8 7. 0 • 2 7 7 ----- -
1. 87 2 G, 2 4 5 
1,g57 0.221. 

------~-

2. 
. 

127 0 .173 

2. 212 - - ---------1-32----z. 297 '.l.131 
2 .382 Q,113 

------2.~6~- .u~?----
2 . 55 ~ c.cs c 
2 .83 6 G, 0 4 3 
3. 12C J.02'.:' 
3.~C3 Q,01~ 

·-------~ . -& 8 z _u_....n_..5__ 



--

D-23 Table D-5 Cont' d 

CALCULAT~D C/CO V~RSUS TH~TA ~ALU~S 
FJP CSTR I N SERicS ~on~L 

. __ _ __JHc ORE Tr: AL --D~ TE NT I 0 ~ -- ----A.CTUAL--D~T-ENTI.0'-J ____ -

- ·-------1-H =-1-A- - --<G1e-o,- --- -----<-H~-r-A· ·----c-1-co----

O.OOQ O.OOC 	 O,JJL J.C~~ 
__.....,0 ...050- 0--0.Cdl ...J5G .J}µ___ 


a.1'.lc c.0J1 0.100 o.c2~ 

o• 15 o 1J • orJ 5 n• 1 5 c :i • 1. 7 · ~ 


···- - - 0-.-20 O----- o .-)"1.8 	 ··--{' .- Z-.r)----~.--! 5-3---

0. 250 0.04'3 0.230 0.2+; 
O.:!O C 0.112 0,300 J,3t..7 

---~u-;j-5C 0.131 	 0.35J J .45!. 
0 • 40 c () •2 8 5 	 c• 4 0 c c• 5 31 

- .-----u.....Lt S.C 0 • '+ J .7 	 O... ;. 5 L - 0 •.£..t....--3-
0. 500 0.5:+0 0.50G 0.722 
u.ssc o.&74 o.ssc o.757 ------e .-6110---- - 0 .-c~o o- · 	 --- ~-.-t>u 0 ------u.e3 &·-
a. 65 o J.912 	 o.osc '.J ,87 iJ 
o.1co 1.uJ2 	 a.7uo o.89G 
S. 75G 1.J60 	 O. 75L 8. 8c;o ··. 
c: . ao0 :.1 r.g 	 ~ .a Jo J.83 :i j 

-	 -- - -0 • 85G --- - ---1......l-21..----------0~..83 0-- ....87.J.._ _ _ 
o.gao 1.110 o.9oc u.830 
0.95C l.G8~ 	 0.350 O.flt:3 

----+-~r-r 1.1)..--3 	 -.u-e r .., • r~e-+1---
i. 2J c c.76B 1.2uc o .6C7 

1.400 0.47 8 1.~0G 0.433 

1.600 0.262 1.6~C o.230 

1.% C u.LH L3>JC J .19 6 


·----2-o--OU IJ ------- il ...J.o 1 ---- - --------2 •-J 0 (, _ - -- --- -0 • -11 S . - --
2, 2JG o.o?.7 2.2uo a.o;e 

2.4JC O.J11 2,4QO 0 .04 ~ 
- - - -.=;z-. """5 u-r Q• GJ 4 2-.-6-U-~ • ~ 2 3 
2, 3G C G• G'.) 2 2 • 8 J C J . C1 3 
3.JCO Q.C~1 3 .~0J O.CJ7 
3.200 a.Joo 	 3.2JC :i.c:4 
3 • 40 (. 0 • : 2 ~ 	 3 • 4 .J :. 0 • cQ 2 

- ---..3....., """'6 G C. :J • :i :; C 3 --0 J':. 0~_:.__.•- - 
3, 8 CC o.oJ~ 3 .Bo o o .oc1 
4.00C Q,i]i)Q 1.:.,JuO O,GJu 

~oo-~-.-Tj-c 	 . JC ~ .... --



D-24 Table D-5 Cont' d 

CALCULAT::J. C/CO V~RSUS TH~TA VALUES 
FO~ ors~:~SIJN ~JO~L 

TH~ORETI:AL OET~NTION ACTUAL D::TENTIO>,J 

0.1GO G.O~G o.1JO o.ooJ o. 2Gt 
0.300 

n.oaa 
C.'.J07 

[• .2J O 
J.3J2 

G.GG2 
0.'.:'72 

- --v· _._1.o.__C~l
0. 50 C 

--.-J.... -1-J.-2.------
0.333 

- _....._.._.,.;} u----..;~2.5----
C.3JO 0.67b 

J.600 
----......~ . 70-f-

0.5iJL+ 
-~1 

0.6JC 
· ·?~f-

J.9&4 
-.--tt-?---

Q. 8~ C 
o.CJoG 

~.313 
1.239 

0.8JC 
c.9ae 

1.129 
1.03i+ 

1.000 1.104 1.LlH o.923 
1.1CC 
1. 2) c 
1. 3J C 

0.972 
0 • 7 0-g 
0 .586 

l.1JG 
1--240 
1. 3JO 

0.7S,7 
~----
o. 522 

1. 400 J. 43~ 1 • .+00 o. 413 
----1:-;-St}C c. 3rt • tr~ o~-c-3---

1 • 6 ') G ~ • 2 2 1 1 • o.j D 1i • 2 3 C 

___,.i,,..+J.Q g • 1 - --7-U~-+3-----
1. 800 0.100 1.aoo 0.1~7 
1.9JG 0.17'2 1. 3JO 0.112 

·--2~1J~·<">----------">-.:r:H--~~8 ......_,---
2.1cr. :.833 2.1:.Jc ..;.co'+ 
2.200 O.J22 2.2'J'.J J.Olt8 



TABLE D-6 TRACER RE SPONSE ANAL YSIS GOMPU-'F-BR PR0 6 -RAM--- __ _ _ D- 2 ,,___- =-5 

C T~~ TWO CHIEF REFER~NC~S US tO FOR THI S PQOGRAH~E A~~ 


c 

C 1. LEVENSPIEL , CHEMICAL REACTIO~ ENGINEERING , CHAPT~P 9 

r. 
C 2. TI~PANY , VARIATIO~ I~ AXIAL HIXING IN AN AERATION 

,,,.--c - ---- - - ----r A-NK. ---,., A-STE-Rs-n1e-s-I-S-,--OE-Pi".--OF--crti:M--E11G.' HCl11r3"-f-t:R 
I C UNIVE~SITY , 1966. 
: c 
-- --c -- --- THE -- O/UL - v AL UE - F-OR -THE -OISP€-Rs-I-ON-1'100~L--r-S--s-otV-e-f}-Ev-tt-STNG-n-t~ 

c CJRRC:LATIOt-.S OF PEAK TIME VERSUS D/UL DEVELOPEQ BY TIHPANY. <PP 31 - 
c 

:--CST~ IN 3ERIE3 '.100Et I3 30LV~D B'f TAKI~G TH~ OE~IVATIV~ Of 
C EQUATION 9-35 IN LEVENSPIEL EQUATING THE R~SULT TO Z~RO AND 
C SOLVING FOR THE NUMBER OF EQUAL TANKS IN SERIES, J , IN TERMS 

·- c ------ -- cF THETA -. THE TA - I s - FOUNO - SY-0 IV !0-ING-THE-P-E:A~Y-E-r-r-tt-t:-ay--rriE'----

c THEORETICAL RESIDENCE TI~E. 
c 
c THE Cl~~PER3IO· ~ MODEL A~E 30LV~O Bt ITERATION 
c USING EQUATION 8 IN CHAPTER 2 OF TIMPANY. 
c 

THE-C7'CO-VAt-UES-F-OR-'f-H~-es-r~-R-t::-s----i10n-Et A~e SOLVE 0 USING 
C EQUATION 9-35 IN LEVENSPIEL FOR VARIOUS VALUES OF THETA. 
c 

DIMENSION CC5QQ) ,CUL (500) ,TANKS<5> 'AW<3l ,DULP(5) ,THETA c2,1ac) 
OIHE:NSION CC0<2,Hl0) ,UC5CO> ,AMU(5,500) .cococ5,500) ,CCI (100) 

-- ----o Ii'tE-NSI-0 N- TTB t-io 0-1,-r-s AR1-Z-t-,RAT-r-n-tSit1l r,ee-r-trt5-oiJtt'C TA ( 5 0 () , 

0 I ME NS I 0 N BL u:: (10 0 l 
DIMENSION CE<20G) 

c VOLT=TANK VOLUME IN LITRES VFL R=FLOW IN LIT~ES/HIN 
c T?EAK=PEAK TIME IN MINUTES OYIN=AHOUNT OF DYE IN LITRES 

OYCON=CONC-OF-OYE - 1N - PPB -- -----r.f=t111H1fEs-&-TWE-ffi DATtrM-s--
c N= NUMBER OF DATA PTS 
c C<I>=CONC OF DYE IN EFFLUENT PPB 

CO 545 IJKJ=1,3 
R:'.AD 1.VOLT,VFLR,TPEAK,OYIN,OYCON,OT 
PR IN T--1 -; V0 t-T; VFt:R, TP E Ai<tOY-IN ,-0-YCOO~T'----------------
REAO 2, N 
P~INT 2,N 

,______R~-~~~,~c~c"'-+-'cI~>~,-r--__._1-,~~~,--------------------------
PRINT 3, <C<I>,I=1,Nl 

; c 
1-c----p~RCi:'.Nr --oyE - RECOVERY--

1 c 
1 ~ ~iT= C<1l .. DT¥VFLR•10.•+(-ol 

00 100 I=2,N 
A~T=.5•CC<I>+CCI-1>>•DT•VFLR•10 ... •<-o> 

1---- - -- LUL = - r~1 ----- - ------ -------------- --- - ------------
! 

CUL<I> = CULCLULl+AHT 
100 CONTINUE 

-----~y-cu~•-{J'(!N• 10 .... 
P€R = CULCN)/OYE-¥100. 

c 

l 
-c 
C 

CALCULATION 
CALCULATION 

OF 
OF 

MEAN RESIOENcE- TIM::-oF-TH2-TOTAL-nY~EIRIEVEO 

PERCENT STAGNANT ZONE 
______ 

~-c________________ ------------------~ 




c 

Table D-6 Cont'd 
- D-26 -

T~AR<1l = VOLT/VFL R 
~NT = 1. 
I = 1 
ZONE = CUL (N)/2. 

\ 201 IF<CUL<U.GT.ZONE> GO TO 20G 
r~---__,..a :'ff-=-ANT-+-1. --- - - - - ---- -- --- - ---- -- 

1 I = I +1 
I GO T 0 20 1 
I 20 o T'3 AR< 2 >- - - .aNr•or---------
1 O~AD = <TBARC1>-TBAR<2>>1T8ARC1l 

c 

TP1 	 = TPEAK/TBA~lll 
--···------TP 2-=- TP EA I< /-T BAR-( 2 >------------------------

1 A NK S <1 ) = 1 • I <T P 1 • ( 1 • IT P 1 -1 • l > 

TANKS(2l = 1.!<TP2"'<1./TP2-1.» 

C T~UNCATE TC NEAREST WHOLE NUMBER OF TANKS 
c 

1---~W-11-l-=--'f A-NKS {-1;}--------------------------
AA = 1. 5 

2C3 IF CAW<1> .LT. AA> GO TO 202 
• 

GO T0 20 3 
202 AIH1l =AA - .5 

---- AW ·(-2-t -= - TANKS<2>-------------------------
AA = 1. 5 

2~5 IF<AWC2l,LT.AA) Go' TO 201+ 
.-----M,.---A-~-1 .-----------------------------

GO TO 205 

2 0 4 tW C2 l = AA - • 5 


O

- ···- c-- ---------------···-· --- -----------------------------
c CALCULATION OF TIHPANYtS PEAK TIME D/UL VAULES 

I C 
~~---;i)~~t:tott-P!.tT. ~.3l > GO TC 2fl 
F((TP1,GT.0.3>.AND.CTP1.LT.o.a» GO TO 207 

TO 20 & 
ULP<t>= .--2•<T?1........·<--1-o34>-1--------------------

! GO T 0 20 9 
207 OULP(1) = 4.027•(1Q,••(-2,o9•TP1)) 

208 P~INT 300 

IF<TP1.LE.0.03l GO TO 206 


---- -------- GO TO 207 ···- --- -· --·-- ----

20 9 	 CO NT INU~ 


IF<CTP2,GT.0.03>.ANO.CTP2.LE.0.3)) GO TO 21C 

t-------fr-F~(~(~T-P2.GT.e.3>.ANO. (f--f>-2-.+t~E-.~o~.~e~>~>~G~o,,__,TfiQF\--2~-~i~1------------

GO TO 213 
210 OLJLP(2l = .2•CTP2•.,<-1.34)) 

·-· - · ·- ·- ·-- --- -------------------------GO TO 21'4 
211 OULP<2> = '4.C27•(1C.+•(-2.C9•TP2)) 

, GO T 0 214 
~~rr-301\------------------------------

IF CT P 2 •LE. C• 0 3 > G0 T0 21 C 

GO TO 211 


- ····----- - ----- - - -------------214 	 CONTINUE 
c 

C CALCULATION OF C/CO VS TH~TA VALU~S FOR CSTR HOO~LS 


http:i)~~t:tott-P!.tT
http:IF<AWC2l,LT.AA


Table D- §___~_Q.D:L'_q_____ --··-- ----- D--2--7--- - -- - 

c o~~IVATIV~ AT PEAK ov~ CONC M~THOO us~ o 

c 
i;o 101 I=1, 2 

X= Afl <ll •""AW ( Il 

xx =!. • 


,. eB=i• ----- -·-
216 IFCAWC!l.EQ.EBl GO TO 215 


XX= Xx• <AW < I l - B 8 l 

------------- -ea=8s+1. · ·· - -·- ----- - 

Go TO 216 
215 	 FACT = XX 


TF1ETAC , - • 

00 102 J=2 ,21 

THETA(!,Jl = THETACI,J-11 + .03 


- --;;n-cco (1: ,-J )"'=---X"f'Xi(. Tr!ET Ali-,-Jl......°1--A:W°1 I) -1. ,~---A-;f (I) .. THE T Q(I' JI ) 
CO 1G3 J = 22, 3 7 
THE T A ( I , J l = THE TA <I , J -1 I +- • 2 

103 	CCOCI,J>- x1xx•THETACI,J>••tAHCI>-1.>•~X"P(-AHCIJ•TH:'.lQCI,J)) 

101 CONTINUE 
I C 
f- c CL-ACUL AT1: ON-0F- ACTUAt.-c-rco---v-AtUE--s---frt0M-r-x-P-£ftl1'1~+-t_..,O..,.A......T....A-----

I c 
I CNOT = DYI~•OYCON/VOLT 
~--------------------------------~ 

! DRAG ~ O. 
NN = 0 
a-tt-t+v -=J.,-30 

NN = NN + 3 

l"M = '1H + 1 


I 

C~AG = DRAG + 3•or 
e=:TA 01Hl= CRAG/T8AR<1l 

------i0 4- f f A ( -Mt•t-> -= ·-o RAGIT BAR ( 2 > - - - -- -------------------

1'1 = <N- 9Ql /10 + 29 
co 1 0 5 I = 31 • I H 

""~ MM + 1 

DRAG =DRAG + 10.•0T 

N '.~ = NN + 10I------- R~TIO<MM) '-=- C<NN)/CNor - ·--·· 

I 

I 8ETA<MM) = DRAG/TBAR<ll 
I £TA(MMl = DRAG/CNOT 

!O?Lo-NII·N....---------------------------------~

' c 
I C CALCULATION OF C/CO VALU ES VS THETA FOR O/UL H~ THOO 
:--- c -----·-· ... . -· .. --·------- - ----------- ----------

c 
~ = 	1 

AMU<M,Il =1.t+ 
U( Hl = . 5 /DULP<Hl 

-- 45 t'1UCM,I> = Al"UC'1,Il-•lJ 1: i ··--
F~ = 	 COS ( AM U < H, II ) I S I N ( A HU 01, I) l 
FR= 	 FR - AMU<M,!)•OULP(H)+ .25/(AMU(H, I >~ouLP(M)) 

..____ _,,	 0_ 	 Nr-R-~-S-,S 

50 AHU( M, I > = AMU(H,Il + .o : co1 
F~ = CO S CAM UC M,Il)/SIN <A MU CH,I)) 
FR= 	 F P. - AMU P1,I>• OU L P (t1) + -.- 2s r tAl1UC M;-IP· oucP1·111 
I F <FR l 5 5 , 5 0 , 5 0 

~~______~ u < M , I__ ______ - . o o c : o a 1ss ~_____ > =_A Mu <H , r i______
I 



Table D-6 Co nt'd D-28 

F~ = Cr:JS<AMU<'1,I))/Sit-.ICAMU<M,II> 

F~ = FP - AMUCH,I>•OULP(H) + .25/(AMU(H,Il•OULP(H)) 

IF !FR> 55, 55, 60 


60 	 I= I + 1. 

A~UCH,Il = AHU(H,1-11+3.1417 


- -- - - - - --- --- · · --- - ----- ~-- - -- -- --

- - --IF-U-.t E. 5-r-t-UO---TQ-4 5 - - - ----- 
H = H + 1 
IF<H.LE.2) GO TO !+ 0 

---- 00 · 8 0 ·M= 1 , 2 ----- ---- - ----·-··------ - - ----- ----

999 ZETA = 0. C 
CO 70 K=1,3C 
Z'.:TA - H~ • 
COC001,K) = a.o 
OJ 65 I=1,50 
A= 2 ef.}.Y. ·Ati u t-t' ;-rt-+-< u tM >-+-s-nt1-A11 tt1i1' I ' ' + At'1t:t-t-t1.,-I-r+e-t) s.(AH u( f'1, I) ) ) 
B=EXP(U(H)-((U(HJ•~2 + AMU(H,r>••2>1<2.o•U(H)))•ZETAl 
O=UCM)"'"''2 + 2.0•UCHI + AHUCM,I>•""? 

~~8 CE:<Il A""8/D 

COCO<~,Kl = COCO<M,Kl + CECii 


65 CONTINUE 

--t,-7- CONT INUE ---- - ----- --· 

70 CONTINUE 
80 CONT INU~ 

-e-----------------------------------~~~-

c P~INT INSTRUCTIONS ANO DATA PRES~NTATION FORMAT 

c 

--- -- PiHNT-- ·70 Q - - - ----- ----- ---------------------------

700 FORHAT<1H1,42X,24HTRACER R~SPONSE ANALYSIS///) 
PRINT 701 

761 FORt1AT<i.cox,~9H FLUIDIZED BED> 
P~INT 7Q2 

7t2 FORHAT!42X,26HHYDRAULIC CHARACTERIZATION///) 

- · -·· -- P~INT - 70 3 ---- - - ---- ·

703 FORMAT!30X,tTEST METHOD USING A PULSE INPUT OF RODAMI~E WT DYEt,/) 

PRINT 7C4 


704 FORl1AT<~3X,37HRHCTOR OPERATIOf~ ANO TEST Cl)Nf-FQHJ'-'1fHIHQ0ttfd-'~3~1+'+/+/+)--------

PR.INT 705,VOLT 

705 FORHATC31X,20HVOLUH~ OF REACTOR= ,F7.2,6HLITRES> 


- P~INT 7(16 ,-VFt-~ ·- - -- -
706 FORMATC31X,20HHYORAULIC LOADING = ,F7.2,10HLITRES/HIN> 


P~INT 707,TBARC11 

7 07 FURtt·AT C:3 1 X , Z-Oi"tfHfi}R~4'-1 CA t 0 ET - , F 7 • 2 , 3 H#ffi ) 


PRINT 708,0YIN 

708 FORHATC31X,20HDY~ INJECTION = ,F7.4,6HLITR~S> 


--- ------- PRINT 70 9, OYCON - -------- --
70 g FORHATC31X,20HCO~C OF DYE ADDED= ,E10.3,3HPPB> 


PRINT 710,CNOT 

--'fti)-f'-C"RMAT<31X ,Z-Cttflv-f' I TANl{-1ttt1jME - ,P~i>P-S,/// 


P~INT 711 

711 FORMATC23X,34HTEST RESULTS ANO CALCULATED VALUES,///) 


P~ INT 71 2, lPE AK · - ---- ----- -----· ---------- - 
712 FQRHATC31X,2CHDYE P~AK TI ME = ,F7.2,3H~IN) 

PRINT 71 3,TP1 
--?'-t-3-f'OR H-AT-n i-x~20HPe-AK/THEDR-O~T - ,F-?-o3f-)--------------

P~ I N T 71 4,lP 2 

714 FORHAT<31X,20HPEAK/HEAN DYE RES = ,F7.3,3H~INl 


PRINT 715,TBARC2) - ·--- -------------------------- 
715 FORMATC31X,tHEAN DYE RESIDENCE =t,F7.2,tHINt) 


P~I N T 716,PE R 




I 

____Tat_i ;J., ~- D-G_CQDt 'd_____ _ __...,D_-_..._2 9 _ _ _ 

( 716 FORHATC31X,2~HPEP DYE RECOVEQY = ,F7.3,1H~l 
PRINT 717,0EAD 

717 F1RMAT<31X,20HFR. STAGNANT ZONE = ,F7.3,/l 
P~INT 718,TANKS(il 

718 FORMAT<31X,42HCSTR S IN SE~IES USING TH~O~ETICAL ~ES. = ,F7.2l 
~IN-T-'rti tf ANI(S tc) -- -·· 

719 FORMAT<31X,42HCSTR S IN SERIES USING HEAN DYE RES. = ,F?.2> 
PRINT 720,CULP(i) 

72 Q-FORH A·Tf-31X·-;42H O/UL-V ALUE-t.JSI"""NG-f-HE-0 RE-T-ICAt-RE-sffiEi'tCJE: , El 1 • t+: r--
P~ INT 721,0ULPC2> 

721 FORMATC31X,42HO/UL VALUE USING HEAN DYE ~~SIDENCE = ,E11.4) 

722 FORHAT<31X,38HEXPERIMENTAL RESULTS C/CO VERSUS TH~TA,/////) 
P~INT 723 

72 3-FO RM-AT t1·4 X95"H T HETA~"""5-X-,4HC7C-O,..-Tt7>----------------

PR INT 724, CBETACll ,RATIO CI) ,I=1,MM) 
724 FORHATC15X,F5.3,15X,F5.3l 

725 FORHATC31X,35HCALCULATED G/CO VERSUS THETA VALUES> 
PRINT 726 

~-~12 6-f"ORM Ar-f-3 ·7x-,2~ttFO R-e3TR~~-OOEC-+t-,-,.,..-,.,... ...,.,-#f-#/-+)-----------

P~ INT 727 
727 FORHATC12X,tTHEORETICAL DETENSION ACTUAL OETENSIONt,//l 

728 FORHAT<15X,5HTHETA,6X~4HC/C0,15X,5HTHETA,&X,4HC/CO,//I} 
PRINT 729, <THETA (1,J),CC0(1,J) ,THETA(2,J) ,ccoc2,J> ,J=l,37> 

1-Z-<3-f"ORH-A r -1J: sx·7F 5.-3 tti x ,-F-s-93,-rs-x--,-f"""5.-3-,t5-x,F~ 

PRINT 725 
PRINT 730 

FtfttR DI3PER3IOt~ '100Et,///ll 
P~INT 727 
EL UE ( 1 l = • 1 

- ---- -  00 - 7-31 · K=2 , 3 0 ·· · --·-··- --

eL U E <Kl = 8 LUE <K-1 > + • 1 
731 CONTINUE 
~-,rn ttt E" t1<1.,-e-oe-o-t 1 ' K ) ' BLu rti("t-,-e-oe-o-t-z ' K ) ' K-1 ' 3 e ) 

1 FORHAT<4F10.4,E1G.2,F10.4) 
2 FORMAT<I10l 

- - - - 3 - fORMAT C2X 9· ~F10 • 3 > -- -···-- ------------ ·- ·----

300 FORMiH<10X,44HP C: AK TIME OUTSIDE LIMIT FO~ O/UL CALCULATION>· 
545 CONTINUE ' 

END 
FINISr---$ X 9 LG 0 ·-- ····- - - - - · -- --- --- ·-- --- ------------ ·- ------ - - ·-· - - - 

. ...L - ---- 
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APPENDIX E 

ABBREVIATIONS AND SYMBOLS 


Abbreviations and symbols appearing in this report are 

defined within the text, with the exception of those used in 

Appendix A, 11 Data Listing 11 • These are defined below: 

Amb . AIR - ambient air 

ALK - alkalinity 

DO - dissolved oxygen 

DW - flow of dilution water in L/ m 

EFC 0807 - effluent composite sample from 

0800 hours to 0700 hours 

EFG 1200 - effluent grab sample taken at 

1200 hours 

INT. AIR internal air i.e. air within 

the hood enclosing the RBC 

RF - flow of raw feed in L/ m 

RFC 0807 - raw feed composite sample 

taken between 0800 hours and 

0700 hours 

RFG 1200 - raw feed grab sample taken at 

1200 hours 

STG - RBC stage 

SS - suspended solids 

vss - volatile suspended solids 

30 min settle - 30 minute settling test in 

1 litre graduated cylinder 
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