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SUMMARY 

Nine common-wall concrete ponds, each measuring 81 x 16 1 X 6 1 deep 

were built on the Texas Tech University farm to test the suitability of 

reusing, for recreational purposes, treated municipal sewage that had 

percolated into the underlying formation. The ponds were designed to 

serve as a model of the Canyon Lakes, a series of recreational lakes to 

be built in Yellowhouse Canyon in Lubbock, Texas, and for which the 

source of make-up water during dry weather will be recovered municipal 

sewage that has been reused for irrigation and has percolated into the 

aquifer beneath the irrigated farm. 

The ponds were completed and filled with water in March, 1973. 

Each pond was stocked with 25 channel catfish weighing an average of 

one-quarter pound each. Fifty fingerling bass were added to each pond 

in June, 1974, and a total of 21 tropical perch of the genus Tilapia 

were added to three of the ponds later in June, 1974. 

Water is supplied to the ponds from a small well located near the 

corner of a treated sewage storage pond. Since the storage ponds have 

been in existence for approximately ten years, and since water has been 

percolating from them at a steady but unknown rate throughout this time, 

the water recovered from the supply well is thought to be composed 

entirely of percolated effluent. The water contains a very high 

concentration of dissolved solids and a concentration of about 25 mg/l 

of nitrate. Phosphates are almost absent, and coliform organisms are 

generally less than ten per ml. The water contains a very high 

concentration -- about 60 mg/1 -- of CO2, and a low concentration of 
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2 
dissolved oxygen. This latter problem was corrected very easily by 

constructing a simple multiple-tray aerator that reduced the concentra

tion of CO2 to about 24 mg/1, and increased the dissolved oxygen 

concentration to about 6 mg/1. 

The ponds have supported blooms of various species of algae and 

diatoms several times during the summer months. While some of the 

blooms have been very objectionable from an aesthetic viewpoint, none of 

them have been serious enough to cause any fish kills. One system of 

three ponds has been used as a control, and algal and diatom blooms have 

generally been more severe in this set than in the other two. Algae have 

been controlled in one set of ponds by the addition of copper sulfate, 

but this is not a practical algicide for the use in the system because 

of the high alkalinity of the water, which causes the copper to precipi

tate rapidly. It was found to be necessary to add enough copper to 

raise the concentration in the pond to 0.5 mg/1 each day to control the 

algae. Dissolving the copper sulfate in a solution containing sodium 

citrate reduced the dosage required by about half, but this would still 

not be a feasible means of control. 

The herbicide Diuron was found to be very effective. and a dosage 

of 0.2 mg/1 applied every third day prevented objectionable blooms from 

occurring. 

The catfish have survived for approximately 16 months and have 

grown in size from an average weight of approximately one-quarter pound 

to a maximum weight of approximately 1-1/2 pounds. Some reproduction 

of catfish has occurred in some of the ponds. The fingerling bass added 

in June appear to have approximately doubled in size in a period of two 

months. No dead bass have been seen in any of the ponds. 
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Ten of the Tilapia were added to one pond (Pond #2, Figure 2) 

after the bass had been removed. They, also, appear to be thriving, 

and some fry have been observed in that pond. Also, it is apparent 

that the concentration of algae is lower in the pond series 2 - 5 - 8 

than in other ponds. It is not yet apparent, however, that the Tilapia 

are entirely responsible for this reduced concentration of algae. 

While the well water and water in each of the ponds have been 

analyzed frequently during the project, it has not been possible to 

determine what factors trigger blooms of any particular species of 

algae or diatom. Apparently, the change in predominant species that 

occurs with time is simply a normal successional pattern caused by 

minor and as yet undetected changes in concentrations of unknown 

limiting nutrients, trace elements, or growth factors. 

Notwithstanding the fact that some objectionable algal blooms have 

occurred, it seems apparent that, with proper management, domestic 

wastewater that has been reused for irrigation and has percolated into 

the underlying formation is a suitable source of water for recreational 

purposes. Indeed, the results of this project indicate that, if this 

were the only source of water for the Canyon Lakes, they would be 

suitable for primary contact recreation. 

Based on the results of the bond election that was held in the 

spring of 1971, it appears that the citizens of Lubbock, who approved 

the Canyon Lakes Project by a majority of more than two to one, have 

accepted the concept of reuse of municipal effluent for secondary con

tact recreation. As stated above, however, groundwater recovered from 

the aquifer beneath the sewage farm appears to be of acceptable quality 

for most municipal usage, especially for watering lawns. 



CONCLUSIONS AND RECOMMENDATIONS 

The following tentative conclusions and specific recommendations are 

based on results obtained thus far in the project: 

1. It is concluded that treated municipal wastewater that has been 

reused for irrigation and has percolated into the underlying 

aquifer is a suitable source of make-up water for recreational 

lakes to be used for all purposes, including primary contact 

recreation. 

It is recommended that the research be continued in an 

effort -to find a predictive technique that would enable the 

manager of such a facility to anticipate approaching problems 

such as algal blooms and to take corrective measures before the 

problem becomes serious. 

2. It is concluded that fairly sophisticated management techniques 

will be required to maintain the lakes in an aesthetically 

pleasing condition at all times. 

It is recommended that any organization contemplating 

developing such a source of recreational water employ a 

competent manager with full-time responsibility for maintaining 

quality in the lakes. Such a person will need access to a 

well-equipped laboratory and will need to be decisive enough 

to take independent action to control algal blooms or other 

undesirable plant growth before they become aesthetic problems. 

3. It is concluded that such reclaimed water will support a wide 

variety of fish life. 

4 
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It is recommended that further study be given to the possibility 

of controlling algae and other aquatic plant growth by means of 

fish such as the Tilapia. This might require the operation of a 

separate hatchery for such fish, since it is understood that bass 

or other game fish can control the population of Tilapia very 

effectively. These fish are not forbidden for release in waters in 

Texas. 



CHAPTER I 

INTRODUCTION 

Lubbock, Texas, is in one of many regions in the southwestern part 

of the United States faced with declining water supplies. Located on 

the Llano Estacada of West Texas, this city of 160,000 people receives 

its water supply from Lake Meredith, some 120 miles north of Lubbock, 

except during the warmest summer months when this source is supplemented 

by groundwater from well fields in and northwest of the city. However, 

the entire economy of this high plains region is based on agriculture, 

which depends heavily on mining water from the Ogallala Aquifer for 

irrigation purposes. Estimates indicate that there will be a significant 

decline in irrigation agriculture within 20 years. Several areas 

surrounding Lubbock are experiencing severe water supply problems at 

present. 

The City of Lubbock has long been a leader in the development of 

effective water reuse plans. For over 35 years, treated sewage from the 

city has been used for irrigation by a local farmer, Frank Gray. Since 

the rate of application of the wastewater has, historically, greatly 

exceeded the requirement of the crops grown, the water table beneath 

the farmer's land has risen to within a few feet of the surface. 

Following suit, Texas Tech University has been using effluent from 

a small municipal treatment plant north of the campus for irrigation 

of the University's farm lands for over 10 years. 

Southwestern Public Service Company has also made efficient use of 

Lubbock's wastewater. A portion of it is used as cooling water for a 

6 



new 508 mw power plant. B1owdown water from the plant is diluted with 

sewage and utilized again for irrigation. 
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At the present, Lubbock is completing plans for a third use of its 

wastewater. In a bond election following the City's tragic tornado of 

May 11, 1970, $2.8 million was approved for the development of the 

Canyon Lakes Project. With the aid of BOR and HUD, this amount was 

later increased to $8.22 million. The project, once completed, will 

provide Lubbock with a series of recreational lakes and an extensive 

park system in an eight mile canyon that served for about 70 years as a 

local dump ground, (Figure 1). Water for the lakes will be percolated 

sewage effluent recovered from the aquifer beneath the Gray farm. This 

was indicated as being the best possible source of makeup water by 

Freese, Nichols, and Endress, Consulting Engineers in Fort Worth, Texas, 

in a 1971 report to the city (1). 

In order to explore fully the possible problems with using treated 

wastewater as a source of supply for the lakes, Lubbock enlisted the 

help of the Water Resources Center at Texas Tech University to serve in 

an advisory capacity during the planning and construction of the project. 

With the aid of OWRR grant # 14-31-0001-9043, the Water Resources Center 

built a model system consisting of nine common-wall concrete tanks 

measuring 16' x 8' x 6' deep. The purpose of the model was to enable 

researchers to ascertain the suitability, for recreational purposes, 

of reclaimed municipal wastewater that has already been used for irri

gation and allowed to percolate into the underlying aquifer. It is the 

objective of this report to present and discuss the findings of this 

study. 
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FIGURE 1. MAP OF LAKES 1 THROUGH 6 



Eutrophication 

CHAPTER II 

REVIEW OF LITERATURE 

Eutrophication is a problem of paramount importance affecting many 

bodies of water relative to their recreation potential and their ability 

to support wildlife. The eutrophic conditions of several lakes in the 

nation can be attributed directly to the addition of urban and agricul

tural runoff or sewage effluent to the lakes. Long Lake Washington, 

supplied with wastewater from Spokane sewage treatment plants, was 

formerly classified as eutrophic on the basis of rapidly increased 

primary productivity (2). The Great Lake~, whic~ have long been under

going accelerated eutrophication, are fed partly with urban and industrial 

runoff (3). Effluent from nine sewage treatment plants flows into 

Utah Lake in Provo, Utah (4). Studies indicate greatly increased nutrient 

concentrations in this lake which will support algal growth. Five lakes 

in Madison, Wisconsin, derive their nutrients from urban wastes and 

agricultural drainage and have consequently been subjected to the prob

lems of eutrophication (5). Considering the similarity of the sources 

of makeup water for these lakes and Lubbock's Canyon Lakes, a review of 

the current literature relative to the causes, consequences, and preven

tion of eutrophication is pertinent. 

Lakes are classified according to their nutrient content. There 

are oligotrophic lakes, which are nutrient-poor waters; mesotrophic 

lakes, or lakes having an intermediate concentration of nutrients; and 

eutrophic lakes, which are lakes that are rich in nutrients. Wilderness 
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lakes are essentially oligotrophic in nature. However, throughout 

centuries of organic buildup, the waters tend to become rich in 

nutrients, and remain so through continuous recycling of nutrients. 

The process of nutrient buildup is termed eutrophication, which is 

defined as the process of maturation of a lake from a nutrient-poor 

10 

to a nutrient-rich body of water (6). Acceleration of nutrient buildup 

by artificial enrichment of waters brings on highly undesirable eutro

phic conditions that render the water unusable for many purposes. In 

this instance, eutrophication is often used synonymous1y~ if 

erroneously, with the word pollution. 

Through the process of eutrophication, the waters of a lake become 

enriched with inorganic elements and compounds that serve as the food 

sources for algae and other aquatic plant life. Dense filamentous algae 

growths that may occur as a result of nutrient buildup can reduce total 

fish production and interfere with fish harvesting. Large growths of 

algae can also eliminate spawning areas and interfere with the produc

tion of invertebrate fish food. Some blue-green algae, green algae, 

and diatoms produce odors and scums. Dense growths may eliminate or 

limit photosynthetic activity because of the blockage of light. When 

algae die, their decomposition may result in depletion of the dissolved 

oxygen in a body of water. Some species of algae cause allergies and 

gastric disturbances, while others produce undesirable tastes and odors 

and oily substances (7). Submersed plants and algae provide homes for 

developing mosquitoes and hiding places for snakes, but they also 

provide habitats for damselflies and aquatic beetles. Dense 

growths of plants and algal blooms accompanied by a decrease in the 
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number and quality of fish can turn an aesthetically pleasing lake with 

vast recreation potential into a relatively useless body of water. 

Swimming, boating, skiing, and fishing are essentially eliminated. 

A major indicator of eutrophic conditions is a profuse growth of 

algae and other plants. However, there are other indices of eutrophi

cation that are not so obvious (8). One of these is reflected in changes 

in oxygen distribution, that is, an increase in the hypolimnetic oxygen 

deficit. Another index used to assess the extent of eutrophication is 

light transmittance. Transmittance decreases as a direct result of the 

abundance of plankton. Morphometric or depth and shoreline indices are 

also helpful. An eutrophic basin is characterized by increased shallow

ness and a more regular shoreline. Correlating the change in concentra

tion of necessary nutrients or the appearance or disappearance of certain 

organisms with eutrophication is also useful. 

A major class of factors affecting the degree of eutrophication 

attained by a body of water is the chemical composition of the ecosystem. 

Elements involved in plant growth are phosphorus, nitrogen, iron, 

manganese, calcium, silica, sulfur, magnesium, sodium, potassium, carbon, 

and oxygen. Some vitamins and trace elements are also necessary. 

Planktonic algae have similar requirements for nitrogen and phosphorus, 

whereas their requirements for calcium, sodium, magnesium, potassium, 

and silica are variable. 

Nitrogen and phosphorus are the two elements most often investigated 

relative to algal growth. However, the reported concentrations necessary 

to support growth or initiate a bloom vary from one study to the next. 

A 1967 review of eutrophication reports the optimum nitrogen concentration 
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for growth is 1-7 mg/l. A concentration less than 0.2 mg/l is not 

conducive to growth (9). Optimum concentrations of phosphorus are from 

0.1 to 2.0 mg/l, with growth inhibited below a concentration of 0.05 mg/l 

(9). Srinath, et.~., who found a close correlation between the 

phosphorus content of a body of water and algal growth, reported that 

nuisance blooms will not occur if the concentration of phosphorus is less 

than 0.01 mg/l (10). Concentrations of either nitrogen or phosphorus 

greater than 20 mg/l inhibit growth (9). 

There are conflicting reports as to the relative importance of the 

nitrogen-to-phosphorus ratio. It varies with the water, temperature, 

season, and the geological formation of the lake. Probable values for the 

nitrogen-to-phosphorus ratio range from 1:1 to 100:1 (8). Many people 

consider it to be an important parameter in studying eutrophication. 

However, Chu and associates have reported that growth of plankton is 

affected by an increase or a decrease in the nitrogen and phosphorus 

concentrations and is entirely independent of the nitrogen to phosphorus 

ratio (9). Hannan and associates, who calculated the nitrogen and 

phosphorus budgets for Lakes Dunlap, McQueeny, and Gonzales in Texas , 

determined from the nitrogen-to-phosphorus ratio that nitrogen was the 

limiting nutrient for these three systems (11). Phosphorus was found 

to be the cause of accelerated eutrophication in Lake Michigan (12). 

Studies by Gerloff and Skoog reveal that iron could even be the limiting 

nutrient, but that it is most generally nitrogen (9). However, it 

cannot be concluded that the removal of nitrogen and phosphorus from a 

lake will serve to maintain the oligotrophic character of the body of 

water. With small amounts of nitrogen and phosphorus present, 
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eutrophication may be triggered by trace metals, some vitamins, perhaps 

niacin or 812 , or some unknown stimulant. 

The major sources of nitrogen entering fresh water are atmospheric, 

which contributes approximately five pounds per acre per year, domestic 

sewage effluent, animal and plant processing wastes, animal manure, 

fertilizers, industrial effluents (9) (13) (14), and agricultural runoff, 

which, in the U.S., contributes approximately 4,500 1bs of nitrogen/ 

sq. mile of watershed annually (15). Sources of phosphorus are urban 

runoff, animal and plant processing wastes, fertilizers, industrial 

effluents, and erosion materials in agricultural runoff (9). The major 

source of P, however, is domestic sewage (14). Approximately 1,200 

million 1b of P205 enters the aquatic environment in the U.S. each 

year (16). Of this total amount, 350 million 1b are derived from 

detergents and 350 million 1b from human wastes. The remaining 

450 million lb are contributed by natural sources and livestock 

feedlots (16). 

There are many methods that are presently being used to attempt to 

control eutrophication. Diverting nutrients from lakes to streams, 

rivers, or estuaries which have a greater ability to mix, assimilate, 

and aerate the pollutants is one of these methods. Estuaries are better 

than streams or rivers in this case because of tidal flushing (8). 

Prevention of thermocline formation and the overturning of the lake by 

the deliberate alteration of the chemistry of the lake is another method 

of controlling eutrophication. A third advantageous practice is land 

use control. Strip cropping, terracing, proper zoning in urban areas, 

and the prevention of man and animals in reservoir areas all serve to 
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lessen the enrichment of surface waters. 

Nutrients may be removed from lakes by a number of methods. Low 

flow augmentation or flushing the lakes with large quantities of fresh 

water is an effective method for small lakes. It helps to dilute the 

receiving body of water and decreases the contact time between the water 

and nutrients. The dredging of sediments high in nutrients could serve 

to deepen the lake and therefore reduce the area available for growth 

of aquatic plant life. 

The predominant symptoms of eutrophication can be relieved by the 

removal of plants and weeds by harvesting, by biological control of 

algae and marcophytes, by better fish management practices, or by the 

use of chemical toxicants such as algicides. Algicides such as copper 

sulfate and 2,3-dichloronaphthaquinone reduce, but do not entirely 

eliminate, algae problems. The algicide unites chemically with the 

algae and is not simply absorbed. To be effective, it must be applied 

before the bloom. These chemicals are not toxic to fish or to other 

aquatic animals in concentrations normally employed for algae control. 

However, there are two disadvantages to using algicides. First, dying 

plants release nutri ents back into the system, which are recycled, and 

are again available for plant uptake. The second disadvantage ;s that 

it is possible for these chemical compounds to concentrate and eventually 

to become present in lethal quantities. 

A final and relatively new method for control of dense algal growth 

is the use of fish that feed on these aquatic plants. The white amur 

fish, imported from Malaysia to Arkansas, has been found to be very 

effective in controlling algae. They are strict herbivores and are 



said to consume more than their body weight in algae every day. They 

are also a good game and food fish (17). A species of trophical perch 

of the genus Tilapia is also being used effectively to control algae 

in several areas in Texas and Colorado. 

Water Quality Requirements for 
Recreational Lakes 
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The various water quality parameters governing the development and 

maintenance of recreational lakes are discussed in detail in Water 

Quality Criteria, a publication of the Federal Water Pollution Control 

Administration (7). Some of the major points of interest to this study 

will be discussed here. 

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 adjacent 

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 

abundant algal growth degrades aesthetic qualities and appreciation. 

• Surface waters should be free of substances attributable 
to discharges or wastes as follows: 

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 concentrations 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.' (7). 
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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" (18). 

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 

category 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 recreation 

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

to official designation of use. All wildlife available for harvest 

from the water should be fit for human consumption. These general 

requirements are set on the premise that regardless of whether a 

recreational use is encouraged, people are drawn to and tend to make 

use of the water for a variety of activities. 

liThe second category includes waters which are specifically 

designated for secondary recreational usage. These uses may encompass 
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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 m1 and not more than 10 percent of the samples should contain a 

maximum of 2,000 per 100 m1. 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 co1iforms per 100 m1, with 

not more than 10 percent of the samples exceeding 400 per 100 m1. 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 four feet, and a temperature not to exceed 85°F 

(30° C) II (18). 

Quality of Makeup Water for the Canyon Lakes 

Two of the most important quality criteria of concern to the 

developers of Lubbock's Canyon Lakes Project are aesthetics and public 

health (1). In order to find a water source of acceptable chemical and 

microbiological quality, the City of Lubbock negotiated a contract with 

a firm of consulting engineers to investigate several possible sources . 
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As stated previously, the recovered percolated sewage effluent from the 

local sewage farm was deemed the most favorable source. 

Prior to land disposal, Lubbock's municipal effluent receives 

secondary treatment followed by chlorination. It is then pumped to the 

farm and stored in holding ponds until it is needed for irrigation. The 

average quality of the effluent from the activated sludge treatment 

plant is shown in Table 1 (1). 

TABLE 1. PROBABLE AVERAGE QUALITY OF ACTIVATED SLUDGE EFFLUE NT 
AT THE SOUTHEAST RECLAMATION PLANT (1) 

Di ssol ved Oxygen (DO) 
pH 
Fecal coliform MPN per 100 
Five-day BOD 
Organic nitrogen (as N) 
Ammoni a nitrogen (as N) 

Nitra 1:e Nitrogen (as N) 
Total phosphorus (as P) 

Total organic carbon (TOC) 
Total dissoved solids (TDS) 
Total hardness (as CaC03) 
A 1 ka 1 i nity 
Suspended solids 
Virus 

ml 

2.0 mg/l 
7.4 

< 200 
17.5 mg/l 

3 mg/l 
8 mg/l 
3 mg/l 

12 mg/l 
20 mg/l 

1,250 mg/l 
290 mg/l 
250 mg/l 

< 20 mg/l 
Probably present 

Percolation through the soil of Frank Gray's farm serves to improve 

the quality of the water. Soil filtration is known to be an economical 

and effective method of treating wastewater prior to reuse (19). It is 

extremely important in removing such trace elements as cadmium. 

However, more important to the maintenance of an aesthetically pleasing 

system of lakes is the removal of the plant nutrients, nitrogen and 
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phosphorus. Phosphorus is readily adsorbed and combines chemically with 

many clays and calcareous soils to form relatively insoluble compounds 

(20) (21). 

Lance, in a 1972 study of nitrogen removal in soils, found that the 

concentration of nitrogen in secondary effluents is decreased by soil 

percolation. The mechanisms of nitrogen removal are as follows (22): 

1. Biological Denitrification 

2. Adsorption of Ammonium Ions 

3. Absorption of Ammonium Ions 

4. Fixation of Ammonium Ion by Clay 

5. Fixation of Ammonia by Organic Fraction 

6. Incorporation of Nitrogen into Cell Tissue 

7. Removal of Nitrogen by Vegetation 

8. Loss of Gaseous Nitrogen by Chemodenitrification. 

The nitrate ion itself is relatively stable and very soluble; 

therefore its concentration is rarely decreased to any significant 

extent by percolation. 

Analyses of the well water on Gray's farm indicated that there 

could be a potential problem with the high nitrate concentration. 

Otherwise this source of supply appeared to be highly satisfactory for 

use in the recreational lakes. The results of the analyses are shown 

in Table 2 (1). 
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TABLE 2. PROBABLE AVERAGE QUALITY OF WATER FROM 
WELL FIELD ON THE GRAY FARM (1) 

Dissolved Oxygen (DO) 
pH 
Fecal Coliform MPN per 100 ml 
Five-day BOD 
Organic Nitrogen (as N) 
Ammonia Nitrogen (as N) 
Nitrate Nitrogen (as Nf 
Total Phosphorus (as P) 
Total Organic Carbon (TOC) 
Total Dissolved Solids (TDS) 
Total Hardness (as CaC03) 
A 1 ka 1 i ni ty 
Suspended Solids 
Virus 

3.5 mg/l 
7.9 

o 
< 0.5 mg/l 

0.5 mg/l 
1. 1 mg/l 

50 mg/l 
0.02 mg/l 
4.5 mg/l 

1.700 mg/l 
815 mg/l 
225 mg/l 

o mg/l 
Free of detectable virus 

Many analyses performed at TTUWRC indicate nitrate nitrogen (as N) 
concentration is likely to be about 25 mg/l. 
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Ca nyon La kes Node 1 

CHAPTER III 

EXPERIMENTAL 

Texas Tech University has been using the effluent from a small 

treatment plant north of the campus for irrigation for approximately 

10 years. The sewage receives secondary treatment, then is pumped to 

two holding ponds on the Tech farm where the water is stored until it 

is needed. The similarity of conditions existing between Tech's farm 

and Frank Gray's farm led researchers in the Texas Tech University 

Water Resources Center to develop and construct a model of the Canyon 

Lakes. The pilot scale study consists of nine common-wall concrete 

tanks measuring 16' x 8' x 61 deep. Makeup water for the system, 

supplied by a well, is recovered percolated effluent of comparable 

quality to that which will be used for the Canyon Lakes Project. The 

general layout of the model and a diagram of the ponds can be seen in 

Figures 2 and 3 respectively. Figure 4 is a picture of the system. 

The model can be operated as three parallel systems of three ponds 

each, or any other combination up to one series consisting of nine 

ponds. There are approximately six inches of soil in the bottom of each 

tank. The average water depth in the ponds is 5.5 feet,which will be 

the approximate average depth of the Canyon Lakes. The volume of each 

pond is 704 cubic feet or 5,870 gallons. The flow rate can be controlled 

with the aid of valves and Hayes water meters installed in the line to 

each of the three western ponds. The flow rate entering each of the 

first ponds is approximately 3.5 gpm. Originally, the flow pattern 

21 
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provided for two series of four ponds, with the ninth pond on the 

southwest corner being fed only enough water to keep it full, (Figure 5). 

The pattern of flow was later changed to incorporate 'all nine ponds and 

to allow the operation of three systems, each consisting of three ponds 

in series, (Figure 6). 

Once filled,each of the ponds was stocked with 25 channel catfish 

ranging from 6 to 8 inches in length. At a later date 50 fingerling 

bass were added to each tank and a total of 21 tropical perch were 

added to one series of three to test their algae-removing ability. 

Experimental Work 

The makeup water as well as the water in each pond was analyzed 

periodically using methods set forth in Standard Methods for the 

Examination of Water and Wastewater (23). A daily log of observations 

relative to algal growth and the general appearance of the ponds was 

also kept. The chemical parameters studied were CO2, DO, COD, N03, 
P04~ TDS, TSS, Alkalinity, pH, col~forms, and standard plate counts. 

The CO 2 concentration was determined by titration with NaOH using 

phenophthalein as an indicator. Dissolved oxygen was determined using 

the Winkler titration method and alkalinity was obtained titrametrically 

using methyl orange as an indicator. The dichromate method was used 

for COD determinations and the stannous chloride method was used for 

phosphate analyses. Originally, the brucine method was used to deter-

mine the concentration of nitrate. However, the UV spectrophotometric 

method was found to be more reliable and consistent, and a Beckman DU 

spectrophotometer and a Beckman Model 24 UV spectrophotometer were used 

for nitrate analyses later in the study. Colorimetric determinations 



were made using a Bausch and Lomb Spectronic 20, and pH was measured 

with a Beckman Century SS pH meter. Later in the study, when trace 

element analyses were included in the research, a Beckman 485 Atomic 

Absorption Spectrophotometer was the instrument used. The Kjeldahl 

method was used for ammonia and organic nitrogen analyses, and the 

presence of nitrite was determined using the diazolization method. 

Coliform counts were made using the millipore filter technique. 
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Water Quality Analyses 

CHAPTER IV 

RESULTS 

Routine analyses of the makeup water throughout the period of study 

revealed no significant fluctuations in the water quality parameters 

measured. The average values obtained are shown in Table 3. 

TABLE 3. AVERAGE WELL WATER QUALITY 

Parameter 

NOrN 
NH3-N 
Organic-N 
N03-N 
Total Dissolved Solids 
Hardness 
Ortho-Phosphate 
Dissolved Oxygen 
A 1 ka 1 i ni ty 
C02 
Suspended Solids 
Total Coliforms 
pH 
COD 
Iron 
Copper 
Calcium 
Zinc 
Manganese 
Lead 
Nickel 
Cadmium 
Chromium 
Cobalt 

Concentration 

° mg/l 
o mg/l 
o mg/l 

5.4 mg/l 
2300 mg/l 
1350 mg/l 

.04 mg/l 
2.9 mg/l 
360 mg/l 

60 mg/l 
9 mg/l 

< lO/ml 
7.27 

91 mg/l 
< .05 mg/l 
< .05 mg/l 

37 
< 0.012* 
< 0.033* 

< 0.26* 
< 0.073* 
< 0.015* 
< 0.087* 
< 0.063* 

*These values represent the sensitivity limits of 
the instrument below which concentrations of the 
elements may not be detected 
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The quality of the water in the ponds varied little from that of 

the makeup water with respect to N03 and P04 concentrations. Tables 4 

and 5 show the high, low, and average values obtained for each pond 

throughout the experimental period. The numerical notation for each 

pond in these tables corresponds to the numbering system used in 

Fi gures 5 and 6. 

TABLE 4. N03-N CONCENTRATIONS IN PONDS 

Pond High mg/l Low mg/l Average mgLl 
1 6.9 4. 2 5. 37 
2 6.8 3.6 5.28 
3 6.9 2. 1 4.98 
4 6.6 4. 2 5. 20 
5 6.4 3.6 5. 05 
6 9 2. 6 4.86 
7 8. 4 3. 6 5. 16 
8 6.0 3 4. 89 
9 6.0 1. 8 4. 78 

TABLE 5. PHOSPHATE CONCENTRATIONS IN PONDS 

Pond High mg/l Low mg/l Average mg/l 
. 09 0 .045 

2 .10 0 .06 
3 .08 0 .048 
4 .05 0 .025 
5 .05 0 .037 
6 .06 0 .025 

7 .05 0 . 039 
8 .08 0 .040 
9 .04 0 .025 
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The dissolved oxygen concentration increased and the CO2 concen

tration decreased through each series of ponds. Average values for DO 

and CO2 concentrations are tabulated in Table 6. 

TABLE 6. AVERAGE DO AND CO2 CONCENTRATIONS IN PONDS 

Pond* DO mg/1 C02 mg/1 

1 5.42 23.8 

2 7.95 24.4 

3 6.80 21.6 

4 7.69 16.0 

5 8.81 12.9 

6 9.26 14.6 

7 9.39 7.6 

8 9.80 9.5 

9 9.80 8.8 

* The ponds were operated in three systems of three ponds 
as shown in Figure 6. 

The concentrations of COD in each pond varied with the amount of 

algal growth. High, low, and average values are given in Table 7. 

TABLE 7. COD CONCENTRATIONS IN PONDS 

Pond High mg/1 Low mg/1 Average mg/l 

1 146 15.5 94.2 

2 222 24 89.7 

3 313 24 113.5 

4 206 24 104.5 

5 167 8 94.5 

6 246 8 104.7 

7 251 12 103.6 

8 237 16 101. 7 

9 238 24 108.2 
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Table 8 gives the average concentrations of total alkalinity obtained 

for each pond. 

TABLE 8. ALKALINITY CONCENTRATIONS IN PONDS 

Pond A 1 ka 1 i nity (mg/l ) 

1 365 
2 366 
3 364 
4 360 
5 360 
6 358 
7 362 
8 361 
9 357 

Table 9 present the results of sediment analyses done by the Texas 

A & M Agricultural Extension Service Soil Testing Laboratory. 

TABLE 9. RESULTS FROM ANALYSES OF SEDIMENT IN PONDS 

Compound Range in Average in ppm 
Values in ppm 

NO-
3 14.5 - 20 17.4 

P 4.8 - 13.86 11.09 
K 313.7 - 448.8 376.9 

CaO None 7000 
Mg None 250 
Na - 360 - 565 475 

% Organic Carbon .7 - 1. 80% 1. 15% 
% Organic Matter 1. 20 - 3.09% 2.00% 
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Algal Growth: 

All the ponds were filled by the first of March, 1973. Within three 

days a tremendous algal bloom occurred in the first pond of each series. 

The algae was green and filamentous in nature. It attached itself to the 

bottom of the ponds and floated upward. As growth continued the strands 

of algae broke and accumulated on the surface as very objectionable green 

mats (Figure 7). Growth in the second pond of each series was almost as 

pronounced as that in the first. However growth in the third pond of 

each series was slight, and when the flow pattern was changed to 

incorporate another pond in each series, growth in the fourth pond was 

negligible. 

There were two noticeable reductions in the filamentous algae 

population. The first of these was on March 10, 1973. This was 

followed by another less intense bloom which subsided on May 25, 1973. 

By June 20, 1973, all traces of the green algae had disappeared. 

Early in May of 1973 as the filamentous algae was slowly dying, 

diatoms became evident in some of the ponds. By the end of June, all 

the ponds supported large diatom blooms which significantly increased 

the turbidity of the ponds to the extent that the bottoms could no 

longer be seen. Initially, the diatoms manifested themselves as a fine 

brown particulate scum on the surface of the ponds. As the summer 

progressed, another species of diatoms became predominant in two of 

the ponds . . This species was characterized by floating brown gelatinous 

clumps that contained a large quantity of entrapped air (Figures 8 

and 9). The diatom blooms appeared to follow a diurnal pattern. The 

surfaces of the ponds would be clear early in the morning, and 



FIGURE ~ MATS OF GREEN FILAMENTOUS ALGAE 



FIGURE 8. DIATOM POPULATION 
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diatoms would begin to float to the surface around 10 a.m. The concen

tration at the surface would be highest from about 12:00 Noon to 

3:00 p.m., at which time they would very slowly begin to disappear. 

By 8:00 or 9:00 p.m., the surface of the ponds would be almost clear 

of diatoms. 

Diatom blooms and reductions were noticed every three or four weeks 

throughout the summer of 1973. In the very early autumn months, a. form 

of green unicellular algae began to become predominant in several of the 

ponds. 

In October all the ponds were drained and allowed to dry for several 

days prior to refilling in order to give researchers a fresh start. As 

soon as the ponds were refilled, the diatom population quickly 

reestablished itself in most of them. One pond supported a light growth 

of Microspora amoena, a form of green filamentous algae, for several 

weeks. Some evidence of a slight growth of green unicellular algae 

appeared in all the ponds. 

Th roughout the winter, as the temperature became increasingly 

colder, evidence of algal growth began to disappear. The ponds became 

completely free of turbidity for a short while in January. Diatoms 

began to reappear as the weather became warmer in the early spring. 

By the latter part of May , the northern-most series, (ponds 1, 4, 7; 

Figure 6), supported a very large diatom bloom that covered the surface 

with the previously described gelatinous clumps. The bloom started in 

pond 1 and progressed to 4 and 7. The most predominant genus in this 

series of ponds was Navicula, with Amphora, Cymbella, Synedra, and 

Fragilaria being present in lesser numbers. 
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A diatom bloom started in the second series of ponds (2, 5, and 8, 

Figure 6) in the middle of June and subsided in the latter part of July. 

This bloom was characterized by a particulate brown scum. The predominant 

genus was Flagilaria. Other genera present were Stavronesis, Navicula, 

and Surirella. 

Control of Algal Growth 

Experimentation with chemical control of algae was begun in the 

south series of ponds (3, 6, and 9, Figure 6), in the latter part of 

May 1974. Copper sulfate was the first algicide studied. A total of 

0.5 mg/l Cu dissolved in well water was sprayed on the surface of the 

ponds in order to get an even distribution (26). Because of the high 

alkalinity of the water, the copper added to the ponds precipitated as 

CuC0 3. Analyses of sediments from the ponds to which CuS04 had been 

added showed 9 mg/gm copper, whereas sediments from untreated ponds 

were free of copper. Since so much of the copper was lost as cupric 

carbonate, is was necessary to add 0.5 mg/l Cu on a daily basis to 

achieve an acceptable level of control. This process would, therefore, 

not be economically feasible on a large scale basis such as the Canyon 

Lakes Project. One alternative to using only CuS04 as an algicide 

involved using CuS04 dissolved in a solution containing an equal amount 

of sodium citrate (27). The copper became complexed as cupric citrate 

and was less likely to precipitate as CuC03. This procedure was 

followed for several weeks and it was found that adding 0.5 mg/l copper 

every other day cleared the ponds of most of the algae. 
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Another algicide investigated was Diuron, 3-(3,4-dichlorophenyl)-1, 

l-dimethylurea. After experimenting with various doses, it was found 

that the addition of 0.2 mg/l every third day provided an effective 

means of algal control. 

Fish Life 

Each pond was stocked initially with 25 channel catfish, Icta1urus 

punctatus. The fish ranged in length from 6 to 8 inches and the average 

weight was a quarter of a pound. Within a day after stocking the ponds, 

all fish died in the first pond of each series. Analysis of the water 

indicated a carbon dioxide concentration of 60-64 mg/1. A simple spla~h 

aerator (Figure 10) was installed in one of the ponds. Subsequent 

restocking of that pond resulted in no lOsses. At a later date, a 

multiple tray aerator, consisting of three gravel filled PVC pipe caps 

of increasing diameter, was installed in the first pond of each series 

(Figure 11). The aerators stood approximately three feet above the 

surface of the ponds. The CO 2 concentration in the first pond in each 

series was consequently decreased to about 24 mg/1. The carbon dioxide 

concentrations in the second and third ponds of each series ranged from 

12 to 18, and 8 to 12 mg/1, respectively. 

On June 12,1974, 50 fingerling large mouth bass, Micropterus 

salmoides, were added to each pond. On June 20, 1974, 21 tropical 

perch of the genus Tilapia were added to ponds 2, 5, and 7 (Figure 6); 

ten perch to pond 2; seven to pond 5; and four to pond 7. The perch 

are alleged to be very effective in removing algae from water. They 

reproduce every twenty-one days, and it is hoped that a large enough 



FIGURE 10. SPLASH AERATOR 



FIGURE 11. MULTIPLE TRAY AERATORS 
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population to be effective will soon be achieved. The first signs of 

reproduction were evident on July 23 when very small fry were observed. 

Pond 2 was drained on June 27 and the fingerling bass that had been 

added were removed in order toallow any perch fry a better chance to 

survive. At that time all of the catfish in pond 2 were caught and 

weighed. Substantial growth had occurred, and small catfish two to 

three inches in length were found, indicating that reproduction had 

occurred. The weights of the catfish ranged from less than a quarter 

of a pound to over a pound and a fourth. 

Since the initial fish kills resulting from the high carbon dioxide 

concentration, there has been only one other major fish kill . On 

September 7, 1973, 16 fish were lost in pond 9. This was not, however, 

a 100 percent kill. Analyses of the water prior to and immediately 

following the kill showed no significant changes relative to concentra-

tions of DO, CO2, BOD and COD. It was thought that the deaths could be 

attributed either to the undetected addition of some toxic material by 

vandals or to disease. Early in the summer of 1974, a few fish were 

lost from two different ponds. Examination of the fish revealed that 

they had been wounded. It is believed that these fish died of wounds 

inflicted by turtles or from a bacteri~or fungal infection resulting 

from the wounds. Throughout the experimental period one or two fish 

have died at various times but for unknown reasons. 

Bacteriological Analyses 

Frequent bacteriological analyses of the makeup water indicate that 

there are less than 10 coliforms/ml. However, standard plate counts are 

fairly high. Plans for coliphage assays originally included in the work 
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to be done were abandoned because of the small coliform population. 

Large amounts of water would have to be concentrated in order to obtain 

a coliform population large enough to make viral assays feasible. 

Algae Growth Potential 

In a study conducted as a part of this project during the past year, 

a method for determining algal growth potential in a natural environment 

was developed (26). The technique used was a modification of an in situ 

dialysis method for determining growth rates of aquatic bacteria 

presented by Baskett and Lulves (27). Dialysis culture techniques are 

easily adapted to use in a natural environment. The physical principle 

involved in dialyses is selective diffusion. Using a specially 

constructed membrane applicable to dialysis cultures, microbial popu-

lations can be retained within a membrane cylinder while suspended in 

the aquatic environment. Nutrients from the surrounding ecosystem are 

allowed to diffuse into the culture cell and metabolic waste products 

diffuse out. 

The apparatus designed for this study consisted of a light steel 

structure attached to two 2" X 4" X l' styrofoam floats. The system 

was, therefore, bouyant and could be suspended easily across one of 

the ponds. The ends of the dialysis tubing were sealed and wrapped 

with waterproof tape to make the system leakproof. The dialysis bagging 

used was composed of regenerated cellulose with a pore size of 5 nm 

which allowed molecules with molecular weights of less than 12,000 

to diffuse freely. 

b were f,·lled w,·th filtered well water and The dialysis tu es 

innoculated with 5 liters of well water containing 1.0 x 10
7 

cells of 
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Chlorella vulgaris, the species chosen for use in this study. The bags 

were suspended in ponds 1, 4, and 7. 

Water quality parameters analyzed in conjunction with algal growth 

determinations were concentrations of nitrogen, phosphorus, carbon 

dioxide, dissolved oxygen, and turbidity as well as temperature and pH. 

Results obtained for the entire experimental period are shown in 

Table 10 (26). All laboratory procudures used were taken from Standard 

Methods for the Examination of Water and Wastewater (23). 

Algal growth was measured using the percent transmittance of the 

cell suspension in the dialysis bag as an indicator. Utilization of a 

turbidimetric determination of growth was facilit'ated by the species of 

algae chosen, Chlorella vulgaris, a unicellular, non-filamentous type of 

green algae that forms a homogeneous dispersion. Spectrophotometric 

measurements were made using a Bausch and Lomb Spectronic 20. After 

using various wavelengths, it was found that fresh algal cultures 

exhibited maximum absorption at 580 nm and, therefore, this was the 

wavelength chosen for all subsequent determinations (26) . 

A calibration curve was developed to convert percent transmittance 

into the more meaningful form of number of cells/ml or dry weight of 

cells/ml. liThe relationship between the dry weight of algae cells and 

corresponding transmittance was determined by diluting 1,4,6,8, and 

10 ml aliquots of a concentrated algal suspension to 10 ml volumes. 

The percent transmittance of the resulting suspensions was measured at 

580 nm. The cellular dry weight was then determined by vacuum 

filtration of each algal suspension through a 0.45~ pore diameter 

membrane filter. Two superimposed filters, matched in weight to 
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within 0.1 mg, were assembled in a pyrex filter holder. Ten ml sample 

aliquots were passed through both filters while carefully avoiding 

contact of the cell suspension with the walls of the filter holder. 

45 

In this way both filters were subjected to the same fluid flow, but all 

algae cells were retained on the upper filter. After drying both 

filters, the weight of the lower filter was subtracted from that of the 

test filter to determine the weight of dry cells. Correlation between 

percent transmittance and corresponding cell counts was made with the 

aid of a Whipple eye piece and a Sedgewich Rafter counting cell. Percent 

transmittance versus cell counts/ml and dry weight/ml was plotted and 

the linear relationship shown in Figure 13 was obtained" (26). 

In all, a total of five experiments were conducted. Experiments 1 

and 4 were essentially of no value. Because of the temperature of the 

water (10-12°C) and a nightly ambient air temperature of less than zero, 

growth was inhibited. The second experiment showed substantial growth 

in the dialysis bags suspended in ponds 1 and 4. However, growth was 

negligible in pond 7. It was believed that lack of growth in this pond 

could be attributed to the low temperature. 

For the third experiment only ponds 1 and 4 were used. There was 

immediate growth in pond one, while in pond 4 growth was minimal until 

the water temperature was increased by an increase in the ambient air 

temperature. 

Experiment 5 was conducted in relatively warm weather. Again,only 

ponds 1 and 4 were used. Substantial and continuous growth was observed 

in both systems. Table 11 (26) relates the growth rates obtained and 

the temperatures observed throughout the study. 
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T ABL E 10 (26) 

POND WATER QUALITY 

POND NO. 1 

Date NO--N Ortho- Dissolved pH CO2 Turbi dity Temperature 
Units 3 Phosphate Oxygen JTU Co 

mg/l mg/l mg/l mg/l 

11-07-73 6.4 .040 5.8 24 

11-14-73 6.8 .080 6.0 24 18 
11-19-73 6.9 .050 8.0 20 18 

11-29-73 6.4 .045 6.4 28 16 
12-16-73 6.4 .046 7.35 5 16 
01-02-74 6.7 .040 7.50 4 13 

01-08-74 6.6 .0225 7.40 2 15 
01-16-74 6.6 .11 7.45 3 13 

01-23-74 7.44 2 15 
01-30-74 7.52 15 
02-06-74 7.55 13 

02-12-74 .025 7.55 13 

02-24-74 7.55 12 
03-02-74 7.55 19 

03-08-74 7.52 19 

+:> 
....... 



Date NO;-N Ortho-
Units mg/1 Phosphate 

mg/1 

.11-07-73 6.2 .015 
11-14-73 6.4 .050 

11-19-73 6.6 . 150 
11-29-73 6.4 .150 
12-16-73 6.4 .125 
01-02-74 6.3 .03 
01-08-74 6.5 .005 
01-16-74 6.0 .045 
01-23-74 

01-30-74 
02-06-74 

02-12-74 

02-24-74 

03-02-74 

03-08-74 

TABLE 10 - CONTINUED 

POND WATER QUALITY 

POND NO. 4 

Dissolved pH CO 2 Oxygen mg/1 mg/1 

6.6 16 
7.6 20 
8.8 16 
6.6 27 

7.40 

7.75 
7.52 
7.50 
7.52 

7.62 
7.63 

7.67 

7.85 

7.70 

7.90 

Turbidity Temperature 
JTU Co 

17 

18 
14 

4 15 

2 9 

15 
11 

12 

12 

12 

11 

10 
17 

17 
+>0 
co 



Date NO--N Ortho-
Units 3 Phosphate mg/l mg/l 

11-07-73 6.0 .0lD 

11-14-73 6.0 .040 

11-19-73 6.5 .010 

11-29-73 6.0 .012 

12-16-73 6.0 .0lD 

01-02-74 6.0 .000 

01-08-74 6.1 .020 

01-16-74 5.8 .023 

01-23-74 

01-30-74 

02-06-74 

02-12-74 

02-24-74 

03-02-74 

03-08-74 

TABLE 10 - CONTINUED 

POND WATER QUALITY 

POND NO. 7 

Di 5501 ved pH 
Oxygen 
mg/l 

8.0 

8.4 

10.2 
6.4 

7.48 
7.88 
7.62 

7.60 

7.70 

7.83 

7.69 

7.72 

CO 2 
mg/l 

12 

20 
16 

24 

Turbi dity Temperature 
JTU Co 

15 

17 
13 

4 13 

2 7 
12 

10 

11 

10 

11 

11 

7 

13 

13 
.;:. 
1.0 



TABLE 11 

FIELD GROWTH RATE CONSTANTS (26) 

Pond No. 1 Pond 
Experiment Dates Mean Water K Values Mean Water 

Number Temperature G/day Temperature 

1 11-21-73 to 11 °C 0.00 9°C 
11-28-73 

2 11-28-73 to 15°C 0.1063 l3°C 
01-10-74 

3 01-19-74 to 14°C 0.072 12°C 
02-12-74 

4 02-17-74 to 12°C 0.00 lOoC 
02-26-74 

5 02-28-74 to 19°C 0.19 l7°C 
03-12-74 

No. 4 Pond 
K Values Mean Water 
G/day Temperature 

0.00 7°C 

0.0797 lOoC 

0.060 11 °C 

0.00 7°C 

0.1090 l3°C 

No. 7 
K Values 
G/day 

0.00 

0.00 

0.00 

0.00 

0.00 

U'1 
o 



51 

The results of this phase of the project indicate that substantial 

growths of algae can be supported, and of all the chemical and physical 

parameters studied, temperature appears to be the most important in 

influencing growth. 

Effects of Runoff 

Original plans for the work to be accomplished included a study 

of th~ effect of the addition of runoff on the model system. However, 

there has been a significant lack of rainfall in this area during the 

past year. Five hundred gallons of runoff, representing approximately 

1/10 of the volume of a pond was added to pond 5 in May. There were 

no noticeable effects. Lack of any measurable precipitation since 

that time prevented any follow-up work in this area. 

Ongoing work on another project financed in part by OWRR, 

(project 14-31-0001-4130) indicates that urban runoff will not add 

significant quantities of Nand P to the lakes, although the phosphorus 

added by runoff may be adequate to trigger algal blooms. 
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