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Feed Water 

Product Water 

Service Water 

Blending Water 

Demand Water 

Unit Treatment Cost 

O&M Costs 

GLOSSARY OF TERMS 

Raw water influent which precedes treatment 
by the physical and/or chemical process. 

Effluent water from the specific unit treatment 
process. 

Effluent water from the treatment plant 
which is distributed for service. 

A quantity of water not treated by the specific 
unit treatment process, but is used to blend 
with the product water. 

The quantity of treated water which is demanded 
by a specific com munity. 

The cost for treating one thousand gallons 
of water, expressed in terms of $/Kgal. 

Operation and maintenance cost which includes 
costs for chemicals , labor, electrical, and 
power. 
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CHAPTER I 

SUMMARY AND CONCLUSIONS 

Based upon an evaluation of available data for cities with populations less than 50,000, there 

are problems of compliance in over 500 water supplies in the State of Texas relative to the 

National Interim Primary Drinking Water Regulations issued under the Safe Drinking Water 

Act (Pub. L. 93-523). These water supplies serve an estimated 557 ,500 people. The problem 

addressed in this study and report relates to excessive nitrate and fluoride concentrations 

only. From investigation of this problem and the respective solutions, the following 

conclusions can be drawn: 

1 .  There are a total of 501 water supplies exhibiting excessive fluoride. The fluo

ride concentration ranges from 1.6 to 8. 7 ppm relative to a standard of 1.4 to 

1.8 ppm F- which depends upon location within the State. 

2. There are a total of 46 water supplies exhibiting excessive nitrate. The nitrate 

concentrations range from 50 to 150 ppm relative to a standard of 45 ppm as 

N03• 

3. There are a total of 7 water supplies which exhibit compliance problems for both 

nitrate and fluoride. 

4. Fluoride problems are found predominantly in the Ogallala, Trinity Group, and 

Carrizo-Wilcox aquifers. Nitrate problems are essentially undefinable relative to 

a particular aquifer. 

5. There are numerous applicable water treatment processes that can remove 

fluoride and nitrate. 
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6 .  Among the applicable processes, ion exchange demineralization is the most 

expensive of all on a unit cost basis ($/Kgal). 

7 .  The cost of nitrate removal by reverse osmosis (RO) or selective ion exchange is 

dependent upon the flow demand and concentration. Selective ion exchange is 

more economical than RO at a 1 "MGD flow rate or higher and a concentration of 

86 ppm N03
-

• But for higher nitrate concentrations or lower flow rates, RO 

would most likely be selected. 

8 .  The cost of removal of fluoride by either reverse osmosis or tri-calcium phos

phate adsorption is also dependent on concentration and flow rate. The economic 

analysis indicates that as the flow rate and fluoride concentration increases, the 

use of tri-calcium phosphate adsorption would be preferred. 

9.  All of the fluoride non-compliant water supplies having fluoride concentrations 

less than 2.5 ppm and populations less than 1,000 (0.1 5  1\JGD) should consider the 

use of reverse osmosis rather than tri-calcium phosphate adsorption. 

10 .  When both fluoride and nitrate exceed drinking water standards, reverse osmosis 

is the only process that can remove both contaminants effectively and 

economically. 

1 1. An estimated total initial capital cost of $73,300,000 would be required based on 

1976 dollars to produce compliance with the Interim Primary Standards for cities 

less than 50 ,000 population in the State of Texas. This cost will increase 

annually approximately 10%,  along with a compounded population growth rate of 

2 percent/year through 1986.  Thus if compliance is delayed until 1986,  the cost 

would escalate to $176 ,000,000. 

Rl=�t\l.lll=ln lf'\1-11\.IC:::.()I\.1 11\t{""r\E:tDAO/\Tt:n 
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12. The 1976-based estimate of additional operation and maintenance costs for the 

State are estimated to be $ 15,500,000/year. In 1986, these incremental costs 

would escalate to $43,100,000/year. 
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CHAPTER II 

INTRODUCTION 

The
. 

U.S. Congress enacted legislation on December 3, 1972 ,  which was signed into law by 

the President on December 17 , 1974, entitled the Safe Drinking Water Act (Pub. L. 93-523). 

This Act establishes the right of the Environmental Protection Agency to formulate both 

primary and secondary water quality standards for public water supplies. The primary 

standards are established to protect the public from adverse health effects. The secondary 

standards which are not enforceable at the federal level are based primarily on aesthetic 

criteria such as taste, odor and appearance. 

Under this Act, the EPA established and promulgated National Interim Primary Drinking 

Water Regulations. National Secondary Drinking Water Standards have not been promul

gated as of the date of this report. 

The Texas Water Development Board (TWDB), in order to develop a preliminary estimate of 

the economic impact of the Interim Primary Regulations on the State of Texas, contracted 

with Bernard Johnson Incorporated to conduct a study and prepare a report. The objective 

of this effort was to establish the technical and economic impact of these regulations. The 

scope was limited to those cities in the State having a population of less than 50,000. A 

sampling and analysis program, in addition to a program of site visits, was also included 

within the scope of this project to establish a first-hand knowledge of individual situations in 

cities exhibiting compliance problems with these regulations. 

Site visits were made to 18 cities and municipalities across the State to establish existing 

conditions and compliance plans. This information provided additional input information to 

the cost analysis. A tabulation of the site visits is presented in Appendix B. 
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The determination of the most technically and economically feasible treatment facilities for· 

the non-compliant water supplies in the State is the primary focus of this report. Contained 

within this report are discussions of the compliance problems, the geographical distribution 

of these problems, proposed and recommended methods of control and ultimately the total 

aggregated cost of compliance. These costs are presented in terms of the capital, operation 

and maintenance, and unit treatment costs and ultimately as the total and incremental 

economic impact on the State of Texas. 

It is important to emphasize that these are incremental costs which must be added to other 

supply, treatment and distribution costs to obtain the total water supply costs. For example 

these do not include the cost for disposal of brine and reject water produced by the reverse 

osmosis and ion exchange processes or costs that would be incurred if pretreatm ent other 

than filtration is needed for the reverse osmosis system .  

The incremental costs presented in this report are based upon available information and 

regulations as they existed in late 1976.  As regulations develop to further define the scope 

of impact of the Safe Drinking Water Act on the State of Texas these incremental costs 

would necessarily need to be adjusted accordingly. 
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CHAPTER III 

DRINKING WATER STANDARDS 

Under the Interim Primary Drinking Water Regulations of the Safe Drinking Water Act 

(SDWA), maximum limitations have been established for a wide range of organic and inor

ganic contaminants. A tabulation of the contaminants and their respective maximum limi

tations is presented on Table 111-1 . 

The Texas Department of Health Resources (TDHR) published most recently in 1974 a report 

entitled "Chemical Analysis of Public Water Supplies". From that report and supplemental 

data supplied by the TDHR and the TWDB, the TWDB tabulated data on existing public water 

supply systems exhibiting non-compliance with the Interim Primary Standards. This listing, 

which is included as Appendix A to this report, illustrates that the two contaminants which 

will have the most significant effect on the State of Texas are fluoride and nitrate. 

In a majority of cases, the public water supply systems exhibit problems with only one of the 

parameters. Overall, there are more water supply systems with fluoride problems than with 

nitrate. The geographical distribution of non-compliance problems is presented in 

Chapter IV of this report. 

The numbers provided by the attached tabulation in Appendix A are the best available at the 

time of this project. They are used as a basis for estimating the applicability of treatment 

processes, in addition to the associated treatment cost. 
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C HAPTER IV 

NON-COMPLIANT WATER SUPPLY SYSTEM 
POPULATIONS AND CONCENTRATIONS 

According to the data presented in Appendix A, there are a total of 547 public water supply 

systems in Texas serving cities of 50,000 population and below where drinking waters exceed 

the SDWA li mitations for nitrate and fluoride. Among these supplies, 501 have excess 

fluoride, 46 have excess nitrate, and 7 have both excess fluoride and nitrate. These water 

supply systems are distributed more or less evenly throughout the State of Texas, as shown 

on Figures IV-1 through IV-3. As an overall group, these locations can be divided into 

population categories as shown on Table IV-1. The population distribution indicates that 

over 60% of the total populations served by non-compliant water supply systems live in an 

area where the water supply serves less than 500 people. 

In the non-compliant systems, the nitrate (N03} concentration of the water supply ranges 

from 50 to 150 ppm ,  with an arithmetic average of 86 ppm. The fluoride (F} concentration 

of the water supply varies from 1.6 to 8. 7 ppm ,  with an average concentration of 2.6 ppm of 

F-. The TDS content in the non-compliant systems averages 1 ,250 ppm.  The non-compliant 

water systems and the respective concentrations are tabulated in Appendix A by county. 
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COUNTIES CONTAINING NON-COMPUANT WATER SUPPLY SYSTEMS 
RELATIVE TO THE SAFE DRINKING WATER ACT 

(I?L. 93-523) STANDARDS FOR NITRATE(NOf) 

IV-2 
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COUNTIES CONTAINING NON·COMPUANT WATER SI.JPPLY SYSTEMS 
RELATIVE TO THE SAFE DRINKING WATER ACT 
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TABLE IV-1 

POPULATION DISTRIBUTIONS 

Number of 
Population Locations 

1 6 , 000 - 10 , 000 8 

1 0 , 000 - 5 , 000 1 3  

5 , 000 - 3 , 000 1 5  

3 , 000 - 1 , 000 85 

1 , 000 - 500 69 

500 - 100 240 

� 100 117 

IV-5 

% of 
Total Locations 

1 . 9  

2 . 4  

2 . 7  

15 . 5  

12 . 5  

43 . 7  

21 . 3  
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CHAPTER V 

PROCESS EVALUATION 

Both nitrate and fluoride are strongly ionized chemical species. Their salts are very soluble 

and tend to dissociate into individual ionic components in water. Conventional water treat

ment processes such as chemical precipitation have therefore failed to remove them effec

tively. Several physical-chemical treatm ent processes, i.e., reverse osmosis (RO), ion ex

change (IX), and adsorption process have reportedly been successful in removing the contam

inants in water treatment systems. Each of these processes possesses unique characteristics 

and limitations for the particular chemical species removed. It is therefore desirable to 

consider each of these processes individually in a technical sense for either or both nitrate 

and fluoride removal. 

NITRATE REMOVAL PROCESSES 

Through a comprehensive investigation, it has been determined that there are only a few 

treatment systems which have the technical capability of removing nitrates from raw water 

supplies. This list includes reverse osmosis, selective ion exchange, demineralization by ion 

exchange, and biological denitrification. Each of these treatment processes has its 

individual operating and efficiency characteristics relative to the removal of nitrate. The 

aspects will be discussed in the following narrative. 

Reverse Osmosis 

Reverse osmosis (RO) is a process in which water under pressure (on the order of 60-600 

psig) is forced through a semi-permeable membrane. These RO membranes have porosities 

which will prevent the transfer of most dissolved minerals, particulate matter, and organics 

across the membrane while allowing the water to be transferred through the membrane. A 

typical RO system can produce a product water recovery rate of 7 5  percent of the input 

water and subsequently 25 percent concentrated waste solution (reject). In other words, for 
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every gallon of raw water input, this system will produce 0.75 gallon of purified water. With 

a constant operating pressure, the higher the TDS content in the raw feed water, the less 

purified water will be produced from the RO process. 

The most com mon method of evaluating a RO m embrane's ability to separate dissolved 

materials is to measure the salt rejection which is the ratio of the weight of dissolved 

material in the reject stream to the weight of dissolved material in the raw feed water. The 

overall rejection and the rejection selectivity depends on chemical properties of solute,  

membrane type, and other water characteristics. The amount of salt passing through a unit 

area of RO membrane may be expressed as: 

where: 

F salt - salt flux, g/sq em/sec 

salt permeability coefficient, em/sec 

concentration of solute on high pressure side of membrane, g/cc 

concentration of solute on low-pressure side of membrane (product water 
side), g/cc 

From the equation, normal salt flux is independent of pressure. Theoretically, if the pres

sure of RO system is increased, the salt will diffuse at a constant rate, while the product 

water flow rate will increase. Quantitatively, the water flow rate through the membrane is 

described by: 

where: 

FH O = A(Af -A?!' ) 
2 

A constant 

pressure exerted on the feed solution P f less the pressure on product P . p 
osmotic pressure of the feed solution (� ) less the osmotic pressure on the 
product side (?Tp) 
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The equation can be simplified for high operating pressure(� 400 psig) by putting all of the 

constants into a coefficient A/. The flux of water at consbmt temperature is therefore 

approximated 

I F H 0 � (A )(P feed). 
2 

The result of higher feed pressure (P feed) will be a greater production of purified water. 

A typical RO membrane's salt rejection ratio for specific solutes is shown in Table V-1, the 

rejection rate varies somewhat for different commercial brands. 

In addition to the property of membranes, certain feedwater characteristics can affect the 

performance of a RO permeator through chemical interaction with the membrane, such as: 

i) .2!! - should be between 4.0 - 7 .5, to avoid RO membrane hydrolysis, 

ii) Feedwater Temperature 
and 

should not exceed 30°C, or be lower than o0c, 

iii) Total Dissolved Solids (TDS) - the TDS content of the feedwater will infiu:
ence the performance of RO in two ways; 

a) Generally, if the TDS is less than 2500 ppm, a 75% recovery rate may 
be expected (Figure V-1). The product water recovery rate decreases as 
the TDS content increases, 

b) The salt passage correction factor increases as feedwater TDS content 
increases (Figure V-2), if a constant purified water recovery rate is 
maintained. 

One of the first RO systems for municipal water treatment (0.15'"'MGD) was installed in 

1 970's at Greenfield, Iowa. The raw water contains 2,250 ppm TDS, the product water from 

RO contains only 142 ppm, for a 94% reduction in TDS. Table V-2 also indicates the nitrate 

reduction from 9 .0 to 0.06 ppm,  which the system is achieving. Recently, more water 

treatment plants have installed RO for the treatment of brackish water (containing 

5 2500 ppm TDS). Residential developments at Key Largo (0.35NIGD) and Fort Pierce 

(0.15  MGD), Florida are examples of this type of application for RO. To date, however, 

there has not been a RO plant installed solely for the purpose of nitrate removal. 
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TABLE V-1 

RO MEMBRANE SALT REJECTIONS1 

Constituent Percent Passas:e Percent Rejection 

N03 10% 90% 
-Cl 10% 90% 

so4 
= 

4% 96% 

PO -3 
. 4 2% 98% 

F 10%2 90% 

Ca+2 4% 96% 

Na+ 10% 90% 

1 At 75% recovery rate, 25% rejection rate. TDS 
2,500 ppm. 

2 pH dependent, higher pH produces lower passage 
rate (higher rejection rate) (refer to Figure V-4, 
page V-16). 
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FIGURE V-1 

PERCENT RECOVERY VERSUS 
TDS FEED CONCENTRATION 

RELATIVE TO A REFERENCE CONGENTRATION3 

:>.. ....... 
r... ....... Q) ...... > 0 C) Q) ...... � ................ .... c Q) C) 
r... Q) 0.. 

' ' 
' 

0 5,000 10,000 15 ,000 20,000 

TDS Feed Concentration, ppm 

1 Refer to Table V-1 : RO Membrane Salt Rejection. 

.......... ..... 

....... 
....... 

2 5 ,000 

2For example, if a RO feed water contains 5,000 ppm of TDS, the product water will 
contain 1 .5  times as much TDS as a product water produced from a feed water con
taining only 1 ,250 ppm of TDS if a i'ecovery rate of 75% is maintained in both systen 

31 ,250 ppm TDS is a reference value for this figure since it represents the average 
TDS of the non-compliant systems studied. See Page IX-1. 
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c 0 --
+-' 
C) 
Q) r.... 

FIGURE V-2 

SALT PASSAGE CORRECTION FACTORS 
RELATIVE TO A REFERENCE CONCENTRATION 2 

8.0�----����----�------�------r---�----.-------. 

7.0 1-------+--

6.0 ------- ·-

i - I 
I ! -- -- -- -

I 

I 

-- -· - ------+-----

' 
·---, 

I 
-- --t-

5 4.0 ---- � I u 
Q) 
� 
Ul 
Ul co t:l.. 

0 
200 

I I I 1---t------_j -------�'-----.J.-..L---+--------1'r--/----------, 

. I 

400 600 

,.. n!u 1 1' X'-' ' e �ll - -

1 ,000 2,000 4, 000 6, 000 10, 000 

TDS Feed Concentration, ppm 

20,000 

1 For example, if a fl.O feed water contains 5,000 ppm of TDS, the product water will 
contain 1 .5  times as much TDS as a product water produced from a feed water con
taining only 1,250 ppm of TDS if a recovery rate of 75% is maintained in both systems. 

2 1 ,250 ppm TDS is a reference value for this figure since it  represents the average TDS 
of the non-compliant systems studied. See Page IX-1 . 
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c::O 
TABLE V-2 

RO PRODUCT WATER QUALITY 
GREENFIELD, IOWA PLANT 

Pretreated Actual 
Feed Product 

Calcium 150 1 . 4  

Magnesium 45 0 . 4  

Sodium 474 38 

Potassium 24 1 . 8  

Bicarbonate 8 1  65 

Sulfate 1 , 1 2 5  17 . 5  

Chloride 335 17 . 2  

Fluoride 1 0 . 2  
-

Nitrate 9 . 0  0 . 06 

Silica 7 0 . 05 

Iron 2 . 2  0 . 05 

Manganese 0 . 02  0 . 02 

Phosphate 16 . 2  0 . 18 

Conductance 3 , 000 220 

pH 5 . 7  7 . 5  

Hardness 560 5 . 0  

TDS 2 , 250 142 
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In addition to the beneficial performance of RO in removing TDS, there are certain advan

tages, such as: corrosion pr�blems are minimal; low temperature operation is possible; and 

energy requirements are comparatively small. 

Ion Exchange 

Ion exchange is the reversible interchange of solute ions between a solid ion exchange resin 

and a solution. To be effective, solid ion exchange resins must contain ions of their own, be 

insoluble in water , and provide enough space in their porous inner structure for ions to pass 

freely in and out of the resin. There are both cationic and anionic exchange resins depending 

on the chemical composition of the material used to make the resin. 

In aqueous media, ion exchange resins are able to exchange their cations (or anions) for other 

cations (or anions). Cation exchange resins have a negatively charged framework to which 

the cationic exchange ions are attached thereby maintaining electroneutrality. Anion 

exchange resins carry just the opposite arrangement of electrical charges. An example of 

various ion exchange processes is presented on Figure V-3. 

The performance of the ion exchange resin depends on its exchange capacity, raw water 

total dissolved solids concentration, and the regenerant used. As the exchange capacity of a 

resin nears exhaustion, the level of contaminants in the effluent will increase rapidly. Once 

the contaminant level in the treated water reaches unacceptable levels, regenerant chem

icals are used to remove the contaminant materials from the resin and replace them with 

either the anionic or cationic portion of the regenerant chemical ,  thereby recovering the ion 

exchange capacity. 

Nitrate can be removed by either of two ion exchange processes depending on the type of 

exchange resin used, i.e. , 
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Selective Ion Exchange 

The nitrate in a raw water supply is replaced by other anions (chloride). The system was 

originally developed for recovering ammonium nitrate from fertilizer plant effluents by 

Chemical Separation Corporation of Oak Ridge, Tennessee. The process uses Dowex syn

thetic anion ion exchange for the adsorption of nitrate. 

The first municipal water supply system that adopted the selective nitrate ion exchange 

process was in Garden City, Long Island, New York. Their groundwater supplies had an 

undesirably high level of nitrat�. After evaluating a prototype of the selective ion exchange 

plant's performance, it was confirmed that the process could reduce the nitrate content to 

well below the drinking water standards. Table V-3 summarizes the results of several sets of 

test runs (Garden City and Oak Ridge). 

These runs conclusively demonstrated the ability of the process to significantly reduce N03-

levels. However, these removed nitrate ions are all replaced by chloride (Cl) anion. Thus, 

the TDS in the influent water will not be reduced, but replaced by more chloride ions. If a 

water already contains high levels of chloride, the effluent may have an objectional level of 

chloride ions after the nitrate is removed from the water. 

Demineralization 

The demineralization of water is generally effected in a two-step process, in which the 

water is passed successively through a cation exchanger resin in the hydrogen (H+) form,  

(H+R} where R represents the resin, and an anion exchanger in the hydroxide (OH} form,  

(R + OH-). On entering the cation exchanger, all cations are exchanged for an equivalent 

quantity of H + ions. The effluent, actually a solution of the acids of anions, enters the anion 

exchanger where all anions are exchanged for hydroxide (OH-) ions that neutralize the 

equivalent quantity of H+ formed in the cation exchanger. A single vessel containing a 
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TABLE V-3 

THE PERFORMANCE OF SELECTIVE N03 ION EXCHANGE 

Nitrate Removal Test Runs 

Water Used 

Garden City well 

Garden City--with 
NaN03 added 

Oak Ridge--with 
NaN03 added 

Oak Ridge--with 
NaN03 added 

Oak Ridge--with 
NaN03 added 

Oak Ridge--with 
NaN03 added 

Nitrate Nitros:en Levels-mg/1 
Feedwater Treated Water 

Specific Wet Specific Wet 
Ion Chemical Ion Chemical 

Electrode Anal�sis Electrode Analysis 

29 16 . 0  3 . 1  0 . 14 

47 26 . 0  4 . 4  0 . 38 

62 88 . 0  18 14 . 7  

29 4 

37 26 . 4  11 4 . 2  

43 30 . 8  19 . 0  12 . 4  
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mixture of equivalent quantities of cationic and anionic exchange resins in a mixed-bed, is a 

more recent development in water demineralization process. The effluent is generally 

superior in water quality to the feedwater because most of the TDS was removed. 

In water treatment, the common constituents that are removed by these cationic and anionic 

exchangers are summarized in Table V-4. 

If water containing nitrate and fluoride is fed through the demineralization process the 

resultant product water will be low in TDS, nitrate and fluoride. The quality of the effluent 

depends on the detention time in the demineralization column, the ion exchange capacity, 

and the quantity of raw water processed. 

Denitrification 

The investigation on the removal of nitrates from irrigation return waters in the California 

San Joaquin Valley in 1968 has indicated that biological denitrificates may be an economical 

way to remove nitrate, and has proved that denitrification filter beds have the ability and 

efficiency of operation necessary for treatment of a drinking water supply. Under ideal 

conditions, the denitrification process can be carried out only if the denitrification 

organisms are supplied with an organic energy source, and only if dissolved oxygen is not 

available. Methanol (CH30H) had been found to be the most satisfactory and least 

expensive material for the energy source. Careful control of methanol feeding would be 

required to prevent problems either from underdosage or overdosage. If an overdosage of 

methanol was added, excess methanol might be expected in the product water. An 

underdose would not be able to remove N03 effectively. Technically, the process is feasible 

but practicality is very questionable. A significant amount of research would be required to 

determine the full-scale feasibility of using denitrificaiton for nitrate removal in water 

supplies destined for human consumption. 
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Cations 

Calcium 

Magnesium 

Sodium 

Potassium 

Iron 

Manganese 

Aluminum 

TABLE V-4 

TYPICAL IONS REMOVED 
IN DEMINERALIZATION 

(Ca++) Bicarbonate 

(Mg++) Carbonate 

(Na+) ·Sulfate 

(K+) Chloride 

(Fe++) Nitrate 

(Mn++) Silicate 

(Al+++) Silicate 
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(HC03-) 

(C03-) 

(S04-) 

(Cl-) 

(N03-) 

(HSi03-) 

(Si03-) 



Electrodialysis 

The electrodialysis membrane process which uses electrical forces to separate ions was not 

considered for this study. 

FLUORIDE REMOVAL PROCESSES 

Fluoride can be removed by a considerable number of processes which involve primarily 

physical chemical methods. These systems are discussed in the following narrative. 

Reverse Osmosis 

Fluoride reduction by RO is a function of feedwater pH (see Figure V-4). Other character

istics of the RO membrane have been discussed in detail previously in the Nitrate Removal 

Processes section. 

De mineralization 

See the Nitrate Removal Processes section. 

Bone Char (Tri-Calcium Phosphate) Adsorption 

Bone char is a porous, amorphous solid prepared from bones. This material consists princi

pally of tri-calcium phosphate and carbon. The bone has high porosity and physical stability 

which are both desirable properties. This is evident in the low loss from attrition and in the 

long life of the filter bed. The water treatment plant at Britton, South Dakota was the 

earliest system which utilized bone char (1948). When water containing fluoride is passed 

through a bed of this material, the fluoride is adsorbed, and the effluent water should be 

practically free of fluoride. The adsorption mechanism for this reaction apparently is not 

totally understood even by its developers, but it perhaps involves anion exchange properties 

of apatites. The carbonate radical of the apatite content of bone, Ca3(PO 4>6 • Caco3 
during its first use is replaced by fluoride, forming the insoluble fluoroapatite. Caustic soda 
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used in regeneration converts the fluoroapatite to hydroxyapatite Ca3(PO 4)2 
• Ca(OH)2 • . 

The 

hydroxy form then becomes the exchangable material in all subsequent exchange reactions, 

with the hydroxy radical being replaced by fluoride. 

The principal chemical component of bone, tri-calcium phosphate, can also be obtained in a 

porous, relatively insoluble form. A mesh size of 20-40 is the most suitable particle size 

used in contact filters for fluoride removal. 

According to� the operation data available, the initial capacity of tri-calcium phosphate for 

removing fluoride is between 50-60 grams/ft3 at a flow rate of 4-8 GPM/ft2• The subse

quent capacity after regeneration is approximately 30 grams/ft3• Replacement, rather than 

regeneration, is generally considered to be more economical in a smaller unit. 

The supply of bone char would be adequate based upon presen:t estimates of demand in the 

State. Significant demand increases over and above that projected could produce temporary 

supply problems. 

Activated Alumina Adsorption 
�-. 

Calcined (activated)�alumina has been tried in field tests in the U.S. Public Health Service 
'-:· · 

Labs, and at the USPHS pilot plant at Bartlett, Texas in the 1950's. These tests indicated 

that initial fluoride removal capacity was about 30 grams/ft3 (514 grains/ft3). The removal 

was assumed to take place by adsorption. The adsorption capacity after regeneration by 

caustic and acid was reduced to 50% of initial capacity. 

Table V-5 lists the locations in Southern California where activated alumina or bone 

char/tri-calcium phosphate has been successfully utilized as a fluoride removing medium. 
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� 
TABLE V-5 

CALIFORNIA DEFLUORIDATION SYSTEMS 

Units 
Date De fluoridation Capacity 

Place Installed Media No. gpm 

Twentynine Palms 1959 Bone meal derivative 1 1 3  
(W. D. Fulton) 

Twentynine Palms 1961 Bone char 1 3 
(County Water Dist.) 

Panamint Springs (State 195 1  Bone char 3 
Div. of Hwys. Maint. 
Sta.) 

Death Valley National 1955  Tri-calcium phosphate 1 4! 
Monument (National 
Park Service Residen-
tial Area) 

Fort Irwin 1954 Bone char 2 33 ( each ) 

Desert Center (State Div. 1955 Bone char 1 35 
of H wys. Maint.) 

Elsinore 1960 Activated alumina 2 25 ( each ) 

Apple Valley (Youngtowne 1961 Tri-calcium phosphate 1 100 
Water Co.) 

Chocolate Mountain 1961 Tri-calcium phosphate 1 100 
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Chemical Precipitation 

Fluorides are removed concurrently with magnesium in a lime softening process. The 

fluoride is adsorbed by the magnesium hydroxide precipitate. A lime softening water treat

m ent plant in Ohio indicated that the decrease in fluoride was a function of the magnesium 

removed. Between 45-65 ppm magnesium must be removed to realize a 1 ppm reduction in 

fluoride. Based upon this relationship, if 1 ppm fluoride is the desired quality of the treated 

water, 100  ppm of Mg must be removed, when the initial fluoride content is 2.5 ppm .  

Because of the large quantities of chemicals required, the process is adaptable primarily to 

low fluoride waters requiring softening. Moreover, the problems of chemical and sludge 

handling is complicated. 

COMBIN ED NITRATE/FLUORIDE REMOVAL PROCESSES 

There are at least seven public water supply systems in the State where drinking water has 

both nitrate and fluoride concentrations which exceed drinking water standards. After 

reviewing the available processes for removing nitrate or fluoride in the previous sections, it 

is concluded that only reverse osmosis and demineralization can remove both nitrate and 

fluoride in a single system. It is not considered to be economically justifiable to recommend 

that an individual system be installed for the removal of each contaminant independently. 

SU MMARY 

This section has covered all of the technically feasible treatment processes for the removal 

of nitrate and/or fluoride from drinking water supplies. A summary of the operational 

characteristics and applicability of the technically feasible systems considered is presented 

on Table V-6. This technical evaluation will serve as a basis for the forthcoming economic 

evaluation of these systems. This stepwise approach will provide the required technical and 

economic evaluation necessary for the selection of the most appropriate treatment systems. 
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TABLE V-6 

TREATMENT PROCESSES SUMMARIZATION 

Process 

1. Reverse Osmosis 

2. Selective Ion Exchange 

3. De minerali zation 

4. Tri-calcium Phosptlate 

Operational Characteristics 

(1)  Membrane technique 

(2)  Reject dissolved solids 

(3) N03
- removal - 90% 

(4) F- removal - 90% 

(5) Good for high TDS water 

(1) A replacement reaction 

(2) Media requires regenera
tion with chemicals 

(3) Specific resins can re
place only N03

- with cC 
(4) Best on low TDS water 

(1)  Removes all cations and 
anions 

(2) Media requires regenera
tion with chemicals 

(1) Replaces only F- by OH

(2) No TDS removal 

(3) Resin either regenerated 
or replaced 

V-2 0  

Application 

(1)  Remove N03
- and F

nonselecti ve1y 

(1)  NO�
- selectively re

mm7ed 

(1) Removes N03
- and F

nonselecti vely 

(1) Selective F- removal 
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CHAPTER VI 

ECONOMIC EVALUATION 

The cost analysis of each treatment process which has been determined to be technically 

feasible must subsequently be economically evaluated to provide a unit treatment cost 

comparison so that the most technically and economically feasible process may be selected. 

This is particularly important when the systems to be evaluated cover the range of capaci

ties involved in this. Study. This economic analysis involved consideration of the following 

factors: 

i) Population, Flow Rate - In order to prepare the unit treatment costs as a 

function of the general trend variation with flow rate, the analysis covered a 

flow rate range of 51VI'GD to 0.011\li'GD. 

ii) Financing Interest Rate - A 7 t percent annual interest rate with a 20-year 

return period was used. This is equivalent to 9.8 percent capital recovery 

factor (annual capital cost of amortization). 

iii) Capital Costs1 - Consists of major process and ancillary equipment capital 

costs. 

iv) Operation and Maintenance Costs (O&M) - This item includes labor , electric 

power, chemicals, and equipment maintenance/service costs for major process 

and ancillary equipment. 

v) Feedwater Quality/Product Water Quality - The feedwater quality varies in 

the non-compliant systems. Product water quality depends greatly on both 

process efficiency and feedwater quality. In order to compare the 

1 The year 1976 is the latest year that complete cost data is available on all process systems; 

therefore, capital costs are based on 1976 dollars in this report in order to provide a valid 

cost comparison basis. 
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efficiencies, and the cost of each process, an average raw water quality of 

86 ppm N03 
-, 2.0 ppm F-, and a total dissolved solids (TDS) of 1250 ppm was 

used. 

This average influent water quality is representative of the present water of 

the overall list of non-compliant systems. 

vi) Unit Treatment Costs - Expressed as dollars per thousand gallons ($/Kgal) of 

service water supplied to the distribution system. This cost is based on the 

total annual cost which considers the amortization of capital and the O&M 

costs. 

The annual capital amortization costs are converted to unit capital cost 

($/Kgal) by the formula: 

Total Capital $ x Capital Recovery Factor 

Plant size in MGD x 100
1
°-:��/day x 365 days/yr. 

The unit costs are applied to the product water supplied. 

NITRATE TREATMENT COSTS ANALYSIS 

= $/Kgal 

The processes which are considered for cost analysis for nitrate contaminant removals are 

reverse osmosis, selective ion exchange, and ion exchange demineralization. 

Reverse Osmosis (RO) 

RO can reduce N03
- concentrations by 90% if the feedwater has TDS less than 2500 ppm. 

The design influent nitrate concentration of 86 ppm will be reduced to 8.6  ppm in the RO 

product water. In order to minimize the treatment costs , a portion of untreated water may 

be blended with the RO product water to provide a supply water which will meet the nitrate 

drinking water standard of 45 ppm N03 
-. The percentage of total feedwater that requires 

RO treatment is calculated as shown on Example VI-1. 
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EXAMPLE VI-1 

RO BLENDING CALCULATION 

Assuming that X percent of total flow (Q) will be treated by RO, and that 

(0� 75)(XQ) product water will be produced (75% recovery rate), an amount of 

( 1-X)Q of untreated water blending with (0.75X)Q product water will make a 

total service water quantity of (1-X + 0.75X)Q. 

Intake 
Water 

Feed 
Water 

Product 
Water 

Service 
Water 

L XQ ..JREVERSE OSMOSIS! 0.7 5XQ j (l-X + 0.7SX)Q• 

Blending Water (1-X)Q --:--------J-

1_ ____ -• 0.25XQ (Reject) 

The X may be solved for as follows for an influent concentration of 86 ppm 

and a product water concentration of 45 ppm :  

Ci(1-X) + Ci(0.1)(0.7 5X) = Cp(1-X + 0.75X) = 86(1-X) + 86(0.1)(0.75)X 

= 45(1-X + 0. 75X) 

X= 0.600 

0.75X = 0.450 

(1-X) + 0.75X = 0.850 

which indicates that for every gallon of influent water containing 86 ppm of 

N03 
-, 0.600 gallon has to be treated by RO and blended with raw water to 

produce 0.85 gallon of water containing 45 ppm N03 -. 
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Based upon this procedure, one can determine (as shown in Example VI-2) the total amount 

of feed water, RO product water, and blending water if the supply demand and N03- content 

in the raw water is known. For other selected influent nitrate concentrations, the 

percentage of total influent water requiring RO treatment, the percent of RO product 

water, the percent of blending water and the percent of total supply water is presented on 

Table VI-1. This table demonstrates that the higher the influent concentration, the greater 

the percentage of water requiring RO treatment. 

The total capital cost of an RO facility consists of the capital costs of major process equip-

ment, and ancillary equipment. The major process equipment includes the permeator, 

cartridge filter, and high .pressure pumps. The ancillary equipment includes chemical 

storage tanks, chemical feeding systems, and an equipment building. The arrangem ent of 

the process equipment is shown in Figure VI-1. Major process equipment capital costs and 

installation in $/gpd capacity can be calculated as a function of plant product water 

capacities as shown on Figure VI-2. Figure VI-3 illustrates the ancillary equipment capital 

costs in $/gpd as a function of total service water capacity. 

For instance, in the previous example, the total capital cost of a 1 MGD supply system would 

be based on a 0.528MGD RO product water quantity. For major process equipment, the 

capital cost would be $0. 70/gpd of product water capacity. For a 1 MGD service water 

quantity, the ancillary equipment capital cost would be $0.22/gpd of service water. The 

capital and O&M cost calculations for this example are illustrated on Table VI-2. 

Table VI-3 shows the unit treatment costs for various influent concentrations and demand 

flows which are obtained following the same computation procedures. 

VI-4 
B E R N A R D  J O H NSON I N CO R P O R AT E D  ··· H O USTO N ··· WAS H I N G T O N  ··· AT LANTA 



• 

EXAMPLE Vl-2 

RO SUPPLY CALCULATIONS 

A supply volume of 1 '"MGD is required. The influent nitrate concentration 

is 86 ppm. The total feed water required will be: 

11VIGD X 1.00 
lr.85 = 1.176MGD 

1.176  x 0 .600 = 0.7 05MGD- treatment by RO 

0.7051VrGD x 0.75 = 0.5281VrGD - product water from RO 

0. 705 x 0.25 = 0.176 MGD - reject from RO (25%) 

Total amount of water available to supply 

1 .176 - 0.176 = l.001VfGD 

Bypass water without RO treatment 

1 .176  - 0.176  - 0.528 = 0.4721VfGD 

Check mixture nitrate concentration: 

(0.47 2 X 86) + (0.528 X 8.6) 
= 45 ppm 1.0 
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-

Influent N03 

200 

150  

100  

50 

TABLE VI-1 

WATER PROPORTIONS FOR NITRATE REMOVAL 
USING REVERSE OSMOSIS 

Percent Percent Percent 
Treatment Product Blending 

89 . 2  66 . 9  10 . 8  

82 . 4  61 . 8  17 . 6  

67 . 7  50 . 8  32 . 3  

14 . 3  10 . 7  85 . 7  

VI-6 

Percent 
suepi� 

77 . 8  

79 . 3  

83 . 1  

96 . 4  
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FIGURE: ::szr- I 
REVERSE OSMOSIS PROCESS 

MA.JOR AND ANCILLARY PROCESS EQUIPMENT. 
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a. 

b. 

TABLE Vl-2 

EXEMPLARY RO SYSTEM COST ESTIMATE 
FOR NITRATE REMOVAL, 1 MGD 

Capital Costs 

1.  

2.  

· Major process equipment capital cost 

($0. 70/gpd) (528 ,000 gpd) 

Ancillary 
.
equipment capital cost1 

Total capital 

c " t l t "  t "  - ($592,600) (0.098) ap1 a amor 1za 1on - (365) (lOOO) 
O&M Costs2 

1 .  

2 .  

3 .  

4 .  

5 .  

6.  

Power Costs (7 kw-hr/Kgal @ 4¢/kw-hr) 

Membrane Replacement 

Pretreatment (including filter cartridge) 

Chemical Cleansing 

Labor (1 man-day/day @ $60/day) 

=(t 0. 70) (0.528 MGD) Process O&M Costs Kgal l .OO MGD 
Ancillary equipment O&M cost (assume 5% 
of capital cost per year) 

220,000 X 0.05 
365 x r.oo 

Total 0& M costs 

Total Unit Treatment Cost 

Vl-10 

= $369 ,600 

= 223,000 

= $592,600 

= $0.158/Kgal 

$0.28/Kgal RO product water 

0.15/Kgal RO product water 

0.15/Kgal RO product water 

0.07 /Kgal RO product water 

0.05/Kgal RO product water 

$0. 70/Kgal RO product water 

= $0.370/Kgal 

= $0.030/Kgal 

= $0.400/Kgal 

= Capital + O&M 
= $0. 158 + $0.400 
= $0.558/Kgal 
= $0.56/Kgal 
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TABLE VI-2 (Continued) 

RO Process Ancillary Equipment: 3 

Chemical Storage Tanks: 
Acid tank 

Polyphosphate tank 

Chemical Feed Pumps (one spare unit each ) :  

Static inline mixers , 2 pes . pipe size ( 8"t)) : 

Flow Measuring Devices , 4 pes . pipe size ( 8'·'t)) 

Water Pumps ( 4 pumps , 700 gpm )  

Effluent Tank: 

Pipe , fitting ( size 8"t)) , valves etc . 

Instrumentation ( pH ,  TDS ) 

Electrical Wiring , Starters , etc . 

Total 

Installed Cost ( assume 150% of material cost ) 

Building Cost @ $40 /sq . ft . ( prefabricated steel bldg . , with normal 
lighting and a/c ) ,  size ( 55 ft . x 55 ft . )  

Grand Total Installed Cost 

1 Ancillary Equipment listed above . 

Material 
Cost 

$ 5 , 000 

5 , 000 

6 , 000 

3 , 000 

10 , 000 

1 2 , 000 

5 , 000 

8 , 000  

6 , 000 

8 , 000 

68 , 000 

102 , 000 

1 21 , 000 

$223 , 000 

2 An average O&M cost of $1. 70/Kgal is estimated for RO product water volumes less than 
0.3MGD since the labor cost is relatively larger vs . the total O&M. 

3 Refer to Figure VI-1. 

VI-1 1 
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TABLE VI-3 

RO UNIT TREATMENT COSTS 
FOR NITRATE REMOVAL ( $/Kgal ) 

Service Water Influent N03 
-

Concentration, ppm Demand MGD 
200 1 50 1 00 80 50 

6 0 . 79 0 . 7 1  0 . 56 0 . 47 0 . 1 6  

5 0 . 79 0 . 72 0 . 56 0 . 47 0 . 16 

4 0 . 80 0 . 74 0 . 58 0 . 49 0 . 17  

2 0 . 81 0 . 74 0 . 58 0 . 49 0 . 18 

1 0 . 83 0 . 76 0 . 6 1  0 . 52 0 . 20 

0 . 5  0 . 90 0 . 81 0 . 66 0 . 56 0 . 24 

0 . 1  2 . 1 0 1 . 94 1 . 59 1 . 39 0 . 65 

0 . 05 2 . 43 2 . 27 1 . 92 1 .  7 2  0 . 97 

0 . 01 4 . 66 4 . 51 4 . 12  3 . 90 3 . 08 
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Ion Exchange - Selective N03
- Removal 

For selected service water flow rates, at an influent of 86 ppm N03 -, and a 45 ppm N03
-

effluent concentration, the basic information for major process equipment cost of water 

treatment by a selective ion exchange process would be as shown on Table VI-4. These 

capital and O&:M factors shown . in this table were estimated from basic cost estimate 

information provided by an independent commercial firm. Figures VI-4 and VI-5 show the 

ancillary equipment and the capital cost. 

The calculation procedures are shown on Table VI-5. Table VI-6 lists the basic cost 

estimating information for selective ion exchange at various flow rates. 

Ion Exchange - Demineralization 

Demineralization will remove a majority of the cations and anions in water. The degree of 

removal is dependent upon the surface loading rate and the detention time in the process. 

Both nitrate and fluoride can be reduced by one pass through a dual bed cationic/anionic 

exchanger system,  in addition to other anions and cations. 

The total capital and O&:M costs of the demineralization process equipment was estimated in 

a similar manner to the selective ion exchange system to compare the unit treatment costs 

on an equivalent basis. A cost analysis based on the information presented on Table VI-7 

was performed for an influent TDS concentration of 1250 ppm ,  which is approximately 

18  meq/1 (milliequivalent per liter), and several flow rates as Table VI-8 illustrates. 

Table VI-9 lists the unit treatment costs of demineralization systems for various flow rates, 

an influent total ion content of 1 8  m eq/1, and an effluent total ion content of 1 m eq/1. 

These influent and effluent ion concentrations are representative of the average water 

conditions in the non-compliant water systems in the state and their respective treated 

water condition. 
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TABLE VI-4 

BASIC INFORMATION FOR 
SELECTIVE ION EXCHANGE MAJOR PROCESS 

EQUIPMENT CAPITAL COST ESTIMATE 

Service Water 
Flow Rate , MGD 0 . 5  1 3 5 

-N03 Influent, ppm 86 86 86 86 

N03
- Effluent , ppm 45 45 45 45 

No . of CCIX Units 1 1 1 2 

Treatment Section 42 54 96 84 
Dia . ,  inches 

Regenerant Section 1 2  1 8  24 24 
Dia . , inches 

Materials of Const . 316L ss 316L ss 316L ss 316L ss 

Resin Vol�me/CCIX 2 
Unit Ft  110  200 650 600 

. ,  . ·- .  

Equipment Capital1 275 300 350 675 
Cost $1000 + 20% 

The O&M factors for all of the units are as follows: 

1. 7 lbs/1000 gallons treated NaCl Consumption 
Waste Volume 
Power 

4 gallons/1000 gallons treated 

Operator Attention 
Maintenance Costs 
Resin Attrition 
Installation Costs 

0. 7 Killowatt hours/1000 gallons 
1 Man-Day/Day 
3% per year of Capital Cost 
25%/year 
50% of Capital Cost 

eJ 

7 

86 

45 

2 

96 

24 

316L ss 

650 

700 

1Equipment capital cost for all flow rates less than 0.31VIGD are estimated at $190 ,000. 
The O&M rates are the same over the entire range. 

2cciX - Continuous countercurrent ion exchange 
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TABLE VI-5 

EXEMPLARY SELECTIVE ION EXCHANGE SYSTEM 
COST ESTIMATE FOR NITRATE REMOVAL· ( 1 lliGD ) 

a .  Capital 

1 .  Major Process Equipment (Installed) 

2 .  Ancillary Equipment1 (Installed) 

$450 , 000 

$197 , 200 

Total Capital = $647 , 200 

( 647 ,200) (0.098) Capital amortization = (365) (1) (l,OOO) = $0.174/Kgal 

b. Operation and Maintenance 

1. Resin Volume &: Attrition (25%/yr.) - total volume 

200 ft3@ $80/ft3 

(200)(0.25)(80) 
= 

(365)(1000) 

2. Labor (1 man-day/day @ $60/day) 

3. Power (0.7 kw-hr/Kgal @ 4¢/kw-hr) 

4. Regenerant - NaCl (10¢/lb) 

5. Maintenance Cost 

Process O&:M Cost 

6.  Ancillary Equipment O&:M costs (assume 5% of 
ancillary capital per year): 

(197 ,200)(0.05) = (365)(1)(1000) 

Total O&:M = 

Total Unit Treatment Cost = 

= 

= 

= 

$0.01 1/Kgal 

0.060/Kgal 

0.028/Kgal 

0.170/Kgal 

0.036/K�al 

$0.305/Kgal 

$0.027 /Kgal 

$0.332/Kgal 

Capital + O&:M 
$0.174 + $0.332 
$0.506/Kgal 
$0.51/Kgal 

1 Ancillary equipment is the same for demineralization process ( refer to Figure VI-4 , 
Figure VI-5 , and Table VI-8 ,  page VI-20 ) .  
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TABLE VI-6 

SELECTIVE ION EXCHANGE TREATMENT COSTS 
FOR NITRATE REMOVAL ($/Kgal) 

Service Water 
Demand, MGD 

7 

5 

3 

1 

0 .5 

0 . 1  

0 . 05 

0 . 01 

Unit Treatment Costs ($/Kgal)1 

0 . 3 1  

0 . 33 

0 . 35 

0 . 51 

0 . 80 

2 . 05 

3 . 51 

20 . 84 

1Nitrate influent concentration 86 ppm as N03 
-. 

Nitrate effluent concentration 45 ppm as N03 
-. 
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TABLE VI-7 

BASIC INFORMATION FOR 
DEMINERALIZATION MAJOR PROCESS 

EQUIPMENT COST ESTIMATE 

Service Water 0.5 
Flow Rate, ""'WGD or less 1 3 5 

Feed water, meq/1 18 18 18 18 

Effluent water, meq/1 9 9 9 9 

Demineralized H20 ,  gpm 193 386 1 158 1930 

Blended H20 ,  gpm 154 308 924 1540 

No. of Cation CCIX Units 1 1 1 2 

Treatment Section 30 42 72 66 
Diameter , Inches 

Regenerant Section 18 24 42 42 
Diameter , Inches 

No . of Anion CCIX Units 1 1 2 2 

Treatment Section 30 42 54 66 
Diameter , Inches 

Regenerant Section 18 30 30 42 
Diameter , Inches 

Materials of Construction 316 ss 316 ss 316 ss 316 

Strong-Acid <iation Resin 100 190 700 650 
Volume , ft  /CCIX Unit 

Weak-Base A�ion R�in 100 27 0 400 650 
Volume , ft /CCIX Unit 

Equipment Capitol Cost 450 600 1000 1400 
$1000 + 20% 

The O& M factors for all of the units are as follows: 

7.4 lbs/1000 gallons blended effluent 
3.6 lbs/1000 gallons blended effluent 
0.8 kilowatt hrs/1000 gallons 

eJ 

7 

18 

9 

2702 

2156 

3 

66 

36 

3 

66 

42 

ss 316 ss 

500 

500 

1800 

H2S<?A Consumption 
NaoH-consumption 
Power Consumption 
Operator Attention 
Maintenance Costs 
Resin Attrition 
Installation Costs 
Waste 

1.5 Man-Day/Day, 1 Man-Day/Day for less than O.S"'MGD 
3% per year of capital cost 

25% per year, cation/anion 
50% of capital cost 

80 gallons/1000 gallons blended effluent 

1 CCIX - Continuous countercurrent ion exchange 

0 1: 0 1\I A O n  l f"\ U I\.I C f""'l l\.1 1 1\.l ("" nC DI"'\C A T S::::: n • . .  U n i iCTI"\1\.1 . • .  \fi.IA C::: U I I\If'!Tnl\1 • • .  /\ T I  A I\I T I\.  



TABLE VI-8 

EXEMPLARY DEMINERALIZATION 
COST ESTIMATE FOR NITRATE REMOVAL1 

The capital costs for a 1 MGD plant: 

a. 

b. 

Capital Costs 

1 .  

2. 

Major Process Equipment Cost: 

Equipment 

Installation 

Total 

Ancillary equipment cost:2 

Total Capital Cost 

C .t l A t" t" _ (1 ,097 ,200)(0.098) ap1 a mor 1za IOn - (365)(1)(1000) 
Operation and Maintenance Costs: 

1. H2So4 Consumption (@ 3¢/lb) 

2. NaOH Consumption (@ 8¢/lb) 

3. Power (@ 4¢/kw-hr) 

4. Labor (1 i man-day /day @ $60/day) 

5. Cation Resin (@ $50/ft3) 

6. Anion Resin (@ $120/ft3) 

7. Maintenance (@ 3% capital/yr) 

Process O&:M Cost 

= 

= 

= 

8. Ancillary Equipment O&:M Cost (assume 5% of 
ancillary equipment capital cost per year): ·  

(197 ,200)(0.05) = 
(365)(1)(1000) 

Total O&:M Cost = 

= 

Vl-20 

$600,000 

300,000 

$900,000 

$197 ,200 

$ 1,097 ,200 

$0.295/Kgal 

$0.222/Kgal 

0.288/Kgal 

0.032/Kgal 

0.090/Kgal 

0.006/Kgal 

0.022/Kgal 

0.074/Kgal 

$0.734/Kgal 

$0.027 /Kgal 

$0.759/Kgal 
$0.76/Kgal 
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TABLE VI-8 (Continued) 

Total Unit Treatment Cost = Capital Amortization + O&:M Cost 
= $0.295 + $0.759 
= $1.054/Kgal 
= $1.05/Kgal 

Ancillary Equipment: 

Che mical Storage Tanks: 

Resin Storage Bin 

Reagent Solution Tank 

Chemical Feed Pumps ( one spare unit each ) :  

Static Inline Mixers , 2 pes . pipe size ( 8"1)) : 

Flow Measuring Devices , 4 pes . pipe size ( 8"1)) : 

Water Pumps ( 4  pumps , 700 gpm ea . ) : 

Effluent Tank: 

Pipe , Fitting , ( size 8"1)) , valves , etc . 

Instrumentation ( pH ,  TDS ) 

Electrical Wiring , Starters , etc .  

Venturimeter: 

Total Material Cost 

Installed Cost ( 1 50% of material cost) 

Building Cost @. $40/sq . ft . ( prefabricated steel bldg . , 
lighting and a/c ) , size: ( 50 ft . x 50 ft . )  

with normal 

Grand Total Installed Cost 

1This estimate would also be applicable for fluoride removal. 

2 Ancillary Equipment listed above (refer to Figures VI-4 and VI-5). 
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Material 
Cost 

$ 6 , 000 

3 , 000 

6 , 000 

1 , 500  

8 , 800 

10 , 000 

5 , 000 

10 , 000 

3 , 000 

10 , 000 

1 , 500 

64 , 800 

97 , 200 

100 , 000 

197 , 200 



TABLE VI-9 

DEMINERALIZATION COST ESTIMATE FOR 
NITRATE AND FLUORIDE REMOVAL 

Flow Rate, MGD Treatment Cost ($/Kgal) 

7 0 . 7 5  

6 0 . 76 

5 0 . 77 

4 0 . 79 

3 0 . 8 1  

2 0 . 9 2  

1 1 . 06 

0 . 5  1 . 38 

0 . 1  4 . 06 

0 . 05 4 . 6 1  

0 . 01 33 . 28 
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Special Nitrate Case 

A special case exists for isolated rural communities where raw water is supplied by pumping 

from m iles away and also where no treatment facilities are available. To treat the excess 

nitrate by reverse osmosis, ion exchange, or demineralization would be very costly, 

compared to a relatively large treatment plant. 

The solution for obtaining water of suitable quality could be achieved by other means. The 

noncompliant supply can be rejected and a better quality raw water which has no excess 

nitrate can be sought. Bottled drinking water can also be purchased for potable use and the 

existing water utilized for other household uses. 

FLUORIDE TREATMENT COST ANALYSIS 

After evaluation and comparisons of the various processes of fluoride removal, it can be 

concluded that RO, demineralization, and bone char (tri-calcium phosphate) adsorption can 

remove the fluoride effectively. The process efficiencies and the treatment costs are 

discussed in the following narrative. 

Reverse Osmosis 

RO can reduce fluoride by 90% if the feed water pH is maintained around 7 .0, following the 

same principle of RO operation characteristics and feedwater quality assumptions used for 

nitrate removal. The percentage of feedwater, product water, and total service water will 

be as.shown on Table VI-10. 

An example unit treatment cost calculation for a 1 MGD plant, with influent fluoride of 

2 ppm , effluent requirement of 1 .4 ppm at pH = 7 ,  and a TDS of 1 2 50 ppm is presented on 

Example VI-3 and the costs are presented on Table VI-1 1.  Table VI-12 is a summarized list 

of unit treatment costs of various flow rates and influent fluoride concentrations. 
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TABLE VI-10 

WATER PROPORTIONS FOR FLUORIDE REMOVAL 

Influent Percent Percent Percent Percent 
F ppm RO Treatment Blending RO Product Service 

10 96 . 6  3 . 4  7 2 . 5  75 . 9  

5 84 . 2  15 . 8  63 . 2  79 . 0  

2 40 . 0  60 . 0  30 . 0  9 0 . 0  

1 . 6  17 . 7  82 . 3  1 3 . 3  9 5 . 6  

1 Assumes that 1 .  4 ppm F- effluent water must be met . 
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EXAMPLE Vl-3 

FLUORIDE BLENDING CALCULATION 

From Example Vl-1 it can be proven that 

Intake 
Water 

Feed 
Water 

Product 
Water 

Service 
Water 

----.-_..0.._. 4 ..... 4�Q ----i�-: REVERSE OSMOSIS :t-----"-'0·=3.::....3 Q;;;!r,._-,--� 0.90Q 
I 
I 
I 

0.66Q I 
I 

Blending Water L.. - ... 0.1Q (Reject) 

If the supply demand flow is 1 MGD, the total raw water input required 

1 
= lr.9' = 1.1  "NIGD 

The product water from RO would be (0.4)(1 .11JfGD)( 0.75 recovery rate) = 0.331tlfGD 

and 0.44 - 0.33 = O.l l lii'GD to waste (reject). The effluent concentration at 

90 percent removal would be 

(0.10)(2) = 0.2 ppm 

The untreated blending water to supply would be 

(0.6)(1 .1 )  = 0.66"'MGD 

Check total fluoride concentration in the mixture: 

(0.66MGD)(2 ppm) + (0.33MGD)(0.2 ppm) 
= 1.4 ppm (l.o Mdb) 
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TABLE VI-1 1  

EXEMPLARY REVERSE OSMOSIS SYSTEM 
COST ESTIMATE FOR FLUORIDE REMOVAL 

a.  

b.  

Capital Costs 

1 .  

2. 

Major Process Equipment Cost 

($0. 76/Kgal)1(330,000 gpd) 

Ancillary Equipment Cost2 

Total Capital 

C .t l A t· t" _ (470,000)(0.098) ap1 a mor 1za IOn - (365)(1)(1000) 
O&M Costs 

1. Process O&M Costs 
3 0.33MGD ($0. 70/Kgal product water) x l .001VIGD 

2.  Ancillary Equipment O&M Costs4 

$220,000 X 0.05 
J65 X 1,000 

Total O&M Costs 

Total Unit Treatment Costs 

1see Figure VI-2, page VI-8. 

2see Table Vl-2, Ancillary Equipment List, page VI-11 .  

3see Table Vl-2, page Vl-10. 

= $250,000 

= $220 ,000 

= $470,000 

= $0.1 26/Kgal 

= $0.231/Kgal 

= $0.030 Kgal 

= $0.261/Kgal 

= $0.126 + $0.261 
= $0.387 /Kgal 
= $0.39/Kgal 

4 Assume 5% of ancillary equipment capital cost per year. 
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TABLE VI-12 

FLUORIDE REMOVAL BY RO TREATMENT 
UNIT TREATMENT COSTS ($/Kgal) 

Service 
Water 

Demand 
Influent Concentration, ppm 1 MGD 

10 5 2 1 .6 

6 0 . 86 0 . 74 0 . 34 0 . 18 

4 0 . 88 0 . 74 0 . 35 0 . 19 

2 0 . 89 0 . 76 0 . 36 0 . 19 

1 0 . 92 0 . 79 0 . 39 0 . 22 

0 . 5  0 . 98 0 . 84 0 . 44 0 . 26 

0 . 1  2 . 54 1 . 98 1 . 09 0 . 76 

0 . 05 2 . 63 2 . 32 1 . 41 1 . 11 

0 . 01 4 . 80 4 . 48 3 . 51 3 . 25 

1Effluent fluoride concentration 1.4 ppm. 
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Demineralization 

The unit treat ment costs of an influent water containing 2 ppm fluoride have been discussed 

in the nitrate demineralization process section (see Table VI-8 , pages VI-20 and VI-21). 

Bone Char (Tri-Calcium Phosphate) Adsorption 

Bone char or tri-calcium phosphate has a greater adsorption (or exchange capacity) than 

activiated alumina, which has been discussed earlier in this report. We shall exclude the 

discussion of the unit treatment costs of the activated alumina due to this relative inef-

ficiency. 

According to research and operation data, fluoride has been satisfactorily removed at flow 

rates of 4 to 8 GPM/ft2. The regenerated capacity of tri-calcium phosphate is 30 grams/ft3
• 

The density of tri-calcium phosphate is 29 lb/ft3 and the current price is $ 26 .50/100 lb. 

Assuming a 1 MGD plant has an incoming fluoride concentration of 2 ppm ,  the process design 

and its unit treatment costs are shown on Example VI-4 and Table VI-13.  

Table VI-14 presents the unit treatment costs of various demand flow and influent fluoride 

concentrations based upon the process flow diagram presented on Figure VI-6. 

Special Fluoride Cases 

An evaluation of unit treatment costs reveals that tri-calcium phosphate is the best process 

for isolated households to treat the fluoride contaminant. The process can use gravity feed 

without complicated operation and regeneration requirements. The unit treatment cost is 

estimated upon the assumption that 4 persons are in the average household, with each person 

consuming 1 5 0  gpd of water. The consumption rate varies throughout the State with this 

number being assumed as representative of household consumption. The cost curve for a 

small system fluoride removal is shown on Figure VI-8. 
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EXAMPLE VI-4 

'I' RI-CA LCIUM PHOSPHATE ADSORPTION SYSTEM 
DESIGN FOR FLUORIDE REMOVAL 

1 MGD = 694.4 GPM 

Fluoride to be removed in grams/day: 

2.0 - 1.4 = 0.6 ppm, or 

1 x 8.33 x 0.6 x 454 = 2270 grams/day 

Tri-calcium phosphate required: 

(2270 grams/day)/(30 grams/ft3) = 76 ft3 /day 

Density of tri-calcium phosphate = 29 lb/ft3 

76 x 29 = 2200 lb/day 

Surface area required (6 GPM/ft2) 

694.4/6 = 115 ft2 

Use 2 vessels @ 10't' x 6' S. W .D. 

Tri-calcium phosphate process flow diagram and 
ancillary equipment capital cost versus plant capacity 
are shown on Figures VI-6 and VI-7 , respectively. 
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a. 

b. 

TABLE Vl-13 

TRI-CALCI U M PHOSPHATE 
EXEMPLARY COSTS 

Capital Costs · 

1 .  Major Process Equipment $130,000 

2. Ancillary Equipment1 $199 ,000 

Total Capital $329 ,000 

Capital Amortization 

(3 29 ,000)(0 .098) = $0.088/Kgal 
(365)(1)(1000) 

O& M Costs 

1 .  Chemicals ($30/day) $0.030/Kgal 

2. Labor (1 man-day/day @ $60/day) 0.060/Kgal 

3 .  Maintenance (3% capital/year) 0.039/Kgal 

4. Power (1  kw-hr/Kgal @ 4¢/kw-hr) 0.040/Kgal 

5 .  Media attrition, assumed 100% replaced per 
month @ $26.50/100 lb, monthly consumption 
2200 lb 0.019/K�al 

Process O&M Costs = $0. 148/Kgal 

6 .  Ancillary O&M Cost2 

(198,500)(0 �05) = $0.027 /Kgal 
(365)(1)(1000) 

Total O&M Costs = $0.17 5/Kgal 

Total Unit Treatment Costs = $0.088 + $0.175 
= $0.263/Kgal 
= $0.26/Kgal 
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TABLE VI-13 (Continued) 

Tri-Calcium Phosphate Process Ancillary Equipment List and Estimate 

Chemical Storage Tanks: 

HCl 

NaOH 

Chemical Feed Pumps ( one spare unit each ) 

Static Inline Mixers , lpc . , pipe size ( 8"1') 

Flow measuring devices , 2 pes . ( 8"t)) 

Water Pumps ( 2  pumps , 695 gpm ea . )  2 pes . 

Effluent Tank 

Pipe , Fitting ( size S"tt) , Valves 

Instrumentation ( pH ,  TDS ) , 4 pes . 

Electrical Wiring , Starters , etc . 

TOTAL 

Installed Cost ( 1 50% of material cost ) 

Building Cost @. $40/sq . ft . ( 50 ft . x 50 ft . ) (prefabricated steel bldg . 
with normal lighting and a/c ) 

GRAND TOTAL INSTALLED COST 

$ 6 , 000 

6 , 000 

6 , 000 

4 , 000 

8 , 000 

8 , 000 

6 , 000  

8 , 000  

6 , 000 

8 , 000 

$ 66 , 000  

$ 99 , 000  

100 , 000 

$199 , 000 

1 Refer to Figure VI-6 for Tri-calcium Phosphate Process major equipment and ancillary 
equipment , Figure VI-7 for Tri-Calcium Phosphate ancillary equipment capital cost . 

2 5 percent of ancillary capital per year . 
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TABLE VI-14 

UNIT TREATMENT COSTS FOR TRI-CALCIUM 
PHOSPHATE PROCESS FLUORIDE REMOVAL ( $/Kgal) 

Service 
Demand 

PPM1 MGD Influent Concentration , 

10 5 2 1 . 6  
- -

6 0 . 33 0 . 27 0 . 18 0 . 18 

4 0 . 3 3 0 . 28 0 . 19 0 . 18 

2 0 . 39 0 . 35 0 . 22 0 . 22 

1 0 . 45 0 . 38 0 . 26 0 . 25 

0 . 5  0 . 55 0 . 46 0 . 36 0 . 35 

0 . 1  1 . 44 1 .  21  1 . 08 1 . 04 

0 . 05 1 .  7 2  . 145 1 . 33 1 .  28 

·0 .  01 4 . 6 2 3 . 89 3 . 79 3 . 66 

1Effluent concentration - 1.4 ppm .  
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COST ESCALATION FACTORS 

The unit treatment costs for each of the processes discussed will increase continually due to 

inflation and other economic factors. Both the capital and O&M costs will be increased 

according to the following projected percentage increases: 

a. Capital 
i. Steel 

ii. Process Equipment 

b. O&M 
i.  Chemicals 

Skilled Labor 
Power 
Maintenance 

ii. 
iii. 
iv. 

10 percent/year 
7.5 percent/year 

10 percent/year 
10 percent/year 
15 percent/year 
10 percent/year 

(The above percentages were obtained through the Engineering News Record and C hemical 

Engineering and were finalized in coordination with the Texas Water Development Board 

staff.) 

On the forthcoming Tables VI-1 5 through VI-19 ,  the projected unit treatment costs of the 

different applicable fluorides and nitrate removal systems are presented on the basis of 1986 

costs. Generally speaking, the projected 1986 unit treatment costs will more than double 

the predicted 1976 costs presented previously. 

COST ANAL YSIS DISCUSSION 

The previous cost analyses have discussed the unit treatment costs of various influent and 

effluent concentrations of nitrate and fluoride along with varying flow rates. From 

F igures VI-9 and VI-10 ,  it can be seen that demineralization is the most expensive process 

for removal of both nitrate and fluoride. In the case of an average influent nitrate concen-

tration of 86 ppm, selective ion exchange is more economical where the flow rate is greater 

than l .O""MGD. The tri-calcium phosphate process shows a lower unit treatment cost than 

rever·se osmosis over the entire range of flows considered. 
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TABLE VI-15 

PROJECTED 1986 RO NITRATE 
UNIT TREATMENT COSTS �$/Kgal) 

Service 
Water 

Demand 
MGD Influent Nitrate Concentration, ppm 

200 150 100 50 

6 1 . 76 1 . 61 1 . 24 0 . 35 

5 1 .  76 1 . 63 1 . 24 0 . 35 

4 1 .  78 1 . 67 1 . 29 0 . 37 

2 1 . 81 1 . 67 1 . 29 0 . 40 

1 1 . 85 1 .  72  1 . 35 0 . 44 

0 . 5  2 . 00 1 . 83 1 . 47 0 . 53 

0 . 1  4 . 69 4 . 39 3 . 53 1 . 43 

0 . 05 5 . 43 5 . 13 4 . 26 2 . 13 

0 . 0 1  10 . 40 10 . 20 9 . 14 6 . 78 
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TABLE VI-16 

PROJECTED 1986 DEMINERALIZATION 
PROCESS UNIT TREATMENT COSTS 

Service 
Water 

Demand 
MGD $/Kgal 

5 1 . 55 

3 1 . 64 

1 2 . 14 

0 . 5  2 . 84 

0 . 1  5 . 95 

0 . 05 9 . 49 

0 . 01 66 . 57 

Influent nitrate 86 ppm 
Effluent nitrate 45 ppm 

Influent fluoride 2 ppm 
Effluent fluoride 1 . 4  ppm 
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TABLE VI-17 

PROJECTED 1986 SELECTIVE 
ION EXCHANGE NITRATE 
UNIT TREATMENT COSTS 

Service 
Water 

Demand 
MGD ( $/Kgal) 

5 0 . 69 

3 0 . 69 

1 0 . 96 

0 . 5 1 . 61  

0 . 1  4 . 12 

0 . 05 7 . 03 

0 . 01 41 . 70 

Influent nitrate 86 ppm 
Effluent nitrate 45 ppm 
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TABLE VI-18  

PROJECTED 1 986 RO FLUORIDE 
UNIT TREATMENT COSTS ( $/Kgal) 

Service 
Water 

Demand 
MGD Influent Fluoride Concentration , ppm 

10 5 - 2  1 . 6  

6 1 . 95 1 . 65 0 . 77 0 . 41  

4 1 . 99 1 . 65 0 . 79 0 . 43 

2 2 . 02 1 . 69 0 . 81 0 . 43 

1 2 . 08 1 .  76 0 . 81 0 . 50 

0 . 5  2 . 23 1 . 87 0 . 99 0 . 59 

0 . 1  5 . 1 1 4 . 43 2 . 45 1 . 71 

0 . 05 5 . 38 5 . 1 9 3 . 17 2 . 50 

0 . 01 9 . 71 8 . 98 7 . 90 7 . 31 
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TABLE Vl-19 

PROJECTED 1986 TRI-CALCIUM PHOSPHATE 
UNIT TREATMENT . COSTS ($/Kgal) 

Service 
Demand 

Influent Fluoride Concentration, PPM1 1\JGD 

10 6 2 1 . 6 
-

6 0 . 73 0 . 60 0 . 39 0 . 39 

4 0 . 73 0 . 62  0 . 41  0 . 39 

2 0 . 86 0 . 77 0 . 47 0 . 47 

1 0 . 99 0 . 84 0 . 57 0 . 54 

0 . 5  1 . 22 1. 06 0 . 82  0 . 7 6  

0 . 1  3 . 18 2 . 60 2 . 32 2 . 24 

0 . 05 3 . 80 3 . 11 2 . 86 2 . 76 

0 . 01 10 . 21 8 . 33 8 . 13 7 . 90 

1Effluent Concentration - 1 . 4  ppm 
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CHAPTER VII 

AGGREGATED ECONOMIC IMPACT 

The preceeding chapters of this report have developed the basic scope and objective of this 

project. To this point, the full range of applicable processes have been considered for the 

removal of nitrate and fluoride from water supplies. Subsequently, each of these processes 

has been evaluated on a technical basis to establish the scope of treatment facilities to 

receive further consideration. In Chapter VI, the selected processes were subjected to an 

economic evaluation to ascertain the most cost effective �ystems. The Chapter VI 

evaluation took several base case conditions as a framework for the economic comparisons. 

These base cases are considered to be a suitably sound basis to establish the processes which 

would be chosen for the system. In the case of low flows (0.5 1WGD and below) relative to 

the average, special consideration had to be taken to assure that the economic projections of 

capital, O&M, and subsequently the unit treatment cost were properly determined due to the 

disproportionate and non-linear share of the unit costs created by factors such as labor and 

equipment. Within this chapter, the total aggregated costs for the State of Texas to comply 

with the Safe Drinking Water Act are compiled. 
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According to the information in Appendix A, approximately 90 percent of the total numbe� 

of non-compliant water systems have populations less than 3 ,000 people, and 20 percent have 

less than 1 00 people. This indicates that a vast majority of non-compliant water systems 

have average demand supply flows less than 0.51WGD. 

The distribution of non-compliant systems for the purpose of this cost aggregation was 

divided into three groups initially, i.e., nitrate, fluoride, and both nitrate and fluoride non

compliant. Each of these three groups were subsequently divided within each of the groups 

by concentration into representative subgroups. These subgroups were arbitrarily selected 

based upon the involved flow/concentration distributions and cost of treatment. The capital, 

O& M ,  and unit treatment costs (UTC) are estimated within each of these subgroups. An 

estimated 1 50 gpcd flow rate was utilized to provide a representative estimate of flow. 

FLUORIDE GRO UP 

Subgroup 1 

This subgroup includes those non-compliant water supplies where the fluoride concentration 

averages 2.5 ppm. Tables VIl-la and b present the capital, O&M ,  and UTC for both reverse 

osmosis and tri-calcium phosphate adsorption. As indicated by the dashed line, the most 

econom ical treatment process switches from RO to tri-calcium phosphate adsorption as the 

flow increases above 150 Kgal/day at this concentration level. 

Based upon these conclusions, this subgroup will require a total capital expenditure of 

$56 ,081 ,500, $11 ,622 ,  700/year in O&M expense and a total annual cost of $17 ,1 1 9,1 00. In 

this subgroup there are a total of approximately 445 ,000 people served in 391  supply systems 

for an average of $126 .03/capita, $0.07 /capita-day and $0.11/capita-day for capital, O&M, 

and treatment respectively. 
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TABLE VII-1b � 
FLUORIDE SUBGROUP 1 (2.5 ppm) 

REVERSE OSMOSIS 

Major Process Ancillary Total Total Total 
Demand Equipment Equipment Capital O&M Annual 

Flow Capital Cost ca2ital Cost Cost Cost Cost UTC 
N

I 
· Kgpd $ $ $/�ear $/f.ear $/lear $/Ks:al 

83 15  10 , 800 76 , 750 87 , 550 6 , 903 1 5 , 482  2 . 82 

55  37 . 5  18 , 37 5  82 , 000 100 , 375 1 1 , 765  21 , 60 1  1 . 57 

97 87 . 5  35 , 040 98 , 000 133 , 040 22 , 785  35 , 822  1 . 12 

26 110 42 , 920 104 , 000 146 , 920 27 , 684 42 , 082 1 . 05 

40 150 54 , 000 1 1 2 , 500 166 500 36 285 52 602  0 . 96 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - J - - - - - - - - L - - - - - - - - � - - - - - - -

23 220 70 , 000 122 , 000 192 , 000 51 , 068 69 , 884 0 . 87 

20 300 93 , 000 130 , 000 223 , 000 67 , 820 89 , 670  0 . 82 

16  450 129 , 000 150 , 000 279 , 000 45 , 278 72 , 620  0 . 44 

8 600 162 , 000 165 , 000 327 , 000 58 , 620 90 , 666 0 . 41 

4 750 195 , 000 180 , 000 375 , 000 7 1 , 963 108 , 7 1 3  0 . 40 

4 900 228 , 000 202 , 000 430 , 000 85 , 656 127 , 800 0 . 39 

3 1 , 200 288 , 000 250 , 000 538 , 000 1 1 3 . 240 166 , 000 0 . 38 

2 1 , 350 3 1 5 , 000 270 , 000 585 , 000 126 , 833 184 , 200 0 . 37 

3 1 , 500 350 , 000 
. .  

290 , 000 640 , 000 140 , 425 203 , 150 0 . 37 

1 1 , 650 374 , 000 317 , 000 691 , 000 154 , 370 222 , 100 0 . 37 

1 1 , 800 408 , 000 335 , 000 743 , 000 167 , 860 240 , 700 0 . 37 

1 1 , 950 430 , 000 355 , 000 785 , 000 1 8 1 , 450 258 , 400 0 . 36 

1 2 , 100 455 , 000 380 , 000 835 , 000 195 , 300 277 , 125  0 . 3 6  

2 2 , 250 480 , 000 400 , 000 880 , 000 208 , 900 295 , 140 0 . 36 

1 2 , 400 520 , 000 418 , 000 938 , 000 222 , 400 314 , 300 0 . 36 

381 75 , 5 1 5  22 , 794 , 825 43 , 009 , 250 6 5 , 804 , 075  12 , 310 , 333 $18 , 758 , 79 4  
1 Number of Water Supplies 

VII-4 

B E R NA R D  JOH NSON I NCORPORATED · · ·  HOUStON . . .  WASH I N GTON . . .  ATLANTA 



Subgroup 2 

For the water supplies exhibiting fluoride concentrations averaging 5.0 ppm a second sub

group was established. Regardless of the flow rate, all systems in the subgroup would use 

tri-calcium phosphate adsorption rather than RO · as indicated by the costs on Table VII-2.  

The total population served in this subgroup is 80,000 in  80  water systems. The total esti

mated capital cost would be $10,609,200 and $2,576 ,900/year in O&:M costs. The average 

costs equal to $132.60/capita, $0.09/capita/day and $0.12/capita/day for capital, O&M and 

treatment respectively. 

NITRATE GROUP 

Subgroup 1 

One of the four nitrate subgroups established covers those water supplies with nitrate con

centrations averaging 50 ppm. Table VII-3 presents a comparison between selective ion 

exchange and RO. The total aggregated capital cost for this subgroup using the selected 

process of RO is $2 ,113,600. The O&M cost is $234,100/year. The total annual cost is 

$441 ,200. This averages to $63/capita of capital, $0.02/capita/day for O&M and 

$0.04/capita/day for treatment for the total subgroup population of 33,700 people. 

Subgroup 2 

The second nitrate subgroup has an influent nitrate content averaging 80 ppm. The costs are 

presented on Table VII-4. · RO is the most cost effective system on a unit cost basis. The 

capital totals $2,500 ,000. The O&M totals $526,500/year and the total annual cost is 

$77 1 ,400. This subgroup covers a population of 9,800 people. The equivalent costs are 

$255/capita, $0.15/capita/day and $0.22/capita/day for capital, O&M and treatment 

respectively. 
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Major Process Ancillary 
Demand Equipment Equipment 

Flow Ca2ital Cost Ca2itul Cost 

N1 K�pd $ , $ 

27 15  18 , 000 76 , 750 

1 1  37 . 5  36 , 000 82 , 700 

10 87 . 5  70 , 000 95 , 950 

11 110 83 , 600 102 , 000 

4 220 147 , 800 1 1 0 , 000 

3 300 189 , 600 130 , 400 

6 450 267 , 100 148 , 300 

3 600 336 , 000 166 , 200 

2 750 408 , 000 184 , 100 

2 1 ,650 805 , 000 317 , 000 

1 1 , 800 864 , 000 333 , 600 

80 15 , 782 . 5  9 , 56 2 , 200 8 , 572 , 650 

1 Number of Water Supplies 

TABLE VII-2 

FLUORIDE SUBGROUP 2 COST ANALYSIS 

Reverse Osmosis 

Total Total 
Capital O & M  

Cost Cost 

$ $/year 

94 , 750 11 . 280 

118 , 700 22 , 7 50 

165 , 950 48 , 230 

185 , 600 59 , 700 

257 ; 8oo 1 1 4 , 7002 

320 , 000 67 , 840 

4 1 5 , 400 99 , 400 

502 , 200 131 , 000 

592 , 100 1 6 2 , 500 

1 , 122 , 000 353 , 100 

1 , 1 97 , 600 384 , 600 

18 , 1 34 , 850 4 , 78 1 , 234 

(5 .0  pprn) 

Total 
Annual 

Cost UTC 

$/yeur $/Kgal 

20 , 565 3 . 7 5  

34 , 382 2 . 51 

64 , 495 2 . 02 

77 , 888 1 . 94 

139 , 970 1 .  74 

99 , 200 0 . 90 

140 , 1 00 0 . 8 5  

180 , 21 5  0 . 82 

220 , 525 0 . 8 1  

463 , 066 0 . 76 

502 , 000 0 . 76 

$6 , 558 , 841 

Major Process Ancillary 
Equipment Equipment 

Ca2ital Cost Capital Cost 

$ $ 

25 , 000 60 , 750 

25 , 000 66 , 250 

35 , 000 78 , 450 

35 , 000 83 ,975  

35 , 000 101 , 825 

45 , 000 1 1 1 , 150 

67 , 000 128 , 350 

67 , 000 145 , 650 

67 , 000 162 , 950 

200 , 000 317 , 250 

200 , 000 326 , 750 

3 , 297 , 000 7 , 31 2 , 17 5  

2Based o n  the assumption that O & M  costs for flows less than 3 0 0  Kgal are $1.  70/Kgal of product 
water and $0.70/Kg!il fbr flows greater than 300 Kgal, a large variation in total O&M cost 
occurs at or near this brenkpoint. 

< 
=r= 
Q) 

Tri-Calcium Phosphate 

Total Total Total 
Capital O&M Annual 

Cost .Cost Cost UTC 

$ $/year $/lear $/K�al 

85 , 750 8 , 950 17 , 353 3 . 17 

91 , 250 1 5 , 357 24 , 300 1 . 77 

113 , 450 28 , 51 0  39 , 630 1 . 24 

1 1 8 , 975 33 , 91 0  45 , 570 1 . 13 

136 , 825 59 , 700 73 , 100 0 . 9 1  

156 , 150 64 , 687 79 , 980 0 . 73 

195 , 350 68 , 832 8 7 , 980 0 . 54 

212 , 650 70 ,792  9 1 , 63 1  0 . 42 

229 , 950 84 , 800 107 ,335 0 . 39 

517 , 250 100 , 400 211 , 100 0 . 35 

526 , 7 50 174 , 000 225 , 620 0 . 34 

10 , 609 , 175 2 , 576 , 938 $3 , 570 , 240 

� 



TABLE VII-3 

NITRATE SUBGROUP 1 COST ANALYSIS 
(50.0 ppm) 

;;J 
;n 
Jl 
z 

Selective Ion Exchan�e Process Reverse Osmosis Process 
:1> 
Jl Major Process Ancillary Total Total Total Major Process Ancillary Total Total To 
c:; Demand Equipment Equipment Capital O& M Annual Equipment Equipment Capital O & M  Annual 
'--
0 

Flow Cost Cost Cost Cost Cost UTC Cost Cost Cost Cost Cost UTC 
:r 
z 
C/) 

N K�d $ ' $ $ $/�ear $!�ear $/K�al $ $ $ $/xear $/xear K/Kg:al 
0 
z 4 22 . 5  285 , 000 69 , 7 50 354 , 7 50 27 , 300 62 , 066 7 . 55 7 , 500 78 , 800 86 , 300 5 , 500 13 , 958 1 . 70 
2 
(") 
0 

1 45 285 , 000 74 , 000 359 , 000 29 , 488 64 , 670 3 . 94 12 , 000 84 , 700 96 , 700 7 , 355 1 6 , 833 1 . 03 
Jl 
"'0 
0 2 120 28 5 , 000 88 , 200 373 , 200 36 , 822 73 , 396 1 . 68 1 7 , 520 1 04 , 600 122 , 120 13 , 552 2 5 , 520 0 . 58 
1l 
:1> 
-l 
m 1 150 285 , 000 93 , 850 378 , 850 39 , 733 76 , 850 1 . 40 21 , 000 1 1 2 , 500 133 , 500 16 , 028 29 , 1 1 1 0 . 53 
0 

1 525 41 2 , 500 161 , 850 574 , 350 96 , 240 152 , 525 0 . 80 60 , 700 157 , 250 217 , 950 23 , 193 44 , 552 0 . 23 

:r 0 2 2 , 000 450 , 000 271 , 500 721 , 500 349 , 375 420 , 082 0 . 58 176 , 000 362 , 000 538 , 000 69 , 200 1 2 1 , 924 0 . 17 
c 
'll 
-l 
0 

1 1  3 , 050 3 , 592 , 500 1 , 328 , 1 00 4 , 920 , 600 1 , 047 , 054 $1 , 537 , 660 510 , 740 1 , 602 , 850 2 , 1 1 3 , 590 234 , 081  $441 , 213 

z 

:2: 
:1> 

1Number of Water Supplies 
C/) 
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Major Process 
Demand Equipment 

Flow Ca�ital Cost 
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0 
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N .. K[2d $ 
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)> 
-i 

4 90 28 5 , 000 
m 
0 2 150 285 , 000 

I 
2 300 285 , 000 

0 
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(J) 19 1 , 470 5 , 4 1 5 , 000 
-i 
0 
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TABLE VII-4 

NITRATE SUBGROUP 2 COST ANALYSIS 
(80 ppm) 

Selective Ion Exchang:e Process Reverse Osmosis Process 

Ancillary Total Total Total 
Equipment Capital O&M Annual 

Capital Cost Cost Cost Cost UTC 

$ $ $/�ear $/�ear $/Kg:al 

68 , 300 353 , 300 26 , 848 6 1 , 47 1  1 1 . 23 

71 , 200 356 , 200 28 ,9 66 63 , 874 5 . 83  

82 , 500 367 , 500 35 , 332 7 1 , 348 2 . 17 

93 , 850 378 , 8 50 41 , 9 22 79 , 050 1 . 44 

122 , 200 407 . 200 ' 58 , 670 98 , 576 0 . 90 

1 , 522 , 100 6 , 937 , 100 644 , 197 $1 , 324 , 034 

Major Process Ancillary 
Equipment Equipment 

Capital Cost Capital Cost 

$ $ 

14 , 400 76 , 7 50 

20 , 304 80 , 700 

47 , 520 96 , 700 

72 , 000 1 1 2 , 500 

130 , 000 130 , 400 

770 , 192 1 , 728 , 700 

Total Total 
Capital O& M 

Cost Cost 

$ $/�ear 

9 1 , 150 8 , 336 

1 0 1 , 004 1 3 , 0 14  

1 44 , 200 3 1 , 772 

184 , 500 50 , 520 

260 , 400 9 6 , 3 1 0  

2 , 498 , 8 9 2  526 , 478 

Total 
Annual 

Cost UTC 

$/�ear $/Kg:al 

1 7 , 268 3 . 15 

22 , 9 1 2  2 . 09 

45 , 903 1 . 39  

68 , 60 1  1 . 25 

1 2 1 , 830 1 . 11 

$77 1 , 350 

� 



Subgroup 3 

This nitrate subgroup includes those water supplies with influent nitrate averaging 1 00 ppm. 

As shown on Table VII-5 , the RO system would again be selected over selective ion 

exchange. The capital cost for this group totals $454,200, and the O&M totals $82,330/year. 

The total annual cost is $126,800 . For the 1 , 100 people served, the equivalent costs are 

$413/capita, , $0.2 1/capita/day, and $0.32/capita/day for capital, O&M, and treatment 

respectively. 

Subgroup 4 

This nitrate subgroup covers those water supplies with nitrate concentrations above 

1 50 ppm. As shown on Table VII-6,  the RO system is  the most cost effective. The capital 

cost totals $269 ,000 , and the O&M totals $63,000/year. The total annual cost is $89,400. 

For the 750 people served, the equivalent costs are $358/capita, $0.23/capita/day and 

$0.32/capita/day for capital, O&M, and treatment respectively. 

N ITRATE AND FLUORIDE GRO UP 

For those water supplies which are contaminated by both nitrate and fluoride , RO is the only 

system which has both the technical and economic advantage. In the treatment process, 

nitrate is the controlling parameter. Nitrate requires a larger percent reduction to meet 

the State standard than does fluoride. 

Subgroup 1 
This subgroup includes those water supplies with influent nitrate averaging 60 ppm. As 

shown on TablP. VII-7 , the capital cost totals $254,500,  and the O&M cost totals 

$63 ,400/year. The total annual cost is $88 ,400. For the 1 ,990 people served, the equivalent 

1 costs are $128/capita, $0.09/capita/day and $0.12/capita/day for capital, O&M,  and 
I 
I I 

treatment respectively. 
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TABLE VII-5 

NITRATE SUBGROUP 3 COST ANALYSIS 
(100.0 ppm) 

z 
(f) Selective Ion Exchange Process Reverse Osmosis Process 
0 
z Major Process Ancillary 
z 
(") 
0 

� I N1 
JJ 

Demand Equipm ent Equipm ent 
Flow Caoital Cost Caeital Cost 

K�pd $ $ 

)> 
I """ 

m 2 3 0  2 8 5 , 0 0 0  7 1 , 200 
0 

6 I 1 

1 
c 

4 5  2 8 5 , 00 0  7 4 , 0 0 0  

6 0 285 , 0 0 0  76 , 850 
(f) 

(j· I 4 
z 

1 3 5  1 , 140 , 000 293 , 25 0  

� 
l> 
C/) 
I 

1Number of Water Supplies 
z 
:;l 
-1 
:::> 
z 

I> 
-1 

I> 
7 :::j 
I> 

< 
...... 
...... 

I 
...... 
0 

Total Total Total Major Process Ancillary Total Total 
Capital. O& M Annual Equip ment Equipment . Capital O&M 

Cost Cost Cost UTC Ca12ital Cost Capital Cost Cost Cost 

$ $/year $/year $/Kgal $ $ $ $/�ear 

356 , 2 0 0  28 , 5 2 6  63 , 4 3 4  5 . 7 9 23 , 5 0 0  80 , 7 0 0  104 , 2 0 0  16 , 050 

3 5 9 , 0 0 0  3 0 , 1 44 65 , 3 2 7  3 . 98 3 2 , 40 0  84 , 7 0 0  1 17 , 1 00 22 ' 116 

36 1 , 85 0  31 , 87 5  67 , 3 3 6  3 . 08 40 , 0 20 88 , 65 0  1 2 8 , 67 0  28 ' 115 

1 , 433 , 250 119 , 07 1  $259 , 529 1 19 , 420 334 , 7 50 454 , 17 0  8 2 , 332 

Total 
Annual 

Cost UTC 
$/�ear $/Kg:al 

2 6 , 2 63 2 . 40 

33 , 59 2  2 . 05 

40 , 725 1 . 86 

$126 , 840 
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TABLE VII-6 

NITRATE SUBGROUP 4 COST ANALYSIS 
(1 50.0 ppm) 

Selective Ion Exchange Process Reverse Osmosis Process 

Major Process Ancillary Total Total Total Major Process Ancillary - Total Total Total 
Demand Equipment Equipment Capital O&:M Annual Equipment Equipment Capital O&:M Annual 

Flow Capit!!.l_ Cost_�I!Pital Cost Cost Cost Cost UTC Capital Cost Capital Cost Cost Cost Cost UTC 

N1 Kgpd $ $ $ $/year $/year $/Kgal $ $ $ $/year $/year $/Kgal 

1 

1 

22 . 5  

9 0  

2 1 1 2 . 5  

285 , 000 

28 5 , 000 

570 , 000 

1
Number of Water Supplies 

69 , 750 354 , 7 50 27 , 63 2  

82 , 500 367 , 500 35 , 3 3 2  

62 , 398 7 . 6 0 

7 1 , 348 2 . 17 

1 5 2 , 250 722 , 250 62 , 964 $133 , 745 

23 , 600 

70 , 000 

93 , 600 

78 , 7 36 102 , 336 14 , 7 7 7  

96 , 6 1 1  166 , 6 1 1  48 , 193 

2_4 , 806 3 . 0 2  

64 , 520 1 . 9 6  

175 ;347 268 , 947 62 , 97 0  $89 , 3�6 
·.,, ' 

I 

� 



TABLE VII-7 

F- AND N�- SUBGROUP 1 ( 60 ppm ) 
REVERS OSMOSIS PROCESS 

Major Process Ancillary Total Total Total 
Demand Equipment Equipment Capital O&:M Annual 

Flow Capital Cost Capital Cost Cost Cost Cost UTC 
N Kgpd $ $ $ $/year $/�ear $/Ks:al 

1 40 1 1 , 000 85 , 000 96 , 000 11 ' 550 20 , 960 1 . 43 

1 250 33 , 500 125 , 000 158 , 500 51 , 875  67 , 408 0 . 74 

2 290 44 , 500 210 , 000 254 , 500 63 , 425 $88 , 368 

1 Number of Water Supplies 

VII-1 2 
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Subgroup 2 

This subgroup includes those water supplies with influent nitrate averaging 100 ppm. As 

shown on Table VII-8, the capital cost totals $355,000, and the O&M cost . totals 

$62 ,300/year. The total annual cost is $97 , 100. For the 900 people served, the equivalent 

costs are $394/capita, $0.19/capita/day and $0.30/capita/day for capital,O&M ,  and treat

ment respectively. 

Subgroup 3 

This subgroup includes those water supplies with influent nitrate averaging 1 50 ppm.  As 

shown on Table VII-9 , the capital cost and O&M cost totals $549,000 and $168,200/year 

respectively. The total annual cost is $232,800. For the 4,200 people served, the equivalent 

costs are $157 /capita, $0.11/capita/day and $0.15/capita/day for capital, O&M, and treat

ment respectively. 

VII-13 
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Demand 
Flow 

N 1  Kg:pd 

1 18 . 75 

1 27 

1 90 

3 135 . 75 

TABLE VII-8 

F- AND N03- SUBGROUP 2 (100 ppm) 
REVERSE OSMOSIS PROCESS 

Major Process Ancillary Total Total 
Equipment Equipment Capital O&M 

Capital Cost Capital Cost Cost Cost 
$ $ $ $/year 

16 , 530 80 , 000 96 , 530  10 , 810 

23 , 500 81 , 000 103 , 500 13 , 855 

55 , 700 100 , 000 155 , 000 37 , 670 

95 , 730 261 , 000 355 , 030 62 , 335 

1 . Number of Water Supplies 

VII-14 

Total 
Annual 

Cost 

$/year 

20 , 270  

24 , 000 

5 2 , 860 

$97 , 130 

B E R NA R D  J O H NSON I NCORPORATED · · ·  HOUSTON . . .  WAS H I NGTON . . .  ATLANTA 

UTC 

$/Kgal 

2 . 9 6  

2 . 43 

1 . 61 



TABLE VII-9 

F-AND N�- SUBGROUP 3 (150 ppm) 
REVE E OSMOSIS PROCESS 

Major Process Ancillary Total Total Total 
Demand Equipment Equipment Capital O&M Annual 

Flow Capital Cost Capital Cost Cost Cost Cost UTC 
N Kgpd . $ $ $ $/year $/year $Kgal 

1 100 100 , 000 102 , 000 202 , 000 53 , 280 73 , 100 2 . 00 

1 540 302 , 000 155 , 000 457 , 000 1 1 4 . 900 1 59 , 690 0 . 8 1  

2 640 402 , 000 257 , 000 659 , 000 168 , 180 $232 , 790 

1Number of Water Supplies 

VII-1 5 
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SUMMARY 

The preceeding estimates of total capital, annual O&M, and annual UTC are sum marized on 

Table VII-10.  These data indicate that an estimated $73.3 million in capital, and $ 1 5.5 

million per year in O&M costs shall be spent by these non-compliant water supply systems. 

These systems serve an approximate 557,500 people. The average capital investment 

amounts to $131/capita. The average O&M cost equates to $0.08/capita-day. The total 

amortized capital, along with the O&M costs, averages to $0. 1 1/capita-day in treatment 

cost. These costs will be increased at an average rate of 10 percent per year according to 

trends in representative cost indices due to economic inflation. Assuming a population 

growth rate of 2 percent per year and an estimate of $176 million in capital and $43. 1  

million/year i n  O&M cost, the total annual cost will equate to $60.2 million/year if 

construction is delayed until 1986. 

VII-1 6 
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TABLE VII-10  

SUMMARIZED CAPITAL , O&M , UTC 
1976 Costs 

Contaminant Total Total 
Groups Capital O&:M 

s $7year 

Group 1 -- Fluoride 

Subgroup 1 1 56 , 081 , 500 11 , 622 , 700 

Subgroup 2 10 , 609 , 200 2 , 713 , 600 

Group 2 -- Nitrate 

Subgroup 1 2 , 113 , 600 234 , 100 

Subgroup 2 2 , 500 , 000 526 , 500 

Subgroup 3 454 , 200 82 , 330 

Subgroup 4 269 , 000 63 , 000 

Group 3 -- Fluoride and Nitrate 

Subgroup 1 254 , 500 63 , 400 

Subgroup 2 355 , 000 62 , 300 

Subgroup 3 659 , 000 168 , 200 

Total 73 , 296 , 000  15 , 496 , 430 

Total ( 1986 )  176 , 000 , 000 43 , 116 , 000 

Total 
Annual Cost 

$7year 

17 , 1 19 , 100  

3 , 7 06 , 000  

441 , 200 

77 1 , 400 

126 , 800 

89 , 400  

88 , 400  

97 , 100  

232 , 800 

22 , 652 , 500 

60 , 229 , 700  

1 Refer to Pg. VII-3 for combination of most economical system . 
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APPENDIX A 

EVALUATION OF TEXAS PUBLIC WATER SYSTEMS 
IN TERMS OF WATER QUALITY USING 

EPA INTERIM PRIMARY STANDARDS, BY COUNTY1 

1source is as listed in Item 1 in Bibliography and has been reproduced in its entirety. 
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So . o f  _::_uo � t y !iame n f  
S y s t ems Sys : e::� 
• a l u o H t:> d  

.\nc rE!'• s  l Andrews 

Aransas 2 1  l..a ma r  •sc 

Ar"l!ls � r :-- ng 2 C l aud� 
H 1 doon :J l l s  RJn:h 

Atasco sa l J  Lvt : e  

S.J l l � v  J �ap l �  OlSC 
!iul e sh oe 

6ar.!l�ra 8 WC I:l :I [ - Bandera 

r l y i ng "L" Ranch DUL 

'-.ppe�d b: )a;--- F.vt�� l udt ion o f  T�xas ' P•.Jb � i :  ·..:c1 !. e r  S y s t ems in Ter-.....s c f  ',lat e r  Quc1l i t y  
l's 1 ng EPA l nc e r lm  P r � r  ... S t a�cJrds , bv Coun t y ,!_.' , 1_/ 

Approximate 
Tyt>r- cf i Pcpu l .J t ion 
S vs t ero  J! Se rv�d :. 1  . - j -

c 1 0 . 000 

c 2 SO 

c 9n 
c --

c 1 , 2 7 1  

c 2 8 5  
c 4 , 6 2 3  

c 1 , 100 

c 22 

Sou n:e 
No . of I o f  

Connec t i ons l •a t e r  �I ]_/ 
3 , 2 -< 8  �I 

89 b /  

44S b !  
-- �I 
S29 �I 

69 b l  
1 , 946 �I 

5 7 :;  �I 

9 d/ 

Aqu i i e r  
or 

Reservo ir F 

'j_/ ,§.1 

Oga l l a l a  4 . 8 1 1 . 6  

Gu l f  Coast 1 . 6 1 1 . 6  

Oga l lala 2 . 5 / 1 . 6 
- 2 . 4 1 1 . 6  

Edvard s l .  7 1 1 . 4  
(Balcones 
Fault Zone) 

Oga l lala 3 . 0/ 1 . 6  
Do .  1 . 9 / 1 . 6  

Trinity 2 . 0 / l .  6 
Group 

- 2 . 5/ 1 . 4- 1 . 6  
Med i n> Ch i l dren ' s  Home , Inc . c l 2 S  12 dl -- 2 . 4 1 1 . 4 - 1 . 6  
Med i n> IISC c JSO 107 �I Trinity 2 .  5 1 1 . 6  

Group 
.. 

6ay i.or 1 Seymour c 3 , SOO 1 , 48 6  �I Al luvium 50 

Bee 28 E1 Ranchita Cafe N 30 1 b/ Gulf Coast 64 
Pawnee ' s  Independent N -- 3 �I Do .  45 

School D i s t r ic t  

B e l l  7 7  WC I �  �2 - l..i t t l e river c 900 330 �I Trinity 2 . 31 1 . 6  
Croup 

Acres WSC c 363 126 bl Do .  2 . 4/ 1 . 4- 1 . 6  
A rm::H r .. :mg WS� c 258 254 b/ - 4 .  7 / 1 .4-1 . 6  
Barbara Dee Tr . Pk . c 4 5  29 d/ -- . 5 .  21 1 .  4-l . 6 
Hel l -Fai ls-M i lam ;;sc c l , 86S 746 �I Trinity 1 . 9 / 1 . 4- 1 . 6  

Group 
B i g  "C" Tr . Pk. c 90 30 d /  - 5 . 0 1 1 . 4-1 . 6  
Chas c a 1 n ' s  LaKe Way Int . c 40 21 �I -- 2 . 7 1 1 . 4-1 . 6  

(Ch a s t a in ' s  Lakeside 
HHP) 

Cu r t s inger ( IJS )  c 25 10 d /  -- 2 . 1 / 1 . 4 -1 . 6 
Deer ? a r k  Tr . P k .  c 1 50 50 dl -- 7 .  7 / 1 . 4-1 . 6  
Dog Ridge WSC c 1 , 000 375 �I Trinity 6 . 31 1 . 4- 1 . 6  

Croup 

See f ootnotes at rnd of t a b l e .  

Cons i�ere d ,  

Au 
'2i 



No . of  
COU!it)' Co unt y Name of  

Systems Sys t ems 
Eva luated 

B d l  ( co n t ' d . )  Ea s t  Bel l IISC 
Ed)O Tr .  Pk . 
Fisherman ' s  Haven Tr . Pk . 
Goh l ke Water System 
Heidenheimer -..a.ter Dis-

t r ic t - Be l l  Coun t y  Imp . 
Dis t .  15 

Hi'deway llobil Pk.  
Ho l l and 

J _  & R. \later Supp ly 
Lit t le Elm Val l ey IISC 
Live Oak !1IIP 

Mit che ll , Gertrude, II .  
W a t e r  S y s t em 

Mo f f a t t  IISC 

lloun t , in V i ew IIHP 
Oena v 1 1 1 e  & Be l fa l l s  

() .  & B .  IISC) . Parks (Don) \later Supply 
� Pecan U t i l i ty Co . -Gliff ' I Estates ... 

Peppe r ' s  Creek 1/SC 
Roadrunner Tr . Pk. 
Rocking "E" Mobi l  Park 

Rogers 

R .  & R .  Tr . C t .  
7 Gab les IIHP 
Shady Acres ( S p r ing Creek 

\la t e r  Coo p . )  Subd .  
Sou thshore 
Southwest T r .  Pk. 
S t age Coach IIHP 
S to negate !il!P 
Suburbia MHP 
Tay lo r ' s  Valley 1/SC 

tom ' s  MH.P 
Tr i!llmer IIHP 
Troy 

2410 !il!P 
\/ells Ranch Ap t s .  

S e e  foo tno t e s  at end of tab l e .  

Ap p end ix 5a:--£val "..J at 1on o f  Texas ' Pub l L :  Wa t e r :.Ov -. t t>::l� i n  T e rns  o f  -..;a t e r  Quality 
t: s ing EPA I n t e r im P r imary S t anda rd.� . b-. C' 'un t �· j__/ , �.J-Cont ' d .  

I Approximate Source .A. � . :  i :· ( ' ';  EPA I n t e r im  P r imary S tandard "Contaminants" Considered , mgl1 
Type o f  

/
' Popu lat ion No .  o f  o f  

Syste:n }_/ Served !!..f Co!lllec t ions Water 

!!I 21 
c l .  250 495 bl c 60 28 dl 
C' 30 15 d/ 
c 12  5 d/ 
c 250 73  li/ 

c 30 12 d/ 
c 850 326 li:t 

c 400 170 d /  
c 625 249 b/ 
c 15 3 it 
c - - �I 

c 561 187 '!!_I 

c 40 23 dl 
c 215 109 li/ 
c 75 24 d/ 
c 60 20 �I 

c 1 , 500 407 b/  
c )5 1)  d/ 
c 60 20 li/ 
c 1 , 200 437  '!!_I 

c 38 14 dl 
c 63 25 d/ 
c 120 40 '"i_l 

c so 21 d /  
c 60 26 dl 
c 150 52 bl 
c 69 23 dl 
c 200 70 dl 
c 463 185 it 

c 35 22 dl 
c 45 20 d/ 
c 700 290 �I 

c 25  8 d/ 
c 15  5 '"i_l 

o f  
R t  . . ., t  r ·. ' 1  r F 

1_1 .§./ 

T r i n ity Gr. 2 . 71 1 . 4-1 . 6  -- 4 . 51 1 . 4-1 . 6  
-- 2 .  5/l .  4- l .  6 
-- 4 . 4 1 1 . 4-1 . 6  

Tr i n i t y  l .  8/ 1 .4-l . 6 
Gn,up -- 7 . 9 / 1 . 4-1 .6  
T r i n i t y  3 . 3/1 . 4  
Group -- s. 7/1 .  4-1 . 6  

-- 2 . 1/1 . 4-1 .6  -- 3 . 4/1 . 4-1 . 6  

-- 1 . 91 1 . 4-1 .6  

T r i n i t y  l .  611 .6  
Group 

-- 3. 411 . 4-1 . 6  
T r ini. t y  2 . 4 11 . 4-1 .6  
Croup 

-- 5 . 31 1 . 4-1 . 6  -- 2. 411. 4-1 . 6  

-- 2 . 2/ 1 . 4-1 . 6  
-- 7 .  211 . 4-1 . 6  - 4 .  7/1 . 4-1.6  

Trinity 2 .  811 . 6  
Group 

-- 6 .0/1.4-1 . 6  
-- .4 . 61 1 . 4- 1 . 6  
-- 2 .  8/1 .4-1 . 6  - 3 . 811 . 4-1 .6  -- 5 .  7 11 . 4-1 . 6  - 5 . 4/1 . 4-1 . 6  
-- 4 . 31 1 .4-1 . 6  - 5 .  211 . 4-1 .6  

Trinity 2 . 1 /1 . 4-1 . 6  
Group -- 3 . 51 1 . 4-1 . 6  -- 8 . 7 1 1 . 4-1 . 6  
Trinity 1 . 9 / 1 . 6  
Croup - 5 . 9/1 . 4-1 .6  

-- 3 . 01 1 .4-1 . 6  

l 
N1J l �i l I I I I I Ba Cd cr6 Pb Bg Se 

y y !I 2.1 !I �I I Au 

!I 



> 
..,. 
.. I 

No . o f  
Coun t y Coun t y 

Systems 
Evaluated 

3t:!xa.r 114 

3 i. .Jn.:=- � 

:3osqu� 23 

"'T,•.: •lr 1 I 44 

�r.l.::C" ... 1 4  

br(!ws t e r  10 

B r i scoe 4 

Bu r le son 1 9  

Burne t 27 

Ca l dwell 1 1  

C a l houn 11 

Appen�ix 5 a � - Eva � u a t 1on of Texas ' Pub l i c  Water Sys te=s i n Ter=s of Water Qua l i ty 
U s i n g  EPA I n t e rim P r ima ry  S t andard s , l>y Count �· )J , �_1--Con t ' d . 

App rox ima t e Source Aquifer EPA Interi.cl Pri:nary S tandard "Contaminants" Considered , mg/1  
Name o f  Type o f  Popu l a t ion No . of 
Syst""' S y s t <��� }_/ Served '!f Conn e c t ions 

:. I  

Cany<'n lake Fo rest l: t i l1 t y  c 42S 70 
C o z v  Cove Tr . P k .  c 1 20 S2 
Ramse�· Ranc h Acres !'!liP c l S 6 
S t i l lwe l l  Tr . Pk . c 60 20 
Summ i t  n1ks Ra t e r  Co . c 90 29 

lake Of !h� K i l l s  c 60 20 

Best V i ew V i l lage ( Be s t  c 100 32 
Vie" I.:SC) 

S t • e l e  Creek Acres Water c 250 80 
S y st �m 

Steele Creek Karbor Wat e r  c )0 13 
Supply 

K i l l c rest V i l lage c 4SO 135 

Wixon WSC c 1 , 900 600 

Alpine c 5 , 900 1 , 820 

Roadrunner Kl'P c 36 12 
Ter l ingua Ghost Town· Tr . c - -

Pk . 
Wedin Water Corp. -Marathon c 200 65 

Caprock Canyon State Park N - -

Qu i taque c 632 294 

S i l ve rton c 1 , 056 4 Sy 
Summervil l e  Place Subd . c 150 6S 

River Bend Tr. Pk. c 40 18 
Spring Creek Hil l s  c so 12 

( Spring Creek W .  Corp . )  

Pecan Tr . Pk. c 200 55 

Sea-Lake Subd.  Wa t e r  Systan c - -

of or 
Water Rese rvo ir 

IJ 

d/ -

b/ -

dl --

d/ --
�I --

�/ -

�I -

!!/ --

�I -

!!/ Cult Coast 

'P.,I -

'P.,I Igneous 
Rocks 

d/ --

�I -

'P.,I Alluvium 
& Bolson 

d/ -

�I Other 
(Ochoa) 

'P.,I Ogallala 

�I -

dl -

"!I -

y --

�I --

F 
I 

NO 

I 
As I Ba 

�/ .!/ �/ �I �I 

3 . 8/ 1 . 4  
1 .  8/ 1 . 4  
3. 1/1 . 4  
2 . 811 . 4  
2 • .  6/1 . 4  

1 .  7/1 .4-1.6 

8 .  2/ l .  4-1 . 6  

5 . 2/1 .4-1 .6  

s .  3/l. 4-1 . 6  

1 . 6/1. 4-1 . 6  

2 .0/1.6 

2 . 9/1.6  

2 . 1/1 .4-1 .6  
2 .1/1.6 

l.  9/1 .6 

68 
4 .  7/1 . 6  iso 
4 . 4/1 . 6  

1 . 9/ 1 . 4-1 .6  

2.  3/1 . 4-1 .6  
2 . 5/ 1 . 4-1 .6  

111 

2 .  2/1 . 6  

I I I Cd cr6 

y �I J Pb 
�/ 

Hg l Se 
�I !1 l 

See footnotes at end of tabl e .  

Au 

!I 



I 
No . of I Coun t '' Coun t y  Name o f  Svstems 

I 
S y s t em  

I Ev�luated 
_, _ 

Cameron 4 3 Arroyo WSC 

Heart of the Va l ley 
Highl and Tr . Pk . 12 

Pleasant Acres Tr . Pk.  
P.  !1 .  P. MHP, Inc . 
Po f f ' s  Travel T r .  P k .  
Santa Rosa-Cameron 

Co. WClD 
WIN Mob i l  Home Sales & 

Service 

Cas tro 5 D l.mlni t 
Hat[ 

Cho11nber� 19 Bav rid(l.e Sub d .  
Co t ton Bayou Manor � 

Mount Be l v iew, WCID 

� Old �iver County Subd . 

' S t ap l es ( C .  T . ) Subd. "" 
C l ay 6 Be l l ev i ew 

Byers 
Charlie WSC 

Cochran 3 B l edesoe WSC 
�orton 
Whi teface 

Co l l in J 3  A l len 
Altoga WSC 
Anna 
Lebanon WSC 

Heliss� (IISC) 
Renner Ya t e r  Co . 

(Preston Highlands) 
( Preston V i l la) 
(Renner) 

Wes tminster WSC 
We s t on WSC 

See footno te s  at end of table . 

Append i x  Sa:--Ev a l u d :  ton of ·l exas ' Pub l i -:  Wa ter Sy s t ems  in Terms of \Ja t e r  Quality 
Us i ng EPA I n t erim P r ima r ;  S t andard s ,  by Co un ty l/ , £1--Cont ' d .  

Approx i.mate 
Type o f  Popu lat ion No . o f  
System }./ s�rved y Connect ions 

!!.1 

c BOO 325 

c 50 25 
c 100 45  

c 80 39 
c 100 45 
c 60 30 
c l , SOO 340 

c 45 35 

c 4 .  327 1 , 688 
c 1 , 009 320 

c 160 46 . 
c 50 24 

c 1 , 300 460 
c -- -
c i5 25 

c 355 140 

c 500 270 
c 100 33 

c 120 60 
c 2 , 850 1 ,023 
c 394 185 

c 3 , 700 1 ,086 
c 300 104 
c 750 277_ 
c 522 174 

c 405 203 
c 485 203 

c 250 115 
c 270 91  

Source 
o f  

Water 
!./ 

J!.l 

d / 
�I 
d l 
d/ 
dl 
�I 

J!./ 

b/ 
�I 
d /  
�I 
b /  
d/ 
it 

!.I 

b/ 
�I 
b/ 
b/ 
E1 

b/ 
b/ El 
!.I 

b/ 
lit 

b/ Et 

Aquifer EPA Interim Primary S tandard "Contaminants" Considered , 
or 

Reservoir F 
1./ .�.1 

Gulf 1 .  711.4-1.6 
Coast - 1 . 511 .4-1 . 6  
Gulf 2.011 . 4-1 .6 
Coast - 3 .011 .  4-1 . 6  -- 1 . 8/1 . 4-1 .6  - 4 . 9/1 .4-1 . 6  
Gulf 1 . 6/1 . 4-1 . 6  
Coast 

Do .  1 .9/1 .4-1 . 6  

Ogallala 2 .6/1 .6  
Do .  l.  7/1 ..6 

- 2 . 41 1 . 6  Gulf 2 . 4/1 . 6  
Coast 

Do .  2 .0/1 . 6  - 2 . 0/1.6 
Gulf 1 . 7/ 1 . 6  
Coast 

Other 2 .0/1 .6  
(Cisco 
Group) 
Alluvium 

Do . 

Ogallala 2 . 1/1 . 6  
Do .  4 . 1/1 . 6  
Do . 2 . 8/1.6 

Woodbine 2 .6/1 . 6  
Do , 1 . 7/1.6  
Do. 1 .6/1 .6 

Trinity l. 6/1. 6 
Group 
Woodbine 1 . 7/1 .6  

Do .  -
3 . 6/1 . 6  
4 . 111.6  
1 .7 /1 . 6  

Woodbine 1 . 7/1 .6 
Do .  3 .1/1 .6  

59' 
64 

mgl l 

Au 

§/ 
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App�nc 1 x  �a.-Eva l ua t ion of Texas ' Pub � 1 c  Wat e r  Systems in Terms of Water Qua l i t y  
Using E P A  I n ter im P< ima�· S t a ndard• . by County 11 . li--Con t ' d .  

No . o f  Appro x iiLH e Sotirc:e Aquifer EPA InterilD PrilDary Standard "Contaminants" Considered, mgl1 
Name o f  County Countv Type of Population 

Sys tems System System 11 Served y 
Eva l ua t ed 

- - - - ---- -- -- - -�--- L.....-----------

Co l l ingswo r t h  2 Dodson c 260 

Comal :.s CAd i 1 1.1..- C.1nyon c 40 
Cdnyon CreeK Es t a t es c 20 
Canyon Lake '·' i � lage c 225 
Deep Ac res c 48 
HC'orst!shoe F •. li. l s  c 130 

Mount Lookout Development c 60 
�o r r h  Po int Subd . c 140 
Scenic H e ig h t s  Subd. c 60 
T r ip l e  Peak Ranch Estates t 70 

Cron,·hu 5 Eo l o  WSC c 150  

Lo•ake Steak House N -

Or ! � i na l  Lowake Inn Steak N -

House 

Corye l l  1 8  B l ue s tem Subd . c 150 ' 
Duren Tr . Pk.  c 100 
Evant WSC c 1 , 000 

Flat WSC c 300 
Forr Gates WSC c 900 
Gate sv i l l e c 5 , 500 
Ga t e sv i l le S t a t e  School c 455 

for Bo�s-�oun t a in V i ew  

Lev i t a  lo:SC c .420 

!1oun ta in WSC c 850 
Oak V i l l a  �p c 300 

Og le sby c 450 

Tang lewood Tr . Pk. c 20 
, 

Crockett 3 WCID '1 - Ozona c 140 

See footnotes at end o f  tabl e .  

No . of of or 
Connec t ions Water Reservoir y I.l 

99 !!I Alluviua 

16 dl --

4 dl -

85 dl --

16 dl -

49 �I Edwards 
(Balcones 
Fault Za�e ) 

22 dl -

37 dl -

21 dl --
25 �I -

57  p..f Other 
(Leona) 

- dl -
- �I. -

55 dl -

28 dl -

235 �I Trinity 
Croup 

135 bl Do. 
302 bl Do .  

2 . 3t3 bl Do .  
-- 'E. I - , u .  Leon 

River 
Diversion 

37 �I Trinity 
Croup 

20' dl --

100 �I --

185 �I Trinity 
Croup 

4 !I -

30 !!I Edwards-
Trinity 
(Plateau) 

F JNOlAs  
�.1 • �.1 �� !1.1 

53 

3 . 311 .4  
2. 911 . 4  
1 . 711.4 
4 . 311 .4  
4. 611 . 4  

3.611.4 
2 . 2/1.4 
4.011.4 
4 . 311 . 4  

1 36 

140 
130 

3 . 111 .4-1 . 6  
3 .111 . 4-1.6 
1 . 711.6 

2 . 411. 4-1 . 6  
l .  711 . 4  
2 .  211.4 
2 . 011.4 

4 .  311 . 4 

1 .  S/1 .4  
4 . 311.4-1.6 

1 . 811 . 6  

3 . 111 .4-1 . 6  

2 . 511.4 

I 
Ba 
y I I 

Cl:6 

I I 
Cd Pb Hg 

I 

Se I Au 

§.1 §.1 §.1 !I §./ !I 
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C:\"'�untv 

Crosby 

Culberson 

Dal l as 

Dawson 

No . o f  I Coun [ v  
S y �tems 1 

App�ndix 5d�-Evaluat ion of Texa s '  Pub l i o  Water Systems in Terms of Water Quality  
Using EPA Int erim Primary Standards , by Count y .!_/ , 3_1 - Cont ' d .  

No . of  
Connec t ions 

EPA lnteria Primary Standard 

EVJ i u; H edj Name o f  
System 

Approximate 
Type .> f ! Popul a t ion 
System }I Served �/ 

y 

Source 
of 

Water 
!_/ 

Aquifer 
o r  

Reservoir ���y 1 N11 1 tt 1 �i 1 -rr t 

40 

4 

Crosbyton 

Lorenzo 
Ra l l s  

White River � 

Van Horn 

FWSD H IS-Buckingham 
Es·tates 

WCID #7 - Kleberg 

Addison 
Clover li.aven 

Coppell 

Danield.ale 
Desoto 

Grand Prairie Community 
Water Service 

Highland Park 

Hutchins 

Lancaster 

Meadow Lake Community 
Water Service 

Neuhoff 

I 
Pleasant Grove Community 

Water Service (Well #67) 
Wilmer 

Ackerly 
Welch WSC 

c 

c 
c 

c 

c 

c 

c 

c 
c 

c 

c 
c 

c 

c 

c 

c 

c 

c 
c 

c 

c 
c 

2 , 500 

1 , 209 
2 , 200 

10 , 000 

2 , 7 50 

250 

8,000 

300 

2 , 350 

300 
10,000 

120 

10, 1 3 3  

2 , 400 

14 , 000 

150 

600 
1 , 300 

2 , 500 

348 
290 

829 

466 
860 

802 

61 

2 , 500 

135 

318 

105 
3,000 

40 

3 , 500 

675. 

4 , 234 

38 

430 

635 

104 
101 

�I 

b/ 
!_I 

�/ 

!!_/ 

�/ 

£{ 

d/ 
F. I 

'E./ 
d/ 
F_l 

£1 

�I 

£_/ 

£_/ 

�/ 

d/ 
�/ 

E. I 

b/ 
�/ 

White 
River Res . •  

Ogallala 
White 
River Res . 

2 .  0/1 .6 

2 .  8/1 .6 
1 . 8/1 .6  

Do . 1 . 9/1 . 6  

Alluvium 
& Bolson 

Purchased 
from 
Dallas 10/ 

Woodb ine, 
Trinity 
Group 
Trinity 
Group 

Trinity 
Group 
Woodbine , 
Purchases 
from 
Dallas 10/ 
Purchased 
from Dallas 
Co . HWD 

Woodbine ,-
Woodbine , 
Trinity 
Group 

Trinity 
Group 

Ogallala 
Do .  

2 . 2/1 . 6  

3.6/1.6 

3. 2/1 . 6  

2 .  3/1.6 
4 . 5/1 .6  

2 .6/1 .6  

2 .2/1 .6  9/  
1 . 8/1. 6 -

2 . 2/1 .6  'if 

3 .9/1 . 6  

2 .]/1 . 6  

2 .0/1 .6 

4 .5/1 .6  '1/ 
3.9/1 .6  
3.9/1 .6  'l.l 
2 . 3/1 .6  

4 .4/1 . 6  
3 .  5/1 . 6  

See footnotes at end o f  table . 

"Contaminants" Considered , 11J3/l 

Cr6 T -Pb I �I! I Se I 
§./ L Y � §.f  Au 

§./ 
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No . ,., f 
Count:· Coun t y  

S y s t eos 
E v a l u .J ted 

· It: � =  S m i th 2 

1'=' L t .1  s 

Den� . q  .. ;, ) 

<\.·1 1-.  1 

De-nley 4 

E ... s c :  1 11c.l 10 

E c tor 66 

Appendlz 5ar-Evaluat1on of Texas ' Publi� Water Systems in Terms o f  Wa te r Qua l i t y  
Using EPA Interim Pr imary Standards, by County 11 . £1--cont ' d .  

Approxima te Source Aquifer EPA Interim Pr:laary Standard "Cont&lllinanta" Conaidered, q/1 
Name o f  Type o f  Populat ion of No . of 
Syst em System l Served 9 Connec t ions 

y 
. 

Here io rd c 16 , 000 4 , 821 
Hereford Housing P r o j e c t  c 500 100 

Sen Frank l in WSC c uo 70 

Flower Mound (We l l No . 1 )  c 1 , 600 41 5 

Lakew�od V i l l�ge V e i l .  Co. c 1 5  5 
Mo rris Terr.1r� c - --
North Lakt' H ig h l ands 1/2 c -- --

Vacat ion V i l lage E s t a t e s  c 300 100 
Wynnewood Haven W.:t t e r  c - -

System 

llcAdoo WSC c 135 5 3  
Spu r c 1 , 747 824 

Sherwood Shores 19 c 680 254 

RisinK Star c 1 , 009 550 

Barnet Water Supp l y  c -- --
B. & H. HHP ( Broadwe l l )  c -- -

Beas ley ' s  MIIP c - -

Bel l e HHP c 215 91 

Bia "T" , Texaco Camp- c -- -

ground 
Brett ' s  Tr . Pk. c -- -

Canyon Dam ( fl Mob il c --· -

Ran�h ? ) Tr .  Pk. Q l  
Coliseum Tr. Pk. c -- -

Co lvin ' s High Sky Lodges c -- -

D. ' M. HHP c - -

or 
Water Reservoir 

!J 

b/ Oga l lala 
�I Do .  

"!!_I Other 
(Navarro) 

"!!_/ Tr inity 
Group 

b/ --
d/ -

�I Trinity 
Group 

d/ -

!I -

b/ Ogallala it White 
River Rea . 

"!!.! Ogallala 

�I Trinity 
Group 

�I --
d/ --
d/ -"it Edwards-

Trinity 
(Plateau}, 
Colorado 
MUD pur-
�ased 
Odessa 

y --

d/ -

�I -

d/ -

d/ -

# -

F 
'l/ o!/ 

2 . 0/1. 6  
1 . 9 / 1 . 6  

3. 1/1 .6  

3 . 2/1 . 6  

3 . 1/ l .  6 
1 . 9/1.6  
1.7/1.6  

2.5/ 1 . 6  
3 . 1/1 . 6  

1 . 8/1.6  
1 .  7/1 . 6  

2 . 0/ 1 . 6  

i.6/l. 6  

2.4/1 . 4-1. 6 
2. 5/1 . 4-1 . 6  

2.9/1. 4-1.6 

1 . 7 / 1 . 4-1 . 6  
4 . 1/1.4-1 . 6  

2. 3/1 . 4-1 . 6  
2.0/1.4- 1 . 6  
2.8/1.4-1.6 

I 
N03 1 As 

I 
Ba 

11 §.I §.I 

58 

51 

I I Cr6 I Cd 
§./ §.I y l  Ba l Se 

!/ §./ I Au 

§/ 

See footnotes at end of table. 
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Appendix )�--Eva l u a t ion of Texas ' P ub l i c  Wa ter Systems in Terms of Water Quality 
Using EPA I n t·e rim Pr i..:nary S tandards , by County y ,  .�/--Cont ' d . 

No . of Approx i.ata te Source Aquifer EPA Interia Pr1111ary Standard "Contaain.ants" Considered, ag/1 
County County Name of Type of Populat ion No . o f  

Syst ems System System }/ Served !!f Connec t ions 
Evaluated y 

Ector ( clmt ' d . )  De V i l l a  T r .  Pk . c -- -

Eaves Tr . P k .  c - --
Elm Tr . P k .  c -- --
Flying "W" !'IHP c 80 22 
Gene ' s MHP c - -

Go ldsmit h c 400 1 5 6  

Gregg ' s  T r .  P k .  c -- --
Hughes Tr . Pk. c -- -

Jones MlV" c 24 l l  
Mo f f itt ' s  Mobile Courts c -- -

H. G. Tr . P k .  c - --
Nortll11ate Park c -- --
Orchard Wa ter Sys tem c 180 50 

Pond e rosa Tr. Pk. c 40 15 
Radio City Tr. P k .  c -- --
Sam ' s  T r .  Pk.  c - --

Sunset Tr . Pk . c - --
Tisdale Tr . Pk. c - --
Tndd & Todd Real Estate- c 234 78 

Proj ect 82 
University Tr. Pk.  c 30 10 

Vega T r .  Pk.  c 25 7 
Vick ' s  T r .  Pk.  c - -

Victory V i l lage T r .  Pk. c -- --

Wagon Yard Tr . Pk . c -- --
Wel l  ' s  T r .  Pk. c - --

Westover MHP c -- -

W i l l i am ' s  Tr . P k .  c - --
Wilson ' s  Mobile Villa c -- -

Wrigh t ' s  Tr . P k .  c -- -

E l l i s  30 Avalon WSC c 180 60 
Bardwel l c 277 135 
Boyce WSC c 515 192 
Bristol WSC c soo 149 
Ferris c 2 ,200 800 
Howard Water Co. / c -- -

Italy c 1,400 539 
Maypear c 500 225 
Milford c 675 295 

See footnotes at end of tab l e .  

of or 
Water Reservoir 

J..l 

d/ --

d/ --
d/ --
dl --

d/ -

�I Edwards-
Trinity 
(Plateau) 

dl -

d. I -

dl --
�I -

dl -

d. I -

�I Edwards-
Trinity 
(Plateau) 

dl -

i.l -

dl -

dl --

dl --
�I --

�I -

d/ -

d/ --

dl -

d/ -

�I -

d/ -

�I --
dl -

�I -

b/ Woodbine 
b/ Do .  
�/ Do .  
bl Do .  
bl Do. 
y -

b/ Woodbine 
F./ Do .  
'!/ Woodbine , 

Trinity 
Group 

F 
I

NO

I

As l Ba 
'i/.'§.1 iT !! �� 

1.611 . 6  
3.611.4-1 . 6  5 3  
2 . 311 .4-1 . 6  4 i  
2 .811 .4-1 . 6  
1 .611 .6 
2 . 011 . 6  

1 . 711 .4-1.6  
2. 111. 4-1. 6 
2.611.4-1. 6  
1. 911.4-1.6  

2 . 311 .4-1 .6  
3 . 211 .4-1. 6  
1 .  711 .4-1.6  

2 .111. 4-1 .6 
3.211 .4-1 . 6  
1 .811 .4-1 . 6  
1.911.4-1.6 
2.911.4-1.6 
2.911.4-1. 6  

2 .  Z/1. 4-1. 6  

2. 311.4-1.6 
i. 711.4-1. 6  
1.911.4-1. 6 
2 . 311.4-1 .6  
1.611.6 
2 . 2/1 .4-1 .6  
1.811. 4-1.6 
1 . 611 . 6  
1. 8/1.4-1.6  

5.011 .6 
7 . 911.6 
4 . 511 .6  
5.111 . 6  
5.011 . 6  
5 .811.6 
3 .511.6 
2 .0/1 .6 
2 .  311. 6  

I I I 

Cd c-1' 
2_/ §./ I 

Pb 
!I 

II& J Se 
2_/ �I I Au �I 
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No . o f  

County Countv 
S y s t ems 

Evaluated 

E l l is (•:on t ' d . )  

:; 1 Paso 53 

Falls 1 1  

Fannin 2 4  

Append ix >�--Eva l ua t ion of Texas ' Pub lic Water Syatems 1o Terms of Water Quali ty 
Using EPA Interim Pr imary Standards , by County !/ , �/--Cont' d .  

Approximate Source Aquifer EPA Ioterila Prta&ry Staodard "ContaaiDanta" Cou:l.dered , ��g/1 
Namr of 
System 

Nash-Fnrreston WSC 

Ov i l l .1 c\,mmun i t y  Center 
WSC 

Palm�r 
Red Oak 
Red Oak C.ommun i.ty Water 

Serv i c e  
Rocke t t  WSC 

South E l l  is Co . WSC 

WCID - ·..:c stway 

Bonanza MHP 
Borderland Addn . 
Buckaroo Ap t s .  
Gaslight Square MIIP ,  Inc. 
Leon.u d  MHP 
Kaho rne y MHP 
Snug Harber Hotel & 

Tr . Town 
Urioste • s MHP 

Cego - Durango WSC 

Ch i l ton 
Lott WSC 

Moorev i l l e  WSC 

Perry WSC 
Tri-County WSC 
Westphal ia WSC 

Dial WSC 
Ecto r  
Gober WSC 
Honey Grove 
Ladonia WSC 
Leonard 
Self ' s  WSC 

Type of 
System ll 

c 

c 

c 
c 
c 

c 

c 

c 

c 
c 
c 
c 
c 
c 
c 

c 

c 

c 
c 

c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 

Populat ion No . of 
Served '!f CoMections 

'!I 

1 ,200 296 

250 135 

800 300 
1, 200 395 

150 80 

3,000 1,018 

1 ,000 235 

1 ,000 210 

225 76 
60 25 
14 4 

200 175 
30 8 -- 19 
40 25 

15 5 

600 175 

600 250 
1 , 287 300 

160 46 

480 123 
2, 200 775 

300 72 

180 60 
519 253 
250 88 

2 ,000 935 
900 355 

1 ,475 752 
120 42 

of or 
Water Reservoir 

ll 

�I Trinity 
Group 

�I Woodbine 

bl Do .  
bl Do .  
� Woodbine 

!!.I Trinity 
Group 

�I --
�I Al1uv1�a 

i Bolson 
b /  Do. 
y --
dl -
"!.I --
!I -
dl --
"!.I -
!I -
�I Trinity 

Group 
bl Do. 
s.l Trinity 

Group , 
City Lake 

� Trinity 
Group 

bl Do .  
bl -
� Trinity 

Group 

b/ -
�I Woodbine 
b/ Do. 
bl Do .  
bl Do .  
�I Do. 
�I Trinity 

Croup 

�/at I 
2.0/1.6 

2.111.6 

4.611.6 
2 .2/1 . 6  
2.211.6 

2.411 .6  

2 .211 . 6  

2.011 . 6  

1 .  711 . 6  
1 .911.6 
3 .811 .6  
1.911 . 6  
2.111 . 6  
1 . 81 1 . 6  
2.911. 6  

2 .211. 6 

2.111. 6  

2 . 311.6 
2 .311.6 

2 .511.6 

3.1'11.6 
2�111. 6  
2 .811.6 

3.011 .6  
2 .9/1 .6  
1 .711.6  
2.0/1 .6  
2 .711.6 
1 . 6/1.6 
1 .7/1.6 

N03 1 As l Ba 
�/ 6/ §/ I 

Cd 
§.I 

l cr' 
§./ 

l 
Pb 

l 
B& I 

Se 
I §.I §./ !/ 

See footnotes at end of table . 

Au 
§.1 
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No . of 
County Count y  

S ystems 
Evaluated 

Fann in ( cont ' d . ) 
rtoyd ) 

�oard 2 

�.tines 4 

Go.lveston 38 

Garza 4 

Gray 5 

Grayson 34 

Guada lupe 12  

Hale 6 

Appen d i x  Sa;- £vd luat ion of Texas ' Pub l i c  �a ter Systems in Terms of Water Qua l ity  
Us ing EPA I n t e r im P r i ma ry  Standards, by County !/ , �/--Con t ' d .  

Approximate Source Aquifer EPA Inter:im Pr:imary Standard "Contaminants" Cons:l.dered , mgll 
Name 0f Type of Popu lat ion No . 0f  o f  

Sptem Sy stem }.I Served !!.f Con nee t ions Water 
y !../ 

Wh ite Shed �sc c 1 , 200 400 r!l 
Doughe r t y c 100 35 b l  
Flovddda c 4, 160 1 ,  S23 bl 
Lockney c 2 , 094 801 F..! 
Thai i.o WSC c 210 69 �I 
Loop �sc c 300 104 bl 
Seagraves c 2 , 785 831 bl 
Seminll l� ·  c 5 ,007 2 ,186 �I 

Bermuda Beach & Spanish c 150 50 !!.1 
Grant 

Pine Oak Tr. C t . c 60 20 dl 
San Leon-Fle�ta E s t � t � s  c 80 15 �I 

Caprock WSC c 40 17 dl 
Pos t c 3 , 854 1 , 392  !_I 

McLean c 1 , 000 563 !!.I 

Bel l s  c 778 250 bl 
Elmont-Farm ington WSC c 216 --- F..! 
Gun ter .WSC c 1 , 500 408 bl 
Oak RidJ<c-s.,u t il:.sle WSC c 1 ,050 350 dl 
Tom Bean c 540 230 bl 
Van Al st yne c 1 ,986 784 bl 
Wr ight ( W . O . )  MHP c -- -- y 
Featherland Egg Farms N -- - �I 

Aberna thy c 3 ,000 3 , 150 J!./ 

Cotton Cen t er �SC c 230 64 b{ 
Hale Center c 1,964 730 �I 

or 
Reservo ir 

--

Ogallala 
Do .  
Do .  

--

Ogallala 
Do .  

Edwards-
Trinity 
(High 

Plains ) & 
Ogallala 

Galves ton 
Co . Wtr. 
Auth . 

--
Gulf Coast 

--
White 
River Res . 

Ogallala 

Woodb ine 
Trinity 
Group 
Woodbine 

--
Woodbine 

Do .  
-

-

Ogallala & 
Edwards-
Trinity 
(High 
Plains) 

--
Ogallala 

11�Y I 
NO 

I 
As 

I 
Ba 

113 2.1 2.1 

l .  611. 6 

3.911 . 6  
3 . 61 1 . 6  
2 .61 1 . 6  

73 

5 . 011 . 6  
4 .  711 . 6  
4 .211 .6  

1 . 611 .6  

3 .011 .  6 
1 .  71 1 .6  

1 .611 . 6  
1 .911 .6  

47 

1 . 611 . 6  
1 . 71 1 . 6  

2. 31 1 . 6  
2.  7{1 . 6  
1.9{1 .6  
2 .0{1 .6  
4 . 5/1.6 

75 

2 . 3/1 . 6  

2 . 0/1 . 6  
3.2{1 . 6  

I I 
Cd 

I 
c/> 

2.1 2.1 � I  
Hg � Se 

J 2.1 2.1 
Au 
2.1 

See footnotes at end of t ab l e .  
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St> . - , t  
Coun t y  C."1un r y  I 

!) yS tt:':'DS 
Evaluated 

u., l e  (C:t>Ot 1 d )  

ll l i l  6 

: ! .w s t o r d  

ILt r r  ison 2 3  
H. tskl� l l  7 

�.t � �  22  

ft i da l gt• 42 

H i l l  lC 

Append lx Sa;--Ev• Lat iM of Te11as ' F � b l  ic �dter  Sys tems in Terms of  Water Qua l i t y  
Us !.ng EPA Interim P r i.rr, :,ry S t. and.Jrds , by Coun t )' !·' • �/--Cont ' d .  

Appr oxi.ma te Source Aquif e r EPA Interim PrimAry Standard "Cont•inanu" Conaidered , q/1 
Type o f  Name of Popu l a t ion No. of of or 

System System Served !!J Conn�c t ions \.later Reserve ir F Au 
jJ 9 !../ '1.1 .�1 !I 

llalfwdy WSC c 75 59 b/ Ogallala 2 . 3/ 1 . 6  
Petersburg c 1 , 400 485 .Et Do . 3 . 3/l .&  

Lakevl"" WSC c 275 126 b/ Alluvium 50 
Turkey c 800 310 lit Do . 47 

IIi-Plains Ut il ity Cu . c 1 ,  700 623 d/ -- 2. 3/1 . 6-1 . 8  
Morse (Water Co . )  c 150 58 b/ Ogal lala 2 . 3 / 1 . 8  
Spea rman c 4,000 1 , 458 �I Do .  1 . 6/1 . 6  

Gill WSC c 780 260 �I - 1.9/1.6 

Haske l l  c 3 , !>00 1 , 599 b/ Alluvium 1. 8/1. 6  140 
O ' Brien c 286 60 b/ Do .  ll) 
Pa int Creek WSC c 600 170 b/ Do . 2 . 5/1 . 6  86 
Hot:ht.>s t e r  c 500 2 30 b/ Do . 62 
Ru l �  c 1 ,050 450 b/ Do . 70 
W e i n e r t  c 265 105 �� Do . 1 . 7/ 1 . 6  53  

Cypress Creek Acres c 20 8 d /  -- 2 . 8/ 1 . 4  
Dripp ing Springs WSC c 520 140 �I _Trinity 2 .5/1. 4  

Group 
Gof e>rth SIIC c 700 247 'Y Edwards f.4/l.4  

(Balcones 
Fault 
Zone) 

Green Pastures Vater Co . c 120 65 d/ -- 2. 3/1 . 4  
Kyle c -� 65 1 FJ Edwards 3. 7/1 . '• 

(Ba1cones 
Fault 
Zone) 

Hoss C l i f f  Restaurant N 100 1 d/ -- 7 3  
Sunny Acres l!IIP c 45 17  �I -- 66 

A .  ' A .  Water Co . c 400 100 d/ -- 2 . 2/ 1 . 4  
Clarks HH llomesties c 100 26 d/ - 115 
Clearviev HHP c 40 16 d/ -- 81 
Penitas Tr . Pk. c 90 56 �I -- 1.5/1.4  

Arrowhead Lodge c 350 106 d/ - 2.0/1 .6  
Birome WSC c 1 ,000 260 i:f Trinity 2.1/1.6 

Croup 
Blackland Water Co . c ..»Q 100 �� -- S . l/1.6 

See footnotes at eod of table . 
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�0 • •  ,r 1 
c .. ,unty County 

I 
Systems 

Evaluated 

Ht i !  i:ont ' d . )  

Hock lev 7 

qork i r c;  1 0  

How"lrl! 5 

H� •d .,.p.,· th 5 

Hunt 25 

Hutch inson 8 
Jackson 5 

Jasper 1 3  

Appendix 5a.-Evalua t !on o f  Texas ' Pub l i c  \l a t e r  Sys t ems in T e rms  of Water Qual ity 
Us ing EPA Interim Primary Standards , by County !1 , £1--Gon t ' d .  

Approxima t e  Source Aquifer EPA Interim Primary Standard "Contaminants' Considered , mg l l 
Name of Type of Population No . of of o r  

I I I � I  
Syst em System Served '!J Connec t ions Water Reservoir F ' NO ' As  

I 
Ba Cd cr6 Bg � Se l Au 

)./ y !_I 1./ .!1 1/ !/ §/ �I �I §/ 
2.1 

�I 

Brandon- Irene WSC c 1 , 100 346 �I Trinity L . 8IL . 6 
Group 

Covington c 300 200 b l  D o .  2 . 3/1 .6  
Gi lmore Acres (Water c 100 44 �I Trinity 5 .2/l .  6 
Supp l y ) Group 

H i l l sboro c 1 1 , 000 2 ,  9 1 1  �I Trinity 2 .0/1 .6  
Group, 
Woodbine 

Mertens c 228 76 bl Woodbine 3 .111 . 6  
Mount Calm c 3 7 5  1 7 5  �I Trinity 2 .411 .  6 

Group 
Whitney c 2 , 400 807 �I Do . 3. 311 . 6  

Anton c 1 , 050 426 b l Ogallala 1 . 711 .6  
Ropesv i l l l'  c :083 193 bl Do . 4 . 611 . 6  
Sur:dPwn c 1 .  500 5 1 4  bl Do .  3 . 711 .6  Wl th.� r r a l  WSC c.: 2 50 74 �I Do . 4 .411 . 6  

Mil ler Grove WSC c 528 176 �I -- 2 . 6/1 .6  

H i l l s ide T r .  Pk . c 98 38 �/ -- 2. 1/1 . 6  

WC ID-Ft . Hancock c 500 156 �I Alluvium 2 . 2/1 .6  
& Bolson 

WCID #1 - Sierra Blanca c 900 250 b l Do .  1 . 611 . 6  Sie rra Blanca Cor p .  c 40 16 .§:I Do .  4 . 4/ 1 . 6  

Celes t e c 900 290 b l Woodbine 1 .6/1 .6  
Lone Oak c 650 225 �I Other 4. 9/1 . 6 

(Midway) 
Mulberry Cove Est ates c 100 40 dl -- 4 . 311 .6  
North Hunt WSC c 1, 500 654 �I -- 3 . 111.6 

Bug Bee Shores c 135 45 �I -- 1 . 8/1.  8 

WCID 12-Vanderbilt c 450 120 �I Gulf 1 . 711.6 
Coast 

Canada c 1 , 640 619 'Y Do .  1 . 7/1.4  

H o l l y  Huff WSC c 450 150 �I Gulf 1 . 6/1 . 6  
Coast 

See footnotes at end of table. 
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No . J f  
C•'unt y Coun t v  

Systems 
Eva lua t ed 

·. · '  Davis A':.• 

! i•·· 1h·\t� : 

.I  i111 Wt• l l !.i  1 )  

' . •hll"'"" 2!, 

�:. a rn�.-� 5 

r..."nJot l l 12  

:\, r : ·  3� 

:\n.:x s 

Lamar 1 2  

App�nd i x  Sa.--Eval u.H ion , ,f  Texas ' Public Water SysteiiiS in Tet"'lll of Water Quality 
Using EPA I n t e r im Pr illlary Standards , by County lf, .Y--Cont ' d .  

Approx imate Source Aquifer EPA Interilll Pr:laary Standard "Contaainanta'' Considered , mgl1 
Same of  Type o f  Populat ion No . of of  or 
System System Served Y Connect ions Water Reservo ir p Au 

J.l !!./ ll i.,l.!l §./ -------

Ft . Davis WSC c 700 154 '!! -- 2. 7/1.6 

WCl!) 112-Hebbronvil le  c 4, 500 1 , 300 �I Gulf 2 . 311 .4 
Coast 

Green Acres WSC c 26 6 �I Gulf 2 .211.4 
Coasc 

Al varado c 2 , 200 811 �I Trinity 2.911.6 
Group 

Bethesda WSC c 9,000 2,600 '!! Do .  2 .3/1 .6  

Karnes City c 2, 926 1,017 �I Gulf 2 .611.4 
Coast 

WCID n -c,mfort c 1, 100 403 �I Trinity 1. 8/1. 6 
Group 

Camp Alza f a r  T r .  Pk. c 405 135 bl - 1 . 711 . 6  Foothi l ls M H Ranch c 200 100 �I - 4 .1/1.6 

Cedar Springs c eo 3l bl - 1.911. 6  
Center Point Water Works c 306 110 dl - 2.0/1.6 
Erlund (O . J . )  Water c 9 3 �I -- 1 . 6/1 .6  Systn 
Hill Country HHP c 24 13 dl - 1 .8/1 . 6  
Kerrville Hills Ran- c 12 6 �/ - l .  7/1 .6 

chettes 
Royal Oaks Water Co . c 7S 30 d/ - 1 .6/1.6 
Westwood Park Tr. l'k. c 35 17 i,l - �.8/1.6 

(Water System) 

WCID #!-Benjamin c 320 140 b/ Alluvium 1 .9/1 .6  
Goree c 534 200 . b/ Do .  2 .3/1. 6  
Knox City c 1, 536 580 b/ Do .  82 
Munday c 1, 726 650 � Do .  1.9/1.6 59 

Cunningham WSC c 255 85 !I - 3.8/1.6 
Forest Hills WSC c 120 35 d/ - 2.0/1. 6  
KJC WSC c 360 120 il - 3 . 8/1.6  
Pattonville c ·.CO 116 �I Other 4.011 . 6  

(Austin 
Chalk) 

Petty WSC c 196 56 bl -- 1.911.6 
Reno WSC c 631 106 �I - 3.111. 6  

See footnotes at  end o f  table. 
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No . o f  
C\Ju n t v  County 

Systems 
Eva luated 

• .  lf'lb 8 

L1mp.1sas 19 

i .t'l' 6 

L iberty 25 

L imestone 15 

L ive Oak 1 2  

L l.1no 20 

Lubbock 3 7  

Appendix Sao-Eva luat ion of  Texas ' Publ ic Water Systems in Terms o f  Water Qua l i ty 
Using EPA Interim Primary Standards , by County !/ , l/--Cont ' d ,  

Approx i.m.a te  Source Aquifer EPA Interim Primary Standard "Contaminants" Considered , mg/1 
Name of Type o f  Popula t ion No . of of  or I I I I System System Served ':.f Conn�ct ions Water Reservoir F 

I 
NO I As 

I 
Ba Cd Cr 6 Pb Bg I Se I Au 

1.1 !!_/ !../ 5 / , 8/ 5/3 6/ §./ §.I §.I §.I §./ �/ §.I 

Earth MWS c 1 , 22 3  4 2 7  b/ Ogallala 2 . 0/1 . 6  
L i t t l e f ie l d  c 7 , 300 2 , 518 bl Do . 1 . 8/1 . 6  
Olton c 1 , 782 766 b/ Do .  2 . 5/1 . 6 
Spade WSC c 150 63 b/ Do . 2 . 2/ 1 . 6  
Spr inglake c 210 87 �I Do . 2 . 1 / 1 . 6  
Al len Estates-Sect ion c 12 

I I  
3 �I -- 4 . 3/1 .6  

B ig T ' s  MIIP c 40 12-45 d/ -- 2 . 3/1 .6  
Brookdale Villa MIIP c 30 8-12 d/ -- 1.6/1 .6  
Circle "T" HHP c 25 7 d/ -- 3 .4/1 . 6  
Lightfoot T r .  Pk . c 50 15 d/ -- 3 . 9/1 . 6  Oak Springs (Sprin� c 150 50 �I -- 2 . 6/1 .6  

C reek II .  Coop . i  
P.1t ' s  MHP c 80 25 d/ -- 64 
Quiet Have:n MHP c 40 12-20 d/ -- 2.9/1 . 6  S .  & M .  MIIP c 30 12 d/ -- 2 .  8/1 . 6  s·t.>ux City !iMP c 100 33 �I -- 2 . 2/1 . 6  
Thomp5on ' s  HHP 100 37 d/ 3 .6/1 . 6  c --
Trip l e  "J" MHP 200 70 �I c -- 2 .  711 .6  
290 IISC c 175 60 P.,l Queen City, l;S/1. 4  

Purchased 
Giddings 

Cleveland c 5, 627 1 , 948 P.,l Gulf 1. 8/1. 4-1 . 6  
Coast 

Prairie Hill IISC c 1 ,000 260 9,1 -- ·1 .9/1 .6  
Lake Vista UtilitY  Co . c 1 , 000 210 �I -- 1 . 5/1 .4  
A.  & D.  Acres c 30 12 dl -- 2 . 1/1 . 4-1.6 Edgewater Cottages Tr . c 100 45 �I -- 1 .811 . 4-1 .6  Pk. 
Marsh Mob i le Manor c 60 17 dl -- 3 . 1/1 .4-1 . 6  Stovers MIIP c 50 30 �I -- 2.4/1 . 4-1.6 
IIClD #!-Buffalo c 350 319 # -- 2. 3/1 . 6  Springs 
Alexander ( F . L . )  Water c 30 12 9._/ - 3 .6/1. 6  

System 

See footnotes at end of table, 
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Appendix 5a . --Evaluation of Texas ' Public Water Syst� in Term. of Water Quality 
Using EPA Interim Primary S tandards , by County !I , 11 

No . of ApproxiJDate Source Aquifer EPA Interila Primary Standard "Contaaiaants" Couidered , oog/1 
County County Name of Type of Population 

Systems Systems Systems Served Y 
Evaluated 11 

l.ubbock Applegate,  Shady Acres c 700 
knnt ' d . )  Tr. Pk . 

Big "Q" Mobile Park c 195 
Buster ' s  HHP c 25 
Execut ive Mob ile Home c 252 

Village 
Family Com. Hous ing HHF c 140 
Green Acres HHP c 15 
Herford Sh. Water c 200 

System 
Idalou c 2,000 

Jones Tr . Pk. c 24 
Lubbock Christ ian c 1,000 

College 
McKinley Water System c 115 
Mathis Tr . Pk. c 126 
Nev Deal WSC c soo 
Pecan Grove HHP c 99 
Ponderosa T r .  Pk. c 27 
Porter Water Co . c 280 
Shallowater c 1 , 800 
Sky-Vue HHP c 56 

South 87 HHP c 30 
Stahl No . 1 c -
Sycamore HHP c 37 
Texas Boys Ranch c 13 
Town & Country Mobile c 300 

Estates 
Vagabond Trailer Court c 104 
Vista Villa HHP c 36 
Western Terrace HHP c 36 
Wolffort c 1,114 
Yellowhouse Canyon- c 336 

WCID 

Yellowhouse Water Sysaem c 350 

Lynn 7 Grassland WSC c 60 
New Home c 252 
Wells Coop. Gin N 70 
Wilson c 433 

See footnotes at end of table. 

No . o f  o f  or 
Connect ions Water Reservoir 

'!./ II 
275 1}_1 --

65 d/ -
7 dl --

84 �I -

52 �I -
10 d/ -
35 �I Ogallala 

710 !_I Do ,  
8 �I -

15 !.I -

so d/ -
42 dl -

145 bl Ogallala 
33 dl -
9 dl -

93 bl -
495 fl Ogallala 
21 �I -

12 dl -
-- d/ --
16 dl -
1 dl -

113 �I -

49 bl -
13 d/ -
12 dl --

412 b/ Ogallala 
112 w -

59 y -

27 'l..l O&allala 
97 '!I Do. 
14 !I -

181 1}_/ O&allala 

r ' NO  , As , Ba 

�/.!I i/ �./ !I 

4.811.6 

6 .611.6 
6.011·6  
s. 711.6 

2 . 111.6 
4.011 .6  
4.411.6  

2.911.6 

2 . 3/1. 6  
4.5/1 .6  

4.011. 6  
S.SI1,6 
2 .811 .6 
4.2/1.6 
6.1/1.6 
1.911.6 
4.3/1 .6  
1 .9/1.6  

4.6/1.6 
2 .0/1 . 6  
2.411. 6  
2 .6/1 .6  
5.1./1 .6  

5.011 .6  
4.611.6 
5.811.6 
5 .2/1 .6  
3.6/1.6 

4.311.6 

5 .5/1.6 
5 .3/1.6  

102 
4.3/1.6 

I I I Cd cr.6 
!I !I 

Pb 
!I I Ba I Se I !I !I 

Au 

!I 
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No . o f  
Countv Coun t y  

Sys'tems 
Eva luated 

McCul loch 6 

!1cLennan 49 

Mad ison 7 

!-lart ln 3 

Append ix  5a . --Evaluation of Texas ' Pub lic Water Systems 1ri Teras of Water Quality 
Using EPA Interim Primary Standards , by County !/ , l/--cont ' d .  

Approximate Source Aquifer EPA Interim Primary Standa.rd "Contaminants" Considered, mg/1 
Name of Type c f  Populat ion No . o f  
System System Served Y Connections 

�/ '!I 

Brady Race Track c ( ? ) 5 , 600 ( ? )  2 .  500 

Axte l l  WSC c 450 239 

Bre t twood Estates Corp . c 48 --
Bruceville  Water System c 250 97  

China Springs-Commun ity c 132 44 
Water Co. 

Eddy c 400 220 
Elk-Dak Lake WSC c 700 200 

Elm Creek WSC c 500 149 
Friendly Oaks Water c - --

System 
H. & H. WSC c 650 140 

. Harris Creek Water Co . c -- --

Leroy-Tours-Gerald WSC c 1 , 000 250 
Lorena WSC c 600 215 
M.  S .  WSC c 520 131 
Mart c 3 ,000 1 ,010 
Moody c 1 , 285 500 
Riesel MUD c 620 260 
Rol l ing Hills Country c -- --

Club , .  Inc . 
Speegleville Water c -- --

System 
Spring Valley WSC c 350 120 

Valley View Water Co . c -- --

Western Hills Water c - -
System 

Midway WSC c 225 94 

Flower Grove Co-op Gin N 90 9 
Stanton c 2 , 270 702 

of of  
Water Rese'CVoir 

Jj 

�I -

"!I Trinity 
Group 

b l  --
�/ Trinity 

Group 
}!.I Do .  
bl Do .  
F! Trinity 

Group 
�I -
�I -

}!.I Trinity 
Group 

"!I Trinity 
Group 

bl Do . 
bl Do .  
bl Do .  
b/ Do. 
bl Do .  
bl Do .  
�I Do . 

�I -

"!I Trinity 
Group 

"!I Do .  
� -

"!I Other 
(Yegua) 

dl -
"§.I Ogallala , 

Colorado 
River MUD . 

F 
1./.�.1 

2 . 7/ 1 . 6  

2 . 311 .6  

1 .91 1 . 6  
2 .611.  6 

2 . 111 . 6  

2 .011 . 6  
1 .911 .6  

2 .411 . 6  
2 . 211 .6  

1 . 811 .6  

1 . 611 . 6 

1 .  7/1 . 6  
1 . 611 . 6  
1 . 611 . 6  
2 .011.6 
2 . 1/1. 6  
2 . 311 .6  
3 . 21 1 . 6  

2 . 111 .6  

2.111 .6 

1 . 8/1. 6  

1 .  711 . 6  

1 . 611 . 6  

3 .211 .6  

I 1 l NO I As i Ba Cd 
1.13 !I !I !I 

101 

1 cr6 

!I 
Pb l 
!I 

Hg � Se 1 Au 
!I !I !I 

See footnotes �t end of table.  



No . o f  
Coun t y  County Name o f  

Systems System 
Evaluated 

Appendix Sa�-Eva l ua t ion of Texas ' Public Water Systems in Terms of Water Quality 
Using EPA Interim Primary Standards , by County 11 . 1/--Cont 'd . 

&!>p roximate Source Aquifer 
Type of Population No . of o f  o r  
System Served !!f Connect ions Water !l.eservoir p 

1.1 I y JJ 'il .�./ 
Au 

!/ 



County �8un�� 
Systems 

Eva luated 

P 1 t t e r  2 

:l . md a l l  1 0  

R�.:�gan 2 

Keel K ivt� r  8 
:�<t!t:'VC.:S '> 

�\c f u�io R 

l<· •bt•rt.o:tl'ln 9 

Runnels 4 

Rusk 2 1  

San Augustine 11 

San Jacinto 14 

Schle icher 1 

Appendix 5�-Evalua t ion of Texas ' Pub l ic Water  Systems in Terms of Water Quality  
Us ing EPA I n t e r im Primary S tandards , by County l/,  l/--Cont ' d .  

Approx iJnate Source Aqui fer EPA Interim Primary Standard "Contaminants" Considered, f1J8(l 
Name of Type of Populat ion No . of 
System System Served y Connect ions 

lf y 

Bush land WSC c 1 2 5  5 1  

Canyon c 9 , 600 2 , 550 

Country Estates MHP c 160 70 
Lake Tang lewood Subd .  c 400 so 
Pioneer V i l lage c 80 60 
S iesta P laza HHP c 490 150 

Big Lake c 2 , 490 900 

Det ro i t  c 69 7 250 

Pecos c 1 3 , 9 00  3 , 735 

WCID Il l-Tivoli c 780 260 
Bayside Water Supp ly  c 215  48 
Re fugio c 4, 300 1, 475 

1/heelock WSC c 250 70 

Miles c 650 280 

P leasant Hill  WSC c 375 125 
Price WSC c 600 200 . 

Anthony Harbor c 120 40 
El Pinon Estates Water c 33 ll 
System 

Lakewood Sub d .  c 150 50 

Shepherd c 1 , 500 500 

Eldorado c 1 , 600 700 

of or 
Water Reservoir 

?../ 

't!._f Ogallala 

E.f Ogallala, 
Santa 
Rosa 

b/ Ogallala 
d/ --
d/ --
y -
E,f Edwards-

Trinity 
(Plateau) 

E. I --

E. I Santa Rosa 

b/ Gulf Coast 
b/ Do .  
�I Do ,  

E. I Carrizo-
Wilcox 

E. I Other 
(Clearfork 
Group) 

b/  --
�I Other 

(Midway) 

b/ --
�I --
E. I -
E.l Gulf Coast 

E. I Edwards-
Trinity 
(Plateau) 

F 
5/,8/ 

2 .  5/1 .6-1 . 8  

3 .1/1.6 

3 .0/1 .6  
4 . 1/1 . 6  
2 .3/1.6 
2.5/1 .6  

2 . 6/1 .4  

3 . 2/1 . 6  

1 . 5/1 . 4  

2. 7/1 . 6  
3 . 8/1 .6  
1.  6/1 . 6  

1. 6/1 . 6  

1 . 6/1 .6  

2 . 5/1 .6 
l. 9/l. 6 

2 . 2/1 .6  
l .  7/1 .6  

1 .9/1.6  

2 . 5/1 .4  

2. 2/1 .4  

I NO 

I As � Ba 
5/3 6/ §/ I I I I 

Cd cr6 Pb 
Hg I Se I 

Au 
§.! §.l §..f §../ §.! §.I 

See footnotes at end o f  tab le .  
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No . o f  
County County Name o f  

Systems System 
Evaluated 

Scurry ) Key MHP 

Shelby 18 Joaq u i n 

PaKton WSC 
Shelby Beach Marina 

6o Subd . 
Tenaha 

Stonewal l 2 Aspermont 
Swenson WSC 

Swisher 4 Happy 
Kress 
Tulia 

Appendix )a;-Evaluat ion of Texas' Public Water Systems in Terms of Water Quality 
Using EPA Interim Primary Standards, by County !/ , lf--cont ' d . 

Approximate Source Aquifer EPA Interim Primary Standard "Contaaiaants" Considered , mg/1 
Type of Population No . of of or I I I y '  System Served '!{ Connections Water Reservoir F I NO I As i Ba Cd cr6 a, I Se J 1_/ '!I !_I i./.�.1 'l/3 y §_/ §./ !I !I !I 

c 140 38 �I -- 2 .0/1.6 

c 823 283 �I Carrizo- 2 .2/1 .6  
Wilcox 

c 324 108 b/ - 1.8/1.6  
c 135 45 �I - 2 .0/1.6 

c 1 , 094 400 �I Carrizo- 1.6/1.6  
Wilcox 

c 1,860 590 �I Alluvium 62 
c 90 26 �I Do .  51 

c 772 270 bl Oga llala 2 .7/1 . 6 .  
c 560 270 bl Do . 2 .0/1 .6 c 5, 250 2 ,022 F._! Do . 1 . 7/1 .6  

Tarrant 64 Dalworthington Gardens c 975 320 �I Trinity 2 .411 .6 
Group 

Eagle ' s Nest c - dl 2.911.6  -- --
Everman c 5, 600 1 , 559 £.1 Trinity 1.611.6  

Group, 
Purchased 
Ft . Worth 
111 

Haslet c 300 108 �I Trinity 1.611.6  
Group 

Keller Rural WSC c 3,500 1,015 bl Do .  2 . 111.6 
Pantego c 2,612 864 bl Do .  " 1 .811 .6  
Pelican Bay MIIP c 480 160 b/ - 1 . 8/1 .6  
Pleasant Acres MHP c 20 8 dl -- 1.9/1.6  
Post O a k  Water Co . c 40 10 d/ -- 1 .7/1 .6  
Westdde WSC c 150 52 [I Trinity 1 . 6/1 .6  

Group 

Taylor 14 WCID It-Tuscola c 735 225 �I Other 49 (Alluvium) 
Ovalo c 125 39 �I Do. 1 . 711.6  90 

Terry 3 Brown field c 9, 752 3 ,449 sl Ogallala, 51 
Lake 
Meredith 

Meadow c 498 211 bl Ogallala 4.9/1.6 
Wellman WSC c 300 68 �I Do .  4.0/1.6 

See footnotes at end of table. 
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Upton 2 

Uva lde � 

Appen d i x  5ar-Eva l uat ion of Texas ' Pub l i r. Wa t e r  S y s t ems in T� rrn� . J i  W�ter Qual i t y  
Usb� F. P �  ln te r lm P r L'Ilary S t and.uds , b y Coun t y .!. .' , f_f --Con t ' d .  

Approximate Source Aqui t e r  EPA Interl.nl Prl.nlary S tandard "Contaminants" Considered, mgl l 
Name o f  Type o f  Popu l a t ion No . o f  o f  o r  
System Syst em Served '!._/ Connect ions Wa t e r  R:servo ir F 

2.1 !!I !./ 'il , �I 

Apacht! Shores c 375  1 2  5 �I T r in i t y  2 . 61 1 . 4-1 . 6  
G rcu p 

Came l o t  Add n .  c 1 2 6  43 bl Do . I . 6 1 ! . 4-1 . 6  
Cross C reek Sub o . c 4 5  1 6  d/ -- 2 . 9 / 1 . 4 - 1 . 6  
Dr.> p e r  Subd . c 4 5  15 dl - 2 . 1 1 1 . 4-1 . 6  
G i  1 1  HHP c 41 19 d/ -- 2 . 9 1 1 . 4-1 . 6  
Jonestown Imp . ( D is- c 6 7 5  2 70 �I Trinity 3 . 51 1 . 6  

t r lc t )  Corp . Group 

L�keview (H i l l s ) Estate> c -- -- d/ -- 3 .  7/1 . 4-1 . 6  
Malone Addn . c -- -- d/ -- 2. 31 1 . 4-1 . 6  
Man0r c 94') 315  E:l Tr ini ty 3 .8/1 . 6  

Group 
!-1 t . C l ln l  t•t Sub d .  c 1 5  5 �I -- 3 . 1 11 . 4-1 . 6  

Mv� t i r  l i J k s  L :-; t a t P S  c 1 '>6 39 d/ -- 4 . 4/1 . 4-1 . 6  O n  ion Creek H�.1d11ws c ) } 2  !18 �I Edw ards 3 . 8/ 1 . 4-1 .6  
( Sa leones 
Fault Zone) Panor.1m 1• ·  H i t  ls W...t t c- r  c -- -- 'E./ -- 1 . 611 . 4-1 . 6  

Coo p .  
S t . S tephens Schoo l c 2 50 2 7  £1 Trinity 2 . 4/ 1 . 4-1 .6  

Group, Lake 
Austin 

San Leanna Water Cor p .  c 200 60 E. I Edwards 1 . 8 11 . 4  
(Balcones 
Fault Zone) 

S ign� ! H i l ls c 35  - d l -- 6 .411 . 4-1 . 6  
S lJughter Creek Acres c 321 58 �I Trinity 2 . 51 1 . 4-1 .6  

Group 
S p r ing Val ley Subd . c 135 50 dl -- 4 . 5/ 1 . 4-1 .6  
Twin Creek Park S•Jhd . c 168 56 d/ -- 2 . 31 1 . 4-1 . 6  
Va l Verde Beach c - -- �I - 3. 71 1 . 4-1 . 6  

West Oak Water Co . c - -- fil -- 3 . 8/1. 4-l. 6 

Rankin c 1 , 190 453  !!_I Edwards- 2 . 11 1 .4 
Trinity 
(Plateau) 

Knippa WSC c 365 130 E.! Edwards 3 .6/1 . 4  
(Balcones 
Fault Zone) 

See foocno�es 3t end o f  tab le .  
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No . v f  
County County 

Syste.ma 
Eva luated 

\'d l VtJOrde 5 

Ward 7 

Wich ita 8 

Wi lbarger 6 

W i l l iam"�" 36 

Append ix 5a:-Eva l uat lon of Texas ' Public Water Systems in Terms of Water Quality 
UsinK EPA Interim Prima ry S tandards , b y County ll , �I -- Cont ' d .  

Approximate Source Aquifer EPA Interim Primary Standard "Cont...dnants" Considered , mgl l 
Name of Type o f  Populat ion No . o f  of or 

l l l I 
System System Served y Connect ions Water Reservo ir F N0 1 As 1 8a Cd cr6 Pb 

I 
Bg 

I 
Se 

I "l.f y !./ 11 .!1 i/ !I !I §./ §./ !I §./ !I 

Rough Canyon Mar ina N 19S 6S �I -- 67 

Avery & Walker Water Co . c S 50 - d l -- 2 . 7/1.4 
Bars t ow c 6SO 241 �I Santa Rosa 3 .811 .4  
Grandf. , l 1s c 7 36 237 b l  Alluvium 2.0/1. 4 
Ward Rural WSC c 13S 41 b/ Santa Rosa 3 .  5/1. 4  
Wicke t t  c 610 270 �I Alluvium 2.01 1 . 4  

Perkins Scout Reserva- N 300 - �I -- 80 
tion 

Thirsty WSC ( Box System) c 150 S2 b l  Alluv ium 52 
Do . (Hinds-Wildcat c 150 52 �I Do .  52 

Comm . ) 
Do .  (Lockett �stem) c 600 18S bl Do. 84 

Vernon c 1 3 ,000 4 , 822 �I Do .  49 

And ic e c 45 15 w Trinity 
Group 

3.011.6 

Bart l ett c 1 , 700 65D bl Do .  J.9/1.4 
Bushy Bend Park Subd . c 165 55 dl - 2.011.4-1.6 
Florence c 1 ,000 300 �I Trinity 2.511.6 

Group 
G ranger c 1 , 250 543 b/ Do. 3 .011 . 4  
Hernando ' s  Hide-A-way c )0 8 bl - 5 . 211. 4-1. 6  
Hi�h Chapara l l HHP  c 220 55 dl -- 2 .811.4-1 .6  
Hut to c 545 200 "f.! Edwards 4 . 31 1 . 6  

(Balcones 
Fault Zone) 

Jonah WSC c 620 417 b l  Do. 2 .811 . 6  
Leander WSC c 624 208 �I Trinity 2.011. 6 

Group 

KcSheppard Ranches c 10 ) d/ -- 4 .611.4-1 . 6  
Noack WSC c 145 52 F./ Other 53  

(Alluvium) 
Southern Hills Subd . c 18 6 M - 3 . 2/1.4-1. 6  
South San Gabriel Ranches c 30 13 d/ -- 2.911.6 
Taylor c .9 , 616 3,600 F.l Trinity 3 .  7/1.4-1 . 6  

Group 
Thra l l  c 619 236 !./ Other 75 

(Navano 
Group) 

T imberline West c 80 28 �I - 3.6/1.4-1.6 

See footnotes at end o f  table . 
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Appendix 5�--Evalua t ion o f  Texas ' Publ ic Water SysteMS in Terms of Water qual i t y  
Us ing EPA Inter iM P r imary Standard s ,  by County ll , I/--con t ' d .  

No . o f  Approximate Source Aquifer EPA Interim Primary S tandard "Contaainants" Considered , agll 
County County Name of Type of Populat ion No . of of or I vl I �  I r, I I. cr!> I I 

Hg I Se I Systems System Syat11111 Served ':!./ Connect ions . Water Reservoir F Cd Pb 
§./ §./ §/ !/ Evaluat ed ll !!I II �./ ,y §.1 

Wil l iamson Walbura c 100 34 �I Edwards 3 . 7/1 . 6  
(cant • d . )  (Balconea 

Fault Zone) 
Wier c 100 45 �I Do .  3 . 4/ 1 . 6  

Winkler 2 Wink c 1 , 0 23 340 w Alluvium 2 . 2/ 1 . 4  

YoakUDI 3 Denver City c 4 , 400 1 , 447 b/ 
"F_I 

Ogallala 2 .3/1 . 6  
Plains c 1 , 290 

l/ -Quality evaluat ion based on data secured from records of Texas 
Department of Health Resources as of 5-14-76. 

'!/ EPA InteriM Pr imary Standard "contaminants" and the maxiMum 
permit ted leve l s ,  except f louride, which are applicable to 
uc:oaaunity water systems" and were used in this evaluat ion 
are as fol lows : 

Contaminant Maximum Level, 11!11/1 
Arsenic (As ) ---------- - 0 . 05 
Barium ( Ba ) ----------------------------- 1 .0 
Cadmium (Cd ) -------------------------- 0 . 010 
Chromium ccr6 )  -------------------------- 0 . 05 
Lead ( Pb ) ------------------------------ 0 . 05 
Mercury (Hg) --------------------------- 0 . 002 
Selenium ( Se) --------------------------- 0 . 01 
S ilver (Au ) -- --------------------------- 0 . 05 

*Nitrate (N0 3) ------------------------ 4 5 . 00 
(as N) ------------------------------- 10 . 00 

*The maximum contaminant level for nitrate applies to both 
commun i t y  and non-community systems . 

Maximum f luo r ide contaminant levels vary with the annual average 
of the max1mum daily air temperature at the location of the 
community sys tem . The limits fo r Texas are as follows : 

Temperature (°F) 
< 70 . 6  

70 . 7 - 7 9 . 2  
79 . 3  - 90 . 5  

Level, mg/1 

1 . 8  
1 . 6  
1 . 4  

ll C denotes a communi ty water system which supplies a t  least 1 5  service 
connection used by year-round residents or serves at least 25 year
round residen t s .  N deno tes a non-community system which is a public 
water system that is not a community water sys tem or one which basically 
serves transients . 

· 

479 Do .  3 . 6 / 1 . 6  

!!_I Data secured from files of t h e  Texas Department o f  Health Resources . 

5/ The system ' s  reported concentrat ion level as reported by the Texas Department 
- of Hea l th Resources (TDHR) or an approved laboratory sanctioned by the TDHR 

as reported in their prepared tabulat ions ent i tled , Community Water Systems In 
Texas Wh i ch Exceed The Maximum Contaminant Leve l For Fluorides As Set By The 

11at ional Inte r im  Pr imary Drinking IJater Regu l a t ions" and/o r ConununitY Water 
Sys tems In Texas Which Exceed, The Maximum Contaminan t Level For Nitrates As Set 
By The "National Interim Primary Drinking Water Regulations" , May 1 7 ,  1976.  

6/ Data presently available only on interstate carrier systems, of which there are 57 
- in the State. Quality evaluation for these systems are based on data given in 

Chemical Analysis of Inters tate Water Supply Systems, U .  S. Environaental Pro
tection Agency , October 1973.  

7/ The source of water for each system was furnished by the Board 's Economic& ,  Water 
- Requirements and Uses Division and are as follows : 

a/ A surface water source . 
bl A ground-water source 
cl A combination oE surface and ground-water sources 
�/ Source of water could not be determined . 

!/ The maximum permitted level in the county for the system. 
9/ F Level from old chemical analysis and system is not now designated as beina in 
- violation o f  EPA standards by the Texas Department of Health Resources . 

10/ Surface water purchased from the City of Dallas system and water may be from one , 
--

severa l ,  or all of the following reservoirs ( from 1968 Texas Water Plan) : Carza-
Little Elm, Grapevine, North Lake , White Rock , Lavon Enlargement , and Ray Hubb ard . 
Water appl ied to system by North Texas Municipal Water Distric t and Sabine River 
Authority. 

11/ Surface wa ter purchased from the City of Fort Worth sys tem and water may be froa 
-- one, several, or ail of the following reservoirs ( from 1968 Texas Water Plan) :  

Benbrook, Bridgeport enlargement , Eaale Mountain, Lake Worth , Mountain Creek , 
and Joe B .  Hoaaett (Cedar Creek) . Water supplied to syatea by Tarrant County 
Water Control and laprove.en t District. 

· 
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APPENDIX B 

CITIES AND MUNICIPALITIES 
SITE INVESTIGATION 

ity /Municipality Population Water Source Treatment Consumption ( GPCD) 1 

A 23 , 000 18 Wells/Lake Clarification . Filtration 256 ( Max . ) 
and Chlorination 79 ( Min . ) 

B 14 , 050  4 Wells Aeration/Chlorination 141 ( Max . ) 
66  ( Min . ) 

c 12 , 500 46 Wells Chlorination 400 ( Max . ) 
187 ( Min . ) 

D 11 , 000 4 Wells Chlorination 339 ( Max . ) 
131 ( Min . ) 

E 10 . 31 1  River Clarification . Filtration 352 ( Max . ) 
and Chlorination 212  ( Min . )  

F 10 , 308 14 Wells Chlorination 27 1 ( Max . ) 
100 ( Min . ) 

G 8 , 600 5 Wells Chlorination 372 ( Max . ) 
116 ( Min . ) 

H 8 , 500 9 Wells Chlorination 231 ( Max . ) 
82  ( Min . ) 

I 7 , 000 13 Wells Chlorination 331 ( Max . ) 
103 ( Min . ) 

J 3 , 000 18 Wells Chlorination 311  ( Max . ) 

K 2 , 647 3 Wells Chlorination 410 ( Max . ) 
88 ( Min . ) 

L 2 , 500 4 Wells Chlorination - - - - - -

M 2 , 300 3 Wells Chlorination 87 ( Ave . ) 

N 1 , 536  4 Wells Chlorination 133 ( Max . ) 
74 ( Min . ) 

0 1 , 500 3 Wells Hypochlorination - - - - - -

B E R N A R D  JOHNSON I NCORPORAT E D  · · ·  HOUSTON . . .  WASH I N GTON . . .  ATLANTA 



ity /Municipality Population Water Source Treatment Consumption ( GPCD) 1 

p 1 , 120  1 5  Wells None 249 ( Max . ) 
90 ( Min . ) 

Q 1 , 050 4 Wells Chlorination 243 (Max . ) 
8 1  ( Min . ) 

R 800 1 Well Chlorination - - - - - -

1 Consumption in gallons per capita per day ( GPC D )  based on the maximum and 
minimum monthly consumption for the year 1976 . 

.., 
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