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ABSTRACT

Principles of chemical coagulation with aluminum sulfate, 

sedimentation and sand filtration were applied to raw sewage 
stabilization lagoon effluent in attempting to upgrade its quality.

Chemical and biological quality of the treated water was 
evaluated using industrial, agricultural and drinking water standards.

It was found that the pilot scale plant used in this study was 

capable of producing a water acceptable for many industrial applications 

and virtually all agricultural applications where public health consider
ations would not preclude its use. A greater degree of treatment than 

that afforded by the pilot plant would be required to produce a water 

entirely acceptable for domestic use.

Costs for electric power and alum were found to be 0.8 cents and

10.4 cents, respectively, for treating 1000 gallons of water in this 
installation.

viii



CHAPTER I
INTRODUCTION

1.1 GENERAL DISCUSSION
In the southwestern United States where surface water supplies 

are limited and ground water tables are deep and are showing increasing 
signs of depletion each year the search for supplemental sources of 

water is intensifying. Typical of the sources being investigated are 

treated sewage effluents and industrial waste waters.
Reclaimed or used water is limited in the uses to which it may be 

put. Water must meet unique sets of criteria dependent upon its use as a 

domestic, agricultural or industrial supply.
In the Tucson area surface water supplies are negligible. The 

ground water table varies from 150 to 350 feet in depth and declined 5 to 

25 feet in the years 1956-61 (1). Population growth rate has been near

ly five times that of the national average for the past ten years (2).

It is not surprising, therefore, to find an interest in using 

treated sewage effluents and industrial waste waters in suitable appli

cations and into exploring means of upgrading these sources to be com

patible with higher uses.

Efforts being directed toward more extensive utilization of 
existing supplies and development of methods for upgrading waste water 
are exemplified by research projects which have been undertaken in such 

areas as removal of ABS and algae from stabilization lagoon effluent (3),

1
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survival of pathogenic organisms in sewage stabilization lagoons (4) and 

algal sludge disposal (5). In addition, the use of blow-down water from 

steam electric generating plants for ground water recharge is being 

studied (6). The use of native materials as filtration media for the 
purpose of upgrading treated sewage effluent is being undertaken on an 

experimental basis (7).
Future plans call for construction of an operational scale treat

ment plant designed to provide a possible means of complete recycling of 

domestic waste-water back into the domestic supply. It is planned that 

this project will take the form of a demonstration grant from the United 

States Public Health Service (8).

Two major sources of appreciable quantities of domestic waste 

water are available in the Tucson area. Treated sewage effluent is 

available in large quantities from a conventional sewage treatment plant 

owned and operated by the City of Tucson. Sewage stabilization pond 

effluent is available from several installations owned and operated by 

Sanitary District No. 1 of Pima County.

1.2 PURPOSE AND SCOPE
The upgrading of waste-water to quality levels suitable for 

higher economic uses rather than finding wider uses for waste-waters in 

their present condition appears to hold greater promise for the future.

This study was essentially dual in purpose. The primary 
objective being to test by means of a pilot scale model certain methods 

of algae removal from the effluent of a raw sewage stabilization lagoon.



The methods tested were conventional and had previously been explored on 

a laboratory bench scale as part of a research project conducted at the 

University of Arizona (3). <

Secondly, the quality of the water obtained was weighed against 

the criteria demanded by various agricultural, industrial and domestic 
uses.

The following parameters were investigated in order to evaluate 
the performance of the pilot plant:

1. Characteristics of the lagoon effluent.

2. Optimum dose of coagulant required to produce an 
acceptable effluent.

3. Cost of chemicals used to obtain an acceptable 

effluent.

4. Electric power consumption per unit of treated 

water.

5. Analysis of improvement of quality of treated 

water.

6. Acceptability of final effluent for various uses.
7. Extrapolation of results to a moderately sized 

operational plant.

1.3 STABILIZATION LAGOONS
1.3.1 General

Stabilization lagoons are used extensively in the southwest for 
sewage treatment. In lagoons sewage is decomposed by both aerobic and 

anaerobic processes. The settleable solids portion of the influent
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settles to the bottom where anaerobic bacteria produce primarily CH^,

C02 and NH^. In the upper strata of the lagoon algae, in the presence of 

sunlight and nutrients, produce oxygen through the photosynthetic pro

cess . The oxygen is used by aerobic and facultative bacteria to produce 

COg, NHg and PO^ from the more complex organic material entering the 
lagoon. Simple compounds produced by bacterial action are used as nu

trients by the algae. Thus there is a continuing ecosystem which is 
supplied with complex organics in the sewage and which derives the great

est part of its energy from the sun.

1.3.2 Lagoon Effluent
The characteristics of lagoon effluent are such that only limit

ed direct use is possible. The high content of algae would preclude the 
possibility of using lagoon effluent in virtually any industrial process, 

especially where sedimentation or scale formation is undesirable.

Its high organic content may make lagoon effluent desirable as 
irrigation water; however, there is some uncertainty as to whether or not 

some soils might be subject to clogging under long term application. Its 

application in irrigation is presently limited by public health consider
ations to crops not grown for direct human consumption. It is possible 

that lagoon effluent could act as a vehicle for transmission of such dis

eases as anthrax, beef tapeworm and amoebic dysentery. Little is known 

of the effect upon the viability of viruses by lagoon treatment. Re

search at the University of Arizona recognized the possibility of liquid 
borne disease organisms being present in lagoon effluent (4).
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1.4 RESEARCH FACILITIES

1.4.1 Site

The research facilities were constructed as a cooperative effort 
between the Engineering Experiment Station of the University of Arizona 

and Sanitary District No. 1 of Pima County. The facilities are located 
approximately eight miles northwest of Tucson near the confluence of the 

Santa Cruz River and Canada del Oro wash. This property is owned by the 
Sanitary District and used primarily for the treatment of wastes orig
inating from water sheds downstream from the City of Tucson disposal 

plant. Figure 1.1, Vicinity Map, indicates the location of the 
facilities relative to Tucson.

There are presently two operational and three experimental 

lagoons at the site. Parker (3) performed research on effluent from 
Lagoon No. 1 which was at that time operating as a secondary with Lagoon 

No. 2 being primary. Figure 1.2 illustrates the site.

Three small lagoons, each approximately 100 feet square, were 
constructed several years ago to be used for research purposes. Lagoon 

effluent for this study was taken from these lagoons. Details of the 

site are presented in Figure 1.3.

A bypass from the 10-inch raw sewage outfall line was used to 
load the small lagoons. The distribution system was designed such that 

primary, secondary and tertiary pond effluents could be made available.

1.4.2 Pilot Plant
Chemical treatment facilities were designed to make use of the 

processes of coagulation and filtration to treat lagoon effluent.
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9
Incorporated in the design were rapid mixing, flocculation, sedimenta

tion, chemical dosing and filtration units, similar in design to a 

conventional water treatment plant. Components were designed using 

conventional design criteria except where Parker's (3) data indicated 

that modifications should be made. Design capacity was from 30,000 to 
50,000 gallons per day.

The mixing coefficient in the flocculation chamber was 36 fps 
per ft. with a detention time of approximately 40 seconds at a flow rate 

of 20 gpm.
Rapid mixing was accomplished by injection of chemicals directly 

into the inlet pipe. Enough turbulence was present in the rapid mixing 

chamber to eliminate the need for mechanical mixing.

The sedimentation basin afforded a detention time of from 1 to 2 

hours, based on results obtained by Parker (3). This short detention 

time appeared to be sufficient for the settling of algal sludge. A 

scraper velocity of 1.5 feet per minute did not resuspend the sludge.

Application to the sand filter was in the range of from 2 to 3 

gallons per square foot per minute.
Two filters were constructed; however, only one was equipped 

with a collection network and filter media. It was felt that any design 

changes in the collection network or alterations in the filter media 

could be incorporated in the remaining.filter if indicated. The sand 
used in the filter had an effective size of 0.53 mm and a uniformity 

coefficient of 1.77. The sieve analysis is plotted in Figure A.5.

Figures A.l through A.4 present details of plant design and
construction



CHAPTER II
PREVIOUS INVESTIGATIONS

2.1 ALGAE REMOVAL
Previous investigations of algae removal from stabilization la

goon effluent have been directed primarily toward the harvesting and use 

of the algae. The primary potential economic use of algal cell material 
is presently thought to be as an animal food supplement. Such material 

has a protein content of 50% or more. Only limited attention has been 
paid to the potential uses and quality of the effluent from which the 

algae has been removed.

McGauhey has reported on the economic potential of algae as an 

animal food supplement (9). He indicated that the retail value of algal 

cell material may be as high as $110 per ton and has concluded that the 

production costs for this material may be as low as $60 per ton.

Golueke and Oswald (10) have investigated various methods of 

algae removal including combinations of chemical flocculation, centrifu

gation and drying. They have reported estimated production costs from 
$13 to $645 per ton of dry algae. The extreme variation of production 

cost is based on varying algal concentrations in the water to be treated, 

the sizes of the lagoons supplying the water, the particular recovery 

process used and the quality of the product.

Parker (3) investigated various coagulants and coagulant aids in*
removing ABS and algae from lagoon effluent. He found that alum used

10
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independently of pH control or coagulant aids proved to be effective in 

the removal of algae.

Parker (5) in later work investigated the applications of sand 
bed dried algal sludge obtained from alum flocculation as a soil condi

tioner and compost aid. Although no cost data are given, the character

istics of the wet sludge were found to be of possible benefit as a com
post aid, while the dried material exhibited chemical properties that 

would indicate a good fertilizer value.

2.2 USES OF TREATED SEWAGE
The present uses of sewage treatment process effluents are many, 

but all are severely limited by the many undesirable characteristics of 
such water.

McGauhey (9) has compiled a list of various, existing uses of 

treated sewage. The following information is taken from that compila

tion.

Industrial applications include the following:
1. Mining

a. ore dressing

b. process make up
2. Oil refining

a. cooling

b. boiler feed

3. Steel production

a. process make up

b. boiler feed
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4. Quarrying
a. sand and gravel washing

5. Power plants

a. cooling
b. boiler feed

Irrigation uses include animal feed crops, cotton, sorghum, 
grain, citrus, orchards, parks, golf courses and lawns.

This information is specifically applicable to the United States 

and are relatively far removed from domestic use. The reference did not 
indicate the types of treatment given the sewage prior to the above list

ed uses.

2.3 CONTINUING RESEARCH
The use of water most closely approaching domestic application 

might well be considered recreational use. An intensive study into the 

use of reclaimed sewage for recreational purposes is being carried out 

at Santee, California (11). In this project, effluent from a tertiary 

oxidation pond is allowed to percolate through a natural alluvial fill 
into a collection system. This filtered water is returned to three small 

lakes that are used for carefully controlled recreational activities such 

as boating, swimming and picnicking. Fishing is allowed; however, the 
fish must be returned to the lakes.

In this project a great amount of effort is being expended on a 
study of the viruses in the system (12). During the sampling period July 

1, 1962 through June 30, 1965, 83 samples revealed no virus activity in
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the lake receiving the chlorinated, filtered tertiary oxidation pond ef

fluent, Fifteen isolations from 84 samples were made in the unchlorin

ated oxidation pond effluent over the same period,

2.4 AN OPERATIONAL PLANT
A very high quality of water is being produced from sewage by a 

plant operated by the South Tahoe P. U. D. at Lake Tahoe, California (13). 

This water is not being utilized directly for any purpose, but is being 
pumped out of the Tahoe basin into receiving water courses not tributary 

to Lake Tahoe. This is being done in compliance with rulings by 

California and Nevada requiring that waste water must be completely re
moved from the Tahoe basin in order to preserve the lake’s clarity by 

prevention of algae growth.
In this plant alum and a polyelectrolyte are introduced into the 

effluent of an activated sludge plant• The dosed effluent is then put 

through two pressurized separation beds operated in series and then 
given a final polish by two activated carbon columns. Plant design 
capacity is 5 mgd with an estimated operational cost of 5.6c per thou
sand gallons exclusive of amortization. No separate flocculation basin 

is employed.



CHAPTER III

PROCEDURES AND ANALYSES

3.1 GENERAL
The following analyses were used to evaluate the characteristics 

of the lagoon effluent and the treatment process. Unless otherwise noted, 
all analyses were performed in accordance with Standard Methods (14).

Analysis Method

Akyl Benzene Sulfonate (ABS) Methylene Blue Method

Sulfate Turbidimetric Method

Hardness EDTA Titration Method

Oxygen Consumed (COD) Dichromate Reflux Method

Total, Organic and Ammonia 
Nitrogen

Kjeldahl Distillation Method

Nitrate Nitrogen Reduction Method (Using 
Devarda's Alloy)

Chloride Mohr Method
Solids Residue upon Evaporation
Dissolved Oxygen Alsterberg (Azide) 

Modification of the Winkler 
Method

Biochemical Oxygen 
Demand (BOD)

Dilution Method

Specific Conductance Conductivity Meter

Sodium and Potassium Flame Photometric Method
Coliform Bacteria 
and Total Count

Membrane Filter Technique

14
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Phosphate See Section 3.3

Aluminum Spectrophotometric Technique

Hydrogen Ion Glass Electrode pH Meter
Concentration (pH)

Alkalinity Potentiometric Titration 
Method

3.2 DETERMINATION OF COAGULANT DOSE
Coagulant dosage was adjusted during plant operation to maintain 

a pH of 5.9 to 6.1 in the rapid mixing, flocculation and sedimentation 

units. Additional control was achieved through the use of a spectro

photometer to determine the relative clarity of the water in the process. 

Maximum clarity corresponded very closely with a pH of 6.0.

3.3 PHOSPHORUS

The total phosphorus of lagoon and treatment process samples was 

determined by a modification of the Pons and Guthrie method as applied by 
Parker (5). In this method the samples are acidified and digested be
fore extracting the phosphorus.

3.4 PLANT OPERATION
The plant was operated irregularly throughout the course of the 

investigation (from February through June of 1965). The usual pattern of 

operation consisted of operating the plant from six to eight hours sev

eral days per week. During this period nearly one million gallons of 

raw sewage were diverted to the experimental lagoons (5). Except for 

evaporation losses of from 5 to 10 percent, neglible seepage and slight



overflow, all of this water was treated. Complete start up and shut 

down procedures were effected each time the plant was operated.
A typical operational cycle from start up to shut down involved 

the following steps:

1. Start intake pump and chemical dosing equipment.

2. Adjust chemical dose rate to yield a pH of 6.0 in 
the rapid mixer while plant filled (this step 

required approximately two hours as the intake 
pump was adjust to yield the desired detention
time).

3. Operate the plant until all components stabilized 
and maximum per cent transmission was reached.

(This phase usually required from three to four 

hours. Sludge was drawn off periodically during 

this time.)

4. Backwash and drain.

3.5 CARBON FILTER
A small, laboratory scale, coarse granular carbon filter was 

constructed from 55 ram diameter plexiglass tubing. This filter was 

loosely packed with approximately 21 inches of 4X10 mesh granular activ
ated carbon.

Sand filter effluent from the pilot plant was taken to the lab

oratory and run through the carbon filter column. The resultant water 

was qualitatively observed for clarity, color and odor.

16



Quantitive analyses run on this water were COD, BOD, solids, 

phosphorus and the nitrogen series.

3.6 SAMPLING

Three points in the system were chosen for the determination of 
field data and the collection of samples for laboratory analysis.•

The lagoon samples were taken two feet deep and close to the end 

of the intake pipe using a standard overflow type dissolved oxygen sam
pler. The sedimentation basin was sampled at the overflow weir and the 

sand filter at its point of discharge into the clear well.

Samples were taken from the sampling points in a sequence com
patible to the detention times of the various units. Specifically, the 

sedimentation basin and filter effluent samples were taken from two to 
three hours (depending on the flow rate through the plant) after the la
goon samples in order to compensate for the time lag created by the de

tention time through the plant.

17



CHAPTER IV
DATA AND RESULTS

4.1 GENERAL
In order that the data obtained in this study could be evaluated, 

the significance of the various parameters investigated was ascertained 

relative to the purpose for which the water might be used.

4.2 WATER QUALITY
Complete results of field and laboratory analyses of the lagoon 

effluent and the treated water are presented in Tables VIII and IV in the 

Appendix. The median values of the analyses were determined and used for 

comparison with various water quality criteria.
Table I presents a number of the various accepted criteria for 

raw water sources for domestic use together with some of the results 
obtained in this study.

In figures 4.1 through 4.7, sources of domestic water supplies 
in Arizona (16) are compared with United States Public Health Service 
Drinking Water Standards (where established) and the water produced by 
the pilot plant.

The significance and development of the allowable or recommended 
limits of chemical and biological factors for various applications are 

discussed and compared to pilot plant results in Sections 4.2.1 through 
4.2.16.

18



TABLE I
• CLASSIFICATIONS OF RAW DRINKING WATER

STANDARDS COMPARED WITH EXPERIMENTAL DATA

Raw water standards are from McKee and Wolf (15). Experimental 
data are the averages of values determined from the sand filter effluent.

Analysis Raw Water Classification* 
Excellent Good Poor

Experimental
Results

BOD
(mg/1) 0.75-1.5 1.5-2.5 Over 2.5 5
Coliforms 
(per 100 ml.) 50-100 50-5,000 Over 5,000 4,000
DO
(mg/1) 4.0-7.5 4.0-6.5 4.0 or less 5.3
PH 6.0-8.5 5.0-9.0 3.8-10-5 6.2
Chlorides
(mg/1) 50 or less 50-250 Over 250 94

★Classifications are defined as follows:

Excellent; Requiring disinfection only.

Good; Requiring filtration and disinfection.

Poor; Requiring special or auxiliary treatment and 

disinfection.

19
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^2? 7̂ ŷ /A: m //*f/Ay
Af////^nrms ^//^z-



A/
t/
sr
+A
as
- 

l4
S&
//
*s
 

Ti
gs

 /
-^

c/

C^/g/of/c/e

Af////^r asrf s /amr* JL //#/-



A/
cr

m&
m+

~ 
of
* 

t/
X/
<z
 //
jr
 

71
* &

 ̂
 <r
c/

\0K-

/Vs''/*0€r1*‘<̂  A/0J

yO#y-



26

s*f////j[r arm s /&£** JL ff*r



27

4.2.1 Alkyl Benzene Sulfonate (ABS)
Primary objections to ABS in domestic water supplies appear to 

be based on esthetic rather than toxicological considerations (15). The 

U. S. P. H. S. has adopted 0.5 mg/1 as a limit.
Few references are available regarding specific industrial 

effects of ABS.
It has been reported that development of spinach, carrots, 

endive, lettuce and tomatoes may be adversly affected by ABS (15).

There appears to be no limits established for either industrial or 

agricultural applications.

The average pilot plant concentration of ABS over the study 

period was 6.4 mg/1. There was a steady decrease from 6.9 to 5.8 mg/1 

of ABS in the lagoon during the study period indicating that possibly 
the effects of biodegradable detergents were becoming significant.

4.2.2 Sulfate

Sulfate concentrations greater than 250 mg/1 are not re

commended for domestic use due to possible laxative effects upon new 

users and objectionable tastes when the water is used for culinary 
purposes (16). Objections to sulfate in industrial water depends 

largely upon which salt is in question. Examples of limits of re

commended industrial values are given in Table II.

The effects of sulfates in irrigation water depends upon the 
soil and the crop to which it is applied. Concentrations greater than 
500 mg/1 are generally considered hazardous (15).



TABLE II

RECOMMENDED OR ESTABLISHED LIMITS OF FORMS 
OF SULFATE FOR VARIOUS INDUSTRIES

Concentrations are optimum ranges or limiting or threshold values 

in mg/1 (15).

Industrial Process SO^--

Brewing - - - - 

Carbonated beverages 250 

Concrete corrosion 25 
Ice making - - - - 

Milk industry 60 

Photographic processes - - - - 

Sugar manufacture 20 

Textiles 100

CaSO* MgSO^ Na2SO^

100-500 100-200 100

300 130-300 300
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The average sulfate concentration in the final effluent of the 
pilot plant for the study period was 292 mg/1. The average concentra

tion in the lagoon for the same period was 142 mg/1. This increase in 
sulfates is attributable to the aluminum sulfate coagulant.

4.2.3 Alkalinity •
There are no direct health considerations involving alkalinity, 

although alkalinity is used as a design consideration in water treat

ment plants (16).

Values greater than 125 mg/1 are detrimental to brewing or 

beverage manufacture and the upper limits in food products manufacture 

range from 30 to 250 mg/1 (15).
Excessive alkalinity in irrigation water may be detrimental in 

its effect of adding to the total salinity of the soil (15).
Pilot plant and lagoon effluents averaged 80 mg/1 and 260 mg/1 

of alkalinity, respectively.

4.2.4 Biochemical Oxygen Demand (BOD)

Other than an indicator of pollutional potential there is no 

specific health significance attached to BOD. Waters with high BOD are 
not recommended for domestic use due to the inferred pollution. Table I 

contains BOD values allowable in various classes of raw domestic water.
No references to BOD as a criterion in industrial or irrigation 

applications were found. It seems reasonable that high values of BOD 

would be deleterious to industries sensitive to high organic content in
process water



An average value of 4.6 mg/1 of BOD was found in the pilot plant 
effluent with a corresponding value of 36.8 mg/1 in the lagoon. The two 
passes made through the carbon filter both produced an effluent having a 

BOD of less than one mg/1.

4.2.5 Chemical Oxygen Demand (COD)
COD, like BOD, is not a specific pollutant nor does it have any 

particular health significance other than to indicate that a water con

tains oxidizable material which could be questionable in origin.

Plant effluent exhibited an average COD of 89 mg/1 while the 

lagoon had an average of 239 mg/1. It is interesting to note that an 
average of 80 mg/1 was found at the overflow weir of the sedimentation 

basin. It is thought that during the intervals that the sand filter 
sat idle considerable quantities of wind borne material collected on 

the surface of the sand. This appears plausible since the filter had 
to be back washed at the end of each run rather than before (see 

Section 5.1).

The carbon filter reduced the COD to 43 mg/1.

4.2.6 Nitrogen

Nitrogen compounds in various forms are of interest in analyses 

of pollution and in evaluation of the character of waste water and 

performance of treatment facilities because of the importance of their 
role in plant and animal life processes. Many of the compounds are 

harmless, many are extremely toxic. The United States Public Health 

Service has recommended a limit of 45 mg/1 as nitrates for drinking
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water (17) . Consumption of water having nitrates in excess of 10 mg/1 

by infants under 2 months of age has been found to result in methemo

globinemia.

Nitrates and nitrites in excessive amounts (30 mg/1 or more) are 

deleterious in such industries as brewing and dyeing (15).
A presentation of average nitrogen concentrations determined 

during the study period appears in Table III. None of the concentra
tions found appear to be of any general significance in making the 
effluent unuscable. There may, of course, be specific objections to 

various forms of nitrogen in some applications, but no references were 
found.

4.2.7 Hardness

Aesthetics and economics rather than public health considera
tions govern the desirable limits of hardness in domestic waters. At 

hardness levels of between 100 to 200 mg/1 a home softening unit might 

be practical or economical (16).

Table IV presents the ranges of recommended hardness values for 
various industries.

Hardness seems to have little significance in agricultural 
applications (15).

The average level of total hardness in the plant effluent was 
150 mg/1. Calcium hardness averaged 115 mg/1.

4.2.8 Chloride

The primary objection to chlorides in domestic waters is taste.
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TABLE III
AVERAGE CONCENTRATIONS OF VARIOUS FORMS OF 

NITROGEN IN THE TREATMENT FACILITIES

Sample Location Total
Nitrogen
mg/1

Organic
Nitrogen

mg/1

Ammonia
Nitrogen

mg/1

Nitrate-
Nitrite
Nitrogen

mn/1
Lagoon effluent 28.3 16.7 11.6 1.3

Sedimentation basin 16.3 4.9 11.4 1.0

Sand filter effluent 14.8 3.5 11.3 1.7

Carbon filter effluent 8.4 3.0 5.4 0.1

Note: Nitrogen data are expressed in terms of N.
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TABLE IV
RECOMMENDED MAXIMUM HARDNESS FOR INDUSTRIAL APPLICATIONS 

Data taken from reference number (15).

Industry or Process Recommended Hardness 
as mg/1 of CaCOj ..

Boiler feed water 
0-150 psi 

150-250 psi 
250-400 psi 

over 400 psi

80
40
12
2

Brewing 200-300
Carbonated beverages 200-250
Cooling 50
Food canning and freezing

general 
legumes 

fruits & vegetables 
peas

50-85
25-75

100-200
200-400

Food equipment washing 10
Food processing, general 10-250
Laundering . 0-50



although chlorides can be harmful in some types of heart and kidney 

. disease (15). A limit of 250 mg/1 has been recommended for drinking 

water (17).
Industrial and irrigation water will normally not be deleterious 

at values below 50 and 100 mg/1 respectively (15).

Chlorides averaged 94 mg/1 in the plant effluent.

4.2.9 Solids
A maximum dissolved solids concentration of 500 mg/1 has been 

recommended as an upper limit for a desirable drinking water (17). New 

users of waters of higher concentrations may experience some laxative 

effects or find the taste objectionable. No harmful physiological 
effects have been found from the use of water with a high dissolved 

solids content.

Table V presents some limiting values of dissolved solids for 
industrial applications.

Agricultural waters having values of 2100 mg/1 or less are 

generally satisfactory (15).
Total dissolved solids were not altered significantly by the 

treatment process, averaging approximately 800 mg/1 throughout the 
entire system. A marked reduction in the volatile solids fraction was 

exhibited with the lagoon having an average value of 222 mg/1 while 
the plant effluent had a value of 76 mg/1.

Data in Table VIII would seem to indicate that the carbon filter 

was adding to the solids content as a result of carbon fines carrying 

over. Values of COD do not seem to substantiate this conclusion.
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TABLE V

RECOMMENDED MAXIMUM DISSOLVED SOLIDS CONCENTRATIONS 
FOR VARIOUS INDUSTRIAL APPLICATIONS

Data from reference number (15).

Industry or Process Limiting Concentration 
mg/1

Boiler feed (depending on pressure) 50-3000
Brewing and distilling, general 500-1500
Canning and freezing 850
Carbonated beverages 850
Confectionery 50-100
Dairy washwaters 850
Food equipment washing 850
Food processing, general 850
Ice manufacture 170-1300
Plastics, clear 200
Paper manufacture, general 80-500
Rayon manufacture 100-200
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4.2.10 Sodium
Sodium has very little health significance except to those 

people suffering from ailments'requiring a low sodium diet. Depending ' 

on the particular sodium salt, taste thresholds vary from 34 to 290 

mg/1 (15). No domestic limits have been set.
* In industrial and agricultural applications the limiting values 

of sodium are expressed in terms of specific sodium salts and are inti

mately associated with the solids content and character.

Sodium, expressed as Na , averaged 134 mg/1 in the plant 
effluent.

4.2.11 Potassium
Remarks applying to sodium are generally applicable to potas

sium. Taste thresholds vary from 340 to 680 mg/1, depending on the 
salts (15).

Potassium, express as K , averaged 21 mg/1 in the plant efflu
ent .

4.2.12 Specific Conductance

Specific conductance is an indicator of the dissolved solids 

content of a water. In order to determine specific limits, the con

centration of the ions responsible for the conductance would have to be 
determined. An average value of 265 micromhos was found in the filter
effluent.
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4.2.13 Phosphates

Phosphates appear to have no permanent physiological effects, 

although high concentrations may produce diarrhea. Concentrations 

greater than 50 mg/1 should be avoided if possible in drinking wat,er (15).

Phosphates in industrial supplies are generally acceptable due 

to their inhibitory effects upon scale formation. Deleterious effects 

from phosphates in brewing operations have been reported (15).

Phosphate concentrations in irrigation water would normally not 

be of significance when weighed against phosphate addition through the 
use of fertilizers and soil conditioners.

The average of three phosphate determinations in the lagoon 
during June was 6 mg/1 (reported as phosphorus). Concentrations 
throughout the chemical treatment process were reported as less than 
one mg/1.

4.2.14 Aluminum

Little significance is attached to aluminum as a public health 
consideration.

Aluminum may cause trouble in laundries and synthetic fiber 

manufacture (15).

No significance seems to be attributed to aluminum in agri
cultural water.

One aluminum determination was made on the lagoon and treatment 
process. The lagoon showed a concentration of zero and less than one 

mg/1 was reported in either the sedimentation basin or the filter ef
fluent
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4.2.15 Dissolved Oxygen (DO)
The sanitary significance of dissolved oxygen lies largely in 

the evaluation of the ability of a stream to maintain a healthy aquatic 

life (19). Table I indicates the values of DO recommended in deter

mining the suitability of raw water for domestic purposes.
Waters of low or zero DO concentration are desirable in many 

industrial applications• Tucson Gas & Electric scrubs the oxygen from 

its boiler feed water to a level of less than 10 parts per billion (20)• 
Low concent rations of dissolved oxygen tend to help inhibit corrosion 

when the water is in contact with metallic parts, especially at high 

temperatures or pressures.
No particular significance is attached to dissolved oxygen in 

agricultural applications. Maintenance of sufficient levels of DO is 

critical in such endeavors as hatchery operations.

The plant effluent averaged 5.3 mg/1 of DO.

4.2.16 Bacteriological Indicators

Bacteriological analyses are important in domestic water supply 

control as a measure of the degree of contamination of water. Coliform 

activity in water is an immediate warning that fecal or other organic 

material may be present in the water. Table I compares raw water 
criteria with the results obtained in the study. It should be noted 
that no attempts were made to chlorinate the pilot plant effluent since 

the primary interest lay in determining the plant characteristics and 

not in producing drinking water.
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Bacteriological tests are of interest to the food processing in

dustries and to such activities as paper manufacture where bacterio

logical slimes in process water are troublesome. Agricultural applica

tions are limited by public health considerations.
An average concentration of 4000 colonies of coliform per 100 ml 

was found in the plant effluent.

4.3 POWER CONSUMPTION
Power consumption of the pilot plant was determined by reading 

the kilowatt hour meter on the electric service pole during a five hour 
period of plant operation. The particular period during which these data 

were secured was a night run in which a number of lights not ordinarily 

in use were operating.

The power requirements for the various lights and laboratory 

equipment in use during the run were as follows:

1. 8 each, 40 watt flourescent bulbs
2. 1 each, 150 watt flood light

3. 1 each, pH meter (neglible current draw)
4. 1 each, spectrophotometer (45 watts)

5. 1 each, 75 watt trouble light
The above equipment had a combined power consumption of 0.59 kilowatt 
hours per hour.

Total power consumed over the five hour period was 6.3 kilowatt 
hours or 1.24 kilowatt hours per hour. The consumption of the supply 

pump, chemical feeder, flocculator, scraper mechanism and back wash 
pump therefore was 0.65 kilowatt hours per hour.



At an assumed cost range of from 10 to 30 mils per kilowatt 

hour, the power cost for'the plant operation, exclusive of lights and 

laboratory support equipment, would range from 0.65 to 1.95 cents per 

hour. Assuming a flow rate through the plant of 25 gpm, the power cost 

would be from 0.43 to 1.30 cents per thousand gallons.

4.4 CHEMICAL COSTS
Effective doses of commercial aluminum sulfate without prior pH 

adjustment were found to vary from 400 to 500 mg/1 of water treated.
Commercial alum costs approximately $55 per ton in carload lots 

(7). Had the alum used in the pilot plant been bought in carload lots, 
chemical costs would have ranged from 9.2 to 11.5 cents per thousand 

gallons of water treated.

4.5 PRODUCTION COSTS

Operational costs for a water treatment plant include labor, 

supplies, power and maintenance. For purposes of comparison, the 
operational expenses of two water treatment plants operated by the City 

of Phoenix, Arizona, were computed for the years 1962, 1963 and 1964 (21) 

(22). The combined rated capacity of these two plants was 130 MOD. The 

average operational costs for the plants over the three year period was 

3.53 cents per thousand gallons of water treated (including 1.79 cents 

for labor and maintenance). This compares to a cost range of from 9.6 
to 12.8 cents per thousand gallons for the pilot plant, exclusive of 
labor and maintenance.



True production costs must include amortization of the capital 

expenditures for the treatment facilities. Amortization cost over a 30 

year schedule, at an approximate interest rate of'3-1/2%, for the two 

Phoenix plants was computed to be very close to one cent per thousand 
gallons (21) (22) (23). On a national basis, amortization costs over a 

30 year period computed at an interest rate of 4-1/2% for small plants 

(5 MGD or less) has been reported to be 1.3 cents per thousand gallons 
(24).

As a matter of interest, the amortization costs were estimated 
for the Lake Tahoe reclamation plant (13). By applying some rather 
broad assumptions to the sparce cost data given in the reference, a 

surprisingly high amortization cost of 2.7 cents per thousand gallons 
was derived.

Table VI presents some comparative cost data. By adding the 

cost of sewage treatment to that of water treatment, an approximation 

of treatment costs currently borne by communities can be made. Data 
from Table VI place combined costs at 4.4 to 6.4 cents per thousand 
gallons, depending upon the particular processes combined. This com

pares to a combined lagoon and pilot plant cost of 12.1 cents per thou
sand gallons.



TABLE VI

COMPARATIVE COST DATA

Plant Location Plant Function Process
Cost in Cents per 
Thousand Gallons

Tucson, Arizona (25) 

Tucson, Arizona (25)

Las Vegas, Nevada (25) 

Phoenix, Arizona (21) (22)

Sewage treatment 

Sewage treatment* 

Sewage treatment* 

Water purification*

Stabilization lagoon

Activated sludge

Trickling filter

Coagulation, sedimentation 
and sand filtration

0.9

2.7

2.9

3.5
Lake Tahoe, California (13) Complete sewage

reclamation*
Activated sludge, coagulation,
sand filtration and activated
carbon contact 5.6

Tucson, Arizona 
(Pilot Plant)

Upgrading stabilization 
lagoon effluent**

Coagulation, sedimentation 
and sand filtration 11.2

* Data for operational plants do not include amortization.

** Pilot plant cost is the midpoint of the range calculated from chemical and electrical consumption. 

Numbers enclosed by parentheses denote references.
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

5.1 PILOT PLANT PERFORMANCE
The overall performance of the pilot plant was satisfactory 

after initial operational difficulties had been overcome. Some trouble 

was experienced in the early stages of operation because of the tendency 
of algae floe to rise and float in the sedimentation basin. Floe 
apparently was made buoyant by formation of small bubbles within the 
floe. The bubbles were thought to be oxygen produced by algae in the 

basin. As a consequence, the intake from the lagoon was lowered to 

minimize the concentration of oxygen producing algae. An opaque cover 

over the sedimentation basin should tend to eliminate this phenomenon 

and also negate wind action which, at times, proved troublesome. If 

algae harvest is to be a consideration, steps should certainly be taken 

to allow water to be drawn from the lagoon at a shallower depth than 
was done in this study.

The sand filter did not add significantly to quality improve
ment of the water produced. Some of the chemical and biological data 

indicate that water quality was actually diminished somewhat by the sand 
filter.

At least two factors contributed to the poor performance of the 
filter. Because of the lack of an adequate means of storing clean water 

for use in backwashing the filter before each run, freshly treated water
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in the clear well was used to backwash immediately after each run. Be

tween runs, a considerable quantity of wind borne material collected on 

the filter surface. In addition, the backwash pump achieved approxi

mately 20% expansion of the filter bed rather than the 50% normally re

commended in water treatment plant practice.

With proper backwashing and possibly a finer sand, the degree of 

treatment afforded by the filter should be significantly improved. No 
signs of clogging or serious head loss were noted during the eight-hour 

periods of operation.
Alum dose rates for the pilot plant corresponded closely to the 

results obtained by Parker (3) who reported good coagulation character

istics using a dose rate of 200 mg/1 (anhydrous) or 490 mg/1 of commer

cial Al^CSO^^.^H^O. The average dose rate used in the pilot plant over 
the study period was 460 mg/1 of commercial alum.

5.2 ACCEPTABILITY
Widely variable and unique sets of water quality criteria de

manded by various users virtually preclude the possibility of delineat

ing all the uses to which a particular water may be put. An industrial 

process may be able to use a very low grade of water for primary washing 

and processing while requiring a grade of water exceeding domestic 
standards for final steps in the process.

Many of the domestic standards that have been established are 

not meant to be interpreted as levels above which the water may no 

longer be used for domestic purposes. Recommended values of sulfates
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and chlorides, for example, are often exceeded in domestic use with only 

limited short term effects on the new user. In a short time the new 

user's system accommodates itself to the higher values.

Since Arizona has no comprehensive criteria for judging water 

quality and acceptability, guidelines established by Oklahoma (15) have 

been chosen as a basis for evaluating the sand filter effluent. Data 

derived from the pilot plant sand filter effluent are compared to the 

Oklahoma criteria in Table VII. It should be noted that not all of the 

criteria suggested by Oklahoma were evaluated in the pilot plant nor 
were all of the factors evaluated in the pilot plant used as criteria by 

Oklahoma. Table VII therefore contains only data for which a direct com

parison can be made.

5.2.1 Domestic Application

According to U. S. Public Health Service Drinking Water Standards 
(see Table I) and criteria presented in Table VII, water produced by the 

pilot plant is not acceptable as a domestic source without further treat

ment. Total solids, BOD, sulfate, sodium, chloride and ABS concentra

tions are high and the bacteriological quality is questionable. Total 

nitrogen, although high according to Table VII, is within limits speci
fied by the Public Health service provided that nitrate levels are not 

exceeded. The shift from the use of ABS to biodegradable detergents will 
result in a decrease of ABS in waste water.

BOD concentrations may be reduced by longer filter runs than 

were used in this study, by use of diatomaceous earth filtration or 

carbon adsorption. Any one of these procedures should be effective;



TABLE VII

SUGGESTED CRITERIA OF RAW WATER QUALITY FOR 
THE STATE OF OKLAHOMA COMPARED TO PILOT PLANT SAND FILTER EFFLUENT

Analysis Experimental
Results

Domestic
Use

Industrial
Use

Agricultural
Use

Alkalinity mg/1 81 120 50-150 ---
BOD mg/1 5.0 0.75-1.5 ---
Chloride mg/1 94 50 20-250 100
Coliform per 

100 ml 4000 50 w • ■

DO mg/1 5.3 4.0 0.2-2.0 0.2
Nitrate as 
mg/1 of N 1.7* 10 mmmrn immm

PH 6.2 6.5-8.5 6.0-9.6
Sodium mg/1 134 0-10 50 10
Sulfate mg/1 292 250 100-250 190
Total Solids 
mg/1 780 1000 100-1000

Temperature °F 66 50 60 60
Total Nitrogen 
mg/1 14.8 10

♦Includes nitrite.
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however, a combination may be required. ABS concentration will be re
duced by carbon adsorption. Limited work done with the laboratory scale 
activated carbon filter indicated that an esthically satisfactory water 

having little or no color, odor or turbidity and having a BOD of less 

than one mg/1 can be produced.
Any of the suggested procedures will reduce coliform density to 

some extent. To insure acceptable values, disinfection should be pract

iced following any additional treatment.
Chlorides, sodium, sulfate and total solids, while above recom

mended limits, do not render the water unuseable for domestic purposes. 
Concentrations of these elements can be reduced by electrodialysis or 

ion exchange. Lower alum dosage resulting from the use of supplementary 

pH control and various coagulants and aids may reduce the quantity of 

sulfate present.

5.2.2 Industrial Application
In most industrial applications surveyed, the water produced by 

the pilot plant was satisfactory for direct application. In some 

activities such as brewing, rayon manufacture and certain areas of food 

processing, the water would need additional treatment before use.
One specific application that was rather thoroughly explored was 

use as boiler feed water at a local steam powered electric generating 

plant (18). The particular plant in question uses steam at 1500 p.s.i. 

Such a high pressure imposes some rather unique requirements on the feed 

water. The well water now used requires extensive pretreatment. It
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appears that the pilot plant effluent would be suitable as either a sup

plementary or sole supply if subjected to the pretreatment now used if 

two unknowns can be accounted for. At this high pressure, SiOg and 

aluminum are troublesome as a result of their tendency to form scales. 
SiOg content was not determined in the pilot plant water and a con

centration of 0.4 mg/1 of aluminum was found. Generating plant pre

treatment capabilities indicate that SiOg concentrations of 50 mg/1 can 
be effectively reduced. Assuming that the 15 mg/1 in the City of Tucson 

water supply is representative of the pilot plant effluent and that the 
pretreatment can also reduce the aluminum concentration to 0.05 mg/1, the 
water would be suitable for this use.

Table VII indicates that sodium, DO and sulfate concent rations 

are high for general industrial uses. It is therefore indicated that 

pretreatment will be required by industries using a high quality water.

5.2.3 Agricultural Application

No constituents were found in the treated water in sufficient 

concentration to render the water unfit for agricultural use. Public 

health considerations when applicable, and high cost limit the practi

cality of its use as an agricultural supply.

5.3 COSTS

Combined lagoon and waste water reclamation plant treatment 
costs are estimated to be approximately 15 cents per thousand gallons. 

Labor, maintenance and amortization costs of the waste water plant are 3 

cents or less. Lagoon treatment costs are one cent or slightly less.



The power costs are approximately one cent per thousand gallons. The 

largest cost is for alum and is about 10 cents per thousand gallons.

Alternative coagulants, coagulant aids and pH control hold a 

potential for lowering chemical costs. In addition, McGauhey's data in
dicate that sale of dried algal material could conceivably return as much 

as 7 cents per thousand gallons (9).

Electric power consumption per unit of water treated can be re
duced in a large scale plant by proper and efficient sizing of pumps and 

drive motors. No such attempt was made on the pilot plant.

5.4 RECOMMENDATIONS

As a result of experience with the pilot plant and cost and 

application research, the author recommends the following areas of 

additional activity:

1. Investigation of the effect of pH adjustment, 
alternative coagulants and polyelectrolyte coagulant 

aids on chemical costs and water quality.

2. Exploration of markets for algal sludge in order 

to offset a portion of the plant operating costs.

3. Virological evaluation of the plant effluent before 
and after disinfection.

4. Alteration of the filter media.

5. Determination of the feasibility of activated carbon 
on a pilot scale.
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LABORATORY DETERMINED CHEMICAL AND BIOLOGICAL DATA
Concent rat ions are in mg/1 unless otherwise noted.

Sample
Date

Sample
Location

S • Cond, 
M. mhos

Solids 
Tot. Vol.

ABS
Tot.

Nitrogen 
as N 

Org. Anren. no2-n o3

Hardness 
as CaCO] 
Tot. Ca.

Na K Al Cl"
ion

so4 P0A as P
BOD COD C o n 

forms 
100 ml

Total
Count
100 ml

3/16/65 Lagoon Eff. 698 211 6.9 32.2 13.A 18.8 0.0 138 • 56 81 90 2A5
Sed. Basin — — — 680 5A 6.6 23.8 7.8 16.0 l.A 1A2 12A — — — — — — — — — 8A 255 ■ — — — — — 90 WWW WWW
S. Filter Eff. — 6A5 53 6.6 16.8 l.A 18.2 Tr. 1A0 11A — — — 77 260 — — 82 - - - —

3/19/65 Lagoon Eff. mm mm 664 186 6.6 35.0 17.1 17.9 A.5 138 56 83 95 53 191
Sed. Basin - — - 6A8 61 6.6 23.2 5.3 17.9 Tr. 152 116 — — — — — — — — — 81 235 — — — A 70 WWW WWW
S. Filter Eff. - - - 635 52 6.6 22.A 5.0 17.9 A.5 1AA 118 —  - - - - — 80 2A5 — 4 93 - - - - - •

3/23/65 Lagoon Eff. 550 718 226  ̂mm mm 33.0 17.9 15.1 2.0 132 98 no 265
Sed. Basin 250 672 7A - - - 17.3 2.5 1A.8 2.5 13A 100 — — — — — — — — — — — — 285 mm ~ — mm ~ mm 69 WWW WWW
S. Filter Eff. 300 662 66 6.8 16.8 1.7 15.1 A.O 136 106 - - - — -- 70 275 mm.rn.mm - - 10A WWW - - -

3/30/65 Lagoon Eff. 500 ■e «e • ■ ■ ■ ™ 30.A 17.0 13.A 2.5 mm ̂ mm 127 20.5 276
Sed. Basin 250 — — — - — — — • ■ 16.8 2.8 1A.0 2.5 — — - — ~ ~ 137 21.5 • ■ ■ ee • ■ — — — 86 WWW
S. Filter Eff. 300 -- -- - - - 17.1 3.1 1A.0 3.A - - " * - * 122 15.A — - - ” «•- - - - - - - 86 - W W - - -

A/.3/65 Lagoon Eff. 500 — — — — — — — — — — — «» — — » — «* — — — • w ee 113 20.3 200 100+ 1X106 AX106
Sed Basin 225 — — — -— — — — - - — - — — 126 23.A — — — — — — 395 — — — 104 • » W 3X103 WWW
S. Filter Eff. 150 — — - - - - - - --- -- - - - - - - — 106 20.2 -- --- AOS -- 10+ 2X103 - - -

A/17/65 Lagoon Eff. 600 mm mm mm • ■ ■ 6.A 3A.A 21.6 12.9 1.3 1A2 6A 138 22.6 9A 200 138 278 3X104 1X106
Sed. Basin 350 - - " — 6.5 17.A A.2 13.2 Tr. 150 118 138 2A.5 — — — 91 220 ” ■ 1A 82 8X103 1X105
S. Filter Eff. 300 - - - - - - 6 .A 17.A A.2 13.2 Tr. 1A8 122 132 19.9 — - - 92 220 — 10 98 6X103 1X105

6/11/65 Lagoon Eff. 700 961 308 5.7 29.A 25.9 3.5 Tr. 170 178 2A.A 0.0 1A6 160 5.0 62 295 5X105 3X105
Sed. Basin A00 890 15A 5.8 9.8 6.3 3.5 0.2 178 * w ̂ 175 2A.0 0.9 1A6 330 0.1 6 59 WWW 1X104
S. Filter Eff. 275 858 95 5.8 8.A 5.2 3.2 0.2 180 - • - 175 28.3 0.A 1A9 3A5 Tr. 5 52 2X103 3X1Q4

6/17/65 Lagoon Eff. ■ 911 208 15.A 9.A 6.0 0.1 6.8 18 168 8X105 5X106
Sed. Basin — — — 919 215 ■ 11.2 A.9 6.3 0.1 • • mm mm mm mm ̂ mm ■ • ■ • mm W » ■ 0.2 2 98 2X103 5X105
S. Filter Eff. - - — 960 105 9.8 3.5 6.3 0.1 » w ■ — — — • — • • • — mm ̂ mm » 0.2 3 113 3X103 2X106
C. Filter Eff. - - - 989 103 ■ - - 8.A 2.8 5.6 0.1 * - - W - — - - - - “ “ - - - - - - 0.2 1 A3 --- - - -

6/19/65 Lagoon Eff. 899 19A 16.8 11.2 5.6 0.1 6.0 1A 192 1X105 3X107
Sed. Basin — — — 900 83 * w —* 11.2 5.6 5.6 0.1 WWW w • • W mm mm ̂ • • • • 0.2 1 86 AX102 2X10&
S. Filter Eff. - — — 921 86 mm ~ mm 9.8 A.2 5.6 0.3 • • •• mm mm mm 0* ~ 0m mm mm mm mm ~ mm — — — • • 0.2 1 86 5X103 AX106
C. Filter Eff. - - " 916 85 - - - 8.A 3.2 5.2 0.1 - - - * - • * - * - - - - - --- 0.2 1 A3 - - - “ • -

Average Lagoon Eff. 570 808 222 6.A 28.3 16.7 11.6 1.3 1AA 68 139 22.0 0.0 101 1A2 5.9 37 239 5X105 8X106Values Sed. Basin 295 785 107 6 .A 16.3 A.9 11.A 1.0 151 . 11A 1AA 23.A 0.9 100 287 0.2 5 80 3X103 6X105
S. Filter Eff. 265 780 76 6.A 1A.8 3.5 11.3 1.7 150 115 13A 21.0 0.A 9A 292 0.2 5 89 AX103 2X106C. Filter Eff. -  - - 952 9A 8.A 3.0 5.A 0.1 mm mm •  — —  • —  —  — —  *  — •m ~  mm 0.2 1 A3 mm mm mm W W W



TABLE IX

FIELD DATA

Date of 
Sample

Flow
Rate
R p m

Alum
Dose
rag/l

Location 
of Sample

3/16 35 417 Lagoon Eff. 
Sed."Basin 
S. Filter Eff

3/19 30 390 Lagoon Eff. 
Sed. Basin 
S. Filter Eff

3/23 21 485 Lagoon Eff. 
Sed. Basin 
S. Filter Eff

3/30 25 517 Lagoon Eff. 
Sed. Basin 
S. Filter Eff

4/3 25 517 No Data

4/17 25 439 No Data
6 / 1 1 25 496 Lagoon Eff. 

Sed. Basin 
S . Filter Eff

6/17 20 443 Lagoon Eff. 
Sed. Basin 
S. Filter Eff

6/19 18 440 Lagoon Eff. 
Sed. Basin 
S. Filter Eff

Average 
Values 
all Runs

25 459 Lagoon Eff. 
Sed. Basin 
S. Filter Eff

Average 21
Values 
Last 3 runs

460 Lagoon Eff. 
Sed. Basin 
S. Filter Eff

pH Temp. DO Total 1
°C mg/1 Alkalinity

mg/1
Trans

8.3 13 8.0 280 24
6.3 13 9.0 124 • W
6.5 13 9.0 127 94

8.0 13 Trace 276 a* *
6.0 13 Trace 84 --
6.1 13 4.0 88 94

8.7 3.4 272 30
6.0 •- 5.2 65 — mm
6.2 •• 6.6 70 91

8.3 17 Zero 264 « —
6.0 17 Zero 60 •«»
6.1 17 5.0 68

mm mm

9.1 20 1.4 287 18
6.0 21 2.1 68 90
6.1 22 4.4 70 93

8.3 25 Zero 288 60
6.0 26 Zero 76 98
6.1 26 5.2 74 99
7.7 24 Zero 252 59
5.9 24 Zero 66 99
6.0 24 3.0 66 100
8.3 19 1.8 274 38
6.0 19 2.3 78 96
6.2 19 5.3 81 95
8.4 23 0.5 276 46
6.0 24 0.7 70 96
6.1 24 4.2 70 97
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