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CHAPTER I 

INTRODUCTION 

The City of Lubbock, Texas has been using land application for 

final disposal of its treated wastewater since 1938. Under terms of 

an agreement with Mr. Frank Gray, a local farmer, the city gives him 

all of the effluent from the Southeast Water Reclamation Plant, which 

handles the bulk of the city's wastewater, for use as irrigation water. 

Mr. Gray has had difficulty in making efficient use of this water 

because the irrigation demands do not coincide with the effluent 

supply. The use of large holding ponds to regulate flow has, through 

the years, provided an acceptable solution to the problem. 

Because of seepage from the holding ponds and the infiltration 

of effluent applied as irrigation water, the water table beneath Mr. 

Gray's farm has risen to within a few feet of the ground surface. 

The city is planning to use this groundwater and city storm run

off for makeup water for a series of lakes in the Yellowhouse Canyon. 

The Yellowhouse Canyon runsj£nM-4^orth of Loop__2&9Lj)n the north side 

of Lubbock, southeast through Lubbock to the edge of the caprock joear 

Slaton. Included in all phases of the^anyon Lakes Project are the 

construction of seven lakes as shown in Figure 1. In phase I of the 

project, five lakes will be constructed within the city limits of 

Lubbock. This portion of the canyon is presently undeveloped and is 

bordered by low value residential housing and various heavy industries. 
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The city is currently in the process of relocating wrecking yards and 

other eyesores that had previously been located in the canyon. Lake 

number five will be large enough to accommodate sailboats and rowboats 

but the other four lakes will be considerably smaller and will not 

accommodate this type of boating. The main purpose of the first five 

lakes is to serve as the nuclei of a 1,371 acre park site. Included 

in the park facilities will be provisions for picnicing, hiking, 

athletic events, wildlife observation, and scenic driving and cycling. 

The lake system will also offer canoeing and fishing. The park 

boundary generally conforms to the rim of the Yellowhouse Canyon or 

departs only slightly so as not to conflict with existing improvements 

(1). 

Phases II and III of the project provide for construction of 

Lakes Numbers 6 and 7. These lakes will be large enougn to accommodate 

water skiing, sailing, and pleasure boating. Lake 6 will have a 

capacity of approximately 21,000 acre-feet and will be surrounded by a 

2,931 acre park. Lake 7 will have a capacity of approximately 50,000 

acre-feet and will be surrounded by a public recreation area of some 

8,800 acres (1). 

The development of the fir^t phaseaf the project will undoubtedly 

.h£V£_jjjrgfoujTdMm^^ canyon and the jcity. 

This improved appearance may_cause surrounding lajid values to increase, 

thereby replacing unsightly__hous2ng and industry with new residential 

development and groomed induitrlal^ianks. This, then, would achieve 

the goals of conventional urban renewal projects at a fraction of the 



cost. Therefore, it could set a precedent for a national program of 

development of similar projects. 

Recreational considerations are becoming key factors in commu

nity developmentJbec5UiS£_.±he-jfiapi(i expansion of the work force and the 

growth of the economy_have._given the average family more free time. 

Since large lakes are virtually non-existent in the Lubbock are~a, the 

second and third phases of the project will also be of considerable 

benefit to the community. 

Water is a valuable commodity in the South Plains. The decline 

of the Ogallala aquifer which serves the area has caused industry, 

municipalities and agriculture to search for new water supplies. 

Therefore, area considerations for the reuse of the reclaimed waste

water are not confined to the Canyon Lakes Project. If the reclaimed 

wastewater were deemed unusable in the lakes project, there would 

certainly be commercial outlets to industry, to municipalities to aug

ment public water supplies, or to agriculture. 

The water stored beneath Mr. Gray's farm is undoubtedly of value 

to the Lubbock area. The magnitude of this value is primarily 

dependent on the quality characteristics of the water. Freese, Nichols, 

and Endress Consulting Engineers expressed some concern over the high 

concentrations of nitrate that exist in the reclaimed wastewater (2). 

This compound is an essential nutrient for most plants and therefore 

could cause excessive algal and aquatic plant growths in the Canyon 

Lakes. 



Purpose and Scope 

The objective of this study is to evaluate the feasibility of 

the use of the reclaimed wastewater as a makeup water source for the 

Canyon Lakes. This evaluation will include a review of the quality 

interchanges which occur in Lubbock's water reclamation system, a 

review of the criteria which are desirable for aesthetics and recrea

tional use as specified by Water Quality Criteria, and a review con

cerning eutrophication and algal growth (3). In addition, it will 

include the examination of a reclaimed wastewater similar to Mr. Gray's 

and a preliminary pilot scale study of its reuse in a model simulating 

the Canyon Lakes. 



CHAPTER II 

REVIEW 

Quality Interchanges in Lubbock's Water Reclamation System 

The Southeast Water Reclamation Plant is typical of many munici

pal plants over the nation. It incorporates screening, grit removal 

and primary sedimentation with grease removal in primary treatment. 

It uses a parallel system of two trickling filters and an activated 

sludge facility which are followed by sedimentation in secondary treat

ment. The secondary effluent is chlorinated and pumped to Mr. Gray's 

farm where it is stored in holding ponds until it is used for irrigation. 

The primary purpose of a conventional sewage treatment plant such 

as the Southeast Plant is to satisfy the biochemical oxygen demand (BOD) 

created by organic materials which are present in the sewage. These 

materials may cause serious oxygen depletion problems in watercourses 

which receive the sewage. 

During this treatment process several elemental quality inter

changes occur that leave each constituent in a lower energy state than 

that at which it was received. Quality characteristics at various 

stages of treatment are shown in Figure 2. This figure illustrates 

conditions which typically result from treatment, storage, evaporation, 

and percolation of municipal wastewater. Concentrations shown in the 

figure are relative to removal during primary and secondary treatment, 

and an actively sorbing soil is assumed. 
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Carbon is usually received in the organic form. Aerobic treat

ment of the waste enables bacteria to oxidize the organic carbon to 

carbon dioxide. Nitrogen present in fresh sewage is primarily combined 

in proteinaceous matter and urea. Decomposition by bacteria readily 

converts much of the nitrogen to the ammonia form during treatment. 

However, the ammonia may be oxidized by bacteria to nitrites and 

nitrates. 

Phosphorus usually enters the system in one of three phosphate 

forms. Orthophosphates are at the lowest energy level and are often 

the oxidized products of higher energy forms. Condensed phosphate may 

be in the form of either pyrophosphate, metaphosphate, or polyphosphate 

Phosphate may be converted to these forms in the course of treatment or 

may be added in these forms by detergents used in laundering and other 

cleaning agents. Many varieties of organic phosphate are found in 

sewage. During sewage treatment the organic and condensed phosphate 

are transformed to orthophosphate which may be utilized by bacteria or 

discharged with the effluent (4). 

Some organic matter remains in the effluent, which also contains 

nitrogen, phosphorus and carbon. The extent to which this organic 

matter is present depends on the efficiency of the treatment facility 

and the quantity of nonbiodegradable organics in the sewage. 

Mr. Gray's holding ponds also act as a sewage treatment system. 

The nature of the treatment depends upon the depth of the ponds and 

the wind conditions. The dissolved oxygen content of the secondary 

effluent is wery low, usually around 2 mg/1. It is easily depleted 



when exposed to a bacterial population such as the one present in the 

holding ponds. The extent of natural reaeration then determines to 

what extent aerobic or anaerobic conditions are present in the ponds. 

Reaeration is accomplished when the water comes in contact with the 

atmosphere and the extent to which this occurs depends on the amount 

of circulation in the pond. Wind is the primary cause of natural cir

culation. Circulation efficiency decreases with increased pond depth 

and decreased wind velocity. Thus, if the wind velocity is low and 

the depth of the ponds is great, anaerobic conditions will probably 

prevail, especially in the lower depths of the pond. The anaerobic 

decomposition of carbon ultimately yields methane and carbon dioxide 

(COp). Anaerobic conditions also foster denitrification, a bacterial 

reduction process which transforms nitrites and nitrates to free 

nitrogen or nitrous oxide. Under anaerobic conditions, phosphate ions 

which were precipitated as ferric phosphate under aerobic conditions 

are released as the ferric iron is reduced to the soluble ferrous state 

Of these products, methane and free nitrogen are relatively insoluble 

in water and are evolved into the atmosphere. Carbon dioxide and 

phosphate ions are extremely soluble and therefore remain in solution. 

If the wind velocity is high and the ponds are shallow, aerobic 

conditions will prevail. As in the conventional treatment process, 

the aerobic decomposition of carbon compounds produces 002- Ammonia 

nitrogen present in the secondary effluent is oxidized to nitrate 

nitrogen under aerobic conditions and phosphorus is oxidized to ortho-

phosphate. 
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Aerobic conditions contribute to growths of algae so long as 

enough carbon, nitrogen, phosphorus, and sunlight are available. These 

photosynthetic organisms contribute to the oxygen concentration in the 

pond but only grow to depths where sunlight is sufficient to facilitate 

photosynthetic activity. 

Algae consume large amounts of nutrients. They can be used for 

nutrient removal if properly managed. In Mr. Gray's system, however, 

the algae are not harvested so that even though the nutrients are con

sumed, they are still present in cellular organic form. Therefore, the 

net concentration of nutrients in the ponds is not changed by the algae, 

Effluent holding ponds such as those used by Mr. Gray are usually 

facultative, i.e., they have both an aerobic and an anaerobic zone. 

The size of these zones depends on the depth and wind conditions as 

mentioned earlier. The amount and forms of carbon, nitrogen and 

phosphorus in the effluent from the ponds depend on the action of the 

organisms in these zones and are greatly affected by a change in the 

nature of the treatment system due to wind action. 

As the reclaimed wastewater percolates to the water table it is 

further treated. There is very little documentation on the quality 

changes that occur during infiltration and percolation, but several 

trends have been noted. Investigations in coordination with the 

Santee Project note that microorganisms including bacteria and viruses 

are removed by percolation at very shallow depths (5). Bacterial 

action at or near the ground surface constitutes another biological 

treatment system which performs either aerobically or anaeroblcally 
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according to circumstance. Insoluble substances are removed by the 

filtering action of the soil. The soil also absorbs certain soluble 

substances including soluble organics, phosphates and ammonia. 

The concentrations of carbon dioxide in the effluent holding 

ponds are high because of the bacterial decomposition of organic 

matter. These concentrations would tend to increase with depth in the 

ponds because of the hydraulic pressure gradient. Water percolating 

toward the water table would contain high concentrations of carbon 

dioxide. When CO2 is dissolved in water, it reacts to yield carbonic 

acid as shown in Equation 1. 

CO2 + H2O ===̂  H2CO3 (1). 

Caliche which is present in the underlying strata is largely 

composed of calcium carbonate. This calcium carbonate reacts with car

bonic acid to yield calcium bicarbonate as shown in Equation 2. 

CaC03 + H2CO3 =*= Ca(HC03)2 ^̂ •̂ 

This reaction would ultimately deplete the carbon dioxide present in 

the percolating water if enough contact were made with the caliche. 

The formation of pipeline-like channels through the strata to the aqui

fer could prevent this contact, however. This would allow high carbon 

dioxide concentrations to exist in the groundwater. 

The nitrate ion is very stable and can be reduced only under the 

most extreme circumstances. Since it is also yery soluble, it is in 

many cases found in very high concentrations in percolated sewage. 

The water supply for the City of Lubbock has an abnormally high 

dissolved solids concentration. After this water is used and arrives 
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at the Southeast Reclamation Plant, the concentration of dissolved 

solids is even greater. Although this concentration is little 

affected by secondary treatment and detention in the holding ponds, it 

is increased greatly as the volume is reduced by evaporation during 

irrigation. In addition, the dissolved solids concentration is 

increased by leaching of minerals during percolation. The result of 

these two phenomena is that the dissolved solids concentration in the 

groundwater is greater than the concentration in the water supply. 

Considerations for Use in Recreational Lakes 

This entire section on considerations for the recreational use of 

waters was taken from a publication of the Federal Water Pollution 

Control Administration entitled Water Quality Criteria (3). 

Aesthetics 

Aesthetically pleasing waters add to the quality of human 

experience through enhancement of the scenery. Waters meeting the 

standards for aesthetic enhancement add greatly to the value of adja

cent properties and provide a focal point of pride for any community. 

These waters should be capable of supporting life forms of aesthetic 

value. The observation of wildlife in its natural environment is very 

wholesome. It contributes to the enjoyment of viewing. Conversely, 

the sight of disruption due to pollution such as a fish kill or abun

dant algal growth degrades aesthetic qualities and appreciation. 

"Surface waters should be free of substances attributable 
to discharges or wastes as follows: 
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a) Materials that will settle to form objectionable 
deposits. 

b) Floating debris, oil, scum, and other matter. 
c) Substances producing objectionable color, odor, 

taste or turbidity. 
d) Materials, including radionuclides, in concen

trations or combinations which are toxic or 
which produce undesirable physiological responses 
in human, fish and other animal life, and plants. 

e) Substances and conditions or combinations thereof 
in concentrations which produce undesirable 
aquatic life. These include substances of high 
nutrient content or elevated temperature which 
might cause objectionable algal or weed growths." 

Qualities affecting aesthetic values should be regulated 

according to the requirements of each watercourse to insure the benefit 

of that watercourse. Various flow characteristics or proposed uses 

require different conditions to be of aesthetic value. 

Recreational Use 

There are three basic levels of recreational use. They are 1) 

general use, 2) uses other than primary contact recreation, and 3) 

primary contact recreational use. The general recreational use cate

gory applies to surface waters for which no specific designation of 

intended use is made. This water should have an average of not more 

than 2,000 fecal coliforms per 100 ml and a maximum of 4,000 per 100 ml 

except in specified mixing zones adjacent to outfalls. The water 

should be of sufficient quality to provide for the enjoyment of recrea

tion based on fishes, waterfowl, and other forms of life without 

reference to official designation of use. All wildlife which is 

available for harvest from the water should be fit for human consump

tion. These general requirements are set on the premise that regardless 



14 

of whether a recreational use is encouraged, people are drawn to and 

tend to make use of the water for a variety of activities. 

The second category includes waters which are specifically 

designated for secondary recreational usage. These uses may encompass 

boating, skiing, sailing, fishing and other uses in which intimate 

contact with the water is either incidental or accidental and the 

probability of ingestion of appreciable quantities of water is 

minimal. The log mean of the fecal coliform content should not 

exceed 1,000 per 100 ml and not more than 10 percent of the samples 

should contain a maximum of 2,000 per 100 ml. Optimum conditions 

for recreation based utilization of fish, other aquatic life, and 

wildlife should apply to these surface waters. 

Primary contact applies to all uses which involve intimate and 

extended contact, and especially to contact by children. Waters 

which are used for primary contact recreation should be sampled at 

least five times over each 30 day period of the recreational season. 

These samples should have a log mean of less than 200 fecal coliforms 

per 100 ml, with not more than 10 percent of the samples exceeding 

400 per 100 ml. The pH of such waters should not be less than 6.5 

or greater than 8.3 except when due to natural causes, and in no 

case should it be less than 5.0 or more than 9.0. Desirable but not 

required qualities of this water include the clarity for which a 

Secchi disc is visible at a minimum depth of 4 feet and a temperature 

not to exceed 85°F (30°C). 
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Eutrophication and Algal Growth 

Eutrophication is defined as "the process of enrichment with 

nutrients" (7). The primary nutrients required for algal growth are 

carbon, nitrogen and phosphorus. Other nutrients such as calcium, 

magnesium, potassium and sulfur are also required in significant 

amounts for most algal growth. Micronutrients such as iron, manganese, 

copper, zinc, molybdenum, vanadium, boron, chloride, cobalt, and 

silicone are also necessary to sustain the growth of most algae (8). 

Lakes are generally divided into three classes according to their 

nutrient levels. The classifications are oligotrophic, which refers 

to a nutrient-poor lake, eutrophic, which refers to a nutrient-rich 

lake, and mesotrophic, which refers to an intermediate nutrient level. 

Many attempts have been made to further illustrate the difference 

between these classifications. 

Rawson proposed that eutrophic and oligotrophic lakes could be 

distinguished by their mean depths (7). The lakes that he examined 

indicated that lakes were oligotrophic when the average depth 

exceeded 20 meters and were eutrophic when the mean depths were less 

than 10 meters. 

Hayes suggested that the productive capacity of a lake was 

dependent on the volume of the lake and that the availability of 

nutrients to the organisms populating the lake was essentially 

inversely proportional to the volume and hence to the mean depth (7). 

Biological indicators have not proven to be as promising as the 

physical indicators. Different types of algal populations have been 
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used as indicators, and the result has been that the entire population 

must be sampled and proportioned to determine the trophic nature of 

a lake system (7). 

The basic difficulty encountered by these researchers is that 

the nutrients to be considered in this classification have been, by a 

tradition established by Naumann in 1919, based strictly upon the 

presence of nitrogen and phosphorus. Since flora and fauna require 

more for growth than these two elements the classification by bio

logical indicators is much more complex than has been anticipated. 

Often, the trophic state of a lake is compared to its age. Some 

texts claim that the natural aging process of a lake is the primary 

cause of natural enrichment. Mackereth proposed that lakes proceed 

toward an oligotrophic rather than eutrophic state unless another 

major disturbance by nature or man alters their course (7). 

McGauhey suggests that "although the amount of nutrients is an 

influencing factor, there is no simple relationship between the 

maturing process of a lake and the amount of nutrients present in 

its waters" (5). 

Excessive plant growth caused by eutrophic conditions damages the 

habitat of aquatic life. Such plant growth includes bacteria, aquatic 

fungi, phytoplankton, filamentous algae, and submersed, emersed, 

floating and marginal water plants. 

Sheath forming bacteria of the genus Sphaerotilus are sometimes 

a notable problem in surface waters subjected to organic enrichment. 
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Their growths interfere with fishing by fouling lines, clogging nets, 

and generally creating unsightly conditions in the infested area (3). 

Many types of algae are potential problem causers. Under certain 

conditions, several species of bluegreen algae produce toxic organic 

substances that kill fish, birds, and domestic animals. Rapid growths 

of some planktonic algae may limit photosynthetic activity to a 

layer only a few inches beneath the surface of the water. This will 

shade the bottom muds and prevent the growth of practically all rooted, 

submersed and emersed aquatic plants, thus removing a food source 

important to the survival of ducks and other waterfowl (3). 

Dense growths of filamentous algae may interfere with flow of 

water in irrigation ditches, the harvest of aquatic life by line or 

net, and the spawning of fish. They may also extract nutrients from 

the water which would otherwise be used to produce unicellular algae 

that are more commonly used as food by fi^i. Such growths can also 

cause overpopulation, resulting in stunting and the presence of large 

numbers of fish (3). 

Submersed, emersed, marginal and floating plants often interfere 

with navigation, irrigation and fish harvest. However, they enhance 

the habitat of waterfowl and reduce fish production only when they 

are present in numbers large enough to deplete nutrients needed for 

unicellular algae (3). 

All plant forms deplete the dissolved oxygen concentration in 

surface waters upon death and subsequent microbial degradation. In 

cases involving dense growths of plants, dissolved oxygen concentrations 
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are often reduced to levels which are harmful to the aquatic animals 

(3). 

In trying to correlate algal growth with nutrient concentrations, 

many people have concluded that some mysterious relationship between 

the nutrients such as the nitrogen to phosphorus ratio (N/P) was 

controlling the rate of algal growth. However, Chu noted that "the 

growth of plankton is not markedly affected by an increase or decrease 

of nitrogen or of phosphorus and is independent of the nitrogen to 

phosphorus ratio in the solution as long as these elements remain in 

optimum concentrations. It is mainly the deficiency of nitrogen or 

phosphorus but not the N/P ratio, that limits the growth of plankton 

studied when the concentrations of these elements are below the 

optimum range" (7). 

Since then, much work has been done in seeking the critical 

limiting concentrations of nitrogen and phosphorus. Using nitrate as 

the variable, Nyguist and Siegler took water from Bear Lake, Utah, 

and added 0.1 mg/1 Na2HP0- (0.0218 mg/1 phosphorus) and different 

amounts of NaN03 (9). Exponential growth started at 1.0 mg/1 

(0,165 mg/1 nitrogen). At 10 mg/1 of NaN03 and above, growth was 

greatly inhibited. 

To prevent algal growth from becoming excessive, Mackenthun 

advised that the inorganic phosphorus concentrations should be limited 

to 100/49/1 for running water and should be less than 50 ;xg/l for 

standing waters (9). Maloney of the U.S. Public Health Service con

cluded that a water should have less than 0.1 mg/1 nitrogen and less 
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than 0.01 mg/1 phosphorus with essentially no iron present in order 

for nutrient scarcity to prevent algal growth (5). 

The ease and economy of phosphorus removal has prompted more 

and more people to try to restrict the phosphorus concentration of 

waters in order to limit algal growth. However, Borchardt found that 

algae could store large amounts of phosphorus and use it for growth 

at a later time when the content is very low (9). Because of this 

ability, low concentrations of phosphorus in water may exist simul

taneously with an algal bloom. This could have caused some confusion 

in studies such as Maloney's. Also, soils and sediments may retain 

phosphorous and other nutrients that can be leached out and made 

available for algal nutrition. 

A nutrient which is of primary importance in the production of 

any cellular material is carbon. The composition of algae varies, 

but a typical cell is usually made up of about 40 percent carbon as 

compared to about 4 percent nitrogen and 0.4 percent phosphorus (3). 

This could indicate that about 10 times more carbon than nitrogen 

is required for the production of one algal cell, and about 100 times 

more carbon than phosphorus. However, the possibility of carbon being 

limiting in algal growth systems has seldom been documented. 

Dissolved carbon in the form of simple organic compounds can be 

used by many kinds of algae. Carbon dioxide and bicarbonate ions 

usually serve as their source of carbon, however. Therefore the lack 

of sufficient carbon dioxide and bicarbonate ions could limit algal 

growth (3). 
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Other nutrients could also limit algal growth. Addition of any 

one of the nutrients previously mentioned as well as certain vitamins 

which are limiting could trigger explosive algal growth. 

It can be concluded then, that the potential for algal growth 

is so involved that no blanket prescription can be written for the 

elimination of algal growth problems. Each lake system must be 

analyzed in some fashion to determine which nutrient limits algal 

growth in the system. Then the concentrations of this nutrient can 

be regulated by application of some method of removal in order to 

alleviate the potential problem of excess algal grovjth. Indiscriminate 

elimination of one or all nutrients would be impractical or, in many 

cases, impossible. 



CHAPTER III 

PILOT SCALE TESTING 

Canyon Lakes Model 

The search for a limiting nutrient and the resulting design of a 

treatment method is a complex, involved task. A lake system has many 

variable parameters to consider. The weather is of primary importance. 

Since algal growth depends on temperature and sunlight, a change in 

the weather conditions could greatly alter the growth characteristics 

of the algal population. Contributions from blowing dust would include 

nutrients and turbidity. Wind might cause wave action and water 

circulation which recycles nutrients from the sediments and introduces 

turbidity. Therefore weather's influence must be duplicated in any 

model. 

Chemical and physical characteristics of the makeup water are 

also important. Since the growth of algae is directly dependent upon 

the inorganic chemical content of the makeup water, the chemical 

characteristics of the water used in research should be identical to 

that used in the real lake system. The temperature of the water must 

also be identical. 

The physical parameters of the lake system are also important. 

The volume of the lakes determines the residence time of water for a 

given flow through the system. Whether or not the biota in the lake 

21 



22 

have time to utilize the available nutrients is critical. A wery fast 

flow might result in washout of organisms so that no growth is 

encountered. A slow flow could result in the total use of available 

nutrients until their absence inhibits growth. Also, the net nutrient 

content of the lakes will tend to increase gradually because entering 

nutrients are taken up by the biota and natural recycling processes 

retain a great percentage of the nutrients. 

Mixing and recycling of nutrients resulting from wind action are 

directly dependent upon the depth of the lakes. An interaction between 

the depth and the turbidity will determine to what extent the flora 

are subjected to sunlight. 

The nature of the bottom and sides of the lakes will also be 

critical to the amount of nutrients available and to the types of 

rooted aquatic plants that might be present. 

Each lake system has its own particular characteristics which 

must be considered in the construction of a model. In the study of 

the use of reclaimed wastewater as makeup water for the Canyon Lakes, 

the best model seemed to be a pilot scale operation. 

The weather conditions encountered by the model are identical to 

those that the real lake system would have been subjected to in the 

same year. The chemical characteristics might be somewhat different 

since the makeup water is taken from a source different from but 

similar to that of the lake system. 

The City of Lubbock maintains two secondary treatment plants. 

The effluent from the larger of the two is utilized by a local farmer 
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for irrigation water as mentioned earlier. Effluent from the other 

plant is utilized by Texas Tech University as irrigation water on its 

farm. Like Mr. Gray's operation, the University has holding ponds in 

which it stores the effluent until it is needed for irrigation. Just 

as wells will be drilled on Mr. Gray's farm to supply makeup water for 

the Canyon Lakes, a well was drilled at the corner of one of the 

holding ponds on the Tech farms. In recent years the water table as 

indicated by this well has risen from a depth of about 100 feet at the 

time of drilling in 1968 to a depth of 40 feet. This phenomenon 

Illustrates the contribution by infiltration and percolation of the 

water in the holding pond. 

About 50 feet east of the well as shown in Figure 3, nine common 

wall concrete tanks were constructed in an attempt to simulate the 

Canyon Lakes system. Water from the well is used to keep water flowing 

through the tanks continuously. A header allows water to flow from the 

well directly into the three western tanks. Valves are placed on each 

arm of the header, on each common wall, and on each arm of the outlet 

header. This allows the water to proceed through the system with a 

minimum of three and a maximum of nine lake-type detentions. The 

water depth in each tank is approximately 5.5 feet. Each tank is 

approximately 8 feet wide by 16 feet long as shown in Figure 4. The 

volume of each tank is approximately 704 cubic feet or 5,870 gallons. 

The average expected detention time of the lakes should have been 

used as the detention time in each of the tanks. However, the high 

leakage rate in the tanks made it impossible to achieve this time in 
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the first tanks of each series while maintaining a constant water level 

in the last tanks. The flow from the well can be regulated up to a 

maximum of approximately 15 gallons per minute (gpm) under the present 

head requirements. A typical flow pattern, with flow rates and mean 

detention times, is shown in Figure 5. 

The aquifer beneath Mr. Gray's farm is capable of producing a 

maximum of five million gallons per day (mgd) for use as makeup water 

in the Canyon Lakes. The expense of pumping this quantity of ground

water may well cause the City of Lubbock to reduce its pumping rate to 

as low as one mgd. The average detention time for each of the first 

three lakes would be approximately 28 days for the minimum flow or 

approximately 6 days for the maximum flow not considering infiltration. 

Detention times corresponding to the lower flows have not been used 

in the model. 

The average depth of the lakes will be about the same as the 

depth of the tanks. A four to six inch layer of soil has been placed 

in the bottom of each tank to better simulate the bottom conditions 

in the Canyon Lakes. 

Testing and Observations 

Before the well water to be used in the study was introduced into 

the tanks, it was analyzed to provide insight into the nature of the 

important variables for the study and to provide data for consideration 

of other potential uses. Subsequent analyses were done in conjunction 

with the pilot study. All analyses were performed according to pro

cedures listed in Standard Methods for the Examination of Water and 
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Wastewater (4). A few of the tests which were used in the initial 

phase of testing were deleted or modified in the pilot study. In the 

initial phase the brucine method was used for nitrate determination, 

the kjeldahl method was used to find the concentrations of ammonia and 

organic nitrogen, and the diazotization method was used for nitrite 

determination. The turbidity was determined spectrophotometrically, 

the alkalinity was determined potentiometrically, and the EDTA method 

was used for determination of hardness. The total residue was deter

mined by the gravimetric method. The biochemical oxygen demand (BOD) 

was determined using samples seeded with settled mixed liquor from an 

activated sludge plant. Total and fecal coliform concentrations were 

determined by the millipore filter technique. 

In the pilot study phase, the nitrate determination method was 

changed to the ultraviolet spectrophotometric method. This method was 

not subject to interference from iron and chlorides as was the brucine 

method used in the initial phase of testing, and was considerably more 

convenient. The alkalinity determination was changed from the poten-

tiometric method to the methyl orange method for convenience. 

Even though phosphate forms other than orthophosphate are 

important to algal growth, they are relatively insoluble and therefore 

probably would not be found in percolated sewage. Because of this 

reasoning, the stannous chloride method for determination of ortho

phosphate was the only method used for phosphorus determination. 

The chemical oxygen demand (COD) for both phases of testing was 

determined using the dichromate method with a silver sulfate catalyst. 
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The azide modification for determination of dissolved oxygen was used 

in the initial testing phase as well as for a great percentage of the 

routine pilot study testing. These samples were fixed at the site 

and titrated in the laboratory. Dissolved oxygen concentrations not 

measured by this method were measured with a membrane electrode 

dissolved oxygen meter at the site. Carbon dioxide was monitored at 

the site during the pilot study by application of the titrimetric 

method using 0.0227 normal sodium hydroxide. The pH in both phases was 

determined electrometrically in the lab. 

In many studies in which the algal concentration was critical, 

suspended solids determinations have been used to indicate the mass of 

algae present. In this study, however, the first algal population was 

composed almost totally of a filamentous species. Since it was not 

uniformly distributed in the water, the suspended solids concentration 

had little correlation with the density of the algal population. As 

an alternative to a formal bioassay technique such as this, visual 

observations were made daily and changes or trends were noted in a 

permanent log. 

Similarly, while the first algal species was predominant, the 

turbidity present in the tanks was negligible and was therefore not 

measured but only noted in the log. In addition to recording changes 

in turbidity and algal density, the permanent log also proved to be 

valuable in recording biological events, flow patterns, chemical 

additions and site improvements that might have an effect on the 

results. 
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Typical sampling points for various tests are shown in Figure 5. 

All of the routine tests with the exception of the carbon dioxide 

determination were run in the lab. Samples for these tests were col

lected in mason jars and either tested immediately or refrigerated 

until testing was complete. 

Each tank was stocked with 25 channel catfish in order to 

determine whether or not they could live and prosper in the Canyon 

Lakes environment. The fish were obtained from a nearly sterile, dark, 

climate-controlled fish farm. Since the temperature of the fish farm 

was about 80°F and the temperature of the well water was about 60°F, 

the fish had to make a harsh adjustment. 



CHAPTER IV 

RESULTS 

Well water quality characteristics obtained in both phases of 

testing are shown in Table 1. Samples collected on November 1 and 

November 4 were tested in the initial phase and subsequent testing was 

done in conjunction with the pilot study. 

Pilot scale testing of the recreational value of percolated 

sewage produced some interesting results. The tanks were completely 

filled with percolated sewage by the second day of March, 1973. As of 

March 5, a most profound algal bloom had developed in the first and 

second tank of each series. The particular species that bloomed was 

a filamentous green algae that attached itself to the tank bottoms. 

As the algae matured, upper portions of the filament separated from 

the bottom and floated to the surface forming mats up to a half inch 

thick on the leeward side of each tank. 

Algal growth in the second tank of each series was not as 

abundant as growth in the first tanks, but surface mats of algae were 

also found in these tanks. Algal growth in the third tank of each 

series was almost nonexistent. Formation of any surface mat was 

infrequent and of minor significance. When a fourth tank was incorpo

rated in the series, virtually no algal growth occurred in it. 

During the three and one-half month period included in this 

study, two reductions in algal growth were observed. The first began 
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on March 10 and ended on March 16. After a second bloom beginning on 

March 21, the second reduction began on May 25. As of the end of the 

testing period, June 20, the filamentous algae had not been reestab

lished. Instead, a diatom of the genus Navicula had become the pre

dominant organism. Blooms of this diatom were not obvious and they 

went unnoticed until June 15 when a brown scum of the flocculated 

diatoms was evident on the surface of each tank. The growth of these 

organisms increased the turbidity of the water considerably. From 

notations of turbidity in the log, it was obvious that either the 

diatoms or some other single celled organism was present in some tanks 

as early as April 22. 

Two tanks were stocked with catfish on March 6. The remaining 

7 tanks were stocked on April 6. In both cases, 100 percent of the 

fish in the first tank of each series were killed within two days 

following their introduction to the tanks. Analysis of the water in 

which the kills occurred revealed high concentrations of carbon dioxide 

(C0«). In an effort to reduce these concentrations, the percolated 

makeup water for one of the tWo series of four tanks was aerated prior 

to being introduced into the first tank. A considerable reduction in 

the concentration of CO^ and an increase in the concentration of dis

solved oxygen was soon evident in the aerated series. Subsequent 

restocking of fish in the first tank of each series resulted in a 

100 percent kill in the tank receiving nonaerated makeup water and a 

zero kill in the tank receiving the aerated water. 
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Fish introduced into the other tanks have done reasonable well 

throughout the testing period. A minor fish kill occurred in the 

second tank of the nonaerated series when CO^ concentrations reached 

an average of 53 mg/1 in the tank. Other fish deaths in the tanks have 

occurred only when fish were caught in the overflow pipes which connect 

adjoining tanks. This difficulty was overcome by the installation of 

half-inch wire mesh covers on the overflows, but the installation was 

not made in time to prevent a significant amount of migration from 

tank to tank. As a result, some tanks presently have more than 25 

fish in them while others have fewer than 25. A considerable amount of 

growth has been observed in the fish since their introduction to the 

tanks on March 6. At that time, the 25 fish that were placed in each 

tank weighed a total of approximately six pounds, an average weight of 

less than one-fourth pound each. The fish in each tank were fed one-

half cup of Purina Catfish Chow every two days. On June 19, five of 

the original 25 catfish in one tank were removed from the tank and 

weighed. They weighed a total of two and one-half pounds, an indi

vidual average weight of one-half pound. The average weight gain for 

each fish over a three and one-half month period was approximately 

one-fourth pound. 

The results of routine monitoring of various quality charac

teristics of the pilot project are depicted in Figures 6 through 12. 

Each figure represents a different number of samples and a different 

observation period as shown in Table 2. 
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Although conclusive evidence that some element was limiting 

algal growth was not provided by the data, the low phosphorus concen

trations shown in Figure 7 suggested that phosphorus might be the 

limiting nutrient. In order to determine whether or not phosphorus 

was the limiting nutrient, K2HPO4 was added to the third tank of the 

nonaerated series on June 8 in sufficient quantity to raise the con

centration of phosphorus to 0.25 mg/1. Since water flows from the 

third to the fourth tank of the series, the phosphorus concentration 

in the fourth tank rose to 0.15 mg/1. No obvious algal bloom occurred 

It is very probable, however, that a bloom in the diatom population 

occurred at this time and went unnoticed. 

After diatom blooms were evident in other tanks on June 15, the 

phosphorus concentration of the same tank was again raised, this time 

to 0.15 mg/1. Again, an obvious algal bloom did not occur, but three 

days later a brown scum developed on the surface of the tank. The 

scum layer that developed on this tank was somewhat thicker than the 

layers that developed on the first tank of each series, and far in 

excess of those that developed on any of the other tanks. The 

presence of the large scum layer is indicative of the development and 

decline of a large diatom population. 



CHAPTER V 

DISCUSSION OF RESULTS 

The analyses of the well water yielded results that were fairly 

consistent. More testing for trace elements, heavy metals, potassium, 

and sulfur would have been advantageous in positive elimination of 

speculation that some unmonitored nutrient might be limiting algal 

growth in the pilot study and in providing additional data for con

sideration of use of the water for other purposes. 

The pilot scale study has a tremendous advantage over laboratory 

or smaller scale studies in that all of the vital conditions, as 

mentioned earlier, which will exist in the actual lake project can be 

duplicated with a high degree of accuracy. There are two basic prob

lems with this method, however. First, the phenomena which occur in 

the model are almost as hard to evaluate as those which may occur in 

the actual system. A complex interaction exists between all organisms 

living in and conditions prevailing in the model similar to that 

which would exist in a full scale ecosystem. These interactions cause 

extreme difficulty in evaluating the causes and significance of any 

singular phenomenon such as an algal bloom or a fish kill. 

The second of the basic problems is that the time involved for 

any occurrence In the model Is identical to that which would be 

Involved for the same occurrence in the actual system. As a result, 

a great deal of time is required to observe the effect of any system 
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modification such as the installation of an aerator or the addition of 

a nutrient. 

Examination of the accumulated data shown in Figures 6, 7, 10 

and 11 showed declines in the nutrient concentrations of the water as 

it proceeded from tank to tank. While nitrate, phosphate and carbon 

dioxide were obviously consumed during progression through the series, 

COD and total alkalinity were not. Because algal growth did not occur 

in the last tanks in each series, it is obvious that some nutrient was 

limiting. A negligible concentration of one of the nutrients in one 

of the last tanks would have been good evidence that the particular 

nutrient was limiting to algal growth. This was not the case in this 

study. The concentrations of phosphorus were low but were not 

necessarily negligible. Therefore, conclusive evidence that phosphorus 

was limiting is not available from the data. 

It should be noted that each set of data for the concentrations 

of nitrate, phosphate and COD for each sampling varied virtually with

out detectable pattern from tank to tank. The trends illustrated in 

Figures 6, 7, 10 and 11 were not seen on a day to day basis and were 

only evident when the data for the entire period were accumulated and 

compiled. This variation is attributable to three things. They are 

1) the variable nature of the percolated sewage makeup water, 2) the 

algae's ability to store nutrients and therefore vary nutrient uptake, 

and 3) experimental error. These variations would be impossible to 

evaluate on the pilot scale. Smaller scale studies should be used in 

their evaluation. 
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The visual observation technique for determination of algal 

density and turbidity was well suited to the conditions which fostered 

the initial filamentous species. However, the population of the dia

toms defies evaluation by this technique. 

The titrimetric method for carbon dioxide determination was 

approximate at best. The use of a less concentrated titrant might have 

increased its accuracy considerably. The possibility that high con

centrations of CO2 may be the cause of fish kills is documented by 

Water Quality Criteria, which states that an excess of "free" carbon 

dioxide may have adverse effects on aquatic animals and that these 

effects range from avoidance reactions and changes in respiratory 

movements at low concentrations, to narcosis and death if the concen

tration is increased further (3). It sets the maximum allowable con

centration of CO2 in surface waters at 25 mg/1. 

The survival of the fish in the first tank of the aerated series 

offers conclusive proof that high concentrations of CO2 were respon

sible for the kills. The growth rate of the fish that survived is not 

critical in this study because optimum feeding to foster maximum 

weight gain was not sought. A study in this area might be fruitful 

for further research. The important result is that the fish not only 

survived, but prospered in the simulated Canyon Lakes environment. 

The scum formation in the tank with the elevated phosphorus 

concentration provides some evidence that an algal bloom did occur 

and that phosphorus is the limiting nutrient for the system. This 

should not be considered conclusive, though, and further effort should 
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be made to monitor the diatom population directly. When this 

monitoring method is developed to a suitable confidence level, the 

concentration of phosphorus in one tank should again be elevated. If 

this elevation causes an increase in the algal population as reflected 

by the results from the monitoring method, it would be safe to conclude 

that phosphorus was the limiting nutrient. 



CHAPTER VI 

CONCLUSIONS AND RECOMMENDATIONS 

Pilot Scale Study 

Recommendations for Future Research 

The constant changing of the dominant algal species throughout 

the life of this project will require a continuous, oper-minded vigil 

with periodic sampling and testing modifications to keep track of the 

relevant properties. In the immediate future, a new method must be 

developed to quantify the diatom population. This method might entail 

the measurement of turbidity or of nonfilterable residue. 

The determination of the limiting nutrient should be further 

pursued in future research. Since storm runoff will provide some of 

the makeup water, existing data should be examined and new data 

obtained to determine what quantities of this particular constituent 

will be contributed from the watershed. Similar quantities of appro

priate nutrients could then be added to the pilot scale model to 

determine what kinds of quality problems may be expected to develop in 

the Canyon Lakes. 

Other pilot scale studies of the Canyon Lakes should not be 

limited to the determination of the limiting nutrient or nutrients. 

Other pollutants such as oxygen demanding wastes, oil and grease, 

suspended solids, etc. should be added in quantities that represent 
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the current contributions to the Yellowhouse Canyon. If poor quality 

in the tanks is a result, the project should be given enough exposure 

to make the people of Lubbock aware of the impending situation. This 

might lead to a popular move to clean up the watershed and find and 

eliminate sources of pollution into the city storm sewers. 

Recommendations for the Canyon Lakes 

Excessively high carbon dioxide concentrations exist in the 

reclaimed sewage which is to be used as makeup water for the Canyon 

Lakes. Because these high concentrations have a harmful effect on 

aquatic life, it is suggested that the reclaimed water be thoroughly 

aerated before it is added to the lake system in order to reduce this 

concentration to an acceptable level. 

Although phosphorus is thought to be the limiting nutrient in 

the system, further research is needed to prove or disprove this 

point. If further studies show that phosphorus is indeed the limiting 

nutrient, sources of phosphorus in the watershed which will feed the 

Canyon Lakes must be located and eliminated in order to insure maximum 

quality in the lake system. 

In the model, serious algal growth was restricted to the first 

and second tanks of each series. Therefore it appears that elimina

tion of the vital nutrient from the other makeup water sources in the 

Canyon Lakes will restrict algal growth which is aesthetically 

unpleasing to the first and possibly the second lake in the series. 

If this is done, barring other types of serious pollution, the other 

lakes should meet or exceed their expectations. 
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Recommendations for Potential Usape 

Percolated wastewater from beneath the Gray farm can be used 

successfully as makeup water for the Canyon Lakes if the proper manage

ment techniques are employed. If this management if found to be too 

expensive or difficult, the water could be used elsewhere. 

For agricultural purposes, the high nitrate concentration of the 

water casts some doubt on its usability for watering livestock. The 

total dissolved solids concentration is high for irrigational use, but 

if it is applied in excess to tolerant crops it should be satisfactory, 

especially considering the nutritional value of the nitrate. 

For industrial purposes, the water could be used untreated for 

cooling water, but it would require treatment for use in the cement 

Industry, the textile industry, the chemical industry, the food canning 

industry and the petrochemical industry. With the exception of the 

food canning industry, these industries could provide the needed treat

ment at little extra cost. 

Considerations for usage as a public water supply are unrealis

tic because of high concentrations of nitrate, hardness, and dissolved 

solids. The concentration of fluoride in the water may also exceed 

specified standards, but its concentration was not determined in this 

study. The reclaimed sewage was not monitored for concentrations of 

radioactive materials, heavy metals, pesticides or other such contami

nants, but there is no reason to suspect that concentrations of these 

constituents would exceed accepted standards. 
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