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ABSTRACT

Trichlorofluoromethane, an entirely man made material, has become a de~
tectable component of the atmosphere. Because of.its unique atmospheric hig-
tory, the presence of CClgF in ground water is potentially significant in
terms of ground-water age. The age relationship stems from the fact that
precipitation, exposed to CClgF in the atmosphere, will pick up an amount that
ig proportional to the atmospheric CClBF concentration. If a portion of this
water infiltrates into the subsurface to become ground water, it can be dif-
ferentiated from older ground water (that infiltrated prior to the build-up
of CC13F in the atmosphere) on the basis of its CCIBF content.  In order to
evaluate the temporal significance of CC13F in ground water, preliminary in-
vestigations were conducted in three areas where the hydrology was well under~
stood and where tritium measurements had been made in the past. The? were:
the Wharton tract of southern New Jersey, Hot Springs National Park in Hﬁt
Springs, Arkansas, and the Edwards aquifer of south central Texas. Good agree-
ment was observed between the CCl3F data and the known hydrology.

'

All CCl3F measurements were made in the field with a portable gas chromato-

graph especially designed and built for this purpose.
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Trichlorofiuoromethohe (CClqb or F-11), a compound widely kaown by
the aulont Lrade name "Freon-1l", was first commercially produced in the
United States by Kinetic Chemicals, Ine. at Decpwater, New Jersey, in
1931 (Hamilton 1963). F-11 and F-12 (00121?2) quickly became the most
widely used gases in the refrigeration and air conditioning industries.
By 19&3, the aecrosol industry began using chlorofluoramethanes as
propellants in spray cans (Hamiltonm, 1963} and since then, the acrosol
industry has developed into the largest single user of these compounds
(IM05 Task Force 1975). |

The industrial history of chlorolluoromethanes is of particuler
intorest due to their present environmental distribution. Chlorofluoroc-
methanes are measurable everywhere in the troposphere (lowest 10 to 15
¥m of earths atmosphere, immediately below the stratosphere) and in
portions of the stratosphere, (Lovelock, 197k Hester, ct al., 1975;
Grimsrud and Rasmussen, 1975). Values reported for F-11 in the lower tropo-
spherc have ranged between 50 ppiv and 500 pptv (1 pptv = 10'120m3 Full/cm3
air), with the lowest concent;ations over the open ocean and the highest
concentrations over cities and densely populated industrial regions.
Becauge Fell is believed to be entirely mammade (Lovelock 1971), its
presence in ground water is significant in terms of the ground-water age

(Thompson ct al., 197k), the age being the time since the water entered

the ground as recharge. ”

The release of F-L11 to the atmosphere is believed to have been roughly
proportional @oaits rate of production, which is known to Mave increasged
exponentially from atxleast 1956 to the mid 1970's (Rowland and Molina,
1975). Because F-11 dissolves in water to some extent, the average F-11

content of precipitation and ground-water recharge in any given geographic

area should have increased proportionately with atmospheric levels.
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Therefore, CC13F concentrations in ground water should vary inversely
with ground water age up to a wavinmum of about 30 years.

It very recent recharge containing CClBF mixes with water severul
thousand ycars old, the resulting mixture will have an apparent age
based on its CCl3F content, of less than 30 or L0 years, and therefore,
would be completely misleading. If the oldest water in the mixture is
no more than 30 or 40 years old, the apparent age of the mixture based
on CC13F content is more meaningful. Stricily speaking, the presence
of CClBF {of atmospheric origin) indicates that the water contains some
recharge since the 1930's. In this report only relative ages within a
given system are inferred from the CCIBF concentrations. Absolute ages
are not estimated due to uncertainties about the historical build-up
of CCl3F in the atmosphere, and lack of knowledge about ages of ground-
water mixtures.

Due to the lack of previocus 0013F meésurements in ground Yater,
the principal interest of this research has been investigation of the
basié relationship between CC}3F concentration and ground water age.

As a first approach to this problem, the 0013F distribution was examined
at sites where the hydrology had been extensively studied, and where
tritium measurementsvhad been made in the past. Thus, the F-11 data
could be-evaiuated by comparison with the known hydrology and inferred
ground-water ages. Three areas were iﬁ%estigated: the Wharton Tract of

southern New Jersey, the waters of Hot Springs National Park, Arkansas,

and the Edwards-aquifer of south central Texas.

®
«




Procedures

A1l F-11 concentrations were measured in the field at the sampling
site using a field operable gas chromatograph specifically designed
and built for this purpose {Thompson, Ensman, Hayes, in preparation).
Its features include: a pulsed electron capture detector (Lovelock,
1963), a special sample handling system to remove Fell from water
and inject it onto a chromatograph column, and electronic peak integration
with digital zs well as analog oulput for rapid data processing.

Trichlorofluoromethane measurements were made in the field, immedi-
ately upon sampling, in order to avoid contamination. The ubiquitous
distribution of F-11 in the environment virtually assures that water
samples containing less than ambient CClgF levels will be contaminated
if stored for several days or longer.

In the field, samples were collected in 30 ml glass syringes %o
reduce air contact. After collection, a sample was immediatel& injected
into the instrument sample handling system for analysis. All analyses
at the Wharton tract and at Hot Springs, Arkansas, were made from 60
wml samples. In the Edwards aquifer study, 30 ml samples were used.

Ground.water samples in the Wharton tract were pumped from the
existing'l 1/k inch ;bSQrvation wells using an engine driven centrifugal
suction pump. Samples for analysis wert collected from the pump
impeller housing with a syringe. ©Surface water was sampled directly with
the syringe. Uge of the pump seemed to inﬁroduce & glight F-11 bhack-
ground, probably due %o a small amount of air leakage in the suction
line. As e result, the threshold of reliasble F-11 detection for pumped
samples is about 0.0l ppt, otherwise maximum sensitivity under ideal

conditions is probably closer to 0.001 ppt. However, quantification




near the absolute detection threshold could be in error by a factor of
three or more due to the difficulty of accurately measuring a small
chromatographic peak. The difference between pump sampling and direct
syringe sampling was established by using both techniques to sample a
100 ft. deep flowing well adjacent to the Mullica River. In this instance
the syringe method yielded a perfect blank, but a detectable background
was observed in the pumped sawple.

The lot Springs samples were collected in syringes at the public
access hydrants, after verifying that the water passed through a suitable,
non-contaminating plumbing system from the spring to the hydrant., All
ground water samples in the Ldwards aquifer study were collected at the
well head with a syringe.

Standards for calibration of the electron capture detector were
prepared by serial dilution of water samples, starting from a gravimetrically
prepared solution of 1.48 g CClaF in 250 ml ethanol. Details of this
procedure are given by Thompson,'MatthEWS, and Hayes (1977).

The general precision of the techniques used in this study can be
judged from the duplicate and triplicate analyses reported in Tables ! and
2, TFor twelve pairs of duplicate measurements and two scts of
triplicate measurements (LJ-1, 2J-1,2j-2, 6J-1, 5, Feb.; 3J-1, 3J-2, §,
9, May, Table 1; 1-7 Table 2), the calculated relative standard deviation

for individual measurements is 0.4 percoeat,
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Table 1. Tritium and CCL.F measurements ih the Wharton Tractk.

3
Tritium (TU)Z CCi,F {ppt) CCL.F (ppt)
location no. 1958 Feb. 11- b, 1976 May 23 -25,. 1976

1J-1 112 gB 0.06 0.02
152 b5 ND ND
1J-3 8 h A
1J-k 2 NA NA
2J-1 87 0.ko, 0.4C 0.66
2J-2 3k 0.02, 0.02 ND
2J-3 26 ND ND
2J-k 2 ND NA
3J-1 108 0.46, 0.46 0.74, 0.7h
3J-2 48 ND 0.07, 0.09, ©.09
3J-3 31 A ND
3Tk 0 HA NA
Lg-1 131 0.11, 0.08
L2 35 D ND
hJ-3 oe NA A
BTl 0 NA NA
63-1 147 0.07, 0.07 ND
6J-2 21 ND ND .
6J-3 8 A NA
6J -k 0.8 NA NA

5 0.91, 0.90 (3.7°C)

6 0.11 (7.5°C) 0.01

7 0.29 (7.5°C) 0.21, 0.3k (17°C)

8 0.91 (3.79) 0.48, 0.k4, 0.40 (20.2°C)

Lumbers refer to Figure 3A.

“Carlston ot al. (1960)

3not detectable <0.0L ppt. v
hnot analyzed




Comments

Happy Hollow Spring

Wittington Avenue

private well
Hueco Spring
Guadalu@e River
San Marcos Spring
private weli
érivate well
private well,
slight H,8 odor,

ne #.11 detectable

municipal well, no
F-11 detectable

municipal well,
chromatographic
interference,

slight trace of

fable 2. Tritium and CCl.F measurements from Hot Springs National Park,
Arkansas and the Edwards Limestone, Texas.
nap .
no. USGS no. Tritium (TU + 14) F-11 (ppt)
Hot Springs1
31:31100930253C1 1.1 + 0.6 0.003
343052053050802 2.8 + 0.5 0.003
Spring
Texas2
1 AY-68-27-515 43 + 2.4 0.60, 0.60 (0.60)°
2 DX-68-15-G01 sh + 2.9 0.hk2, 0.47 (0.L45)
3 0.52, 0.52 (0.52)
4 LR-67-01-801 26 + 2.1 0.27, 0.26 (0.26)
5 DX-68-22-801 21 + b1 0.20, 0.28 (0.24)
&  DX-68-30-312 3+ 0.4 0.14, 0.17 (0.16)
7 KY-68-30-601 O.4 + 0.7 <0.,05
8  AY-68-37-701 0 - 5.k £0.05
9 AY-68-35-90h : 2 + 0.7 €0.15
4
Fall
10 AY-68-29-109 5.4 + 0.4 0.31, 0.29 (0.30)

1

USGS number and tritium data from Bedinger, et al., 1974,
2U8GS number and tritium data from Pearson, et al., 1975.
3(0.60) average of duplicate measurement.

municipal well,
sample clouded
with fine bubbles




New Jerscey

The Wharton Tract is an arca of 150 square miles located in the
Mullica River basin in the Pine Barrens region of southern New Jersey
(Fig. 1). This area was purchased by the state in 1954 for potential
use as a public water supply. The principal aguifers in the arca are
the Kirkwood Formation of middle Miocene age and the Cohansey Sand
Formation of Miocene and Pliccene age {Rhodehamel, 1973). In this study,
all grounﬁ«water measurements made were within the Cohansey Formation,
which congists of unconsolidated sediments, dominantly yellow (1imonitic)
quartz  sand with miner amounts of gravel, silt, and interbedded clay
(Rhodehamel, 1973). The project area is on a natural levee along the
west bank of the Mullica River, 2% miles north of the village of Batsto.
The site consists of a series of well clusters arranged along a line
perpendicular to the river (Fig. 2). FEach cluster consists of four wells
écreened at different depths: 1) the water table surface, 2) 25 ft.,

3) 50 f%., and 4) 100 ft. Clay layers occur between the 25 ft., 50 ft.,
and 100 f£%. zones; however, confinement is not complete and a hydraulic
cornection exists from the water table to a depth of 100 ft. or more
(Lang, 1961). A profile sketch through the "J line" (Fig. 3) shows the
wells and other locations that were sampled for Tritium in 1958 (Carlston
et al., 1960}, and for CClsF in 1976. Fhe water level measured in ecach
well during February and May, 1976, is also shown in Figure 3. The water
Jevels at sites 2J and 3J show a descending gradient, thus indicating that
2J and 3J are'ié an arca ol recharge. A%t the east end of the profile,
particularly in site 6J, the hydraulic potential increases with depth, thus
indicating that water is moving vertically upward near the river.

The 1958 tritium measurements from Carlston et al. (1960) for the

"J line" arc given in Table 1. These results show that tritium is most
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Hap of southern lew Jersey showing the location of the Wharton
Tract and project area on the Mullica River.




9
MULLICA R. N

2

92.6
92.4
92.2
82.0
918
918
9.4
1.0
908
90.6

SWAMP

0 100

| I S—

FEET

Figure 2. Map of the study area in the Wharton Tract showing location
of "J line" wells adjacent to the itullica River. Contours
sliow water levels in 25 ft. deep wells, and “ndicate
ceneral direction of ground water movement, Redrawn from
‘Lang (1961), datum assumed, 0.2 ft. contour interval.
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abundant at the water table surface and decreases with depth, which is

the distribution expected in a water table aquifer. The tritium data
indicated that the 1954 recharge front had reached the zone between the

30 and 100 ft. deep wells in 1958, This front should correspond approxi-~
mately to the depth of 1972 recharge during this study. Thus, the water

at the 50 ft. depth should be no more than 4 vears old. The high tritium
abundance (147 TU) at the water table surface at site 6J-1 (Fig. 3)
indicated little or no dilution of the recent shallow ground water by

older water (depleted in tritium) ascending from depth. If dilution by
older water had been taking place, the tritium abuadance at this site would
have been considerably lower than at the other water table locations. The
absence of dilution effects at 6J-1 is rather surprising in view of the
ascending gradient at that site (Fig. 3). However, Carlston, et al. {(1960),
also reported that tritium levels in the river, during a time when it was
at base flow, approximated tyitium levels in recent precipitation.s This
observatién was consistent with the high tritium levels at 6J-1 because

it further indicated that the river was fed predominantly by recent

ground water moving horizontally along the water table surface, and not

by older water seeping upward through its bed.

Nevertheless, water-level elevations measured at the locations shown
in Figure 2 in June, 1960 (Lang, 1961) indicated that some discharge of
deeper ground water was occurring. Water elevation contours for the 25 ft.
level (Fig. 2) showed that discharge was taking place principally in the areé
of the closed contoég, about 150 fr. south of site 6J, and in the area
ernclosed by the 90,6 ft. contour line beginning about 100 fr. to the
north of site 6J. Lang {1961) suggested that bog iron deposits under
the river may prevent the discharge.of water into the river in some

places. Later, Lang and Rhodehamel (1962) clearly demonstrated by means
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~ of piezometers placed one and two fect deep in the river bottom that

ground water was discharged vertically into the river through its bed

in the test area, and that discharge was controlled locally by the

condition of the river bed in terms of scour and integrity of the underlying
bog iron. The principal discharge areas delineated by Lang and Rhodehamel
(1962) ‘were short distances north and south of 6J, corresponding
approximately to those indicated in Figure 2.

In summary, the following points can be made regarding the previous
work: 1) The 1958 tritium data indicated that horizontal movement of
ground water predominates even though upward movement of ground water is
indicated by the piezometers near the river, and four year-old water has
reached a depth of at least 50 ft., 2) The piezometric data from Lang
(1961), and Lang and Rhodehamel (1962) demonstrated that upward moving
ground water enters the river through its bed, the principal points of
discharge within the project area being short distances north and gouth

of site 6J.

CCl3F Measurements

In February and May, 1976, F-11 concentrations were measured in the
"J line" wells, the adjacent swamps, and in the Mullica River (Table 1).
Afrer verifjing that CC£3F dimishes with depth, measurements were not
made bélow the point where CCL3F could no Ibnger be detected, and the
wells that were omitted for this reason are indicated ian Table 1 by
the abbreviation "NA" (not analyzed).

The highest F~lI’val;es,‘O,9l ppt (1 ppt = lO"gg/l Ho0), were measured
in the surface water (sites 5 and 8, Fig. 3) in February when the water-

temperature was its lowest, 3,7°C. This result was expected because F~11

is more soluble in water at lower Lemperatures,
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The CCl3F was more concentyated at the water table surface than in
the deeper wells, and none could be clearly detected in any of the wells
deeper than 25 fr. This disﬁribution fits the previously established
hydrologic pattern in that the deeper water is older. However, if the
water at the 50 ft. depth is no more than four years old (as the 1958
tritiuﬁ study indicated), it should have contained easily measurable
amounts of CCl4F, Therefore, if the interpretation of the tritium data
is assumed to be correct, and applicable in 1976, an explanation for the
absence of CCl3F in the deeper aquifer is required.

Results obtained in our study of anomalous CClaF in the Edwards
aquifer (Thompson, Matthews, and Hayes, 1977}, in which ppt»lgvels of
F~11 have been traced for distances greater than 70 km, demonstrate that
it is unlikely that sorbtion on aquifer marerial is responsible for the
absence of F-]l1l at depths below 25 ft. These same results indicate that
it is unlikely that the CCl3F has been decomposed in the aquifer, an
assertion consistent with the known high stability of CCLsF in water
(Sanders, 1965; Jchnson, EE.E£-5I1972)° If sorbtion and decomposition
can be excluded, the present results must indicate that the deeper water
is substantially older than had been indicated by the tritium analyses.

Dufing'both sampliﬁg periods the CCL3F concentrations at the water
table decreased markedly in the directrion gf the river. In February,
when the river was at flood stage, the following CCLsF concentrations
(Table 1) were observed: O0.40 ppt, 0.46 ppt, 0.1l ppt and 0.07 ppt'at
sites 2J-1, 35—1: é,,and‘6jwl respectively (Fig. 3).. During May, when
the river flowed completely within its main channel, CCl3F concentrations
were: 0.66 ppt, 0.74 ppt, 0.09 ppt (average), 0.0l ppt, and <0.01 ppt at

sites 2J-1, 3J-1, 4J-1, 6, and 6J-1 respectively. No sample was collected
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at site 4J-1 during February because no water table well was in place at
that site. During the May sampling, a pit was excavated to expose the
water table at the 4J site. The water sampled in the pit showed CCLl4F
concentrations of 0.08 ppt and 0.11 ppt on different days. Dilucion by
older ground water discharging into the river is the most logical
explanation for the decreasing CClgF concentrations near the river. This
explanation is consistent with the observation of an ascending gradient
adjacent to the river, and the near absence of CCl3F in the deeper ground
water of the profile {Fig. 3).

Re-equilibration of the older ground water with the atmosphere takes
place in the seepage area adjacent to the river. Site 6 (Fig. 3}, at the
edge of the seepage area, is a point where ground water appeared to be
emerging from the sediment, and a ground water sample could be collected
there before it received significant exposure to the atmosphere. Site 7
(Fig. 3) was in the middle of the seepage area where the water was five
inches deep and visibly flowing. This water had received significant.
exposure to the atmosphere aﬁd, as expected, contained CCliyF concentrations
that were intermediate in value between the fresh seepage water and the
river water (Table 1}. The analyses at sites 6 and 7 indicate that
atmospheric exposuré of ground water is likely to result in transfer of

0613F to the water and not the reverse,process.

Conclusions

The distriﬁgticn of CCL3F in the ground water at the Wharton tract
can be logically explained in terms of the hydrology. The ascending
hydraulic gradient near the river, the absence of CClgF in deeper ground
water, and the observed decrease in CCl3F concentrations near the river

are all consistentwith a classical circulation pattern in which older
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ground water coutaining little or no CCl3F is moving upward into the
river. The results further suggest that the maiority of the water re-—
charged locally (i.e., between the swamp at the west of the study area
and the river, Filg. 2) moves along the water table surface to the river
without appreciable circulation below the 25 ft. horizen.

The CClL,F results disagree with the tritium data in that the
tritium study indicates considerably vounger water at, and below, the
530 ft. level. The cause of this discrepancy is not know. Tritium
and CCl4F measurements should be made concurvently in the Wharton Tract

in order to resolve this difference with any certainty.
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HOT SPRIHGS, ARKARSAS

Two springs in the Hot Springs National Park were tested for CC13F
content. The age of the water released Trom these springs is knowm
fram exbensive hydrologic and geochemical gtudy. Tritium and th
analyses of the water indicate that the springs yield a mixture of a
small amount of water less than 20 years old, with a preponderance of.
water about 4,400 years old (Bedinger et al., 1974). The rocks in the
area are Paleozoic cherts, novaculites, sandstones, and shales that
possess fracture permeability. The springs emerge along fault traces
in the illot Springs Sandstone. A summary of the historical work, as well
as the results of a modern hydrogeoclogic and geochemical siudy are given
in the definitive work on the springs by Bedinger et al. (197h).

The tritium content of the two springs tested (Whittington Avenue
Spring and liappy Hollow Spring, Table 2} is very low, less than 3 TU
in both cases (Bedinger et al., 1974), and is attributed to mixing with
a small amount of rccent water (less than one percent) ncar the spring
exit., F-11 values in these springs were also very low, both less than
0,003 ppt. Although the F-11 was visible as a swmall peak in the chromato-
gram, the amount present was well below the range of reliable calibration,
thus o normol meoasurement could not be made. However, using the maximum
value for the F-11 content of the springs (0.003 ppt), and a representative
value Tor recent surface water, O0.45 ppt, a moximum mixing ratio of 0.7
porcent is indicated., In this regard, the F-11 results ogree very well

with the tritium datas
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TEXAS
The Bdwards aquifer in the San Antonio arca of Texas has been the
subject of extensive hydrologic study, and recent tritium data were

available (Penrson ot al., 1975) making this a particularly valunble

aren Tor correlative tritiun - CCl3F measurenants.

Basic physiography and hydrogeology of the Edwards Limestone

The arca drained by the Edwards Limestone lics within two physio-
graphic regions, the BEdwards Plateau of the Great Plains Province to
the north and northwest, and the Wesgt Guif Coastal Plain of the Coastal
Plain Province on the south and southeest. These regions are separated
by an intensely fauwlted area known as the Balcones fault zone (Fenneman,
1931), The Bdwards aguifer referred to in this report is that portion
of the Edvards Limestone that lies within the faulit zone and cxtends
Tram o fow miles west of the Uvalde County-Kinney County boundary in
the west to an arca northeast of the Blanco River in Hoys County on the
eastern end. The width of the aquifer is generally measured from the
outerop of the Edwards Limestone in the north and northwest to the
sulfide line in the south and southeast (Fig. 4). The sulfide line
marks the boundary where circulation of water becomes very slew. The
waber south and east of this boundary gpntains hydrogen sulfide gos and
is hipghly mineralized.

The aquifer is approximately 130 miles long and varies from 5 to Lo
miles in.widthac Recharge is larpely from seepaege of streams that cross
the outerop area of the Fdwards Limestone in the Balcones fault zone.
The general flow of water in the aquifer is to the east and northeast,

toward natural discharge points at Comal and San Marcos Springs. The
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showing sample locations within the Ldwards Limestone.
Recharge occurs primarily in the Edwards outcrop area and
moves east and northeast to discharge areas at Comal and
T San Marcos Springs. o




19

geology and hydrology of the Edwards aquifer have been described by a
number of investipators (Sayre and Bennet, 1942; Ceorge, 1952: Pettit
and George, 1956; Arnow, 1963; DeCook, 1963; Pearson et al., 1973; HMaclay

and Rettman, 1973; Abbot, 1975).

Anomalous CCl3F in the Edwards Aguifer

Initially, the work in the Edwards aquifer was confused by the

discovery of anomalcus CCl3F concentrations, too high to be of atmospheric

origin, in the northeastern portion of the aquifer. Anomalously high
CCL3F levels in ground water would logically be associated with possible
sources of municipal or industrial pollution. This compound could have
entered the ground water through direct contact with waste containing
dissolved CClsF in relatively high concentration. But in this case,
there was no obvicus (or even remote) reason for the high F~11 values

in the relatively rural area where it was first discovered. Therefore,
some understandiqg of the distribution of the anomalous CCl3F had to be
obtained before any meaningful correlation between the tritium and F-11
measurements could be attempted ia the Edwards aquifer. As a result,
mapping of the anomaly became a major focus of the Texas work. Tﬁe
investigation revealed anomalous points arranged in a line generally
decreasing in concentra;ion along an expected ground water flow path
that extended from the northwest corner of  San Antonic, 46 miles north-
cast in the Balcones fault zoﬁe. With the T-11 anemaly tentatively
delineated, the age implications of the CC13F data from sample areas
away from the plume éould be evaluated. A detailed report of the
investigations of the anomalous CCl3F is given by Thompson, Matthews,
and Hayes (1977); here we concentrate on ambient levels as possible

ground water age indicators.
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Commaricon of Ambient F-11 and Tritium dnta

Although the sampling program and analytical procedures used in the
Edwards aguifer study were geared specifically to the problem of findihg
and measuring anomalously high F-11, many of the sites contained F-11 at
ambicnt levels (CCZ3F concentration equal to or less than the amount
required to be in equilibrium with the present atmosphere)., The locations
where ambient CClsF levels were observed are indicated in Figure 4, and
o comparison with the tritium data (Pearson ct al., 1975) is discussed
velow., Most of the tritium analyses are from samples collecﬁed in 1970
and 1971.

Hueco Spring (No. 2, Fig, 4) in Comal County (0.45 ppt F-1l, s TU
tritivm) containg both high F-11 and high tritium values, typical of very
recent water., These results are consistent with hydrologic data that
show that this spring has a very short term circulation system, most of
its water being recharged locally (George, 1952). San Marcos Springs
sin Hays Comnty (0.25 ppt, 26 TU) is known to release some water that 1s
very old, having been rechargéd in the western portions of the Edwards
system along with some recent water that was recharged more locally
(DeCool, 1963). Both the F-1l and tritium at San Marcos are reduccd in
approximately the same proportion from the Hueco Springs value; by aboub
50 percent. Well number 1 in Bexar Couaty (0,60 ppt, 42 TU) is located
in the Tdwards outcrop area in the vicinity of Leon Creck. The well is
in a recharge arce of the Bdwards (Arnow, 1963), and the F-11 and tritium
values are quite high as expected for reccent water.

Wells 5, 6, and 7 are located along a line that reaches Irom the
RBdwards outerop in Comzl County, across the main Edwards flow systen to

the sulfide line (Fig. L) in Guadalupe County. In these wells, ihe
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CCl3F analyses and the observed Lritium abundances corrclate quite
satisfactorily. In well 5, both the F-11 concentration and the
tritium abundance have intermediote values, slightly lower than San
Marcos Springs water, placing this water at some intermediate age. Well
6 (3 miles) southeast of 5 and one mile northwest of the sulfide boundary,
has moderately old water. Both the tritium and F-11 are lower in concenl-
tration than in well 5. Well number 7 is slightly below the sulfide line,
and no P-11 or tritium was detected. Tritium is typically not detectable
across the sulfide boundary (Pearson et al., 1975). Well 8 in Bexar
County is located on, or slightly north of, the sulfide line, No F-1l
was detected, but seven tritium measurcments made between 1963 and 1971
have been cuite varisble with time, ranging between O and 5.4 TU.
Wells 9 and 10, in Bexar County, are the only remaining sites for which
there are hoth P-1l and tritium data. Well 9 appeared to have a very
small amount of F-11, but it was not measurable due to chromatographic
interference from an unknown compound., Well 10, located near Lhe Edwards
ouberop arca, has intermediate values of both F-11 and tritium, but in
this sample the F-11 is disproportionately high for the relatively low
tritium. It appeared, however, that this well was allowing partial
aeration of the sample and thus F-11 contamination, because the water.

was clouded with very fine bubbles as it came out of the well.

"4
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CONCLUSION

The results of these studies present a very favorable outloock for the
development of CCl3F analyses as a useful hydrologic tool.

At the crudest level, analyses at Hot Springs and at some sites in
the Edwards study show that old ground water can be clearly recognized on
the basis of its zero Freon content.

Furthermore, the Edwards results show that quantitative interpreta-
tions can be made when samples approximate simple binary mixtures of recent
and old water.

It is to be hoped that more detailed chronological judgements will
eventually become possible, allowing age estimates to be made for water
samples containing intermediate Freon concentrations. The Wharton tract
study was designed to demonstrate this possibility, and, to the extent
that it has proven possible to suggest an entirely plausible groundwwater
circulation pattern, can be judged as a partial success. On the basis
of the tritium analyses, however, it had been anticipated that intermediate
Freon concentrations would be found at greater depths and that a more
complete investigation of detailed Freon vs. age correlations would be

possible. Such work has a high priority for the future.
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