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REVIEW OF WATER QUALITY CHANGES IN EDWARDS RESERVOIR-
ESPECIALLY NEAR THE BAD WATER LINE 

by 

R. W. Harden 
February 1968 

PRINCIPAL CONCLUSIONS AND RECOMMENDATIONS 

1. The water quality changes in individual wells have to date mostly 

been small. No large, lateral shift in the position of the bad water 

line is apparent from the data available, and none is believed to 

have occurred in historical times. 

2.. The present study indicates that there are considerably more 

wells in which water quality variations occur than have been 

recognized, or were recognizable, in the past. This is probably 

due mostly to a longer period of record now being available 

for some of the wells over periods when larger and more prolonged 

changes in stage of the reservoir have occurred. 

3. Wells located very close to the bad water line tend to show larger 

and more easily recognizable changes in quality than other wells, 

r but some changes in water quality are noted for wells located 

rm some distance both north and south of the bad water line. 

l 
4. It does not appear that a more exhaustive study of the bad water 

r 
r 
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line ls warranted at present, but additions to the present network 

of wells sampled, particularly in Bexar County, appear to be 

warranted. 

s. Because of the potential importance to San Antonio of quallty changes 

along the bad water line in Bexar County and inasmuch as quite a 

few small changes are apparently occurring, it ls recommended 

that additional wells both along the bad water line and south of the 

bad water line be included in the semi-annual sampling program 

of the USGS cooperative study. Table 5 lists all the wells in Bexar 

and Atascosa Counties that we recommend be ln the program. 

Some of those listed are already a part of the program, and nearly 

all have been included at one time or another. Each well should 

be sampled each year in January and August and a preliminary 

type analysis made. In addition, a search for additional, existing 

wells ln Bexar County located both close to the bad water line and 

also south 'of the bad water line should be made, and probably all 

wells found should be added to the program. 

INTRODUCTION 

History and General Background 

Poor quality water exists in the Edwards Reservoir down dip from 

those areas containing good quality water. The change between the good and 
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poor quality water ls fairly abrupt in aU areas where well control is 

available, and a so-called "bad water line" has been delineated on the maps 

of the Edwards Reservoir. The location of the bad water line has been 

i ' . · .. :~ ... . ·. 
drawn by various past workers at approximately the same position, although 

r .. some minor changes in the position of the line, as drawn, have been made 

I . ~. 
from time to time as additional information became available, and also 

rm 
i .;= .. 
I -~·-

possibly because of the use of sUghtly different criteria being used at various 

r times to define the bad water line, So far as is known there has been no 

I large lateral movement of the bad water line in historical times, 

r_ 
l • 

I 
Inasmuch as there is apparently no physical barrier to movement 

F'fl 
l : between the two qualities o~ water, and because it is believed that appreciable 

movement might occur under some conditions, at least locally, a water 

i:. 
I '• 

I : 
quality observation well network was establlshed in the late 1950's as a part 

of the continuing USGS cooperative study of the Edwards Reservoir, The 

program has consisted of periodic resarnpling of wells along the bad water 

line, Prior to about 1959 almost no wells were sampled periodically, 

Beginning in 1959 and continuing through about 1962., approximately 12.5 
' •• wells along the bad water line were sampled semi-annually. In the few 

r: 
•• years that followed the program was reduced and fewer wells were sampled • 

r- The number of wells samp~ed was further reduced ln 1966 and 1967, when 

•• 
r • 

about 35 wells were sampled semi-annually. Current USGS plans call for 

enlarging the program to about 80 wells when the stage of the reservoir -------=----------r 
I 
I . • r 
' 
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falls below elevation 6ZO in the Doddfleld recorder well • . ------4···- .. 
In general, the net result of the timing of the changes in the number 

of wells sampled has been that continuous records are available for a good 

many wells for mostly the 1959 through 1962 period when there was little 

change ln reservoir stage, and for relatively few wells over those time 

periods when the stage of the reservoir was changing signillcantly. 

The results of the chemical analyses of water collected from the 

observation wells are periodically published by the Edwards Underground 

Water District. To date, these include Bulletins 1, 4, 7, 10, and 13. The 

interpretations of the USGS of these data are included ln the perlodlc progress 

reports on the Edwards Reservoir which have been published by the Texas 

Board of Water Engineers and the successors of that agency. 

Purpose and Scope of the Present Review 

Thls memorandum presents the results of a review of the water quality 

data for the observation wells through 1967. It also includes some observa-

tiona on the general water quality of the Edwards. The primary purpose of 

reviewing the water quality observation well data has been to identify where 

and when changes in water quality have occurred and the nature of the 

changes. In addition to this memorandum several figures and tables have 

been prepared in draft form, and they accompany this memorandum. The 

basic data used for this review as well as quite a few other graphs which 

were prepared are not included with this memorandum because of their 
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sheer bulk. These data and graphs have been made a part of this flrm •s 

files and can, and should, be referred to in any detailed study or review of 

this memorandum. 

This memorandum sets out what was done and presents some of the 

thoughts, possibllltles, and comments which arose during the review. Not 

all of the items and comments included are considered to be ln complete 

or final form. They have been included, nevertheless, in the hope of making 

future reviews easier and also of possibly aiding other future studies on 

the hydrology and water quality of the Edwards. 

The principal items that were done as part of the current review 

include: 

1. Study of a draft memorandum and notes prepared by R. A. Scalaplno 

on his revlew of the water quality observation well data through 

1962. This earlier review i.s filed in Section 3-48 of our San 

Antonio file, and also includes a map entitled "Chloride Content 

of Water from Wells" on which the available data for the different 

observation wells up through 1962 is summarized. This map is 

included herewith. 

2. The results of the chemical analyses of water from observation 

wells for the period 1962 through 1967 were posted on the work 

sheets filed ln Sections 9-2 through 9-7c of our San Antonio file. 

The data were obtained from the published reports of the Edwards 



-.. ____ -

rJlill 

6 

Underground Water District, except for data !or the 1967 year 

which was obtained directly from the USGS office ln San Antonlo. 

3. A llst of both the current and historical USGS water quallty 

observation wells was prepared and it accompanies this memoran-

dum. The list i.s identified as Table 1, and shows the well numbers 

currently used, the number of analyses available for a particular 

well, and the period of record. For the locations of these wells 

it ls necessary to consult the map referred to above as well as 

published, general well location maps for the Edwards Reservoir 

I ·. area. 

F' 
! 4. Our file work copy of the hydrograph for the Beverly Lodges-Dodd 

. . 
Field recorder was updated, and hydrographs for one well in 

l\'llil· 

Guadalupe County and one in Atascosa County were prepared. 

These data are not included herewith but are a part of Section 10 

of the San Antonio flle. 

5. All of the results of chemical analyses of water samples from the 

observation wells available to date were studied. The chloride 

and/or sulfate contents of the water for many of the wells were 

plotted on 20-year graph paper. These graphs of water quality 

were then compared wltb each other as well as with the hydrograpbs 

depleting the stage of the reservoir. The graphs prepared are 

filed in Sections 9-Z through 9-7c of the San Antonio file. 
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6. Graphs whlch are herein referred to as "frequency distributlon" 

graphs were made of the sullate and chloride contents of water 

from the major springs of the Edwards Reservoir. These are 

attached hereto and are identified as Flgures A and B. 

1. Similar "frequency distribution" graphs were made of the chloride 

and sulfate contents of water from Edwards wells by county and 

by area. These graphs are also attached and are identified as 

Figures C, D, E, and F. 

8. Graphs were made of the correlation between the sulfate and 

chloride contents of water from the same well for many of the 

observation wells. These graphs are attached to the back of 

the respective work sheets in Sections 9-Z through 9-7c of the file. 

9. A few other graphs were also prepared in attempting to analyze 

certain data. These are identified as Figures G and H and are 

attached hereto. 

10. A list, labeled Table Z, was made giving the items which could 

be responsible for quality changes. 

11. A list, labeled Table 3, was prepared giving the precision reported 

by the USGS for their chemical determinations. 

IZ. A Hat, labeled Table 4, was made giving those wells for which 

quality changes have been previously, or are currently, noted. 



r -
r -
r or 

r 
'• 

r 
'• 

r .. 

r 
I • 

i 
• 
r • 

i 

r 
I 

i 
l 

fA 
l 

r 

r 
l 

i. 
l 

i 
I 

8 

WATER QUALITY CHANGES NOTED 

Kinney County 

It ls belleved that many of the observation wells in Kinney County 

show water quality changes. The wells for which changes are currently 

noted are given in Table 4. Most of the changes are very small and only a 

few appear to be correlatlve with the stage of the reservoir, at least as 

shown by water levels in wells in .Bexar County. As there ls not much 

pumping in Kinney County, it is believed that most of the changes probably 

result from natural movement of water in the formation. 

The quality changes for wells Y -14, Y -16, and Y -17 appear to correlate 

with the general stage of the reservoir, and they do so in what is herein 

termed a direct manner. That is, they react as one would expect as the 

stage of the reservoir changes. As the stage rises, the mineralization of 

the water becomes less and as the stage falls, the mineralization increases. 

Possibly worthy of note are the data for Wells V-2.3 and V-2.9. For 

Well V -23 the chloride content of the water correlates inversely with the 

sulfate content. The reason for this ls not known. For Well V-29 there 

has been a decrease in minerallzatlon of the water to date. This ls partlcu-

larly noticeable in the sulfate content whlch has progressively dropped from 

about 550 parts per million ln 1964 to slightly over 300 parts per mllllon 

in 1967. The cause of this decrease is not known. 
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The data for Klnney County have not presently been studied ln as much 

detail as they could be largely because of the relative remoteness of the area 

to San Antonio. It appears that to attempt to better understand the changes 

in water quality in Klnney County, at least the following items should be 

consldered and/or done. 

1. Obtain the records on the water-level observation wells ln Kinney 

County and see lf the changes ln water quality in Kinney County 

correlate wtth the local water-level fluctuations. 

z. Determine when the recent irrigation developments in southern 

Kinney County occurred and see if there is a correlation in the 

tlmlng of these developments and changes in water quality in any 

of the we Us. 

3. Compare the water quality changes with the presence and/or 

absence of flow from Las Moras Springs. 

4. Make a more detailed study of the general water quality in the 

county and obtain and study the complete construction records 

on the water quality observation wells. 

Uvalde County 

It is believed that many of the wells in Uvalde County exhibit changes 

ln water quality over the period of record. Those for which changes have 

been noted are listed in Table 4. For wells H-6-SZ and H-4-95, the water 

qual\ty changes correlate wlth the stage of the reservoir in a direct way. 
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For the other wells listed in Table 4, the quallty changes either do not appear 

to correlate with stage or they do so only for a part of the period of record. 

Quite a few wells show decreases in the sullate and/or chloride content of 

the water occurring between about 1959 and 1961 or 196Z, and this may repre-

sent a freshening caused by the rise in reservoir stage from 1957 through 

1961. These same wells, however, tend to show no correlation with stage 

at other times. 

Medina County 

The southern limit of good.water in Medina County has not been defined, 

and all of the Edwards wells in Medina County which have been sampled 

periodically are in the good water area. The wells for which some quality 

variations have been noted are listed in Table 4. Water from all of the wells 

has a chloride content between about 10 and 30 parts per million. The 

quality changes ln several of the wells appear to generally correlate in a 

direct manner with the stage o£ the reservoir. 

Atascosa County 

Of the three wells which have been periodically sampled in Atascosa 

County, changes in water quality are noted for two. For Well 3 the water 

quality data avallable for 1958 through 196Z correlates in a direct manner 

with the stage of the reservoir. After 196Z, however, this ls not the case. 

For Well 4, which is located in the bad water area, the data show a progres-

s\ve freshening of the water from about 600 parts per million chloride to 
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about 350 parts per million chloride over a. time when the stage of the reser-

voir was declining. This type of change is herein termed inverse, that is, 

as the stage of the reservoir lowers, the mineralization of the water becomes 

lower, and conversely, as the stage rises the mineralization becomes higher. 

Bexar County 

More wells have been periodically sampled in Bexar County than in 

other areas of the Edwards Reservoir, and it is in Bexar County that the 

location of the bad water line is best defined at present. Also, there is a 

relatively large number of wells located close to the bad water line, and some 

of the most easily recognizable water quality variations have occurred in 

Bexar County. 

The wells for which recognizable changes are currently noted are 

listed in Table 4. The changes have been mostly small except in a few wells 

which for practical purposes are located on the bad water line. Although 

not many analyses are available for the 1956-57 period when the reservoir 

was at a record low stage, it does not appear that there has been any large 

lateral movement in the position of the bad water line in historical times • 

The chloride content for about 20 of the well!J has been plotted on 

20 -year graph paper. In general, there appear to be two kinds of quality 

changes in the Bexar County wells for which changes are noted. In about 

half or slightly more than half of the wells, the quality changes appear to 

vary in a direct manner with the stage of the reservoir as indicated by the 
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Beverly Lodges-Dodd Field recorder. For some wells the direct variation 

in quality with stage of the reservoir is quite obvious. For others it is less 

obvious, and in some it is considered only a possibility. For some of the 

wells in which a direct variation in quality with stage occurs, or possibly 

occurs, the water quallty becomes worse in the pumping season, which is 

probably to be expected for a well in which water quality varies directly 

with stage. 

For quite a few of the other wells in which quality changes have been 

noted the variations appear to correlate in an inverse manner with the stage 

of the reservoir. That is, as the stage of the reservoir has declined, the 

mineralization of water from the wells has become lower or conversely, as 

the stage.rose, the mineralization increased. Here again, for some of the 

wells the inverse correlation ls quite obvious, while for others it is less 

obvious, and in some it is only ~ possibility. Also, for some of the wells 

in which the quality changes are inverse with stage, the water quality becomes 

better ln the pumping season, which again is probably to be expected. Not 

all the inverse wells show this, however; in fact, the opposite appears to 

be sometimes true. 

It should be kept in mind that although quite a few of the quality changes 

which appear to have o·ccurred have been herein classed as inverse based 

on the records presently avallable, it is considered possible that at least 

some of those presently termed inverse may, in actuality, be direct variations 
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which are merely lagging the changes in stage to an extent that makes them 

appear to be inverse. The short period for which r.ecords are currently 

available is insufficient to fully appraise this possibility, and a longer 

period of record ls needed to 'understand many of the changes. 

In a further effort to appraise the likelihood of whether or not some of 

the changes have actually occurred, or whether they are merely fortuitous 

variations, a map was prepared showing the locations of some of the water 

quality observation wells showing changes. This map is attached hereto and 

is labeled Figure H. The bad water line is also shown on the map. For all 

of the wells for which a direct variation in water quality with stage appears 

to be occurring, as shown by the available water quality data, a "0" was 

placed by .the location of the well. For all of those wells for which an inverse 

variation with stage is indicated, an "1" was placed by the location of the 

well. For a few of the wells in which the available records indicate that a 

change from direct to inverse may have occurred, both a "0" and "111 were 

placed by the well location. For those wells in which the water quality 

appeared to get worse in the pumping season, a "w" was placed by the well. 

For those wells in which the water quality appeared to get better during the 

pumping season, a "b" was placed by the well locatlon. Question marks 

appear by some of the letter designations on the map. They represent an 

attempt at indicating those wells ln which the above correlatlons are less 

certain. 
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From an inspection of the map it appears that direct variations in 

water quality wlth stage probably have occurred in all the counties of the 

Edwards Reservoir. As can be seen on the map, the wells for which inverse 

variations in water quality wii:h stage are believed to have occurred apparently 

are mostly grouped in one area in southwestern Bexar County adjacent to 

the Atascosa County line. For a few of the so called "inverse" wells in 

southwestern Bexar County there ls some hint in the available records that 

a change within the period of record has occurred, with the change being 

that the wate.r quality formerly reacted with stage in a direct manner but 

presently reacts in an inverse manner. 

The period over which data are available and the magnitude of the 

quality changes for many of the wells in the southwestern Bexar County area 

are such that, on an individual well basis, some of the present correlations 

have to be considered only tentative. When viewed collectively, however, 

the data appear to show a reasonably consistent pattern. probably indicative 

of water movement within the reservoir. 

It was noted as early as 1956 that water from some wells close to the 

bad water line in central Bexar County increased in mineralization at times 

of low stage. From the information on Figure H, it can be seen that for 

nearly all of the observation wells in central and eastern Bexar County direct 

variations in quality with stage are belleved to be occurring. These direct 

variations probably essentially represent small advances of the bad water 

towards the north at times of declining stage and small retreats to the south 
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at times of rising stage. On the other hand, the inverse variations of quality 

with stage for the wells in the southwestern Bexar County area are believed 

to essentially represent the opposite, namely small retreats of the bad water 

towards the south at tlmes of declining stage and small advances to the 

north at times of rising stage. Whether or not the advances and retreats in 

these two areas are directly related is not known, but the information 

currently available suggests this possibility. It also suggests that some 

future shifts in the bad water line near San Antonio might be as much, or 

more, a function of the pumpage at Sa:1 Antonio as of the general stage of 

the reservoir. 

Guadalupe County 

Of the wells which have a moderately long record in Guadalupe County, 

only Well D-67 appears to have variations in water quallty which correlate 

with the stage of the reservoir. For this well there appears to be an overall 

correlation of water quality with the stage in a direct way. The two analyses 

available for Well D-2 indicate a direct correlation of water quality with 

stage, but as only two analyses are available this correlation may only be 

apparent. 

One analysls for Well D-56 shows substantially lower chloride content 

than all other analyses. The reason for this is not known, but inasmuch as 

most of the other analyses for this well are approximately the same, it 

would appear that the variation may be a function of pumping time or of 
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some other well condition and not of a reservoir condition. 

Comal County 

Of the wells for which changes are noted in water quallty in Table 4 

for Comal County, only Well G-84 appears to, at least partially, correlate 

in a direct way with the stage of the reservoir. Also, for several past years 

the water quality for this well appears to have become worse during the 

summer. 

For Well G-83 the water quality varies considerably, and it is believed 

that this is due to the construction of the well. For all the other wells for 

which changes are noted in Table 4, it is not known whether or not the 

c~anges are due more to well conditions or to reservoir conditions. Many 

of the wells in Comal County do not have casings that extend completely 

through the formations overlying the Edwards, and lt ls reported that in some 

wells poor quality water is encountered in formations above the Edwards. 

Hays County 

Of the wells for which quality changes are noted in Table 4 for Hays 

County, only the changes in Well H-ZS appear to have a correlation with 

reservoir stage. The changes in Well H-ZS appear to correlate in a direct 

manner with stage and oftentimes the water quality in the summer is slightly 

poorer than in the early part of the year. The most likely reasons for the 

variations in water quality in the other wells listed in Table 4 appear from 
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present data to be related to poor quallty water entering the wells from 

formations shallower than the Edwards or to variations in the length of 

pumping time prlor to sampling. 

SOME COMMENTS ON THE GENERAL 
WATER QUALITY IN THE EDWARDS RESERVOIR 

The general chemical character of the water in the fresh water portion 

of the Edwards Reservoir is quite uniform. In an effort to isolate and 

identify differences in the water quality in various areas a.nd from various 

sources, six graphs of the water quality were prepared. The graphs tend 

to show frequency distribution and are labeled Figures A, B, C, D, E, and 

F. 

Figures A and B represent an effort to categorize the water quality of 

the various springs of the Edwards and to detect any small differences 

between the springs. The sources of the data used in preparing Figures A 

and Bare our files and the published records of the U. S. Geological Survey. 

The graphs show the number of separate determinations of sulfate or chloride 

content having a certain value. Thus, the height of one of the individual 

bars for a spring gives the total number of times the water was determined 

to have that particular sulfate or chloride content. Using Hueco Springs on 

Figure A as an example, th.ere were sulfate analyses available on 11 separate 

samples from the springs. One of the analyses showed a sulfate content of 

6. 8 ppm, one showed 8 ppm, one showed 9 ppm, three showed 11 ppm, 
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three showed 13 ppm, one showed 14 ppm, and one showed 16 ppm. 

From Figures A and B, it can be seen that there are differences in 

the basic water quality coming from the various springs. From Figure A, 

it can be seen that Las Moras Springs is slightly lower than Hueco Springs 

in sulfate content, and that Comal and San Marcos are about the same. It 

can· also be seen that San Felipe Springs is about the same to slightly lower 

than Las Moras Springs in sulfate content. Barton Springs is typically 

higher in sulfate content than all the other springs, and the suUate content 

of Barton Springs apparently fluctuates within rather wide limits compared 

with the other springs. 

From Figure B, it can be seen that San Felipe and Las Moras Springs 

are about the same in chloride content, that Hueco Springs may be slightly 

lower than Las Moras or San Felipe Springs, that Hueco is about like Comal, 

that San Marcos is higher than Coma\, that Barton Ls typically much higher 

\ 
than San Marcos, and that Barton fluctuates rather widely in relation to the 

other springs. 

From Figures A and B, it can be seen that in the San Antonio segment 

of the Edwards Reservoir, that is, from Las Moras to San Marcos, there 

is a general increase in the sulfate and chloride content from west to east. 

This ls in agreement with the general direction of movement of water in the 

reservoir. Also, the differences shown by the graphs between Hueco and 

Coma\ Springs tend to support past conclusions regarding the source of 
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Hueco Springs. The reasons for the rather large variations in chloride and 

sul!ate content for Barton Sprlngs were not explored in this study as the 

matter was not considered pertinent. 

Because there do appear to be recognizable differences between the 

waters issuing from the major springs of the Edwards, similar plots were 

made of the chloride and sulfate contents of water from wells tapping the 

Edwards Reservoir ln Kinney through Hays Counties. These are labeled 

Figures C, D, E, and F. Figures C and D represent the sulfate and chloride 

contents of well waters in the various counties. The sources of the data 

plotted are the map showing the results of chemical analyses published as 

a part of Bulletin 5606 of the Texas Board of Water Engineers and the results 

of analyses from the USGS water quality observation well program. The 

differenc:"e between these graphs and those for the springs is that the bars 

represent the number of welts for which a given determination was reported .. 
by the laboratory. For example, there are six wells in Comal County 

(including Guadalupe County) for which sulfate contents of IZ parts per 

mUlion were reported. The data shown do not represent several analyses 

on one well, but only one analysis for each well was used i.n preparing the 

graphs. The 1966 analyses, or the most recent analyses prior to 1966, 

were used for the plott~d data which are from the USGS water quality observa-

tlon well program. Consequently, if one used other analyses from the obser-

vatlon well program the appearance of the graphs would be somewhat dlf-

ferent, although lt is believed not significantly so. 
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On Figure C it can be seen that the upper limit of the sulfate content 

. is about the same in all the counties. The lower limit of the sulfate content, 

however, changes slightly from CO\lnty to county as do the most likely values 

for the fresh water. From Figure C, the sulfate content of the fresh water 

appears to generally increase from west to east with the most notable 

exception being for Comal County where there are a good many wells for 

which sulfate determinations were one or less ppm. Most of the wells for 

which the sulfate contents were one or less ppm are located in the general 

area of the Cibilo-Dry Comal drainage area. 

From Figure 0, the chloride content of water from Edwards wells, it 

can be seen that from at least Bexar County through Hays County the upper 

limit of the chloride content of the water is high and about the same, whereas 

in Kinney and Uvalde Counties the upper limit of the chloride content is 

much lower, being the lowest in Kinney County. The most likely values for 

the chloride content of the fresh water are approximately the same. although 

some small differences do appear to exist between some counties. Figures 

A, B, C, and D show a general pattern of increases in the chloride and 

sulfate content from Kinney County to approximately Bexar County. with 

little or no changes occurring from about Bexar County to Hays County 

except for the Cibllo-Dry Comal drainage area already noted. 

Figures E and F show the chloride and sulfate content of water samples 

from wells located in the Edwards outcrop area of the Edwards Reservoir. 
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The data are graphed by counties and are from the same sources as those 

plotted on Figures C and D. In the case of Figures E and F, the data are 

only for those wells located north of the southern boundary of the Edwards 

outcrop. In quite a few of the counties not many wells located in the outcrop 

area have been sampled and the few data may not be indicative of conditions. 

In other counties, for example Comal County, the coverage is relatively 

good and so the data are probably more indicative of conditions. 

The chloride content of the well water shown in Figure F is fairly 

uniform for all the counties. The sulfate content of the well waters, however, 

is far less uniform. 

ADDITIONAL WORK ITEMS WHICH COULD BE DONE 

For any reservoir like the Edwards, new techniques and methods of 

analysis are always possible. There follows a list of some of the items 

which were thought of and considered during this review but which were not 

fully pursued. It is possible they may prove to be helpful in future studies 

of water quality. 

1. Obtain more of the water-level records for each county of the 

Edwards and compare them with the water quality variations 

recognized in the same counties. 

2. Make a set of graphs similar to those shown in ·Figures E and F, 

except instead of using the outcrop area attempt other separations 
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of the Edwards Reservoir based possibly on the structure contour 

map and the maps of elevation of water level at various stages. 

Although data to do this may not be sufficient in all counties to 

give representative results, it might be representative enough in 

some areas or in conjunction with other data, such as well yields, 

to assist in identifying the general areas or zones through which 

more movement takes place. 

3. Using the chloride and sulfate values shown by Figures A and B 

for the major springs, study the areal distribution of various 

water qualities in the Edwards in surrounding areas in an effort 

to appraise the most likely flow areas to the springs in the lmme-

diately surrounding areas. In doing this it may be helpful to con-

alder quantitatively the various possibilities of mlxing various 

volumes of given qualities for various combinations of possible 

sources. 

4. Plot on ZO-year graph paper the chloride and sulfate values of the 

water for more of the observation wells. 

s. Investigate the precision of the new automatic chloride recorders 

in use by the U. S. Geological Survey and obtain the approximate 

cost for fheir use for a long or short period. 

6. Make a thorough search for all the past water-level records in 

wells in the bad water area, especially in Bexar County, to attempt 
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to learn more about the _di~e,ences in elevation and change of 

watel" level.in.~he bad ~ate:r: area in relation to the good water area. 

·• ! . . I 

7. Obtain and evaluate the available information on the quality of the 

. ' } water of the base flows and the flood flows entering the Edwards 
.. . 

..... -~ -- Reservoir ln the various recharge areas • 

a. Review the recent USGS professional paper giving the results of 

. -•) USGS research regarding the use of calcium-magnesium ratios 

in studies of ground-water movement through limestone and 

dolomite. 

9. Study \n more detail all of the well construction records for the 

wells which apP,ear to exhibit water quality changes. 

.. ! -. I I 

0 ••• 

- i 
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0 0 J ~.::·. 0; TABLE l .0 

usas···· 
Well No. 

, 
M-S 
M"-10. i 
M~lZ.. /. 
M-14. 0 

N-5- 0
-

T-2 

U-14-
U-15. 

USGS WATER QUALITY OBSERVATION WELLS 
IN THE EDWARDS RESERVOIR 

o • . • J 
........ 4 ___ ... 

Number"·- AsterlskTndlcates 
Period of Record of·Analysea data has been plotted 

KINNEY COUNTY 
o, 

1948-1961 3 
1948•19671 16,.. • 
1948-1964:, 10-- * 
1937-1967 17 • 
1948-1965 12 • 
1948-1962 4 • 
1964•1967· 4 
1958-1965 12 *· 

V -7 (Las Moras 
Sprlngs) 1959-1967 14 

V-23 .-; 1960-1965 9 * 
V-29 1959-1967 17 • 
W-17 1962-1963 3 

X-5 1939-1967 17 • 
Y-5- ' 1938-1962· 7 • 
Y-14 1960-1962· 6 • 
Y-15 1960-1961° 3 
Y-16 1961-1965 9 * 
Y-17 1960-196S 9 • 

UV ALOE COUNTY 

G-6-2 1960°·1963. 7 * 
~ 

H-4-34 1960-1963· 7 • 
H-4-57 1960-1964 1 • 

~ 
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r Table 1 • USCiS. Wat~~ OU:&llty Ob.servatlon Wellaln the .Edwards Reservoir 
(continued). ~ · 
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Table·! -USGS Water Ouallty Obaervatlon Wells:rn the·Edwarda·Reaervotr ·· 
(contl'nued)'!l 

USGS~ Number:· Asterisk lndlcate.r 1 

Well No.··._ Period· of Record ~ of Analyse& data has been plotted .. :·_ 

BEXAR COUNTY·· 

Cy 155 1952-1965 10 • 
Cy 175 1934-1962 9· • 
Cy 278 196-1;.196!5 . 6 
Cy 284 1956-1967 .~ 15 
Cy 296 1962"-1964 2· 

F-249 1959-1965 12 

G-7. 1958-1967 16 
G-7a 1956-1959 1 
G-8 1942-1961 10 • 
G-9a- 1956-1961•: 7 
G·10 1942·.1959• 8 
G-11 1942-1957 6 
G-1z: '· 19SZ··'195T·: 6; 
G-17 l 1942•1951 : 6 
G-20"··· 1942'-·1~.5+ i (,.' 

G-33 . 1956-1965 . 16 • 
G-63 · 1956•1964 11· 
G-64··· 1959~l96Z ., 6' 

· . .. 
I-60 1944-1957 3 
I-61 1944-1957 4 
1-12!5 1955-1963 10 
1-190 1952-1957 4 
-I-191 1952-1957 4 
t-195:- 1959-1963' 6 ·, 
t-205 1960-1964. 10 . ~ 
1-206, ·. 1960.:1966 ; 1a : .. - .. ' 

J-40 1956-1961-· 22'"' • 
J-50 . 1958..;1967 ·. 15 i 

J-62 1950-1957 4 
J-64 1956-1959 6 
J-66 1950-1963 15 • 



r Table 1 • USGS WateJ' Ouallty Observatloo Welle t.o the Edwarde Reeervoir 

r 
r 
l 

~ 
I 

l 

r 
l 

r 
' 

(!m 
I 
\ 
I 
l 

r 
I 
L 

r 
rum 

l 

i 
\ 

F" 
! 
L 

(coatt.oue~ 



r 
I 

r 
L 

r Table l - USCiS Water OuaUty Observation W ella in the Edwards Reservoir 
) (c ontlnu.ed) 

r USGS Number Asterisk lndlcatea I 

r Well No. Period o£ Record of Analyses data baa been plotted 

GUADALUPE COUNTY I 

r D-Z · 1958-1959 2 l 
I D-18 1958-1965 1Z 

r D-30 1959-1961 4 
D-5& 1959·1964. 9· 

I D-67 1949-1966 13 • 
r COMAL COUNTY 
I 

i F-75 1959-1965 11 

\ • G-50 (Comal 

r Springs) 1936-1951 42 * 
G-67. 1944-1965 12 
G-83: 1959-1965 8 

r G-84 1959-1967 15 * 
G-85 1959-1963 1 

• G-8& 1959-196S 10 

r G-87 .. 1959-1963 s 
i G-88' 1959-1962 (j 
\. 

G-89 1959-1963 5 

rm 
I H-2 1959-1963 6 l . 

H-6 1936-1965 12 

r H-7 1936-1963 8 
H-ZO 1936-1967 17 
H-Z3 1936-1963 8 

C 
H-43 1959-1963 7 
H-49 1959-1966 13 
H-50 1961-196Z 4 

[ H-51 1959-1965 6 
H-52 1960-1965 10 

r HAYS COUNTY 

E-70 1952-1965 9 * r E-76 1959-1967 15 

r 
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TABLE Z 

ITEMS WHICH COULD AFFECT THE REPORTED WATER QUALITY 
OF SAMPLES AND BE RESPONSIBLE FOR CHANGES IN QUALITY 

1.. The precision wlth which the laboratory can actually make the determl-

nations. Thi• involves both the general precision of current analysis 

methoda as well aa the dUferences between older methods and the 

currently used methods. 

r Z. Changes in any of the following items during the period over which 

pm analyses are available. 
I 

l a. Well depth and construction. 

r b. Local pumping cones. 

rm 
c. The length and rate of pumping prior to sampling. 

! 

d. Well use. 

e. The stage of the reservoir, ranging from dally to long-term. 

f. Local or regional flow patterns brought about by local or 

,_ 

regional cones and/or stage of the reservoir. 

r 3. Leakage from overlying or underlying formations, including changes 

r in the amount of leakage with the relative stage of the Edwards 

Reservoir and the leaking reservoir( a). 

4. Differences in the native- water quallty of the Edwards with depth, 

r including differences in head within the Edwards Reservoir with 

depth. 

r 
' 

r 
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Table Z .. Items Which Could Affect the Reported Water Quality of Samples 
and Be Responsible for Changes in Ouallty (continued) 

S. Very long-term geologic trends. 

6. Dlffe~encea ln recharge water quality wlth time, location, and amou.nt. 

7. Storage in the viclnlty of the sampled well ln relation to the rate of 

movement of the stored water. 
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TABLE 3 

PRECISION REPORTED BY USGS· 
FOR VARIOUS CHEMICAL DETERMINATIONS 

Constituent Reported Preci.slon 

Bicarbonate 

Sulfate 

Chloride 

Hardness 

Speciflc Conductance 

From 10-100 ppm: 
Above 100 ppm: 

From 10-100 ppm: 
Above 100 ppm: 

Old soap method: 
EDT A method: 

(Data from USGS WSP-1473} 

Z-5% 

! Z ppm 
5% 

Z-5 'Yo 
Z-3 o/o 

' • 
I 



_, . ·--- -- ...... __ ._ -···----- --. . - --·-----·- _______ .. 

i 

r TABLE.4:·. 

r WELLS NOTED AS HAVING HAD SOME WATER QUALITY CHANGES ; 
l 
I 

Well No. Under Person or Asenci Nottns Chanae I 

r ! 

Count I USGS Scalapino-1 96 3 Harden -196 7 

r Kinney Co. None noted M-5: M-5 
T-Z · ~ M-10 

r v-z3; M-14 
Y-5 N-5 
Y-9 T-Z 

r U-15 
l V-Z3 

V-Z9 r W-17 
X-5 
Y-5 

i Y-9 
Y-14 
Y-17 r Uvalde Co. None noted H-5-163 G-6-Z 

H-6-SZ H-4-34 
r" H-4-57 I 
l. H-4-64 

H-4-95 
rm H-5-1 l H-5-7Z 

r H-5-163 
H-5-Z40 
H-6-Z5 

r H-6-SZ 
I-7-15 

i 
Medina Co. None noted None noted I-5-46a 

1-5-55 
I-5-74 

r J-4-143 

Atascosa Co. None noted 3 3 

r 4 

r 
t 
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Table 4 .. Wells Noted as Having Had Some Water Quality Changes (contlnued) 

r County USGS Scalaplno-1963 Harden-1967 

r Bexar Co. G-8 Cy 175 Cy 155 
J-40 G-8 Cy 175 

'-

J-75 J-66 G-8 

r J-90 J-75 G-33 
M-44 J-91 (Buda) 1-205 

M-46 J-40 

r M-47 J-66 
l M-48 J-75 

N-28 J-87 

r N-119 J-90 
N-121 J-93 

K-2 

r M-13 
M-39 
M-45 

F' M-46 
l M-47 

M-48 

r N-28 
N-118 
N-119 

f'l"l N-121 
I 

Guadalupe Co. None noted D-56 D-67 

r Comal Co. None noted G-83 G-83 
H-23 G-84 

~ G-86 I 
L H-6 

H-23 r H-43 
H-51 

F Hays Co. None noted E-79 E-70 
l E-82 E-79 

r F-7 E-82 
F-7 
H-25 ! 

~ 

r J 
! 

~ \ I . 
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TABLE 5 

LIST OF WELLS IN BEXAR AND ATASCOSA COUNTIES WHICH 
SHOULD BE SAMPLED SEMI-ANNUALLY IF PRACTICABLE'. 

County and Well No. 

BEXAR CO. 

Cy 155 
Cy 175 :
Cy 278 
Cy 284/.: 
Cy 29~/ 

F-249 

G-7 ' 
G-8 
G-33 
G-6¥. 
G-64 

I-1Z5 
1-195 
1-205 ' 
1-2oy 

J-40 x 
J -50_:\ 
J-66 
J-67~ 
J-1V 
J-78 .< 

J-79 
J -87 'I 
J-90). 
J-9J..:
J-93 
J-94 
J-99~ 

.. . 

County and Well No. 
·-·-··· 

BEXAR CO. (continued) 

K-2: -~ 
K-2Q.---· 
K-26~ 

M-13 
M-39 
M-44 
M-4~

M-46 
M-47 
M-48 

N-4. 
, N-y-

• .. •':" i 
' . I 

N-6 
N-7t . 
N-7a 
N-zs· 
N-11~ 
N-119· 
N-lZO 
N-121 

'? 0-43a • 

ATASCOSA CO. 

3 '1-

v-·· 
5 

.. 

t I) t·'' .~. 
I .' 

... . . 
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10~==============~====~~~~~==~==============~~==============~ 
Son Morcos Springs 
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~10~------------------~------------------------------------------~--------------------~ 
t) • Los Moros Springs 
~ 
~ 5~----------------~~---------------------+--------------------~--------------------~ 
~ 

0~----------~•~w~~----------------~----------------~--------------~ 
10~------------------~--------------------~------------------~--------------------, Son Felipe (Eost) Springs 
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SULFATE CONTENT, PPM 
Figure A. SULFATE CONTENT OF EDWARDS WATER FROM MAJOR SPR lNG DISCHARGE POINTS ._ ... _,...._ .... _, ____ .. . . ~--·· • ~· ..... _. ________ --·.,.,-------~ ....... "'' 



ci 

5 

0 
10 

5 

0 I . 

Dorion Springs 

I 

Son Morcos Springs 

J ... 

Como/ Springs 

. 
I I ru. 

Hueco Springs 

J II II 
Los Moros Springs 

I It IIIII 
Son Felipe (Eosl) Springs 

I I I I I 

10 

I 

I I I I I. ·I 

1.1 

. 

100 
CHLORIDE CONTENT, PPM 

1,000 IO.OC 

--···--- ·•·---- --A•• •••• ~ .... 



~ ----v -----v ~-1! ~ ·~ ·~ 
~ . 

l Hoys Count
1

'}' 

I I ,. 0 

'---w ,-""jj ~ ,-, r~ •-----, ·~ ,-, ·~. ·~ 

l1. 1l1 ul1ll II Ill II llllllll-l-.-1-. -.-.. -.. -. -.-.-.-~~--.-.-.1-.....;l;...,lr--· -. ---~-

L&J 
~ _, 

3 0 

~ 20 
z 
L&J 
> 
(; 

ct 

~ 10 

(f) 

z 
0 -._ 
<I 
z 
i 0 
a: 10 
L&J ._ 
L&J 
Q 

Como/ County 
(lnclud~s Guodolupe Counly J 

I I II 
. 

I II II I ...... I b I I I I I .II II alua ulalt 1 Ia I I I 

Bexor County 
(Includes Aloscoso CDIInly J 

l: ._ -~ 0 1.1 lid .1 lmlh !II II lalla lnt 1111 I. Ill 1.1 •• 1 ... II I I j~l. 
(f) 10 _, _, 
L&J 
~ 
l&. ., 

0 

a: 0 
L&J 

Medino County 

I 

_ Uvalde County Z~ o
5

1 

10 
Kinney County 

0 I 
I or less 

I I I I II I lin lull 1 Ia 1 1 I I 11J I I I 

I I. I II I II Ill I .In 1. 1ll1 1 11 n I .. I I 

Ia I .II. I I I .II llt I I I It I II I u al I 

10 100 1,000 
SULFATE CONTENT, PPM 

Figure C. SULFATE CONTENT OF WATER FROM EDWARDS WELLS 

I 

I 

I 

10,000 

I 



l&J 
:::» 

10 

5 

~ 0 
> 10 
z 
l&J 
~ 5 
(!) 

cc 
u.. 0 
0 15 
Cl) 

z 
210 
~ 
z 

~ 5 
l&J .... 
l&J 
0 0 

Hoys' County 

_._ I I 
Como! Counz 

(Includes Guo olupe County) 

I I 
Bexor County 

(Includes A los coso Counlf) 

.1 

.II llllt lilt I 11 I I .I .. I I I II I I 

1111 III.JIIfluu I Jl IIIUl II I 1111 II I I .aft 1 I I I 

- . 

II illf.hfh udfl --lu all ~ .. 1 1 Ia Ia t I ufu 1 d .. , 11.. 1 .. 
X 10~------------------~-------------- I 

Medina County 

5 

0 
I 

Kinney County 

I 

-

I I 
10 

II IIIII IIIII I I I I I I II I I I Ill 

aJ1ufllll II I I I Jll _j I I 

CHL0f\I01~°CONTENT. PPM 
1,000 

f"'-ft n~mF' t":ONTENT OF WATER FROM EDWARDS WELLS 

I 

_. I 't 

10,0 oc 



10~------------.--------------r------------~r-----------~ 
Hoys Counly 

3 sL-~------~--------~--~----------~----+-----~~-----------t--------------------, 
Cl 
> 
z 0 
~ 20 
c:; 
Cl 15 
1.1.. 
0 

~ 10 
Q 
~ 
~ 5 
::E 
Q: 

~ 0 

I 

Como/ Counlj_ 

I _j 

-~ ....... • 

. 
I J I Ill .I. I I I 

~ 5
1 Bexar Counly J I I 

1 ~, ol ____________________ l ____ ~~~============~==================~~~======-==============l 

; :~'=M=e=d=i=n==o=Co=u~;~ry~l~~~~~~·==~~~l=========·====='~~~~*l====================ll===================== 
~ 5

1 Uvalde County J I I 
~ 0 

. 
I 

~ 10 
2 
i 

5 

0 
I . 

Kinney County 

I I J 11. Ill I I 

I 0 10 ~0 ~0 

SULFATE CONTENT, PPM WELLS IN OUTCROP AREA nC' WATI='R FROM EDWARDS ... _. __ 

IO,C 



10 

5 

~ 0 
..J 10 
cc 
> 
z 5 
l&J 
> 
C) 

0 
cc 10 
"-
0 

~ 5 
2 
t-
el 
z 0 
~ 10 
0:: 
l&J 
t-
~ 5 
% 

t: 0 
~ 10 
en 
..J 
..J 

~ 5 
"-
0 0 

·ffi 10 
m 
:E 

~ 5 

·o 

Hoys Counly 

Como/ County 

Bexar Counly 

Medina Counly 

Uvalde County 

Kinney Counly 

I 

' 

I I I .II I 1111 I 

I I I II .. 11 In 1l 1 1 

'. ... 
I II I 

·• . 

Jill tt I . 

_l J.. .1. II 
1,000 100 . 

• CHLORIDE CONTENT, PPM 
10 10,001 

~HLORIDE CONTENT OF WATER FROM EDWARDS WELLS IN OUTCROP AREA 
s: · nioKJm Qb",tJO-iC:i 1~ -- -- • 



'~ 

~ 
I. IO,QOO 

I 
~ 
I 
I 
l .. ooo 
12 r:: 
'~ 
~r~ 
! "' 

,,~ 

:l 
,, I 

0 

10 

. . 

.. 

. 

. 

' 

' .. -- ~- . 

. 

. 

. • 

0 

0 8'8o 
oco 

OoEJ 

10 

I 

. 

0 

0 
c 

0 

0 
0 J-66 

0 

0 
0 

0 

0
oo 

100 
·CHLORIDE CONTENT, PPM 

' 

I 

. 

~ oK-2 
oo OJ-67 

oK-24a 

0 

8 
·,o 

oK-20 
0: 

i 

I J-40 G-33 . 
I dOG-8 0 
I J-92 

oF-249 
• 

N-7a 
0 

NOT£: The numbered poin Is 

represent wells locoled norl/1 

eosl of Son Antonio ~xcepl 

' Well N-7o which is soulh-
! 

west of Son Anlonio. 

1,000 10,000 

. - -----·-· -·• ...... • ,.. ••• a~\1 AD l'nllt.ITV 

f?l 
i I 

~ 
. 

-

8 . 
. 
. 

~~ , 
1 
~ 

. : ... 
'.:: 



L 

PART 

0 r·l4 
0 

I 
I i I i j, 

Y-5 ol <lj1.:l Ill~ 
'I ~ ~ -~ ...... , -oY-17 ~·,~ i! <l '-, 

---- 0 il~ "·· ' --.. _ I 1·5·4611 I ~ ---- ' .. ,; 
...._ ' G-6-2 H-5-1 •H5 ',\ I oH'I41 -j= '1-._ __ oo ----- o, ,o_ I o -- 1 ~ I -- ' H-~·16J ----......._ I -

' •· '~ H-<-

5 0 0

"• HNt / ---~ 1·'·74 - - 'I NOTE: FDr explonoNon of symbols I ~- <>-"---- oo' / ,.._ o~>-55 oo --- ~~ 
used, see fe.t/. -H-4·!15 H-5-240~...._ .._ __ _., '-......_ o,H·6-82' I ---- 6 

M ' oo n '"' ---- .,. I '
1
' ', .,. i ---· - .: li~l' '---;---------- !i 

•·• I -j' :_-"",:._~..___:_~------------------·--·-------------._: _____ ·+-·-·:-·-----·------·- --~-------~------·-· . 
/ 

L I -- .\ ( . 
/ ,.f' // -.._.) I .;· ~ i 

+ J'~ I ' 
/ .y~·- \ ·' 

N ~ ~ ' ~ ~ ¥ ........ / \ - ~> 'l >'-.. ' M·<7 " •c 
/ '~-\-.,;/ w~ot',;13 o~i~' ~~~~ 

1

. 
/ 

4

o ....._or OM45 Ct) li'/" .... ......_ 

0

G

0

-.84 rO I?\\ 
71 

"'--r~ - I "'"' .. -....., , ··c• oM-<4"-rr ~- o155 ( "• ''-- -'-. ___ ,__ 
o•'"/,o , ?? N·/21 01 -- D , ~>"'-....., -..._ - I .\'./~.to' \ lb ------ JB7 ~ ~ -......, ' ,., ' 

•. , u - o0 J-66 ,___ -- '-- - / /~'' , ~~5 ~'--__.,.~--;-~...,_- i C/' ---...___ --- , /

' NOTE· F.,. <xplonoto.n of \ '(;.'0 Ob og_-s _ \(1-\ --------- / 

( Gutmlalupe Ca ~--L--.--
/' ;,;,'"' ..... '" \ f ., ~ ( 

of; ' ~Scai~ .. ,~--M~res •\ --------------~----------------,--------
L _____ :::_:::_::_ _____ ~:_----------~F~;:,,:,.~H-~L~O~CA~T~,. ,, "'""'"""" '"'"'"""" """ m""'"' ~'"'" ••• "'" " "'t'""'" 

=~-~~---=,~~~----~~~====~==--~-------~ 

PART 2 

,...-/ -- / ------
4#.;;

/ 0• 

/-
/ 



i 

L 

{' 

h 
r 

PART I 
----------------------~----------~ 

NOTE: 

oY-14 
D 

I 

r-5 ol 
I 

I 

0 Y-17 I 
........._ D I 

.......... ~ I 
--~ 

......... --...... I 6·6·2 H-5-/ 

For. explonolion of symbols l 
used, see texl. r 

tl 

~------~------ J oo l " ._, H-4-57 0 0 ~;~·16 
II . ........ ...._ c,...-"-----

--,.,_95 H-5-240 ~ --
Db 17 

I 
I 

I 
I 

~Ia 
~ ~::a 

~~~ 
11-6·25 ',\ i 
~ I 

H·5-72 / ', I oo / ......_ 
..__;.....-.,..... '"'-o:·6·82J I 1·5·55 oo 

1·5·4611 oo 

""-......_ I 

' H·7·15 --· ' 0. I ___ _ ...... ,. ........_ ---~" --,------.!;: ~ 

I 
loc:,~ 

B ' --- _,_, . 
4 I ----·--- · ;--------------------- ---

0 . • ----- ' -- ---------·-------, 
t Scole In Miles -+------------- : . . . 
--------- . --

PART · 2 
/ 

L \ , '\ ( . 
/ ~f' l_j -~-) l ~f· . i 

+ ~- I . / ~ . J , f' .... ~\ ,; c;; .... •

1
a h• • 

c."''\ _,1 ~. ~ 
§"/ I "\::t ........ ·y • ~ 

' / \ #·J9 .:: > . 
,...... • M-47 " ' ' "• J / ........._ rf1 \ lb o Af-13 0 N-J/8 o:;, ~~<7.1 

, """'-" -T --:;~ oM~B0 " Dl b ~ I"'·,;.~ ' / 
4 Oo 1? ~I OM-45 ° .. , %,., ·~ <-84 / 

rO 1? \ -.._ Iw _ ___,.__ ( C .. -~., . oOw 

• • ~ ··""' IS$ • ~ --- ~---· -
~, (; · OAI-44 -,- N·/19 "' OD ~-"' ""' ~ ,..._ ~· Lo \ 7? N1b·l21 01 ---- , ~'' --......_ ~ J .\c.," .. ~.o~ \ ---__ - ): _ -........., ' ,... , 

• • u - oJ-IT _,... .,.__- • -.._ _. / 
/

•'' 115 .,.~. ":: --~ 0·6T ..__ ---
, 

\ 
0 -15 --. -~~ G·.M ~-""' \1 Ow ............ _ , 

J·40 Db OG-8 (\...., ............ _j 
/ 

NOT£' FD' 'zplonolion of , Ow Ow • " ) .. ______ _ 

\ 

· Gurfldqfupe Ca - --·--

/ • ''"'•"• ""'- m r' 
'"' I 

'\ OJ t 
K·2 '\ oo. ~ ... 1... \ ) Scale In Miles 

L_ ____________ _:::~~=---------------~----------------------~----~F~i:qu~r~e~H~.~L~O~CA~T~IO~I -,F--WA_T_E_R---QU_A_L_IT_Y __ O_B_S_E_R_V_A_T_IO~N---W_E_L_L_S ___ E_X_H_IB_I_T-IN_G __ C_H_A_N_G_E_S ___ W_I_T_H __ ST_A_G_E __ O~F---R-E;k-.E-R_V_O_I_R _______________ __ 

r-·· 
0 4 8 

I 

_Sss,-~-~ . Ni<'®.&iW!+ .. ;;ms·"''"'"·'~··"'·~·-•·.-.,~··• ....... .J4il ll!ip&l!ll ... !!lll ...... E .... I!ll ....• llll!. l!ll.l!ll .. l!ll .. !!lll ..... l!llil!ll.i .l!ll. ~""""'~=··""····""·"·""-···""··~"""'····•::.:..:..:======-=========------------f4:.~~_6. .. ·~.--·--.. . L__ - ~-----·---· .. ·~-----~ 

l 

' I 

t~ 
I '-

~ ~' 

~~i 
.~~-........, .. 
~ ~ .. 

I o:;, ........... 

' ~ ~ .... 
oJ·4:14J · .,~~~ 

D ..- ~ 

-- i 
------ ·,i 

---- 'il 
--- 3 __..- ___.- I= 

---- I~ 
~~ 
•8 

--1 
.. 

---- s . . -- -. ---------------

// ---.......... ___ , 
1-----------

-/~25 
;' Ow 

,..,-/ 
~·\-~ o:;, ~ 
~.::: 

I 

\ 
' 
\ 
\ 
' 
\ 



'"'"" nR10E CONTENT OF WATER FROM WELLS 

--r .:;:!" : ... =~ '::..'"': ...... ,. ...... ,_'""" .. ....-.... . 
~~@.~:r:~ 



Note:  Large-format version of the original plate is on the 
following page. 

 



j 

I KINNEY 

I 

__ E~D'-WA_R_D_S __ COUNTY 

>
>-
z 
:::> 
0 
u 

4J 
0 

"' 4J 
> 
_, 
"' > 

I - 27- '48 12 44Bl 8 - 20-37 12 60~ 
1- 14 - 8) 14 Ill ~ ! - 21 - 60 14 77 
3 - 1':1 - 61 12 1()8 9 - 14 - 60 13 95 

\---~ M-$ 3 -14 - 61 14 96 
I - 27- ..S l!l 89~''-f2 9 - 19 - 61 12 108 : -:::: ~7_:: ~ ~ 
2-2 - 60 14 206 ,3- 13-62 12 9!5 9 - 14 - 60 12 94 9 - l& - 59 14 !590 
9 - 20-60 12 200 9-~ 12 91 3 - 1!5 - 61 16 95 I - 14 - 60 12 !596 

3 - 13 - 62. 14 198 M•/2 -M·H.v.::;;:J -21- 62 16 92 9-20-61 9.2 546 

/ 1 -14 - 60 2tr 157,- 9 - 21-62 9.0 !'.>2'4 

; :~: ~ :;' ::;./ll_it-10 M ~=g>.::z ~ ~; ~ =~=-:' ~ ;6,i: 
9-20-62 n 194 -..,. ~-.5 3-13 - sz 9.5 $50 

,_ __.I - 27- 48 11 'elOJ - V-29 

) 

1 - 14 - 6014 l660 -
9 - zo -ro 11 oro 1-28- 46 51 Zl60 -~ / 

3 - 30- 61 14 \%0 - 1-14 - 60 16 I~ ~ 9- 20-s1 16 1600 r-2 1-:io- s1 13 1680 ~ ) BRACKETTVILL.E 
I 3 - !3 - 62 14 164-0 Q9 - Z0-6Z 11 1620 V-7~ 

12-1- 59 51 27-~9-21 - 62 le 16 

) 

9 - 20--62:12 1530 v-zJO ~· '.J". w17 1 - 1J - 62118 20 

(j• /!; 3 - 16 - 60 91! 1!1110 I - 21 - 60 14 !l.0 -
I0 - 21 - 58 12 169() 9 -14 - 60 8.5 ~ 9 - 1<1-60 12 7_4 I -3 - 39 2!5 1202 
B-28 - !59 10 1740 0 3 - 15 - 61 10 1!'150 3 - l!i - 61 13 IO 1- 27-48 28 12 
1 - 21 - 60 12 1760 8 - 1 - 61 12 (<\90 B- 8 - 61 9.5 68 8 - 28- 59 29 12&0 

/ 9-14 - 609.0 1680 5 - 24- 62l2986 I0 - 3 - 6211 5.<I 1- 13 - 60281260 

' 
9 - 21- 62 24 952 9 - 20-60 30 12~ 

-15 - 6\ 0 17"20 5 - "2- 6! 2B 1220 

~-·'- -~n'= ~~~~ ~5 ~ 3 -12- 62 ~! 1240 

~ ~ --·-"' C.' g 

. 
" 

MAVERICK 

. 
f 

COUNTY 

1-21- 6016 49 
9-20 - 60 II) 23 
3 - :sl--61 II 37 
8 - 7 - 61 7.5 9.6 
3-IZ- 62 1<1 21 
9-20-£2 6.2 10 

Y-!4 O 

!UVALDE 

I 

4-11 - 38 130 I04 
1- 21 -60 58 23 
9 - 19 - 60 50 20 
3 - 30- 61 GO 29 
8 - 8 -61 49 20 to1 ~•c•• 

• • 

R E A 
--

L c 0 u N T y 
-- - ---,- ---

\ 
\ 

I 
3 - 12 - 62 49 20 .s> .. 
9 - 20 - 62 ~ 26 Y-5 R'i••' <>.-,. ) ;/ 

• • 0 . 
! • 

. 
• 
• 

B A N D 
--~ 

E R A 

MEDINA 

'
/ 

s 
\_ 

( 

<' 

c 0 u N T y 

,....~~ ....... ~~_j;li.!~~So'b-io-o=l~~-·~~----->--~t~:_ ',1 ,~---"-'~· ~''~~-'''.'fl,'~~ 
..-- ~I O"Mon•• 

J 
O r ·/5 o' ~ ,,.,,. . 

1- 21 - oos-- 110 I ' "' 
X-5 9 - 20- 60 7' 136 1- 21- EIJ 29 ( > 
~o r-i7 ~ e - 1:;-s1 10 141 ~ =~::?: H- 434 1--.,.,"' ~ 

I 

~ 
~ 
s 

\_ 5 _: 15 ::: ~;9 198 183 ~!~-=-- ~ -=~ ~~: ~ ~=-~-~ ~ 0 ·~ 1 13 6067150 
18

_ 7 _ 61 7,, 22 s - 21-62 22 111- 2 -45 z• ::f:~;g~: s - 12 - 6i.!.43 us 8 - 27 - 59262 t ~: ~o~mi~~ s - 6 - 5782204 ~= = -=~~ 1- 19 _ 52 ~ ~""' 9 0 ~_:: :~ _::~ ~ , I 9-19 - 61 12 12- !7- 59 eo 204 3 - ~- 61 17 12- I0- 59 14 
- J - 15 - 61212 1( / 4 - 1956<\;,()907 9-22.6091197 2 - Z2- 62 16 9-12- 6013 6 - 6 - ~26 -. -;:.. I 

- G 6-2 ° 2-1- 60 90 9 - 19 - 61 19 2 I \ ' 61 S8 12-10- 59 440 910 ; -~= T9 :'4,. 1 - 9 -60! ~~4· -" I .. '-, J - l3 - 61 16 0 9 - 18- 59 12 •• "~.. ;' 
- 0 9 - 13 - 00 Kl2 2- 20- 62 202 ~-.. _,, - 16- 5 - 3 - 61 425 67'; - - 80 ( _, 4 30 30 26 ) 1-5 -48 0 f!!J- 4611 ! <} ~\ 

1-11 - 00 36----11-4-64........_ 9 - 19- 61 112 8 _ 9 _ 62 152 < 11- 0 , r- 5-3 - 51 :~ 2 - 22 62 435 898 2 - zz-62 ~ :~ 0 9 =18 _·59 19 \ ....... _, , 

3 -15 - 61 34 1-21 - so I06 ......._ 8 - 9 - 62 Kl9 - H,_,., I I H-&-2~a-- o !r6·74 ~-19 - ~ 22 ~" 
I 

8 -15 - 61 32 9 - 14- 60 I09 ........ H-4-57 0 0 - H-5-272 ,9 - 2061 29 ,,,. ..... -12- 24 \ ,, 
4 - 25 - 62 23 3 - 15- 61 ,.- --- 0 ,. .... 2 - t - tc ~ 326 J - 14 - 61 18 "'' V~ rr" i.i1 ;?M 9 -18 -61 16 ~ ~~-f'4 n • _J 

i.i1 '2• f--5-55 .,... .• 

4 - 3 - 62 106 3 - 23 -57 66 2.54 H-$-240 - 0 H-5-7;,. ....... _ ·-·-6; _,.. ,,. I 0 \"" 0 12- IO - ~ 12 "' 
8 - 21-62 ~ 2 - 2 - 60 Z2 Z30 12-21 - 59 llO !1153 ~< .. ,,--- - ......... 0 - ... 9 - 12 - 60 12 ... "z 

9206021234 9 - 14 - 601104'J4 a ..,.. 4 - 225749192. ,N-#. I 3-13- 6114.. ... 
3 - 30- 61 20 230 ] ~ 15-61 112 528 12 - 11 - ~ 54 214 ,,,. ......... <l' 8-2 61 l<I :2 ~ ___ ... 
9 - 20 -61 18 192 3-25 62 78 2" H-•69 9 - 2:2- 60 14 113 ~/. ' .. ,, "-..C' .... 3 - 30 62 l!i "' ::co ___ _ 
4 - 3 - 62 19 232 6 - 22~r3 452 4 - 4 - 56 273 321 3 - 14 61 12 164 ~ 0 - · \ "+ o - 3 - 62 15 • ----( 

8 - 22- 62 19 2°" <ti ~.:- 1; - ~~ ~ ~~ ' t = ~~ 18 121!1 ' l-1'-15 .,<>.. \ --r---
\_ l

;;,·f ~:~-:Z ~ ~~' 6-2362 ~: ;:: ::> n 119 I -----~-- L__~-__. 
I 8 - 21 - 62 zro 316-~ ,,,.,., i:~:: ~ \~- --,-------- 1..... 

;.\ ) <3-62 •"'• 11"1' "'!..; ' \ / 
~ l--<J-62 113 ~ 

--- ---- --'::::===~_::'-if!'"'"!.'..!'-'' - __ >~. -- ____ _ _,,__- J=-'-
Z AV AL A COUNTY F RI 0 c N T Y 0 u 

Figure l rH1 ORIDE CONTENT OF WATER FROM 

' 

I 
' I 

J 
•' 

I 
I 

j 

2 - 21 - 56 22 
B - 2.5-59 14 
12 - KJ - 59 23 
9 - •9 - 60 18 
3 - 13- 6 1 18 
.J-•-14] 0 

I - ( 

1- 19 - 46 26 
12 - 1 - 59 16 
9 - 21 - 60 I'! 
3 - 3 - 61 17 
• - 13 - 61 18 
9 -12-61 16 
J - 7 - 62 17 
3 - 3 - 62 l8 
8 - 20 - 62 18 

Costroville 

i 
1- 18- 57 $ 
1- 2-59,, 
7 - 29-59 .. 
2 - 6 - 59 <JO 
8 - 31 - 59\. 42 
J - 21-60 50 

---------- 3 - 6 - 61 54 0-12-61 q 
3 - 23-62 50 
9 -11-62 47 j - 16- 51 220 

1- IO - ~ 95 
2 - ~ -~ I04 n 
8-31 - 59 I04 •J - 4 - 49 s-1 

·7j:t::~ ~ ~=~~~ ~ 9 - 14 - 61 95 8 - 31-59 :59 
3 - 23- 62 OZ 12 -I - ~ 44 
9 - 4 - SZ ~ 9 - 21 - 60 45 

3 - 6 - 61 51 
9-14 - 61 39 \~N"Y 

11 - 1-55 49 ~ 6 - 1- 61 132 -4 - 62 36 
4 - 5 - 61 ~-19-62 . 42. I 

1- 22- 57 22. 183 3 - 29 -62 162. 

/
2 - 4-59 ~ 186 9 - 4 - 62 146 M-J!T°'/iliJ __.,,, N.~- ~_.)'\. 
9-8 - 59 34 ..:_-~ / 

; If:_~ ::~ ~ :i6 12.-l - 59 450~· · -:;,;f--., ' 
\ 9 - 12.- 61 38 188 9 - 2..2- t:ll l55 <Q ' . 48 

IO- I0 - 61 120 188 3 - 7 - 61 412 
-~3 - 19 - 62 42 187 4 - 5 - 61 285 11.-46 ~ ~ 8 - 20-62 311 '85 8 - t - 61 2&0 44 

:J - 2"9 -G? 262 io- 12 - 55 no 
I _/ ' t .,.u.'" 7 - 22 -57 750 

~· ·' 2 - 13 - 59 7BO ,. 9 - 8 - 59 n o 
"' 3 - 6 - 57 30CI 663 \ II - 30-59 770 

7 - 29 - !18 n""- s - 21- so 110 
8 - 2'6 - 59 50 - 1 - ~9 590 l400 3 -7- 61 770 

3- 6 - 57 
1-2. - 59 
7 - 29 -58 
2 - 13 - 59 
8 - 21S -59 
II - 30-59 
9 - 21 - 60 
9 - 4 - 6 2 

"" "' 
~· ''° 00 2 

"' ''° """ I 

G 
(, 

/ 

7 - :c:B -50 
4-5 - 61 
4 - 14-61 
!>- 14 - 61 
3 - 7-62 
9-4 - 62 

--12 - 7 - 59 54 118 3 - 6 - 61 ~ IZ10 !O-I0- 6 1 
----- 3 - 7 - 61 46 81 I0 - 0 - 61 60(l 1370 3 29 750 

4-5-61 "6 99 3 - 29 - 62 5..0 1280 - .. - ~~ ~n 
I0 - 19 - 61 40 81 ·,9 - 25 - 62 500 IOllO - -

6 - 7 - ~ 1"!! 
7 - 22. - 57 88 
7 - 29-58 93 
2 - 4 - 5966 
8 - ~ -59 82 
II - ~-59 60 
9 - 19 - 60 911 
3 - 6 - 61 54 
9 -12 - 61 92 
2 - 19 - 62 62 
8 - "20- 62 89 

9 - 17-62 68 147 

A T A S C 0 S A 

0 - 12 - !'!5 
1- 3 - !>8 
7- 29-- 58 
2 - 13 - 59 
8 - 31 - 59 
12- 1-59 
9 - 21 - &0 
3-7 - 61 
• - 5-61 
9 - 12- 61 
3 - 23-62 
8 - 20-62 

"' " n 
n .. 
"' .. 
"' '" "' ,,. 
"' 

- 6 -~ 720 
12- 17-57 620 
1 - 30 -'6 m 
2 -13 - 39 54.5 
9-2- 59 550 
r2 - 2 - 59 5ro 
9 - 27- 60 ~ 
3 - 7 - 61 !MO 
8 - ! - 6' ~ 
3 - 7 - 62 5 

,,_,_,, ·1 9 - 22-ED 19 
3 - 7- 61 18 
8 - 3 - 61 19 
3 - 8 - 62 8 
8 - 23 -E2 18 
ANTONIO 

9 - 22- 60 11!1 
3 - 9 - 61 16 
4 - 14 - 6! 13 
8 - 23 -62 17 

4-11 ·- ~ 
12 - 6 - ~ 
8 - 8 - 57 
12 - rr - sr 
7- Xl - '6 
12 - t7 - 59 
2-5 -- 59 
9-2 - 59 
12-2 -· 39 
9 - 27- 60 
!'! - 2 - 61 
8 - 2'4- 61 
3 - 8 - 62 
8 - 22 · 62 

~J 
;:, I 

0 

u 

HAYS 

' 

12 - 8 - 59 332 
3 - 8 - 61 312 
5 - 2 - 61 )13 
9 - 15 - 61 ~ 
3 - 6 - 62 l20 
9 - 18 - 62: 312 ; 

Q-l!A':-:-Y 
7 - ~ - ~ ll2 
2 - 1J - !i9l0 
9 - 3 - 59 33 
12 - 4 - !'!9 35 
9 - 27-6' 27 
3 - 8 - 61 2B 
9 -16 - 61 26 
3 - 6 - 62 27 
9 - 18 - 62 27 

I 
I 

COUNTY 

' 

-•-!!II 
7-"'-~ 
2-11-~ 
12-1!1-59 38 
- a-ea 40 
-e-• '9 

·-·-" ""' 12- 7 - 59 2&0 
3 - 3 - 61 '6llO 
9-i!>- 61 ~ 
3-8 - 62 168() 

t-l!o - 81 40 
3-6 - 62 42 ""\ 

' 
{J~~-:~ rs ~ 

3 - 8 - 61 2fi 
5 -2~ 26 
9 -15 - 61 ~ { 
9 - 17 - 62 26 

/, 
2 - 13-!!6 26 
12-6-56 28 
8-9 - !17 31 
12 - 17 - 37 26 
12- 2-!19 24 
7 - 31 - '6 24 
9-3 - !19 26 
9-27- 60 26 
3 - 7-61 l5 
9 - 15 - 61 24 
2 -19 - 62 24 

4 - 11 - 50 390 
12: - 7 - 56 4J60 
8 - 13 - 57 2!IOO 
7- 30-58. 490 
2: - 13 - 59 390 
9 - 3 .- 59 430 
12 - 2-~9 392 
9 - 27 -60 420 
3 - 7-61 325 
9 - LJ - 61 3~ 

IO -~-~ 

11 - i!" -'9 
, - 3-61 
9 - 13 - 61 
3 - 7-62 
I0-3 - "2 

\ 

12 - 7 - 59 
IG - 0 - &0 
3 - 2 - 6 1 
e- Kl - 61 
3 - 16 - 62 

0 ' 

11 - 25·59 
IO- I0-6 0 
3 - 2 - 6 1 
B- 4-61 
3- 13- 62 

IO - S - 62 

• 
SCALE IN 

' 
Mtt..ES 

£ )( PL ANAT ION . 

---~OD W.i.TER 
8.AO WATER 

a WE LL LOCAT ION 

WE L L NUMBER 

,/ 

' 

111 - 45 

B-21 · &1 DATE SAMPLE COLL E CTE: O 

"' CMLORIDE • P F'M. 

THE SECONO NUMBER FOLLOWING 

THE OATE IN ATASCOSA, UVALDE 

AND KINNEY COUN TI ES IS THE 

SULFATE CONTENT IN P;P.M . 

"' '" "' '" "' "' "a 


	203_Cover
	203_1
	203_Plate1_8x11
	203_Plate1_after section 1

