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CHAPTER I 

INTRODUCTION 

Frito Lay Inc. is situated at the northwest corner of 

34th street and Avenue A in Lubbock, Texas. This industrial 

facility is involved in the manufacture and regional 

distribution of a variety of food products (corn chips, potato 

chips, and so forth) . The wastewater generated by the 

manufacturing processes contains high levels of BOD 

(biochemical oxygen demand) and suspended solids. The 

effluent loadings of the plant exceed the pretreatment 

requirements issued by the City of Lubbock. This results in 

the payment of a large monthly surcharge to the Lubbock 

Municipal Wastewater Authority as a penalty for not meeting 

the city's wastewater acceptance standards. 

Frito Lay's 1990 bill for wastewater treatment (this 

including the surcharge) was $274,369. High levels of BOD and 

suspended solids contained in the plant's effluent accounted 

for this figure. Concentrations of contaminants in industrial 

effluent wastewaters are limited by the City of Lubbock's 

Ordinance Code and are stated as follows: 

Sec. 28-124. Preliminary treatment facilit.ies - when 
required. 
Users shall provide necessary wastewater treatment as 
required to comply with this Ordinance and shall achieve 
compliance with all Federal Categorical Pretreatment 
Standards within the time limitations as specified by the 
Federal Pretreatment Regulations. Preliminary 
Pretreatment facilities may be required when: 
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(a) The admission into the public sewers of any waters or 
wastes: 

{1) Have a five (5) day biochemical oxygen demand 
greater than two hundred fifty (250) mg/L; or 

(2) Contain more than two hundred fifty (250) mg/L of 
suspended solids or, 

(3) Contain any quantity of substances having the 
characteristics described in Division II of this 
Ordinance; or 

(4) Have an average daily flow greater than two (2) 
percent of the average daily flow of the City; or 

(5) Shall be subject to review and approval of the 
Director of Water Utilities. 

(b) Where necessary, in the opinion of the Director of 
Water Utilities, the Owner shall provide, at his 
expense, such preliminary treatment as may be 
necessary to: 

(1) Reduce the biochemical oxygen demand to two 
hundred fifty (250) mg/L and the suspended solids 
to two hundred fifty (250) mg/L; or 

(2) Reduce objectionable characteristics or 
constituents to within the maximum limits provided 
for in Division III General Regulations of this 
Ordinance; or 

(3) Control the quantities and rates of discharge of 
such waters or wastes. 

Plans and operating procedures will in no way relieve the 
User from the responsibility of modifying the facility as 
necessary to produce an effluent acceptable to City under 
the provisions of this Ordinance. Any subsequent changes 
in the pretreatment facilities or method of operation 
shall be reported to and be acceptable to the User's 
initiation of the changes. 

The City's policy for monitoring industrial wastewater 

facilities can be understood from a reading of its ordinance 

regarding wastewater regulations. This is as follows: 

Sec 28-131. Monitoring facilities 

2 



The City shall require to be provided and operated at the 
User's own expense, monitoring facilities to allow 
inspection, sampling, and flow measurement of the 
building sewer andjor internal drainage systems. The 
monitoring facility should normally be situated on the 
User's premises, but the city may, when such a location 
would be impractical or cause undue hardship on the User, 
allow the facility to be constructed in the public 
street, alley, or sidewalk area and located so that it 
will not be obstructed by landscaping or parked vehicles. 

There shall be ample room in or near such sampling 
manhole facility to allow accurate sampling and 
preparation of samples for analysis. The facility, 
sampling and measuring equipment shall be maintained at 
all times in a safe and proper operating condition at the 
expense of the User. 

Whether constructed on public or private property, the 
sampling and monitoring facilities shall be provided in 
accordance with the City's requirements and all 
applicable local construction standards and 
specifications. Construction shall be completed within 
90 days following official notice by the City. 

The City monitors industrial plant's wastewater by taking 

grab samples at the end of each sewer line every month. The 

City's surcharge payments result from the requirement 

industrial facilities be charged for the amounts of pollutants 

that they generate. The mass of pollutants emitted by the 

plant (based on measured flow rates and analysis of wastewater 

samples) are multiplied by a fee set by the city for each unit 

of pollutant generated to determine the monthly surcharge. 

The method by which the fee is determined is given by the 

following section of the municipal ordinance: 

Surcharge {$)= [A(B-C) X D X E] 
A = Flow in million of gallons 
B = Grease, BOD, or TSS concentration in mg/L (ppm) 
c = Grease, BOD, or TSS ordinance limit in mg/L 

{ppm) 
D = (8.34) pounds per gallon of water 
E = Cost per pound 
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The charge for treating BOD is $ 0.1076/lb and grease is 
$0.0918/lb. 

Analysis of wastewater samples by the author in February 

1991 resulted in average readings of BODS and suspended solids 

of 350 mg/L and 6000 mg/L, ·respectively. These values clearly 

exceed the limits set forth in Sec. 28-124 of the city's 

ordinance. At this time, the Frito Lay plant does not have a 

pretreatment facility. 

The primary objective of this study was to identify a 

wastewater treatment procedure to reduce the strength of Frito 

Lay's effluent wastewater which could eliminate the surcharge 

paid by the plant. To accomplish the primary objective the 

following secondary objectives had to be realized: 

1. Characterize the wastewaters generated in plant 

operations, and 

2. To perform a preliminary economic analysis of 

alternative methods that could be utilized to treat 

wastewaters generated in plant operations. 

To accomplish the study objectives, the plant facilities 

and operations were examined. The site plan for the Lubbock 

Frito Lay plant and the plan of the processing and packaging 

profile of the facility is shown in Figures 1.1 and 1.2. The 

plant site is surrounded by the following boundaries: south by 

34th street, west by avenue B, north by private property, and 

east by avenue A. 
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At present, two manufacturing operations are conducted at 

the plant. Potato chips are made from potatoes shipped to the 

plant from growing areas in the region. Corn bought from 

growers in West Texas is made into corn chips. The corn unit 

is located in the north end of the building, whereas the 

potato unit is located in the south end. Potable water 

obtained from the Lubbock's municipal water system is softened 

before use in the plant. The effluent is discharged to the 

municipal sewer line. In the potato product manufacturing 

process, the skins from the potatoes are peeled off and the 

potatoes are washed. The potatoes are then cut into small 

p1.eces and washed again. This process results 1.n large 

amounts of suspended solids and BODS (Biochemical Oxygen 

Demand) in the wash water. Similarly in the corn unit, the 

corn is washed and cleaned before processing. The processing 

includes passing the corn into a alkali bath. A line sketch of 

the potato and corn processing units and the sampling 

locations are shown in Figure 1.2. The wash water from the 

corn and the potato units is passed separately to the 

municipal sewer line on Avenue A (Texas State Highway 87). 

Figure 1.1 shows the utility layout at the plant site. 

Information on character, volume, and so forth of wastes 

generated at a industrial facility is important in planning 

and operating wastewater treatment processes. Mr. Randy 

Rally, the plant engineer, was contacted for preliminary 
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information. Preliminary information obtained from the 

engineer is presented in Appendix I. 

Characterization studies consisted of analyzing 

wastewater samples collected at different process points in 

the plant {Figure 1.2). All laboratory analyses were 

performed in the Environmental Science Laboratory, Department 

of Civil Engineering, Texas Tech University. Procedures 

given in Standard Methods ( 19) were used to exam1ne the 

wastewater quality. The samples were preserved before 

laboratory testing following the recommendations given by EPA 

(Environmental Protection Agency) as shown in Table 1.1 (3). 

The aerobic biological treatability of the waste was 

determined by the use of bench scale units. Using the data 

obtained in sample analysis and information generated in the 

bench scale studies, alternative methods of treating the 

wastewater were generated. Costs involved for wastewater 

treatment in each alternative were calculated and compared. 
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TABLE 1.1. RECOMMENDATIONS FOR PRESERVATION OF SAMPLES 
ACCORDING TO MEASUREMENT {2) 

MEASUREMENT VOLUME CONTAINER PRESERVATIVE AND 
HOLDING TIME 

REQUIRED (mL) 

Alkalinity 100 Glass, Cool 4°C, 24 hrs 
Plastic 

BOD 1000 Glass, Cool 4°C, 6 hrs 
Plastic 

COD 50 Glass, ph < 2, 7 days 
Plastic 

pH 25 Glass, Cool 4°C, 6 hrs 
Plastic 

Suspended 100 Glass, Cool 4°C, 7 days 
solids Plastic 
Total 

volatile 
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CHAPTER II 

LITERATURE REVIEW 

Introduction 

Unlike municipal wastewaters, industrial wastewaters 

generated in production processes usually contain a smaller 

variety of pollutants but those that are present are found in 

larger amounts. The pollutants found in an industrial 

wastewater are characteristic of the products which are 

produced. This situation poses difficulties as well as 

opportunities. In some instances, larger concentrations of 

fewer products enhance product recovery activities since the 

number of contaminants in the mixture are reduced. However, 

in other industrial waste situations where biological 

treatment processes are utilized, the reduction in types of 

wastewater constituents may be such that nutrient requirements 

for microorganisms are limited. Additionally, a variety of 

wastewater constituents will support a greater variety of 

microbiological species. The greater number of species will 

generally insure better treatment, which may be enhanced by 

reducing the number of contaminants found in the mixture. 

Constituents found in industrial wastewaters and their 

impacts on the environment are shown in Table 2.1. Industrial 

wastewater treatment is required primarily because of 

government regulations which require treatment of industrial 

wastewaters to prevent or mitigate impacts on the environment. 
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Treatment because of regulatory requirements can be 

categorized by the following reasons (3): 

1. Reduction of existing pollution. Partial or complete 

treatment may be required for industries which 

discharge to a particular stream or wastewater 

collection system. 

2. Plant expansion or production increase. Increases in 

production resulting in higher pollution loads 

require additional or expanded waste treatment. In 

some case permits to expand production facilities 

must be accompanied by plans for increased waste

treatment capacity. 

3. New plant location. It is common to consider waste

treatment requirements as one of the factors which 

govern selection of the plant site. 

Industrial wastewater treatment can also be utilized to 

benefit the industry. One reason may be to enhance the 

corporation's image to the consuming public. This attracts 

consumers who purchase from environmentally good citizens. 

Two other benefits are as follows (3): 

1. Water reuse. Industrial expansion on major and minor 

watercourses, with accompanying increases in demand 

for process and cooling water, has sometimes resulted 

in production limitation during periods of low stream 

flow. Treatment of some or all of the waste may be 

essential to provide needed process water. 
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2. Product recovery. The ideal solution to a waste

treatment problem is by-product recovery which either 

offsets the costs of waste-treatment or results in a 

profit. 

The unit operations and unit processes utilized for the 

treatment of industrial wastewaters are the same as those used 

in municipal treatment. Some modifications may be required 

because of the unique characteristics of industrial 

wastewaters. Physical unit operations include screening, 

mixing, flocculation, sedimentation, flotation, and 

filtration. Precipitation, gas transfer, adsorption, and 

disinfection are the most common examples of chemical unit 

processes used in industrial wastewater treatment. The 

biological treatment processes include the activated sludge 

process, aerated lagoons, trickling filters, and stabilization 

ponds ( 4) . Bench scale studies are generally required to 

develop information on the biological treatability of the 

industrial wastewaters. 

In some instances, all three categories may be required. 

In others, one or two methods may be integrated into a 

practical and economical plant to achieve the desired result. 

The final selection of the unit operations and unit processes 

will depend upon economics, available land area, and the 

degree of treatment required. 
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Treatment of Potato and Corn Wastes 

Rotating Biological Contactors (RBC) are designed on the 

data obtained from pilot plant studies. Studies made by 

Cocharane and Dostal on a pilot plant for treatment of potato 

wastes proved to be efficient (17). However effluent Chemical 

Oxygen Demand (COD) and suspended solids concentrations were 

higher than acceptable for discharge. There were no odors 

from the RBC units; but during secondary clarification, 

offensive odors were observed as a result of anaerobic 

conditions. Another problem was the excessive growth of slime 

on the RBC mesia which caused stoppages in lines and baffle 

openings. Microscopic examination of the mixed liquor and 

disc slime showed high trophic levels of organisms. However, 

the structural components of the biomass were mostly 

filamentatious bacteria and fungi. The disc material was 

polystyrene and five discs were used for six stages. The 

speed of rotation of the disc unit was 10 revolutions per 

minute. 

The waste treatment division of the Claw Corporation 

recommends the use of RBC process for potato and corn wastes 

(22). The soluble BOD loadings suggested are 1 to 2.75 pounds 

of soluble BOD per 1000 square feet per day. Temperature 

correction factors are used to find the surface area required. 

Claw has installed RBC's for industrial wastewater 

pretreatment plants all over the United States. However, no 

details of waste being treated are mentioned in the catalog. 
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Preliminary treatment of wastewater from corn and potato 

processing plants with high BOD and suspended solids in a 

digester system or an activated sludge basin is recommended 

{21). Spray irrigation, biological filters, and treatment in 

activated sludge basins, or oxidation ditches, can be used as 

biological methods. Vibrating screens, sedimentation basins, 

and centrifuges are physical methods that can be used. 

Carbohydrate based and corn wastewaters have been treated 

with appreciable success on trickling filters. Both primary 

and secondary methods of treatment are required for wastes 

with high BOD and suspended solids concentrations. Few 

specific cases of potato and corn wastes treatment are found 

in literature. The following paragraphs relate to design 

factors that are to be considered for the activated sludge 

process, trickling filters, and RBC's. The activated sludge 

process belongs to the suspended growth systems category 

whereas trickling filters and RBC's belong to attached growth 

systems (6). 

A typical 

Activated Sludge Process 

activated sludge process consists of 

preliminary treatment, preliminary or primary sedimentation, 

aeration tanks or basins, and final settling tanks. These are 

described as follows. 
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Preliminary Treatment 

This system consists of screening or comminuting the 

coarse material and removal of grit. Settling tanks of 

rectangular or circular shape should be provided for 

preliminary sedimentation. They should be designed to provide 

a surface settling rate in the area of 800 gallons per square 

foot per day and a detention period of 1.5 to 2 hours. Weir 

flow rates should not exceed 10,000 gallons per linear foot 

per day. Removal of 30 to 35 percent of the raw BOD can be 

anticipated {14). 

Biological Reactor 

Design of the biological reactor and its aeration system 

becomes a matter of selection and application of the various 

factors which, in combination with the final clarifier, will 

produce the desired end product or final effluent. The 

governing factor in the design of any biological process is 

the loading, both hydraulic and organic (6). The loadings 

depend on the type of waste to be treated. Kinetic 

coefficients obtained from bench scale tests are used to 

arrive at a loading rate. It is the microorganisms that do 

the work in a biological process and it is the loading to the 

reactor (Mixed Liquor Suspended Solids, MLSS) that governs the 

aeration time and the treatment efficiency. Some industrial 

wastes do require nutrient additions to meet the needs of the 

microorganisms. A BOD-Nitrogen-Phosphorus ratio of 100:5:1 
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will insure adequate nutrition. The aeration system employed 

must perform two essential functions. The primary function is 

the transfer of oxygen from the atmosphere to the liquid 

waste; adequate mixing of tank contents is of equal 

importance. The aerator selection is made on the basis of 

oxygenation capacity requirements of the process and it is 

then checked for its suitability to tank geometry. Table 2.2 

shows various modifications of the activated sludge process. 

The volume of the reactor can be determined us1ng the 

following equation (6): 

V = 9dcQY ( S
0 

- S) /X ( 1 + kd 9dc) . 

where 9~ = Design mean cell residence time, days 

Y = Maximum yield coefficient 

kd = Endogenous decay coefficient, d~ 

X = Mass concentration of microorganisms, mg/L 

S
0 

= Effluent soluble BOD, mg/L 

S = Influent soluble BOD, mg/L 

Q = Flow rate, m3 ;s 

V = Volume of reactor, m3
• 

The above equation is based on the kinetics of biological 

growth. The kinetic coefficients kd, and Y are to be 

determined by conducting bench scale tests in the laboratory. 

Procedures for bench scale tests and calculation of kinetic 

coefficients are described in Chapter III. The volume of the 

reactor depends on the type of microorganisms in the waste, 

and the degree of treatment required. 
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The advantages of the activated sludge process are (4): 

1. Installation costs are low. 

2. Good quality effluent is obtained. 

3. Small areas of land are required and hence, the 

design may be made compact. 

4. Small losses of head through the treatment plant 

occur. 

5. Fly and odor nuisance are minimized. 

The disadvantages of activated sludge process are 

( 4) : 

1. Shock loadings will affect the quality of the 

effluent. 

2. The cost of operating the process is relatively high. 

3. The increased quantity of wet sludge obtained at the 

end of the process requires a sui table method for its 

disposal. 

4. Skilled supervision of the process for efficient 

operation is required. 

Trickling Filters 

Trickling filtration is the name given to the process by 

which biological units are coated with slime growths from the 

bacteria in the wastes (4). These growths adsorb and oxidize 

dissolved and colloidal organic matter from the wastes applied 

to them. When the rate of application is excessive and 

continuous, the humus collected on the filter bed surfaces is 
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sloughed off continuously. Crushed stone, such as granite and 

limestone form the surface material in the filter. Other 

synthetic materials like plastic have also been in use. An 

ideal filter medium material should have a high surface area 

per unit of volume, be low in cost, have high durability, and 

must not clog easily (6). The ideal material should provide 

a large surface per unit of volume. The pores should be large 

so that they do not become filled with microbial growth 

clogged by suspended matter, or sloughed film (4). The other 

parts of the trickling filter are distribution nozzles and 

underdrain units. 

The process may be summarized as follows(3): 

1. An active surface film of microorganisms grows on the 

stone or contact surface. 

2. A concentration of colloidal material and gelatinous 

matter occurs on the contact surface. 

3. Adsorbed substances are attacked by bacteria and 

reduced to simpler compounds. 

4. When the film of microorganisms gets too heavy or 

thick it will slough off and settle. 

Part of the oxygen required is supplied by spraying 

waste, blowing air into the filter, or allowing waste to drip 

into the filter. The wastewater percolating through the filter 

will set up a partial vacuum and draw air into the filter. 

Hence trickling filters act both as strainers and oxidizers. 

The following four phenomena according to Zebell cause the 
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increase in biological oxidation effected by solid surfaces 

( 3) : 

1. The surfaces consisting of colonies of microorganisms 

make possible the concentration of nutrients and 

enzymes by adsorption. 

2. The interstices between bacterial cells and surfaces 

act as concentration points. The diffusion of 

exoenzymes and metabolites away from the cell is 

retarded which favors the digestion and adsorption of 

food. 

3. Interstices betNeen surfaces and cells serve to 

produce optimum conditions for oxidation-reduction 

and other chemical reactions. 

4. Surfaces function as attachment points for 

microorganisms which are periphytes. 

Trickling filters are classified by hydraulic or organic 

loading as low rate, intermediate rate, high rate, and super 

rate (6). The advantages of trickling filters are (3): 

1. The ability to produce effluents of consistent 

quality even under shock load conditions. 

2. The ability to recover quickly from flash or shock 

loads. 

3. The elimination of need for constant manual 

attention. 

The disadvantages of trickling filters are: 
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1. A loss of head resulting from the necessity to 

operate the revolving distributors above the center 

line of the distributor arms. 

2. Ventilation ducts for the underdrain system. 

3. Odor and fly nuisance in intermediate and low rate 

filters. 

4. Need for final sedimentation units to catch the 

bacterial slime periodically unloaded from the bed 

media. 

Design Considerations 

Equations proposed by Eckenfelder and by Bruce and 

Mertens are adequate in terms of describing the observed 

removals in trickling filters. The equations shown below are 

used to find the surface area of the trickling filter needed 

to treat a particular type of waste (6). 

Se/ Si = exp [- ( fhk0 ) wz I Q] • 

Se/ Si = exp [ -Kzs.m (A/Q) n] • 

Se/ Si = exp ( -KTS1

1 Q-bv) • 

where Se= BODs of settled effluent from the filter, mg/L 

Si = BODs of wastewater applied to the filter, mg/L 

K, KT= observed removal rate constant, m/d 

w = width of section under consideration, m2 

Z = depth of the filter, m 

s. = specific surface area per unit volume, m2 jm3= A,/V 

A, = surface area, m2 
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V = volume , m3 

A = cross sectional area of filter surface, m2 

Q = volumetric flow rate, m3fd 

Qv= volumetric flowrate applied per unit volume, m3jm2 .d 

m, n, a, b = empirical constants. 

Bruce and Merkens (6) found that the value of the value 

of the removal rate constant for wastewater Kr at 15°C varied 

from about 0.025 to 0.060 m/d, and the value of the 

temperature coefficient 0 was 1.08. Therefore, the following 

relation was developed: 

Kr = Kts < 1. oar-Is) • 

The value of influent applied BOD5 , si, can be determined 

by setting up a materials balance around the filter (6). 

QS0 + xQSe = (1 + x) (QSJ. 

where Q = flow rate, m3 /d 

S0 = BOD .in influent after primary settling, mg/L 

x = recycle ratio= QJQ 

Se= BOD in settled effluent 

Si = BOD in influent applied to filter. 

Rotating Biological Contactor 

A rotating biological contactor consists of a series of 

circular plastic plates or discs mounted over a shaft that 

rotates slowly ( 14) . The disc is usually constructed of 

corrugated polyethylene media which is mounted on a horizontal 

shaft up to 20 feet long. The disc may range from 6 to 12 
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feet in diameter and is placed in a steel or concrete tank at 

approximately 40 percent submergence {16). The rotation of 

the disc alternatively contacts the biomass with the 

wastewater for removal of organics and air for adsorption of 

oxygen. The disc is rotated at a peripheral velocity of 1.0 

feet per second to exert shearing forces en the biomass to 

slough excess biological growth and prevent clogging. The 

power consumption is low because of low rotatior.al speeds 

[i.e., about 70 to 80 percent of activated sludge systems 

{16)]. Rotating biological contactors oper~te at a low food 

to microorganism ratio which permits them to withstand 

hydraulic and organic surges more effectively (6). The basic 

design (;(-::l::.iderations for a RBC unit are permit effluent 

limitations, inflow rate, influent strength and loading, side 

stream . .;:: -1.n ... 1ows, primary and preceding treatment, flow 

equalization, wastewater temperatures, tank design, 

enclosures, and speed variation of the discs. 

Solids Handling Facilities 

As described in Chapter I, the potato skin is peeled off 

before further processing in the Frito Lay potato chip 

manufacturing unit. The skin is separated and passed under a 

belt press. The resulting solids are collected and disposed 

off by a contractor (to a landfill or for cattle feed) . If a 

wastewater treatment facility is installed in the Frito Lay 

plant, it results in sludge which must be disposed. The 
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following paragraph lists some of the methods that could be 

used for handling sludge. 

Wastewater treatment residuals require thickening, 

stabilization, volume reduction and beneficial use or final 

disposal. The most common stabilization methods in the food 

processing industry include lime stabilization, aerobic 

digestion, and anaerobic digestion. Sludge dewatering reduces 

sludge volume and enhances sludge handling. Sludge dewatering 

can be done by sludge drying beds, lagoons, centrifuges, belt 

filters, filter presses and vacuum filters. Horizontal belt 

filters and centrifuges are preferred for mechanical 

dewatering (3). 
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TABLE 2.1. CONSTITUENTS IN INDUSTRIAL WASTEWATERS AND THEIR 
IMPACTS ON THE ENVIRONMENT (4). 

Constituents in Impact on environment 
industrial wastewaters 

Soluble organics Depletion of dissolved in 
receiving stream 

Suspended solids Impairs normal aquatic 
life of stream 

Trace organics Causes tastes and odors l.n 
the receiving stream 

Heavy metals like Deleterious to aquatic 
cyanide, and toxic life 
organics 

Color and turbidity Does not particularly 
affect wateruse but causes 
aesthetic problems 

Nitrogen and phosphorus Enhances eutrophication 
and stimulates undesirable 
algae growth 

Refractory substances Undesirable for certain 
resistant to water requirements 
biodegradation 

Hydrogen sulfide and Air pollution problems 
volatile materials 

Oil or floating Aesthetics and are 
material restricted by regulations 
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Table 2.2. MODIFICATIONS OF ACTIVATED SLUDGE PROCESS (22). 

Process Population Loading range Degree of 
Range Lbs.BOD/Dayj removal in 

1000ft.3 Percent 
Aeration 

Volume 

Conventional Unlimited 25-50 90-95 
Activated 

Sludge 

Extended 500-5000 10-15 85-90 
Aeration 

Contact 1500 to 25-75 85-90 
Stabilization Unlimited 

High Rate 10,000 to 100-150 50-75 
Activated unlimited 

Sludge 
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TABLE 2.3. DESIGN PARAMETERS FOR ACTIVATED SLUDGE 
PROCESSES (6) 

f .II.,~ IIIli>, 
·'l'l'h~d \ lllumcl r h.: lu:~diny.. 

Pro~..\:'' modtlk~Htl\1\ 0,. d lg\IL\'i'> " lg IIlli>, Ul'l'licd.m ' ·d MLSS. rng:L 
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Sh:p act atmn 5 15 II~ 1\..l 0.6 1.0 2.tMMl 3.500 
\1~t,ldt~d ;u .. ·t ill It'll 0 2 II~ I < 'II 1.2 ~A :!IMl <m 
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CHAPTER III 

DESCRIPTION OF EXPERIMENTAL PROCEDURES 

To find an economical solution to the poor effluent 

quality emitted from Frito Lay's potato and corn chip plant in 

Lubbock, several tasks were performed. These are: 

* Characterize wastewater quality. 

* Incorporate the results from task 1 in developing 

wastewater treatment alternatives. 

* Compare treatment alternatives. 

Sampling operations were conducted during periods of corn 

and potato chip production. Grab samples were taken on 

February 6, 1991; March 15, 1991; April 2, 1991; and May 8, 

1991. The samples were taken at locations in the plant nea~ 

the potato and corn wash unit as shown in Figure 1. 2. 

Laboratory analyses were performed in the Environmental 

Science Laboratory (ESL} located in the Department of Civil 

Engineering at Texas Tech University. The procedures used are 

outlined in Standard Methods (19) and in a paper by James et 

al. (21). The following standard laboratory tests were 

conducted: 

* Chemical Oxygen Demand (COD} 

* Biochemical Oxygen Demand (BOD) 

* pH 

* Alkalinity 

* Solids (Total, Fixed, Volatile, and Suspended) 
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* Turbidity 

* Jar Test 

* Bench Scale Studies. 

These were followed by a series of bench scale studies to 

determine the treatability of the wastes. The following 

paragraphs give a brief description of each parameter, its 

importance as a test parameter, and the analysis procedure. 

Chemical Oxygen Demand {COD) 

COD is a measure of the oxygen equivalent of the organic 

matter content of a sample susceptible to oxidation by a 

strong chemical oxidant (19). This test is used widely to 

determine the amount of organic matter in wastewater (20). 

Dichromate is used as a chemical oxidant. 

The ESL uses the Hach colorimetric method for determining 

COD of water and wastewaters. This method is approved by the 

Environmental Protection Agency (EPA). In the Hach 

colorimetric method, small volumes (2mL) of the water sample 

are pipetted into vials containing premeasured reagents 

consisting of catalysts and a chloride compensator (20) . The 

vials are digested at 150°C for two hours and cooled to room 

temperature. The transmittance of the digested solution is 

then observed using a spectrophotometer. Using the chart of 

concentration versus transmittance, the COD of the wastewater 

is determined. 
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Biochemical Oxygen Demand(BOD) 

The biochemical oxygen demand test measures the oxygen 

required for the biochemical degradation of organic material 

(carbonaceous demand) and the oxygen used to oxidise inorganic 

material such as sulfides and ferrous iron (19). The method 

consists of placing various dilutions of the wastewater sample 

in a prepared dilution water in an air-tight bottle with no 

headspace. The bottle is incubated under specified conditions 

over a test interval. Dissolved oxygen (DO) is measured 

initially and again after incubation. The BOD is computed 

from the difference between the initial and final DO reading. 

The apparatuses required are as follows: 

BOD nutrient buffer pillows, 

Glass stoppered 300 mL bottles, 

BOD bottle cap, and a 

Pipet. 

The dilution water is prepared by using specified pillows 

from the Hach kit. The dilution water contains adequate 

nutrients required for the seed bacteria consisting of a 

bacterial culture to ensure a sufficient population of 

microorganisms in the BOD bottle. The BOD bottle containing 

the waste, water sample, dilution water, and bacterial culture 

is incubated for five days at a constant temperature of 20°C. 

The initial dissolved oxygen content of the sample and the 

dissolved oxygen at the end of five days is measured. The 
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five-day BOD parameter is calculated by the following 

equation. 

BODS= [(DOi- DOS) * 1000] / mL sample used. 

where DOi = initial dissolved oxygen (mg/L) 

DOS = dissolved oxygen at the end of five days 

(mg/L) . 

lili 

The measurement of the sample pH is important because: 

* The hydrogen ion concentration in a solution will 

effect chemical reactions because equilibrium 

reactions are strongly affected by pH. 

* pH is used in carbon dioxide and alkalinity 

measurements as well as in many other acid base 

equilibria. 

* Biological activities that can take place in the 

solution generally function in the pH range from 6 to 

9. 

The ESL utilizes a Orion research digital Ionalyzer 

(Model 601A) to measure the pH of natural waters and 

wastewaters. The Ionalyzer equipped with a standard pH probe 

is calibrated with standardized buffer solutions. The unit 

consists of a potentiometer, a glass electrode, a reference 

electrode, and a temperature-compensating device. The unit 

measures the voltage that occurs when current flows through 

the circuit formed when the electrodes are immersed in the 
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test solution. The voltage that occurs may be read on a scale 

in either millivolts or directly as pH. Other apparatuses 

required are a stirrer, beakers, calibration buffers for pH 4 

and 7, and a thermometer. 

The electrode is rinsed with deionized water and wiped 

dry with a kimwipe. The meter is calibrated using a 

sufficient amount of pH 4 and 7 buffers. After calibrating 

the device, the pH of the wastewater is measured. The buffers 

and the wastewaters are stirred using a magnetic stirrer while 

measuring pH. Care should be taken so that the electrode is 

covered with the solution whose pH is being measured. 

Alkalinity 

Alkalinity is defined as the quantity of ions in water 

that will react to neutralize hydrogen ions (5). Alkalinity 

is thus a measure of the ability of water to neutralize acids. 

Constituents of alkalinity in natural water systems include 

co3-, HC03-, OH-, HSio3-, H2B03 , HP04-, H2P04-, Hs-, and NH3 (22). The 

most common constituents of alkalinity are bicarbonate, 

carbonate, and hydroxide (5). 

Alkalinity measurements are made by titrating the water 

with an acid and determining the hydrogen equivalent. 

Alkalinity is expressed as milligrams of CaC03 • The items 

required for alkalinity determination are the titration 

apparatus (stand with burette containing standard sulfuric 

acid or hydrochloric acid), pH meter, 250 mL beaker, magnetic 
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stirrer with stirrer rod, and a volumetric pipette. The 

sample which is at room temperature is titrated against a O.lN 

sulfuric acid until the end point is reached. Alkalinity of 

the sample can be calculated by the following equation (19). 

Alkalinity (mg/L of CaCO~= (A* N* 50,000)/mL sample. 

where A= mL of standard acid used to reach pH 4.5, and 

N = normality of standard acid. 

Total Solids 

A well mixed sample was evaporated in a weighed dish and 

dried to constant weight in an oven at 103 to 105°C. The 

total solids are represented by the increase in weight over 

that of the empty dish. 

A sample volume of 20 mL was chosen since it yielded 

sufficient residue after heating. The sample was transferred 

to a preweighed dish and evaporated to dryness in a drying 

oven. After one hour, the dish is cooled to room temperature 

in a desiccator and weighed. Total solids are calculated as 

follows: 

mg/L total solids/L = (A-B)*1000jsample volume, mL. 

where A = weight of dried residue and dish (mg) 

B = weight of dish (mg) . 
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Fixed and Volatile Solids 

The residue produced in the total solids analysis is 

ignited for about 15 to 20 minutes to a constant weight in a 

muffle furnace at a temperature of 550°C. The dish is then 

cooled partially in air until most of the heat has been 

dissipated. The dish is next transferred to a desiccator for 

final cooling in a drying atmosphere. After cooling, the dish 

is weighed. Total fixed and volatile solids are calculated as 

follows: 

volatile solids (mgjL) = (A-B)*1000jsample volume (mL). 

fixed solids (mg/L) = (B-C)*1000jsample volume (mL). 

where A= weight of residue and dish before ignition (mg) 

B = weight of residue and dish after ignition (mg) 

C = weight of dish (mg) . 

Total Suspended Solids 

A well-mixed sample was filtered through a weighted 

standard glass fiber filter and the residue retained on the 

filter is dried to a constant weight at 103 to 105°C. The 

increase in the weight of the filter represents the total 

suspended solids. 

A 20-mL aliquot of well-mixed sample is filtered through 

a glass-fiber filter. The filter is then removed from the 

filtration apparatus and transferred to an aluminum planchet 

as a support. The aluminum planchet was dried for one hour at 

103 to 105°C in an oven. After one hour, it is cooled in a 
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desiccator to balance temperature and weighed. 

suspended solids is calculated as follows: 

TSS (mg/L} = (A-B}*lOOOjsample volume (mL}. 

The total 

where A = weight of filter and dried residue (mg} 

B = weight of filter (mg}. 

Jar Test 

Selection and optimum dosages of 

determined experimentally by the jar test. 

required are: 

coagulants are 

The apparatuses 

Six glass containers of 2 L capacity each, 

Paddle wheels for stirring, 

Pipette, 

Turbidimeter, and 

Sample tubes. 

The six containers are filled to the 2 L mark with 

diluted wastewater whose turbidity, pH, and alkalinity have 

been determined. With a measuring pipet, coagulant is added 

in increasing amounts to each successive beaker (10 mg/L to 

the first beaker, 20 mg/L to the second and so forth}. The 

stirrers are lowered into the beakers and the unit is operated 

at a speed of 100 rpm for one minute. After one minute, the 

speed is reduced to 30 rpm and the stirring is continued for 

15 minutes. During the stirring period, observations are made 

to find the length of time for floc to form and how well the 

floc in each beaker withstand stirring without breakage. 
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After the stirring period is over, the stirrer is stopped and 

the paddles withdrawn. The time taken for the floc to settle 

is noted. After allowing the floc to settle for 20 minutes, 

some 100 mL of sample from the top of each beaker is withdrawn 

to determine the final pH and turbidity. 

Bench Scale Tests 

This series of tests are required to determine the 

biological treatability of industrial wastes. Using the data 

obtained from the bench scale tests kinetic coefficients for 

the corn and potato wastewater is determined. Kinetic 

coefficients were used for finding the volume of reactors in 

activated sludge process as explained in Chapter II. Chemical 

and physical characterization of the waste is necessary before 

performing bench scale tests. Treatability is determined by 

how well microorganisms utilize the waste material as food 

(substrate). Substrate is utilized, either directly or 

indirectly, in energy production, synthesis, and endogenous 

respiration. Each process utilizes the substrate to 

eventually oxidize it to carbon dioxide, ammonia, and water. 

The COD and BODs of the waste material provide an 

indication of the strength of the waste. The ratio of BODs to 

COD shows the degree to which the waste can be biologically 

treated. A ratio of approximately 0. 6 indicates that the 

waste can be easily treated (16). A ratio of about 0.2 

indicates that the waste will require inoculation with 
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varities of bacteria that can utilize the substrate. A ratio 

of zero indicates that the waste is toxic to unacclimated 

organisms. The wastewater samples collected in this study 

were seeded with acclimated bacteria collected from the 

activated sludge process of the Lubbock wastewater treatment 

plant. The wastewater samples were analyzed for pH to 

determine if the pH fell within the range of 6.5 to 8.0. It 

is important that the pH is in this range since this is the 

optimum range for the growth of most aerobic microorganisms. 

The buffering capacity of the waste sample was analyzed by 

acid titration. This is an important property since it will 

keep the pH of the wastewater within the desired pH range for 

optimal bacterial growth. Phosphorus and nitrogen are 

essential materials for bacterial growth. The corn and potato 

waste water samples were tested for nitrogen and phosphorus 

and found to be lacking. 

Reactor Design 

Three separate reactors were constructed from plexiglass 

using methyl-chloride as a bonding agent. The reactor 

configuration can be seen in Figure 3 .1. Aeration was 

provided by using regulator devices to control the airflow 

from the laboratory air supply line. Small diameter ( 1/8 

inch) rubber lines attached to airstones were placed in each 

reactor. By regulating the air flow through the airstones, 

the desired amount of aeration and agitation could be 
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achieved. Three reactors were used in the treatability study. 

Potato waste, corn waste, and a mixture of potato and corn 

waste was used in each of the three reactors. The amount of 

corn and potato wastewater used in the mixture was 

proportional to the wastewater generated by the potato and 

corn chips manufacturing unit in the Frito Lay plant. 

Treatability Studies 

The reactors were initially seeded with activated sludge 

taken from the municipal wastewater treatment plant. The 

microorganisms were acclimated to the industrial waste by 

providing them with 1000 mg/L/day of soluble COD from a 

synthetic waste with similar characteristics. Theoretical 

oxygen demand is a stoichiometric estimation of the amount of 

oxygen required for complete oxidation of each element 

(carbon, hydrogen, oxygen, and nitrogen) minus the oxygen 

present. It is given by the following equation (12): 

CcHhOoNn + ( c+O. 25h-O. 5o+1. 75n) 0 2 --> 

cC02 + ( 0. 5h-O. 5n) H20 + nN03 • 

For example, the oxygen requirement to oxidise sucrose is 

determined by: 

C12H220 11 + (12 + 0.25(22) - o.5(11))02--> 

12 C02 + ( 0 . 5 * 2 2) H20. 

This would indicate that 12 moles of 0 2 are required to 

oxidise 1 mole of sucrose. The molecular weight of sucrose is 

342 grams per mole. To oxidise 342 mg/L of sucrose takes 12 
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moles of 0 2 or 384 mg/L 0 2 {12*6*2). Therefore, 342 units of 

sucrose is equal to 384 units of COD. 

The standard recommended ratio of the COD in sucrose to 

the sodium acetate to the nutrient broth was 60:30:1 (12). 

Eight grams of nutrient broth per 1 liter of water was found 

to exhibit 5810 mg/L oxygen demand. The theoretical oxygen 

demand of sodium acetate was calculated. It was found that 

the calculated oxygen needed was 52 mg/L oxygen to oxidise 82 

mg/L sodium acetate. To prepare 5 liters of the synthetic 

waste which contained 1000 mg/L of COD, the necessary 

additives of components were calculated to be: 

Nutrient broth 86 milliliters 

Sodium acetate 1.838 grams 

Sucrose : 2.463 grams. 

Similarly, it was calculated that 5 grams of ammonium sulfate 

was needed to supply nitrogen for a COD:Nitrogen ratio of 20:1 

( 12) . 

The synthetic waste mixture (COD = 1000mg/Lfday) was 

added to the reactors once daily. The reactors were then 

aerated for 23 hours to allow the bacteria to acclimate to the 

synthetic substrate. The acclimation process consisted of 

encouraging the microorganisms to develop enzymes that would 

utilize the synthetic substrate for cell growth and 

reproduction. Synthetic waste was added until the following 

two conditions were satisfied: 
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Mixed liquor suspended solids (MLSS) were in the 

range of 1500-2000 mgfL. 

COD levels after 23 hours of aeration were 

consistently near 100 mg/L. 

A MLSS concentration in 1500 to 2000 mg/L range indicates that 

the bacteria have become acclimated to the substrate and have 

reached the accelerated growth phase of the growth curve. A 

consistently low COD reading would signify that the bacteria 

were utilizing the substrate to their fullest capacity. This 

COD level would, therefore, be taken as the baseline COD and 

would serve to indicate the maximum level of treatment that 

could expected from the bacteria under laboratory conditions. 

After the bacteria achieve the requirements as set out, 

aliquots of potato wastewa~er, corn wastewater, and a mixture 

of the corn and potato wastewater were added to the respective 

reactors. The COD and mixed liquor suspended solids of each 

reactor were checked daily. These data were used to find the 

kinetic coefficients k, Ks, Urn, Y, and kd, where 

* k is maximum rate of substrate utilization per unit 

mass of microorganisms, ~1 

* Ks is half velocity constant, substrate concentration 

at one half the maximum growth rate, mg/L 

* ~m is the specific growth rate, ~1 

* Y is maximum yield coefficient, ratio of mass of cells 

to mass of substrate consumed, mg VSS/mg BODS or mg 

VSS/mg COD 
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* kd is endogenous decay coefficient, ~1 • 

Calculations and graphs used to determine the kinetic 

coefficients are shown in Appendix B. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

The results of the laboratory tests are listed in Tables 

4.1 to 4.7. The aerobic biological treatability of the waste 

was determined by use of bench scale units. The procedure for 

conducting bench scale tests was obtained from a paper 

published by James et al {21). The observations made and the 

summary of the kinetic coefficients calculated from the bench 

scale tests are listed in Tables 4.8 to 4.10. 

Conclusions based on bench scale test results using corn, 

potato, and a combination of corn and potato wastewater are as 

follows: 

* The mixed liquor suspended solids (MLSS) in the 

synthetic waste continued to rise in the bench scale 

reactor. This is a good indication of a well operating 

system. 

* The pH of the mixed liquor at the end of each aeration 

period was determined (every 23 hours). The pH was 

always in the range of 6.5 to 7.5 which is ideal for 

bacterial growth. 

* The COD of the wastewater had decreased by the end of 

each aeration period. This showed that the bacteria 

were acclimated to the wastewater. 

* Each type of waste was treated using five reactors. 
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* The control tests included the total and volatile mixed 

liquor suspended solids, pH, microscopic examination, 

and COD. All these tests were positive indicating that 

the wastewater is biologically treatable. 

The data obtained from the test was used to calculate the 

kinetic coefficients. The calculation procedure is shown in 

Appendix B. 

The results obtained from the laboratory studies were 

used to evaluate various alternatives for treatment of the 

wastewater since the bench scale tests proved that the 

wastewater was biologically treatable. The two important 

parameters were influent and effluent BOD5 and suspended 

solids concentration. Jar test results were used to evaluate 

the chemical treatment of the wastewater. Hence treatmen~ 

methods using the activated sludge process, trickling filters, 

and Rotating Biological Contactors (RBC) were evaluated. 

Treatment by chemical precipitation was also evaluated. All 

treatment alternatives were evaluated to produce a effluent 

with BOD and suspended solids concentrations less than 250 

mgjL. Calculations for the liquid handling facilities of the 

four alternatives are shown in Appendix C. The following 

paragraphs describe the four alternatives evaluated. 

Activated Sludge Processes 

The flow diagram for activated sludge processes is shown 

in Figure 4 .1. It consists of a primary settling tank, 
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aeration tank, and a secondary settling tank. Since settling 

tests on the wastewater were not conducted, the settling tanks 

were designed on the basis of overflow rates. Kinetic 

coefficients obtained from the bench scale tests were used to 

find the volume of the aeration tank. Design calculations 

show that the effluent has a BOD of 85 mg/L and suspended 

solids of 163 mgjl for a continuous flow stirred tank reactor. 

The required of aeration tank volume for other process 

modifications are shown in Table 4.11. Process modifications 

which could be considered for the Frito Lay's wastewater were 

the extended aeration and continuous flow stirred tank 

reactor. Since the cost of the reactor is directly 

proportional its volume, the process modification which had 

the least volume was considered. The continuous flow stirred 

tank modification needed the least reactor volume and the 

effluent quality met the standards set by the Lubbock 

municipal authorities. 

Trickling Filter 

The flow diagram for trickling filter is shown in Figure 

4.2. It consists of primary and secondary settling tanks and 

a trickling filter. The procedure for the design of settling 

tanks was similar to that used in alternative I. The theory 

and design procedure for trickling filters are described in 

Chapter II. Various parameters for design of trickling 

described in Chapter II were assumed as pilot plant studies 
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were not conducted. However, calculations using equations by 

Zebell show an effluent with a BOD of less than 150 mg/L and 

suspended solids 204 mg/L (6). The quality of effluent thus 

meets the discharge standards for release into the municipal 

sewer. 

Rotating Biological Contactor 

The flow schematic for RBC is shown in Figure 4.3. It 

consists of a primary settling tank and a rotating biological 

contactor. The RBC is designed based on the data presented in 

the Claw manual. Pilot plant studies are recommended for 

design of a RBC unit. Since pilot plant studies were not 

done, procedures outlined in Clew's manual had to be used. 

The effluent has a BOD and suspended solids concentration of 

30 mgjl. The effluent quality is good. However, design 

procedures to produce a effluent quality of BOD and suspended 

solids less than 250 mg/L could not be found in literature. 

However, a secondary settling tank is not necessary which 

makes this alternative feasible. 

Chemical Treatment 

Precipitation of the suspended solids by chemical 

coagulation was evaluated for this alternative. The dosage of 

the coagulant was determined based on the jar test results. 

Alum was used as the coagulant in the laboratory. A high 

dosage of alum was required to effectively remove the high 
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suspended solids in the effluent. This dosage could bring 

about 80 percent removal of suspended solids in the primary 

settling tank {6). Effluent from the primary settling tank 

will have a suspended solids concentration of 1162 mgfL. 

Hence further biological treatment or chemical treatment is 

required which is expensive. Chemical treatment using high 

dosage of alum results in large amounts of sludge which is 

difficult to handle. Chemical treatment using alum as a 

coagulant is not suitable for pretreatment of Frito Lay's 

wastewater. Additional jar tests using various coagulants is 

to be performed to determine which coagulant needs the least 

dosage for effective treatment. 

Comparison of Treatment Alternatives 

Literature surveys and laboratory tests show that 

biological treatment is ideal for food processing wastewater. 

Chemical treatment is not suitable as the chemicals to be used 

are expensive. Further chemical treatment results in large 

volumes of sludge which is difficult to handle. 

Methods of biological treatment suggested are 

conventional activated sludge process, trickling filters, and 

rotating biological contactors. The cost of installing an 

activated sludge process is low (Table 4.12) and the process 

requires a small land area. This is in comparison to a 

trickling filter which has a high construction cost, requires 

a large land area and which may exhibit insect nuisances and 
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bad odors (6). Hence trickling filters are not good options 

for treating food processing wastewater. 

Rotating biological contactor are useful where a high 

degree of treatment is needed. For partial treatment or 

pretreatment of wastewater the RBC process is more expensive 

than the use of the activated sludge process. This is based 

on the information obtained from representatives of the Claw 

corporation. Bench scale pilot plant operations provide the 

data for RBC process design. As bench scale tests were not 

done for Frito Lay's wastewater, the RBC designed were based 

on empirical loading rates. However, the design of activated 

sludge processes were based on kinetic coefficients obtained 

from laboratory bench scale tests. The wastewater does not 

require a high degree of treatment and hence it is concluded 

that activated sludge process will be the most economical way 

of treating Frito Lay's effluent. Further research is needed 

if RBC's are to be considered for pretreatment of Frito Lay's 

effluent. 

Initial costs for the three alternatives considered are 

shown in Table 4.12. These are costs required for equipment 

only. These costs were based on prices quoted by vendors of 

process equipment. Operation and maintenance costs of the 

alternatives considered are shown in Table 4.13. The total 

cost of the project would include costs for predesign, 

detailed design, construction, and operation and maintenance 

of the completed facility. RBC' s has the highest installation 
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and operation and maintenance cost among the alternatives 

suggested. The cost of installation of activated sludge 

processes is cheaper than the trickling filter. However, the 

trickling filter has a lower operation and maintenance cost 

than the activated sludge processes. Frito Lay's surcharge 

for the year 1990 was $180,000. If a wastewater treatment 

facility is constructed using any of the three alternatives 

suggested, Frito Lay would pay a zero surcharge as the 

effluent quality will be less than 250 mg/1 BOD5 and 250 mg/1 

suspended solids. 
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Table 4.1. COD VALUES OF POTATO AND CORN WASTEWATER 

Type of Waste Sample 1 Sample 2 Sample 3 

Potato waste 445 505 482 

COD mgjl 

Corn Waste 1320 1270 1350 

COD mgjL 

Table 4.2. BOD5 VALUES OF POTATO AND CORN WASTEWATER 

Type of Waste Sample 1 Sample 2 Sample 3 

Potato Waste 280 330 250 

BOD mg/L 

Corn waste 360 345 380 

BOD mg/L 
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Table 4.3. pH VALUES OF POTATO AND CORN WASTEWATER 

pH Sample 1 Sample 2 Sample 2 

Potato Waste 6.5 6.5 6.8 

Corn Waste 7.2 7.3 7.3 
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Table 4.4. SOLIDS CONTENT OF POTATO WASTEWATER 

Sample 1 Sample 2 Sample 3 

Total Residue 8800 10400 11600 

mg/L 

Total Volatile 3200 3600 4800 

Solids mg/L 

Total Fixed 5600 6800 6800 

Solids mg/L 

Total 7500 5000 6500 

Suspended 

Matter mg/L 

Total 1300 5400 5100 

Dissolved 

Matter mg/L 
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Table 4.5. SOLIDS CONTENT OF CORN WASTEWATER 

Sample 1 Sample 2 Sample 3 

Total Residue 2800 2400 2400 

mg/L 

Total Volatile 1600 1600 1200 

Solids mg/L 

Total Fixed 1200 800 1200 

Solids mg/1 

Total 500 1500 1500 

Suspended 

Matter mg/L 

Total 2300 900 900 

Dissolved 

Matter mg/L 
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Table 4.6. RESULTS OF JAR TEST FOR POTATO WASTEWATER 

Beaker Alum Concentration Final Final 

Number Solution of Alum mg/L Turbidity pH 

mL NTU 

1 1 200 760 6.0 

2 2 400 720 5.8 

3 3 600 700 5.8 

4 4 800 640 5.7 

5 5 1000 600 5.5 

6 6 1200 560 5.4 
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Table 4.7. RESULTS OF JAR TEST FOR CORN WASTEWATER 

Beaker Alum Concentration Final Final 

Number Solution of Alum mgjl Turbidity pH 

mL NTU 

1 1 200 200 7.7 

2 2 400 160 7.6 

3 3 600 120 7.6 

4 4 800 110 7.5 

5 5 1000 100 7.4 

6 6 1200 80 7.0 

I 
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Table 4.8. BENCH SCALE TEST DATA FOR DETERMINING KINETIC 
COEFFICIENTS FOR POTATO WASTEWATER 

Unit Influent Effluent 9=9c, X mg 

No. COD COD days VSS/L 

mgjL,So mgjL, s 

1 525 21 4.1 216 

2 525 42 3.05 201 

3 525 54 2.5 180 

4 525 68 2.04 109 

5 525 102 1 170 
I 
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Table 4.9. BENCH SCALE TEST DATA FOR DETERMINING KINETIC 
COEFFICIENTS FOR CORN WASTEWATER 

Unit Influent Effluent e=ec, X mg 

No. COD mg/L COD mgjL days VSS/L 

so s 

1 1050 58 4.1 304 

2 1050 90 3.05 290 

3 1050 110 2.5 310 

4 1050 195 2.04 285 

5 1050 300 1 300 
i 
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Table 4.10. KINETIC COEFFICIENTS CALCULATED FROM BENCH SCALE 
TEST RESULTS 

Coefficient Corn Wastewater Potato Wastewater 

k, d-1 2.08 2.50 

Ks, mg/L 72.80 58.13 

Y, mg 0.4 0.33 

VSS/mg COD 

kd, d-1 0.05 0.04 

~ 

61 



Table 4. 11. VOLUME OF AERATION TANK REQUIRED FOR VARIOUS 
TYPES OF PROCESS MODIFICATIONS IN ACTIVATED 
SLUDGE PROCESSES 

Process Modification Volume in m3 

Continuous Flow 165.22 

Stirred Tank Reactor 

Extended Aeration 315.21 

Modified Aeration Design Parameter for MLSS 

Less than 500 mg/L 
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Table 4. 12. ESTIMATED COSTS OF EQUIPMENT FOR THE ALTERNATIVES 

Alternative Cost in Dollars 

Conventional Activated Sludge 236900 

Processes 

Trickling Filter 296700 

Rotating Biological Conatactor 290900 

Table 4.13. ESTIMATED COSTS OF MAINTENANCE AND OPERATION FOR 
ALTERNATIVES 

.I 
Alternative Cost in Dollars 

Conventional Activated 115700 

Sludge Processes 

Trickling Filter 105000 

Rotating Biological 133800 

Contactor 
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CHAPTER V 

CONCLUSIONS 

The following conclusions are based on the analysis and 

study of effluent from Frito Lay's effluent: 

1. The current effluent has a high level of suspended 

solids and BOD. 

2. The pH of the current effluent is not a problem for 

discharge into the municipal sewer. 

3. Nitrate nitrogen was not detected in the analysis of 

effluent. Addition of nutrients enhanced the growth 

of bacteria in bench scale tests. 

4. Jar test data obtained in the study revealed that a 

high concentration of alum is needed to remove 

suspended solids from the effluent. The large 

concentration of alum may impact the pH when it is 

actually used in a treatment plant. 

5. The bench scale test data revealed that the effluent 

could be treated using biological methods of 

treatment. 

6. Waste activated sludge from domestic wastewater is 

sufficient to seed the aeration tank. 

7. Based on literature findings and design calculations, 

chemical treatment for treatment of this specific 

industrial wastewaters were not feasible. 
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8. Activated sludge process trickling filters, and RBC's 

were found to be suitable methods for treatment. 

9. RBC's need pilot plant studies for detail and exact 

design. 

10. With the data available, the activated sludge 

process was found to be the most economical and 

suitable. The effluent quality using alternative I 

meets the criteria set by Lubbock's wastewater 

authorities for discharge into sewer. With further 

study and pilot plant studies RBC and trickling 

filters can also be considered for treating Frito 

Lay's effluent. 

11. Cost of surcharge is approximately $180,000 per 

year. Operation and maintenance costs for treatment 

using any method of treatment will be less than the 

annual surcharge. By saving on the surcharge every 

year, Frito Lay can get back its capital cost within 

10 years 

Recommendations 

As a result of the study, the following recommendations 

regarding implementation of treatment using conventional 

activated sludge processes are made: 

1. A detailed survey of the site and the available 

location is needed to determine the hydraulic profile 

of the proposed facility. 
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2. Design of settling tanks and belt filter presses for 

sludge treatment are to be done depending on the area 

available. 

3. Detail design including piping diameters, pump sizes, 

energy requirements are to be done to determine the 

exact cost of alternative. 

4. Soil testing is required before structural design of 

aeration tanks and settling tanks can be 

accomplished. 

5. Further research is suggested in by-product recovery 

in the manufacturing process. 
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APPENDIX A 

PRELIMINARY INFORMATION QUESTIONNAIRE 

General 

1. Name of the plant: 

Frito Lay Inc. 

2. Person interviewed: 

Mr. Randy Rally. 

3. Official position: 

Plant Engineer. 

4. Has the authority specified or implied the extent of 

treatment required? If yes, possible details. 

Yes. BOD and suspended solids limited to 250 mgfl. 

5. Has client been given a deadline for cessation of 

pollution? 

No. 

6. Has client any waste treatment facilities now? If yes, 

full details and plans if possible. Photographs if 

possible. 

Yes. Emco filter press for starch removal from 

potato waste. Camera not allowed inside the plant. 

7. Is client interested in recovery of any component of the 

wastes? If yes, feasibility of recovery. Information on 

amount of component in the wastes and the current market 

value. 
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Yes. Potato starch is already sold to a contractor 

who comes to the plant and picks it up. The market is 

not good for corn waste. 

8. Is client amenable to suggestion for changes ln 

productive processes to reduce the volume and 

concentration of wastes to reduce treatment costs? 

Yes. 

9. Is client willing to construct the treatment works on a 

progressive basis if the authority will permit? 

Yes. 

10. Is client interested in leasing equipment for the waste 

treatment facility, rather than outright purchase? 

No. 

Details of waste to be treated 

11. Information for each type of waste. 

a. Acidity, pH, and type of acidity. Not available. 

b. Alkalinity, pH. Not available. 

c. Volume of each waste flow. 179876 gallons/day. 

Maximum hourly flow. 7200 gallons. 

d. Suspended solids. Not obtained. 

e. Total solids. Not obtained. 

f. Organic solids. Not evaluated. 

g. Volatile matter. Not evaluated. 

h. Precipitable solids (from test data). Not evaluated. 

i. Biochemical oxygen demand. Not obtained. 
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j. Color of wastes. Potato waste is brown and foamy in 

appearance. Corn waste is yellow in color. 

k. Toxic components of wastes. Not detected. 

12. Allowable limits of wastewater constituents. 

a. Allowable concentration. BOD - 250 mg/L, Suspended 

Solids - 250 mg/1 

b. Regulating body. City Council of the City of 

Lubbock. 

13. Is ground area sufficient for waste treatment plant 

available in or close to the plant property? 

No. 

14. If an area on plant property has been designated for 

waste treatment purposes, are there any immovable 

obstructions in the area? If so, describe. 

No. 

15. If, for any reason, client wishes the waste treatment 

facilities to be placed inside a plant structure, data on 

area available, headroom etc. 

Not applicable. 

16. Proximity of area designated for treatment facilities to 

residential or business districts. 

Very close to nearby industries and residential 

areas. 
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17. Are there any local zoning restrictions which would 

influence placement of waste treatment plant on company 

property? 

The plant engineer does not know. 

18. Approximate amount of business, property, income, or 

other taxes paid by client to the municipality. 

The plant engineer does not have records. 

19. Are client's relations with the municipality good. 

No. 

20. Available electric current for equipment. 

Phase, cycle and voltage. 

3 phase, 60 hertz, and 480 volts. 

21. If power is purchased, price paid by client. 

Price depends on the amount of electricity consumed. 

22. Is ample current available for the needs of the proposed 

waste treatment plant? 

Yes. 

23. Does client purchase power from a local utility? If yes, 

name. 

Power obtained from SPS electrical utilities. 

24. Does client produce his own power? 

No. 

25. Would client be interested in producing power from waste 

treatment solids if of proper type? 

Yes. 

77 



26. Would production conditioner (fertilizer) from sludge be 

of interest to client? If so, is there a local market 

for it? 

No. 

27. Give client's source of water supply 

City of Lubbock. 

28. Is this source able to supply additional amount that may 

be needed for plant expansion? 

Cost of water from this source is $1.31 per 1000 

gallons. Total annual water bill of client for 1990 

was $73798. 

Yes. 

29. Does client have his own water treatment facility? If 

yes describe. 

Yes. 

30. Type of water required by client. 

a. Potable. Yes. 

b. For product use. Yes. 

c. Softened water. Yes. 

d. Clarified water. No. 

e. Demineralized water. No. 

f. Cooling water. Yes. 

g. Washdown water. Yes. 

h. Does any water enter into an edible product? 

Yes. 
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31. Would client be interested in reducing purchased water 

volume by treatment of wastes for recirculation and 

reuse? 

Yes. 

Would there be any objection to reuse of treated effluent 

for plant purposes? 

Yes. 
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APPENDIX B 

DETERMINATION OF KINETIC COEFFICIENTS 

Determination of kinetic coefficients from laboratory 

data for potato waste. 

Unit Influent Effluent 9=9c, X mg 

No. COD mg/L,So COD mgjL, s days VSS/L 

1 525 21 4.1 216 

2 525 42 3.05 201 

3 525 54 2.5 180 

4 525 68 2.04 109 

-.; 

5 525 102 , 170 ! .... 

So-S xe X9/So-S 1/S 

504 885.6 1.75 0.0476 

483 613.05 1.27 0.0238 

471 450 0.96 0.0185 

457 222.36 0.48 0.0147 

423 170 0.40 0.0098 
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From graph 1/k=0.4 

K=2.5 d-1 

Slope Ks/k = 1/0.043 = 23.26 mg/L COD 

1/9c 

0.24 

0.33 

0.40 

0.49 

·From graph -kd = -0. 04 

Kd = 0.04 

1 

so - s;xe 

0.5714 

0.788 

1.047 

2.32 

I 2.5 
I 

Slope Y= 0.2/0.6 = 0.33 

~m = 2.5*0.33 = 0.825 d-1 
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Determination of kinetic coefficients from laboratory 

data for corn waste. 

Unit Influent Effluent 9=9c, X mg 

No. COD mg/L so COD mg/L s days VSS/L 

1 1050 58 4.1 304 

2 1050 90 3.05 290 

3 1050 110 2.5 310 

4 1050 195 2.04 285 

5 1050 300 1 300 

rr= . - ·- -- =;] 
1 so-s xe xe;so-s 1/S 

1--· ··- 1---· 

998 1246.4 1.24 0.0172 

960 884.5 0.92 0.011 

940 775 0.82 0.009 

855 581.4 0.68 0.005 

750 300 0.4 0.003 

82 



From graph 1/k = 0.48 

k = 2.08 

Slope= 0.35/0.01 = 35 

Ks = 35*2.08 = 72.8 mg/L 

1/9c 

0.24 

0.33 

0.4 

0.49 

1 
I ...... -

From graph -Kd = -0.05 

Kd = 0.05 

Slope Y = 0.2/0.5 =0.4 

Y=0.4 

p.m = KY 

= 2.08*0.4 = 0.832 
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Alternative I 

Design Summary 

APPENDIX C 

CALCULATIONS 

Primary Aeration 

Settling Tank Tank 

Inflow m3fd 777 710.72 

Outflow m3/d 710.72 705.79 

Influent BOD 344.08 240.94 

mg/L 

Effluent BOD 240.94 84.33 

mg/L 

Influent 5810 2034.15 

Suspended 

Solids mg/L 

Effluent 2034.15 406.83 

Suspended 

Solids mg/L 

Primary Settling Tank 

Secondary 

Settling Tank 

705.79 

703.01 

84.33 

< 84.33 
I 

406.83 

162.73 

overflow and detention time based on average design flow 

of 777 m3/d 
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Overflow rate for 68% suspended solids removal and 36% BOD 

removal is 30 m3/m2/d {14) 

Area required is 777 m3/d /30 m3/m2/d = 26 m2 

Choose a diameter of 5.75 m, depth of 3m. Provide 0.5 m for 

sludge zone and 0.5 m free board. 

Detention time for 3 m deep tank is 2.4 hours 

Check for overflow rate 

Overflow rate 

= {0.009 m3/s * 86400 s/d) /( 3.14 * 5.752/4) 

= 29.95 m3/m2/d 

Check for detention time 

= {3.14 * 5.752 * 3/4) 1 (0.009 m3/s * 3600 sfh) 

= 2.4 hours 

Sludge Quantities 

Average ~~antity of sludge ·produced each day 

Amount of solids produced per day at a removal rate of 68% 

= 0.009 m3/s * 5810 mg/L * 0.680 * 86400 s/d * kg/1000g 

= 3072.14 kg/d 

Volume of sludge assuming Specific Gravity = 1.03 and 4.5% 

solids 

= (3072.14)/(1.03 * gfcm3 * 1/1000 g/kg * 0.045 * 1000000 

cm3/m3 * 1440 min/d) 

= 0.0460 m3/min 

Aeration Tank 
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1) Estimate the concentration of soluble BOD in the effluent 

using the following relationship 

Effluent BOD = Influent BOD escaping treatment + BOD of 

effluent suspended solids 

Determine BOD of effluent suspended solids 

Biodegradable portion of biological solids 

= 0.67(150 mg/L) = 100.5 mg/L 

Ultimate BOD of biodegradable effluent solids 

= 0.67 * 150 * 1.42 = 142.71 mg/L 

BOD of effluent Suspended Solids 

= 142.71 (0.68) + 97.04 mg/L 

Solve for influent soluble BOD escaping treatment 

150 = s + 97.04 

s = 52.96 mg/L 

2) Determine the treatment efficiency E 

E = (So- S)/(So) 

Efficiency based on soluble BOD is 

Es = (241 - 52.96)/(241) * 100 

·- 78.02% 

Overall plant efficiency 

Eoverall = ( 2 41 - 15 0 ) / ( 2 41 ) * 1 0 0 

= 37.76% 

3) Reactor volume 

V = (OcdQY(So- S))/X(1+kd9cd) 

ecd = 10 d 

Q = 710 m3/d 
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y = 0.365 

So = 241 mg/L 

s = 52.96 mg/L 

X = 2034.15 mgjl 

kd = 0.045 

Substituting the above values v = 165.22 m3 

4) The quantity of sludge that must be wasted each day 

Yobs = Y/(1 + kdjecd) 

= 0.684/(1+(0.045)(10)) 

= 0.4717 

Mass of volatile waste activated sludge 

Px = Ycbs = (So - S) 10-3 

= (0.4717 * 710.72 (241- 52.96)}/1000 

= 63.04 kg/d 

Total mass of sludge based on total suspended solids 

Px = 63.04/0.67 

= 94.09 kg/d 

5) The sludge wasting rate if wasting is accomplished from 

aeration basin 

Q = v;ecd 

= 165.22/10 

= 16.52 m3/d 

The sludge wasting rate if wasting is accomplished from the 

sludge recycle line 

Q = vx;ecdXr 

= 165.22 * 2034.15/10 * 0.67 * 10000 
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= 5.02 m3/d 

Waste from aeration basin as there is more control 

6) The recirculation ratio is estimated by writing a mass 

balance around the inlet to the reactor 

3899(Q + Qr) = 8000 * Qr 

Qr = 0.95 

7) Hydraulic retention time for the reactor 

e = Q/V 

= 165.22 m3/710.72 m3fd 

= 0.23 days = 5.58 hours 

8) Oxygen requirements based on ultimate carbonaceous BOD 

Mass of BOD utilized= Q(So - S) 1 0.68 * 1000 

Oxygen requirements 

= 710.72 (241 - 52.96)/0.68 * 1000 

= 196.5'3 kg/d 

kg oxygen per day- 196.53 - 1.42 (63.04 kg/d) 

= 107.01 kg/d 

9) Food to microorganism ratio 

F/M = so;ecx 

= 241 mg/L/(0.059 * 3899) 

= 1.05/d 

Volumetric loading= (SoQ)/(1000V) 

= (241 * 710.72)/(1000 * 165.22) 

= 1.04 kg BOD/m3 

10) Volume of air required 
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Assume oxygen transfer efficiency for aeration equipment = 

8 percent and safety factor of 2 

Theoretical air requirements, assuming that air contains 

23.2 % oxygen by weight 

(107.01 kg/d)/(1.201kgfm3) 

= 384.05 m3/d 

Actual air requirements= 384.05/0.08 = 4800.69 m3/d 

= 3.33 m3/min 

Design air requirement using a safety factor of 2 = 6.66 

m3/min 

11) Air requirement per unit volume 

4800/710.72 = 6.75 m3/m3 

Air requirement per kilogram of BOD removed 

= (4800.69 m3/d) (1000 g/kg)/(241g/m3- 52.96g/m3) (710.72 

m3/d) 

= 35.88 m3fkg cf BOD removed 

Secondary Settling Facilities 

Flow rate= 705.79 m3/d 

Assumed overflow rate = 30 m3/m2/d 

Required surface area= 705.79/30 = 23.53 m2 

Using one circular tank of diameter 5.5 m area is 23.76 m2 

Use a depth of 3 m, freeboard of 0.5 m and sludge zone 

depth of 0.5 m 

Volume of tank = 71.27 m3 

Detention time= 71.27/705.79 = 0.1 d = 2.4 hours 

89 



Removal efficiency of suspended solids = 60 % 

Suspended solids removed= 0.6 * 406.83 = 244.1 kg 

Effluent suspended solids= 0.6 * 406.83 = 162.73 mg/L 

Volume of sludge per 1000 m3 assuming specific gravity of 

sludge as 1.03 and 0.94 moisture 

Volume of sludge per 1000 m3= (244.1)/(1.03 * 1000 * 0.06) 

= 3.95 m3/d 

For 705.79 m3, volume of sludge is 2.78 m3 
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Alternative II 

Design Summary 

Inflow m3/d 

Outflow m3/d 

Influent BOD 

mg/L 

Effluent BOD 

mg/L 

Primary 

Settling Tank 

777 

710.72 

344.08 

240.94 

Trickling Secondary 

Filter Settling Tank 

710.72 710.72 

710.72 707.22 

240.94 150 

150 < 150 

I - ----
Influent 5810 2034.15 

Suspended 

Solids mg/L 

Effluent 2034.15 508.54 

Suspended 

Solids mg/L L 
Primary settling tank same as for aeration tank 

High Rate Trickling Filter 

1) BOD reaction rate coefficient correction 

K15 = K25 * 8T - 25 

= (0.1 mjd) (1.08 15 - 25) 
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= 0.0463 m/d 

Assume that BOD will be diluted with recycle flow to about 

200 mgjL. The recycle ratio for this influent value 

241Q + 150Qr = 200 (Q + Qr) 

Qr/Q = 0.82 

Required volume using the following data 

Se = 150 g/m3 

Si is expressed in g/m3 

Si = 241 gjm3 

K is expressed in m/d 

= 0.0463 m/d 

Sa = 85 (assumed) 

Q = 710.72 m3/d 

Substituting the above values in the equation 

-ln Se/Si = KZSa (A/Q) 

ZP~ = 8 5 • 6 3 m3 

2} Correction for BOD rate coefficient for low temperature 

during January 

Ka = ( o • 1 m 1 d) ( 1 . o a -5-2 5 ) = o • o o 9 9 

Bulk volume 

-ln(150/241} = (0.0099} (85} (ZA}/710.72 

ZA = 400.47 m3 

Winter conditions control 

3} Assume a applied rate of 40 m3/m2/d 

Area of filter = 400.47/40 = 10.01 m2 

Depth of filter= 400.47/10.01 = 40.00 m (not acceptable) 
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Assume a depth of 3.5 m 

Area required= 400.47/3.5 = 114.42 m2 

Use one filter with 12.1 m diameter, area is 114.99 m2 

Check hydraulic loading 

710.72/114.99 = 6.18 m3jm2/d 

Secondary Sedimentation Facilities 

Overflow rate = 22 m3jm2/d 

Flow rate= 710.72 m3/d 

Required surface area= 710.72/22 = 32.3 m2 

Use a circular tank of diameter 6.5 m 

Area= 33.18 m2 

Use a depth of 3 m, free board of 0.5 m, and 0.5 m for 

sludge zone depth 

Volume of tank = 99.55 mJ 

Detention time = 99.55/710.72 = 0.14 d ~ 3.36 hours 

Influent suspended solids = 508.54 mg/L 

60% removal, effluent suspended solids = 203.4 mg/L 

Dry solids = 0.6 * 508.54 = 305.12 kg 

Volume of sludge= (305.12)/(1.03 * 1000 * 0.06) 

= 4.93 m3/d per 1000 m3 

For 710.72 m3/d, volume of sludge is 3.5 m3/d 
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Alternative III 

Design Summary 

Primary Rotating Biological 

Settling Tank Contactor 

Inflow m3/d 777 710.72 

Outflow m3/d 710.72 687.67 

Influent BOD 344.08 240.94 

mg/L 

Effluent BOD 240.94 Designed for 30 

mg/L mg/L 

Influent 5810 2034.15 mg/L 
I r Suspended 

Solids mg/L 

-
Effluent 2034.15 Designed for 30 

Suspended mg/L 

Solids mg/L 

Primary settling tank same as in alternative I 

Rotating Biological Contactor 

This design is based on the design procedure given in Clew 

Corporation's manual. The effluent will have a BOD and 

suspended solids concentration of 30 mgfL. Procedures to 
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design for partial treatment(effluent quality of BOD and 

suspended solids less than 30 mg/L) not available. 

Loading rate= 2.75 lbs SBOD per 1000 square foot per day 

Soluble BOD is about 35% of total BOD 

lbs of SBOD 

= 87.6 mgjL * 710 m3/d * 1000 L/m3 * 1/1000000mgjkg * 2.2 

lbjkg 

= 136.83 lb/d 

Area of disc required= (136.83/2.75) * 1000 

= 49757 square foot 

Model D-45 (figure 4.1) in clow corporation has a media area 

of 51000 square foot. This disc has a length of 15' 4". 

Diameter is 6'. Secondary settling tank is not required. 

Sludge quantities 

Dry solids = 0.6 * 2034.15 = 2004.15 kg 

Volume of sludge per 1000 m3. Specific gravity of sludge is 

1.03 and has 0.94% moisture 

= (2004.15)/(1.03 * 1000 * 0.06) = 4.93 per 1000 m3 

For 710.72 m3fd, volume of sludge is 3.5 m3/d 
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Alternative IV 

By chemical precipitation, we get 80-90% of suspended solids 

removal and 70-80% BOD removal (6). 

Dosage of alum required based on jar test results = 1000 mg/L 

By primary sedimentation using the above alum dosage, 

effluent BOD is less than 100 mg/L, but suspended solids is 

1162 mgjL. Another stage of sedimentation, using the same 

dosage of alum is required. The disadvantages of this process 

are the following: 

* Cost of chemicals. 

* Handling of chemicals needs supervision and labor. 

* Sludge produced is voluminous and difficult to handle. 

The above mentioned disadvantages make this alternative 

not feasible. 
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