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CONVERSION FACTORS, VERTICAL DATUM, ABBREVIATED WATER-QUALITY UNITS, AND

ABBREVIATIONS

Multiply By To obtain
acre 4,047 square meter
acre-foot (acre-ft) 1,233 cubic meter
acre-foot per year (acre-ft/yr) 1,233 cubic meter per year
foot (ft) 0.3048 meter
foot per day (ft/d) 0.3048 meter per day
foot squared per day (ftz/d) 0.09290 meter squared per day
gallon (gal) 3.785 liter
gallon per minute (gal/min) 0.06308 liter per second
inch (in.) 254 millimeter
mile (mi) 1.609 kilometer
mile squared (mi?) 2.590 square kilometer
million gallons (Mgal) 3,785 cubic meter
million gallons per day (Mgal/d) 0.04381 cubic meter per second
Temperature

degree Celsius (°C)

°F=18 X (°C + 32)

degree Fahrenheit (°F)

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929--a geodetic datum derived from a general
adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of 1929.
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Per mil: A unit expressing the ratio of stable-isotopic abundances of an element in a sample to those of a standard material. Per mil units are
equivalent to parts per thousand. Stable-isotopic ratios are calculated as follows:

R (sample)

¥X = (R(standard) -

1) x 1,000,

where X is the heavier stable isotope, and
R is the ratio of the heavier, less abundant stable isotope to the lighter stable isotope in a sample or standard.

The & values for stable-isotopic ratios discussed in this report are referenced to the following standard materials:

Element R Standard identity and reference

oxygen oxygen-18/oxygen-16 (51%0) Vienna-Standard Mean Ocean Water (Fritz and Fontes, 1980, p. 11)

hydrogen hydrogen-2/hydrogen-1 or deuterium/protium (8D)  Vienna-Standard Mean Ocean Water (Fritz and Fontes, 1980, p. 13)

boron boron-11/boron-10 (811 B) National Bureau of Standards-Standard Reference Material 951
(Bassett, 1990)

nitrogen nitrogen-15/nitrogen-14 (SISN) Standard atmospheric nitrogen, referenced to National Bureau of

Standards, NBS-14 nitrogen gas (Fritz and Fontes, 1980, p. 16)

Abbreviated water-quality units:

pg/L, microgram per liter
mg/L, milligram per liter
ng/L, nanogram per liter

Abbreviations:

EMMA, end-member mixing analysis

FHWRP, Fred Hervey Water Reclamation Plant
ft-MSL, feet above mean sea level

HBRP, Hueco Bolson Recharge Project

mV, millivolt

N, nitrogen

ohm-m, ohmmeter

THM, trihalomethane

USGS, U.S. Geological Survey
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Figure 7. Cumulative volumes of injected water from the Hueco Bolson Recharge Project area, El Paso, Texas,
water produced from adjacent wells, and the cumulative difference between injected and produced volumes.
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Table 1. Calculated average linear ground-water velocities in the Hueco Bolson Recharge Project area, January

1991

[ft-MSL, feet above mean sea level; {t/ft, foot per foot; ft/d, foot per day]

Nearest Nearest Potenti Average
upgradient well downgradient well otentio- . . linear
metric Porosity Hydraulic ground-
head (decimal  conductivity
Number Water Number Water gradient fraction) (ft/d) watgr .
level level (fvft) velocity
(ft-MSL) (ft-MSL) (fv/d)
North of injection wells:
6-402 3,650 6-405 3.649 0.0012 0.20 55 0.33
5-602 3,650 5-618 3,646 .0030 20 85 13
South of injection wells:
5-621 3,644 5-604 3,638 0022 20 63 .69
5-625 3,641 5-603 3,631 0035 .20 78 14

! Calculated using equation 2.82 (Freeze and Cherry, 1979, p. 71).

with dissolved-solids concentrations ranging from
1,000 to 3,000 mg/L (Roger Sperka, El Paso Water
Utilities-Public Service Board, written commun.,
1990). Pumping-induced flow of saline water toward
wells that are screened at depths near the interface
between the freshwater and saline-water zones also
could increase ground-water salinity.

SELECTED WATER-QUALITY ASPECTS
Injected Water and Other End Members

End members used to determine the contribution
of different solute sources to ground-water chemistry
were initially described using water samples represent-
ing major sources of recharge and solutes to ground
water. They are:

1. Injected water--This end member represents the
chemistry of treated water that is injected into
the Hueco bolson aquifer by the HBRP. Sam-
ples of injected water were collected at the
wellheads of injection wells 5-613 and 5-624
before injection.

2. Irrigation-affected water--This end member rep-
resents the chemistry of ground water that is
affected by dissolved solids leached by infil-

trating water from the irrigation of the former
dairy farm. The water chemistry of the irriga-
tion-affected water end member was defined by
an analysis of a 1990 water sample from well
5-602 (fig. 8A). Increased chloride, dissolved-
solids, and nitrate concentrations in water from
several wells that are downgradient from the
former dairy farm were attributed to irrigation-
affected infiltration (White, 1983, p. 52-64).
Chloride concentrations in water from well
5-602 have ranged from 391 to 451 mg/L
between 1980 and 1990 (fig. 8A; table 2, at end
of report). White (1983) described the water
chemistry at well 5-602 as affected by irriga-
tion at the former dairy farm.

3. Saline water--This end member represents the
chemistry of slightly saline water from below
and laterally adjacent to the freshwater part of
the Hueco bolson aquifer. The water chemistry
of the saline-water end member was defined
by an analysis of a 1991 water sample from
well 5-303 (fig. 8B). The concentration of
chloride in the 1991 sample (980 mg/L) (fig.
8B; table 2) is similar to those in samples of
slightly saline water collected in 1955 from
836 to 857 ft below land surface (896 mg/L)

14 Hydrogeology and Selected Water-Quallty Aspects of the Hueco Bolson Aquilfer at the Hueco Bolson Recharge Project Area,
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and from 900 to 922 ft below land surface (960
mg/L) (Parkhill and others, 1990). The 1991
nitrate concentration is closest to the 1964 and
1970 determinations of nitrate before the
effects of the dairy-farm irrigation were appar-
ent (fig. 8B). The end-member chemistry of
saline water is adequately represented by the
1991 sample.

4. Freshwater--This end member represents ground
water with dissolved-solids concentrations less
than 1,000 mg/L that predated the human-
affected sources of recharge described in this
report. Wells with water quality meeting these
conditions include 5-204 and 5-301 that are
upgradient from the HBRP area and 5-501,
5-607, and 5-615 that are downgradient from
the HBRP areca (White, 1983, p. 60).

Samples of water from wells near the unlined
oxidation ponds at the FHWRP, water from the unlined
oxidation ponds, water from the seepage pond at the El
Paso Natural Gas compressor station, and water from
residential septic-system seepage from the Futureland
subdivision either could not be sampled or were outside
the scope of this project. An end-member representa-
tion of the water chemistry of infiltration from these
sources therefore was not made.

Water Chemistry of End-Member Tracers

Potential chemical tracers of injected water and
other solute sources in ground water were selected
from among chioride, bromide, iodide, nitrate, boron,
and the stable-isotopic ratios of hydrogen (8D), oxygen
(5180), and boron (8“B). A tracer is matter or energy
carried by a medium that can indicate the direction and
velocity of its flow in the medium (Davis and others,
1985). Anideal ground-water tracer (1) travels with the
same velocity and direction as ground water, (2) does
not interact with the aquifer solids, (3) is introduced in
concentrations that are substantially different from
background water in the aquifer, (4) is nontoxic, and
(5) does not modify aquifer properties. The following
discussion focuses on characteristics (1), (2), and (3) as
related to the potential tracers listed above. None of the
potential tracers are toxic in concentrations previously
determined in ground water in the study area (Roger
Sperka, El Paso Water Utilities-Public Service Board,
written commun., 1992). The potential tracers do not

measurably affect the aquifer properties of the bolson
sediments.

Chloride and bromide are not appreciably
affected by oxidation-reduction reactions, adsorption
on mineral surfaces, or mineral precipitation that would
affect their transport in ground water (Whittemore,
1988, p. 340). Iodide is very water soluble but its trans-
port can be retarded by sorption onto natural organic
matter (Lloyd and others, 1982, p. 250; Davis and oth-
ers, 1985, p. 96). Potential sources of chloride, bro-
mide, and iodide to ground water near the HBRP area
include injected water, leaching of soluble chloride-
and bromide-containing minerals by infiltration of irri-
gation water, and water from the saline zone of the
aquifer.

Nitrate is a possible tracer in oxidizing ground
water because of its stable anionic form and its lack of
solubility and sorptive constraints (Freeze and Cherry,
1979, p. 413). Reduction of nitrate by denitrifying bac-
teria in oxygen-limited environments, however, can
remove nitrate from ground water and limit its use as a
tracer. Oxidizing conditions, as indicated by measur-
able dissolved-oxygen concentrations in ground water,
must be demonstrated for nitrate to be applied as a
ground-water tracer. Potential sources of nitrate to
ground water ncar the HBRP area include injected
water and leaching of fertilizers and soluble nitrate-
containing minerals by the infiltration of irrigation
water.

Boron has been used successfully to trace treated
domestic wastewater effluent in sand and gravel aqui-
fers that lack clay minerals (Barber, 1985). The ratio
of 8B also has been proposed as a tracer of human-
affected contamination in ground water (Bassett,
1990). Boron in domestic wastewater originates princi-
pally from the use of perborate bleach additives in
detergents (Waggott, 1969). Boron is also commonly
present in natural waters from the leaching of rocks,
minerals, and soils. Boron principaily is present in nat-
ural waters with pH values less than 9.24 as a neutral
ion pair [B(OH);| (Bassett, 1976). The transport of
boron, however, can be retarded by irreversible adsorp-
tion onto montmorillonite clays like those in Hueco
bolson sediments (Garza and others, 1980). The s'!'B
values of boron also may vary because boron-10 is
preferentially adsorbed onto clay minerals relative to
boron-11 (Palmer and others, 1987).

The stable-isotopic ratios of 530 and 8D are
potential tracers of ground-water flow and mixing
because they are present in the water molecuie itself.

SELECTED WATER-QUALITY ASPECTS 15
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Figure 8. Nitrate and chloride concentrations in ground water in and near the Hueco Bolson Recharge Project
area, El Paso, Texas, for (A) irrigation-affected water from well 5-602 and irrigation-water volumes applied to a
former dairy farm, and (B) saline water from well 5-303.
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As such they are ideal tracers of the different sources of
recharge and the evaporative, mixing, or reactive his-
tory of the water during ground-water flow (Fontes,
1980). Residual waters become enriched in '30 and
dD whenever water evaporates or mixes with an isoto-
pically heavier water (Davis and others, 1985, p. 130-
131). Stable oxygen and hydrogen isotopes can be use-
ful in identifying the residual water from evaporation
because their 31°0 and 8D values are isotopically
heavier than those of normal precipitation. Wastewater
may be evaporated during oxidation-pond storage
before treatment and from open reactor tanks during
treatment. Irrigation water probably was modified by
evapotranspiration from flooded areas during its appli-

Z—EJ 10 T LI [ LU I_rl T T T 'ﬁ_r T TT! LI I T 1 7T 1 I L I B I ' T 71 7 1_17l T T
Op
'EE:E:' 8L |
=w
Za 6 END-MEMBER
L - SAMPLE
(@)X} o
63
og 4+ 4
[o]

o 2| ° .
<= o o
£= o i
EZ o L1 - l 1 i 1 L I 1 H 1 L I 1 1 1L l 11 i IJ_I 1 i1l I I 1 I L 1 1 1 l 11 1 1
5@ 1,000 ]1_'171 EI T T T | T T 17 7T I T T T T | T T T I T T 1T 7 I T I 1T 71 | T T T T I r T T
o
< | i
= 800
E 55 z T END-MEMBER
o 600 2L 45 o SAMPLE |
(Z)U) no o l¢] °

= Wey
8% 400 g2 o % © ]
wb 33 w  oped’

| 18 -
2 B
ilz o 1.1 Lt PI 1L 1 ILI 1 LLl 1 11 l L1 1 1 J 1 1 1 1 I 1.1 1 1 lJ 1 IALl 1 1 1 L
& 1950 1960 1970 1980 1990

cation and by crop consumptive use at the former dairy
farm.

Mixing diagrams for chloride, nitrate, boron, and
5'%0 support the definition of four end members as
contributors to the chemistry of ground water at the
HBRP (figs. 9-11). Chemical analyses of potential trac-
ers and other constituents in water samples are sunima-
rized by end-member category and distance from the
injection wells in table 2. Bromide and iodide concen-
trations and 3D values either provided similar informa-
tion to chloride or §'80 data, or did not differ among
three of the four end members (table 2). Therefore, bro-
mide and iodide concentrations and 3D values were not
used in the EMMA calculation.
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Differences among the end members using chlo-
ride, nitrate, boron, 80, and §''B values are shown in
figures 9 to 13. The chemistry of the end members was
defined using a combination of chloride and nitrate
concentrations and §'*0 values. Injected water did not
have the most extreme concentrations or vaiues of any
of the potential tracers among the four end members
(figs. 9-12; table 2). Irrigation-affected water from well
5-602 had the targest nitrate (6.4 mg/L as N) and boron
(680 ug/L) concentrations of the analyzed end mem-
bers (figs. 9, 10; table 2). Saline water had the largest
chloride concentration (980 mg/L) of all the analyzed
end members (table 2). Saline water from well 5-303
had the smaliest nitrate (0.6 mg/L as N) and boron
(80 png/L) concentrations and the smallest 8180 value
(-10.25 per mil) of all end members (figs. 9-11; table 2).
Freshwater had the smallest chloride concentration of
all end members (fig. 10).

The 8'%0 and 8D vatues for alf end members are
isotopically heavier than those of metcoric water; thus
they fall to the right of the regional meteoric-water line
on a plot of 8D versus 8'%0 (fig. 12). The rcgional
meteoric-water line on the 8D versus §'%0 plotis
defined by values that are typical of regional precipita-
tion from Pacific Ocean air masses (Hoy and Gross,
1982, p. 67). The saline-water sample is isotopically
lighter than all other water samples coliected during
this study. These data indicate that the stable-isotopic
content of ground water has been slightly modified by
evaporation and not by mixing of ground water with an
isotopically heavier brine.

Watcr-quality and microbial data indicate that
oxidizing conditions predominate in ground water at
the HBRP, and thus, nitrate concentrations are suitable
for end-member definition. Dissolved-oxygen concen-
trations in ground water ranged from ().7 mg/L at well
5-303 to 6.3 mg/L in injected water from the wellhead
of well 5-613 (table 2). Aerobic bacteria composed
about 74 percent of the microbial population at obser-
vation well 6-405 and more than 99 percent of the
microbial population at the nine other wells sampled
(Brock and others, 1994). In addition, nitrogen isotopic
ratios of water from local wells (lable 3) arc typical of
nitrate that is predominantly derived from soil nitrogen
with no apparent reduction by denitrification reactions
(Kreitler and Jones, 1975). The 81N ratio ranged from
3.2 at well 5-501 to 7.6 at well 5-204 (table 3) in sam-
ples collected by the USGS in 1988.

Boron concentrations and §' 'B values indicated
differences among the injected water, irrigation-

affected water, and freshwater end members (fig. 13A).
The 8''B values of injected water ranged from 6.0 to
10.6 per mil (fig. 13A; table 2). These values generally
were greater than those from boron in the mineral
borax from Searles Lake, California (-0.9 to 6.5 per
mil; Bassett, 1990, p. 544). Borax {rom Searles Lake is
a major source of the boron in many detergents (Dr.
Randy Bassett, University of Arizona, oral commun.,
1993). These data indicate that boron in the injected
water originated from a mixture of natural and deter-
gent-related sources. The 8'1B values for irri gation-
affected water is among the largest determined for
natural water (Bassett, 1990, p. 544). The mixing
region defined by the !B and boron concentrations of
end members is nonlinear because §!'B is a ratio, not a
concentration (see per mil definition in "Conversion
Factors"), and the boron concentrations of the end
members differ (fig. 13A). This nonlinearity rules out
use of 8! B values in the linearly-based EMMA
method.

Among the potential tracers of injected water,
chloride, nitrate, and 8'%0 have the fewest potential
geochemical limitations to their use. Although boron
concentrations also indicate differences among the four
end members, the potential for sorptive retardation of
boron cannot be discounted easily. Chioride, nitrate,
and §'%0 therefore were used for the EMMA method.

Distribution of Injected Water and Other End
Members in Ground Water

EMMA -predicted concentrations of solute trac-
ers closely agree with the observed analytical data from
ground-water samples (fig. 14). The agreement is criti-
cal to the accuracy of EMMA-calculated contributions
of end members to the chemistry of ground-water sam-
ples (Christopherson and others, 1990).

The EMMA method results indicate that injected
water has reached one production well (5-605) south of
and two production wells (5-601 and 6-402) north of
the injection wells as of the 1991 sampling (fig. 15;
table 4). These results indicate that the residence time
of injected water in the aquifer may be less than the 6
years estimated by Knorr and Cliett (1985). Tracers of
injected water were not present or had not reached
detectable concentrations in samples from the most
permeable parts of the aquifer (wells 5-603 and 5-604)
as of the 1990 and 1991 samplings.
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Figure 12. Mixing diagrams showing the chemistry of water samples from wells in and near the Hueco Bolson
Recharge Project area, El Paso, Texas, for (A) end members, and (B) ground-water samples with respect to

potential tracers of injected water for 3D and 3'80 values.
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Table 3. Sampling information, ratios of nitrogen isotopes (5'°N), and concentrations of nutrients in water from
selected wells in and near the Hueco Bolson Recharge Project area, 1988-91

[N, nitrogen; mg/L, milligrams per liter; P, phosphorus; P>24, well pumped more than 24 hours; <, less than; --, no data;

P<5, well pumped less than 5 hours]

Pumping Nitrite plus Nitrogen, ammonia + Phosphoru
Well Date time before 815N ratio! nitrate, organic, dissolved as totaras st ’
number  sampled sample (per mil) total as N2 N, one determination? (mg/L
collection (mg/L) (mg/L) )
5-204 05/23/88 P>24 7.6 1.2 0.3 <0.01
08/30/90 P>24 - 1.2 <2 < .01
08/23/91 P>24 -- 1.2 <2 < .01
5-501 05/23/88 P>24 32 1.3 2 .01
08/23/90 P>24 - 1.3 <.2 .01
5-602 05/23/88 P>24 -- 6.3 3 01
10/19/88 P<5 6.0 16 - -
10/21/88 P>24 6.3 147 - -
08/22/90 P>24 - 6.4 6 <.01
09/10/91 P<5 - 1.9 3 < .01
09/10/91 P<5 - 19 2 < .01
5-604 05/23/88 P>24 6.2 3.3 <2 01
08/22/90 P>24 -- 3.5 6 < .01
6-402 05/23/88 P>24 5.5 1.8 2 01
09/01/90 P>24 - 1.8 2 03
09/01/90 P>24 -- 1.8 4 < .01
08/24/91 P>24 -- 1.8 3 .01
08/24/91 P>24 -- 1.8 <.2 <01
08/24/91 P>24 -- 1.8 <.2 < 01

! Analysis performed by Global Geochemistry Corp., Canoga Park, Calif.

2 Analysis performed by U.S. Geological Survey except as .ioted.

Water samples that contained injected-water
tracers were grouped into three categories, or water
types, according to their total concentrations of THM
compounds. These 3 water types are: (1) those with
total THM compound concentrations greater than 500
ng/L, (2) those with total THM compound concentra-
tions ranging from 20 to 500 ng/L, and (3) those with
no detectable THM compounds (fig. 15; table 4). A
concentration of THM compounds less than the detec-
tion limit of 20 ng/L. (<20 ng/L) indicated that no
detectable concentrations of THM compounds were in
the water sample. Water samples of type (1) are from
wells 5-621, 5-622, 5-625, and 6-405 that are within
700 ft of an injection well (fig. 16A-C; table 4). A 1.0
fraction of injected water was calculated for type

(1) water samplcs from wells 5-621 (430 and 640 {t
depth of samples) and 5-625 (430 and 605 ft depth of
samples) using 1991 data (table 4). Water samples of
type (2) are from observation wells 5-618 and 5-626
and production wells 5-601, 5-605, and 6-402 (figs. 15
and 16A-C; table 4). Observation well 5-618 is about
300 ft from the nearest injection well, 5-619 (fig. 2).
The remaining wells with type (2) water samples range
from about 1,170 to 2,900 ft away from thc nearcst
injection wells. Water samples of type (3) arc from
wells 6-401 and 6-404.

The distribution of types (1) and (2) water sam-
ples relative to their concentrations of boron and §''B
values indicate that boron concentrations or isotopes
are probably not conservative indicators of the
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injected-water contribution (fig. 13B). The boron data
from several types (1) and (2) water samples coincide
with samples that define the freshwater end member.
Sorption-related changes in concentrations of boron
and its stable isotopes would explain the retardation of
boron migration in ground water reiative to the
injected-water tracers. Changes in the source concen-
trations of boron and its stable isotopes since
reclaimed-water injection commenced also would
explain the differences in these distributions. The prin-
cipal sources of wastewater to the plant remain prima-
rily from domestic and commercial wastewater,
making it likely that the source concentrations of boron
have not changed appreciably since 1985.

The apparent breakthrough velocity of injected-
water tracers through the entire screened depth of the
aquifer was estimated for water samples with fractions
of injected-water tracers that ranged from greater than
0.4 to less than 0.6 and with detectable concentrations
of THM compounds. "Breakthrough" is defined as the
time required for half the original concentrations or
values of injected-water tracers to reach a well. Wells
with a water sample meeting breakthrough conditions
included 5-605, 5-622, 5-625, 6-402, and 6-405
(table 4). When a water sample reflected a break-
through of injected-water tracers between sampling
events (well 6-405), a range of apparent breakthrough
velocities was calculated. When a water sample
reflected a breakthrough of injected-water tracers
before the study (well 5-601), a minimum apparent
breakthrough velocity was indicated by a greater-than
sign preceding the value in table 5. The calculation of
apparent breakthrough velocity was made as follows
(Freeze and Cherry, 1979, p. 390-391);

X

V(app) = : 3)

t t

(c:/c:0 =05 o

where V(app) = the apparent longitudinal break-
through velocity, in feet per day,
from the injection well to the
sampled well;

x = the distance, in feet, from the
injection well to the sampled well;

= the time, in days after a reference
time, when the water sample with a
fraction of about 0.5 injected water,
was collected;

t
(c/c:0 =0.5)

(¢/c o= 0.5)= the position of the advective front at
breakthrough; and

t = the initial time, in days after a
reference time, of the start of
reclaimed-water injection at the
nearest injection well.

The apparent breakthrough velocities of injected water
range from about 0.13 ft/d between wells 5-624 and
5-625 to about 1.3 ft/d between wells 5-616 and 5-605
(table 5). The apparent breakthrough velocity between
injection well 5-624 and observation well 5-625 is less
than the average linear ground-water velocity approxi-
mately between wells 5-625 and 5-603 (tables 1 and
5). The apparent breakthrough velocity between injec-
tion well 5-620 and observation well 5-622 is also less
than the average linear ground-water velocity along a
parallel line between wells 5-621 and 5-604. Disper-
sive mixing is the likely cause for the smaller apparent
breakthrough velocities.

The average breakthrough velocity of injected
water may be slower than the average linear ground-
water velocities because of transverse components of
dispersion and adjective transport. A substantial trans-
verse component to dispersion would dilute injected-
water tracer concentrations more than if transport was
principally in just one dimension. The result would be
a decrease in the apparent, average breakthrough veloc-
ity of injected water from that predicted using a one-
dimensional flow equation. The complete break-
through of injected water at wells 5-621 and 5-625
(injected-water fraction = 1.0) indicates that the effect
of transverse dispersion is not important near these
wells. It is more likely that the effect of transverse dis-
persion and dilution of injected water is more important
at wells 5-622 and 5-626, which are farther downgradi-
ent from the injection wells.

The results of the calculations of average break-
through velocity should be considered "best estimates,"
given the limitations of well construction, HBRP oper-
ation, and nonhomogeneous, anisotropic-aquifer con-
ditions. Water samples used for the EMMA method
were collected from wells that produce from several
hundred feet of aquifer and, therefore, probably repre-
sent vertically-averaged concentrations from several
permeable zones. The equation used to calculate the
breakthrough velocities also assumes that injection
rates are relatively constant with time. However, the
monthly volume of water injected at the wells closest to
the observation wells (6-406, 5-616, 5-620, and 5-624)
was variable during HBRP operation, ranging from 0 to
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Table 4. Calculated fractions of end members contributing to ground-water chemistry in and near the Hueco
Bolson Recharge Project area

[Calculated fractions for a water sample may sum to more or less than 1 because of rounding. Water type: (1) water samples
with total THM compound concentrations greater than 500 ng/L; (2) from 20 to 500 ng/L; (3) <20 ng/L (no detectable THM
compounds); THM, trihalomethane; ng/L, nanogram per liter; Trace, end-member {ractional contribution less than 0.1; --,
injected water fraction too small to classify water type; <, less than]

Well Water Year Depth sampled Injected Irrigation- Saline THM
number type sampled (feet below water affected water Freshwater (ng/L)
Yp P land surface) water
Wells less than 1,000 feet from injection wells

5-618 2 1990 327-705 04 0 0 0.6 160
2 1991 327-705 1 0 0 9 260

5-621 1 1990 430 .8 Trace 0 2 1,900
1 1990 640 .8 Trace 0 2 1,900

1 1991 430 1 0 0 0 990

1 1991 640 1 0 0 0 960

5-622 1 1990 430 6 0 0 4 1,100
1 1990 690 5 0 0 5 1,400

1 1991 430 6 0 0 4 1,400

1 1991 605 .5 0 0 5 1,400

5-625 1 1990 430 6 0.1 0 3 1,000
1 1990 605 5 A 0 A4 1,200

1 1991 430 9 Trace 0 Trace 580)

1 1991 605 1 0 0 0 690

5-626 -- 1990 430 Trace 0 0 9 180
-- 1990 605 Trace 0 0 9 280

2 1991 430 2 0 0 .8 130

2 1991 603 2 0 0 8 390

6-405 1 1990 360-710 4 Trace 0 .5 1,700
1 1991 360-710 7 Trace 0 3 1,200

Wells more than 1,000 feet from injection wells

5-601 2 1990 350-690 ) 0 0 3 50
2 1991 350-690 1 0 0 0 50

5-603 -- 1990 352-657 0 0 0 1 <20
-- 1991 352-657 0 0 0 1 <20

5-604 -- 1990 382-802 0 4 0 .6 <20
5-605 2 1990 343-769 2 Trace 0.1 .6 270
2 1991 343-769 .5 0 1 4 210

6-401 3 1991 348-451 5 Trace A 3 <20
6-402 2 1990 363-670 4 0 2 4 <20
2 1991 363-670 5 0 A 4 130

6-404 3 1991 -- 6 0 3 1 <20
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Table 5. Apparent breakthrough velocity of injected water between selected wells in the Hueco Bolson Recharge

Project area

[>, greater than]

I Distance . (A) Apparent
Injection Sampled between D_atfe of_ﬁrst Date minus breakthrough
well well wells injection sampled (B) velocity
number number (feet) (A) (B) (days) (feet per day)
6-406 6-402 1,200 06-01-85 08-24-91 2,275 0.53
6-405 500 08-28-90 1914
08-30-91 2,281 2210 .26
5-616 5-605 3,050 06-01-85 09-07-91 2,289 1.3
5-620 25622 700 06-01-85 08-24-90 1910 37
5-620 35.622 700 06-01-85 08-29-91 2,280 31
5-624 5-625 300 05-28-85 08-27-91 2,282 13
5-613 5-601 1,100 05-28-85 08-30-90 1,920 >.57

! Apparent breakthrough is defined as the detection of a 0.5 fraction of injected-water tracers in a sample.
2 Sample was collected from a depth of 690 feet below land surface.
3 Sample was collected from a depth of 605 feet below land surface.

about 44 Mgal per month (Brock and others, 1994). In
addition, the velocity calculation assumes that trans-
port of injected-water tracers is through homogeneous,
isotropic granular geologic material (Freeze and
Cherry, 1979, p. 390-391). The average breakthrough
velocities of injected water in table 5, therefore, may
not represent actual velocities in discrete horizontal
zones or alluvial channels within the aquifer.

Samples from wells 5-601, 5-618, 6-402, and
6-405 upgradient from the injection-well array all con-
tained tracers of injected water and detectable concen-
trations of THM compounds (fig. 15). These data
indicate that injection and pumping caused a reversal of
the potentiometric-surface gradient and induced flow
of injected water to the north. The effect of pumping is
not apparent in the water-level contours (fig. 6) because
the water levels were measured when production wells
were not operating.

The detection of injected-water tracers but
no detectable THM compounds [type (3) waters] in
samples from wells 6-401 and 6-404 may indicate the
influence of recharge from septic-system drainage from
the Futureland subdivision or seepage from the unlined

oxidation ponds at the FHWRP (figs. 2 and 15). That s,
the lack of THM compounds in these samples indicates
that the source of the tracers was not from HBRP injec-
tion. Potentiometric-surface data (fig. 6) indicate that
these wells are downgradient (fig. 2) from the Future-
land subdivision and the oxidation ponds.

Water samples with reportable components
of irrigation-affected water include those from wells
5-604, 5-605, 5-621 (1990 samples), 5-625, 6-401,
and 6-405 (table 4). These wells are in the region that
has been influenced by irrigation-affected changes in
dissolved-solids concentrations (White, 1983, fig. 32b,
p. 60). Only the 1990 samples from wells 5-604 and
5-625 contained fractions of irrigation-affected water
greater than or equal to 0.1.

Water samples with fractions of saline-water sol-
utes that are greater than 0.1 include those from wells
5-605, 6-401, 6-402, and 6-404 (table 4). These four
wells are all located in the easternmost part of the
HBRP arca where the saturated thickness of the fresh-
water part of the Hueco bolson aquifer is smallest
(White, 1983, fig. 36).
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Distribution of Trihalomethane Compounds in
Ground Water

Total concentrations of all THM compounds, in
injected-water samples before injection, ranged from
18,400 to 34,600 ng/L (table 2). These concentrations
were less than 35 percent of the current maximum con-
taminant Ievel of 100,000 ng/L (or 100 pg/L) for the
sum of all THM compounds in a public water supply
(U.S. Environmental Protection Agency, 1990).
Ground-water samples {rom the closest observation
wells to the injection wells, 5-621, 5-625, and 6-405,
had total THM concentrations that ranged from 580 to
1,900 ng/L. About 90 percent or more of the total THM
concentrations in injected water have been lost during
ground-water flow between injection and detection at
these wells. By comparison, the fractions of injected
water in samples from these wells ranged from 0.4 to 1
(table 4). These data indicate that changes in THM con-
centrations are greater than can be explained by dilu-
tion from advective and dispersive transport of injected
waler in ambient ground water.

The data also indicate that the transport of bromi-
nated THM compounds generally is attcnuated relative
to the transport of chlorinated THM compounds (fig.
16 A-C). Concentrations of bromoform (1990) that
ranged from 14,000 to 26,000 ng/L in injected-water
samples had decreased to 60 ng/L at well 6-405 within
about 300 {t of an injection well and to less than 20
ng/L at wells 5-621 and 5-625 within about 300 ft of
injection wells (fig. 16A-C). Similar patterns of change
were observed for dibromochloromethane. Chloroform
and dichlorobromomethane concentrations are similar
to or greater than their injected concentrations in sam-
ples at observation wells within 300 to 700 ft of the
closest injection well. The relative attenuation of the
THM compounds increases in the following order:

Chloroform = Dichlorobromomethane
< Dibromochloromethane < Bromoform.

The breakthrough of chloroform with injected
water at a distance of about 700 ft indicates that sorp-
tion probably does not control THM transport in the
aquifler. The degree to which THM's and other nonpolar
organic compounds are sorbed or "partition” into the
organic material of aquifer solids is directly propor-
tional to their octanol-water partition coefficients. The
octanol-water partition coefficient of chloroform is 93
(table 6). If sorption was an important attenuating pro-
cess for chloroform and other THM s, substantial atten-

uation of chloroform relative to the tracers of injected
water should have occurred.

Abiotic, aqueous hydrolysis reactions also
are probably not responsible for attenuating the con-
centrations of brominated THM compounds relative
to injected water and chloroform. In these reactions,
the halogenated compound reacts with water resulting
in an exchange of one of the halogen atoms of the
compound with a hydroxyl group from the aqueous
medium. The half-lives of chloroform and bromoform,
when decomposed by abiotic hydrolysis reactions,
are 3,500 and 687 years, respectively (table 6;
Schwarzenbach and Giger, 1985). The lack of bromi-
nated THM compounds in ground water beyond about
300 ft of the injection wells indicates that the process
responsible for their decomposition proceeds at amuch
faster rate.

Microbial transformations are left as the most
likely process responsible for the disappearance of
brominated THM compounds from ground water.
Retardation of bromoform and dibromochloromethane
relative to chloroform and injected water was much
greater in the HBRP area than at the Palo Alto baylands
experiment in California (Roberts and others, 1987). In
the HBRP area, oxic or acrobic conditions prevailed in
ground-water samples. Microcosm studies of water and
sediment from the Palo Alto study indicated that all
THM compounds were biotransformed under anaero-
bic but not acrobic conditions (Bouwer and others,
1981). These data and the preceding discussion indi-
cate that the ground-water transport of brominated
THM compounds in the HBRP area probably is atten-
uated by (1) anaerobic biotransformation in undefined,
reduced redox zones of the aquifer, or (2) transforma-
tion by an unknown aerobic microbial or chemical pro-
cess. The latter explanation is more likely, given the
available data.

Decreases in chloroform and dichlorobro-
momethane concentrations between 1990 and 1991
water samples from wells 5-621, 5-625, and 6-405 con-
trast with increased fractions of injected water at these
wells (tables 2, 4). The concentrations of chloroform
and dichlorobromomethane in 1991 water samples
from these wells are similar to or greater than the range
of concentrations in injected water from 1990 and 1991
samples (table 2). Changes in the chlorination of
injected water would explain the variation in chloro-
form and dichlorobromomethane concentrations in
ground water.
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Table 6. Physical and chemical properties of trihalomethane compounds

[Data from Montgomery and Welkom (1989); °C, degrees Celsius; mg/L, milligrams per liter; kPa-m3/mol, kilopascal-cubic

meters per mole; --, not determined]

Compound name Averag:veeir;::ecular Specific gravity Boili;‘:%;a oint Aqueo;:;;;l)-l)ubility'
Chloroform 119.38 1.49 61.7 8,200
Dichlorobromomethane 163.83 1.97 90.1 24,500
Dibromochloromethane 208.29 2.38 120 1,050
Bromoform 252.73 2.89 149.5 3,010

Compound name Henry's law constant

Octanol-water Hydrolysis half-life

(kPa-m®/mol) partition coefficient (years)
Chloroform 0.32 93 3,500
Dichlorobromomethane 24 76 140
Dibromochloromethane - 123 275
Bromoform .057 240 687

1At 20 °C relative to the density of water at 4 °C.
ZAt25°C.

Detectable concentrations of THM compounds
were used with the EMMA method results in the pre-
ceding discussion to verify the presence of injected
water in a water sample. Other potential sources of
wastewater also contain substantially smaller concen-
trations of the THM compounds. These potential
sources include seepage of wastewater from the oxida-
tion ponds at the FHWRP, from the Futureland residen-
tial septic systems, and the seepage pond at the El Paso
Natural Gas Plant.

Concentrations of THM compounds sampled
from wastewater entering the FHWRP during a 5-day
period in 1991, using a detection limit of 5,000 ng/L,
were not detected on 3 days, and were detected at con-
centrations of 6,000 and 9,000 ng/L on days 3 and 4 of
the test, respectively (Parkhill and others, 1991, table
RM-2-4). This wastewater is the same as that stored in
the oxidation ponds on the FHWRP site. Concentra-
tions of THM compounds in seepage from the ponds
also should have been diminished by biotransforming
processes during infiltration. The large volume of

wastewater seepage from the ponds and an ammonia
concentration of 2.3 mg/L in a 1988 water sample from
the adjacent well 6-503 (D.E. White, U.S. Geological
Survey, written commun., 1988) indicate the preva-
lence of reduced conditions in the aquifer near the
ponds. Reduced conditions favor the biotransformation
of THM's to other species or compounds (Bouwer and
McCarty, 1984). The septic-system effluent from the
Futureland subdivision is not chlorinated before dis-
posal and, therefore, should have smaller concentra-
tions of THM compounds than in injected water.
Detectable concentrations of THM compounds in
ground water therefore should be associated only with
injected water.

The detection of chloroform at 140 ng/L in water
from well 5-303 indicates the possible origin of traces
of chloroform from an unknown source (table 2). Well
5-303 is about 1 mi upgradient from the HBRP area,
eliminating injected water as a potential source of the
chloroform (figs. 2 and 6). The well is on property adja-
cent to the El Paso Natural Gas Plant and the former
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dairy farm. It is unknown whether the sewage pond or
irrigation waters were chlorinated or contained chloro-
form before their disposal. These data indicate that
detection of chloroform, independent of the EMMA
method results, is not diagnostic of the presence of
injected water in a ground-water sample.

SUMMARY

Several laterally continuous layers of sand and
gravel or silt and clay with smaller discontinuous inter-
beds of sand and clay are the principal lithologies in
the freshwater part of the aquifer near the Hueco Bol-
son Recharge Project (HBRP) area. The sand and
gravel units are the chief water-yielding strata of the
aquifer. The overall lithologic continuity indicates that
hydraulic continuity exists between the injection and
production wells. The vertically averaged hydraulic
conductivity of sand layers in the aquifer near the
HBRP area ranged from 21 to 88 fi/d. Hydraulic con-
ductivity in the aquifer is largest along a zone between
the southwest comer and the north-central part of the
HBRP area and decreases across the HBRP area toward
the south and west. The potentiometric-surface gradi-
ent throughout the area sloped toward the south and
southwest during January 1990. Average linear
ground-water velocities near the zone of largest
hydraulic conductivity were about 1.3 {i/d near wells 5-
602 and 5-618 and 1.4 ft/d near wells 5-625 and 5-603.
Average linear ground-water velocilies were substan-
tially smaller near wells 6-402 and 6-40)5 and near
wells 5-621 and 5-604.

The principal source of human-affected recharge
to the aquifer near the HBRP area is reclaimed-water
injection. About 8.07 billion gal of treated wastewater
were injected into the aquifer through 10 injection
wells between May 1985 and March 1991. Other
potential sources of human-affected recharge include
irrigation-affected water from a former dairy farm on
an adjacent property and seepage from unlined oxida-
tion ponds at the FHWRP.

The numerical method, end-member mixing
analysis (EMMA), was used to define fractional com-
ponents of injected water and other solute sources to
ground-water chemistry. Chloride, nitrate, and §1%0
were the conservative tracers used to differentiate
among potential sources of recharge and solutes to
ground water. The major end members that contribute
to ground-water chemistry at the HBRP area are
injected water, irrigation-affected water, saline ground

water, and freshwater. EMMA-predicted concentra-
tions of solute tracers closely agreed with the observed
analytical data from ground-water samples.

Injected-water tracers were present in fractions
greater than 0.10 in water samples of three types:
(1) those with total THM compound concentrations
greater than 500 ng/L, (2) those with total THM com-
pound concentrations ranging from 20 to 500 ng/L, and
(3) those with no detectable THM compounds. Water
samples of type (1) are from wells within 700 ft of an
injection well. Most water samples of type (2) are from
wells that range in distance from about 300 to 2,900 ft
from the nearest injection well. Type (3) water samples
had no detectable THM compounds and do not repre-
sent injected water. Type (3) water was found in wells
6-401 and 6-404, northeast and east of the HBRP area;
sources of the tracers in these wells may be recharge
from septic systems or oxidation pond seepage. The
apparent breakthrough velocity of injected water in the
aquifer ranged from 0.13 ft/d between wells 5-624 and
5-625 to 1.3 {t/d between wells 5-616 and 5-605.
Irrigation-affected water and saline water also were
identified in fractions greater than 0.1 in water from
several wells.

The transport of bromoform and dibromo-
chloromethane in ground water is attenuated relative
to injected water, chloroform, and dichlorobromometh-
ane. Chloroform and dichlorobromomethane are not
attenuated in their transport relative to injected water.
The brominated THM compounds probably are attenu-
ated in ground water transport by: (1) anaerobic bio-
transformation in undefined, reduced redox zones of
the aquifer, or (2) transformation by an unknown aero-
bic microbial or chemical process.
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Table 2. Selected water-quality properties and constituent concentrations in injected water and ground water in
and near the Hueco Bolson Recharge Project area

[°C, degrees Celsius; mg/L, milligrams per liter; N, nitrogen; B, boron; ug/L, micrograms per liter; --, no data; ng/L,
nanograms per liter; THM, trihalomethane; <, less than]

Dis-
Depth solved Nitrite
sam pl ed! H Tem- Dis- soiids, plus Boron,
Welt P p per- soived  Chlo- Bro- calcu- nitrate, dis-
Date (feet (stan- . iodide
num- sampled below dard ature, oxy- ride mide (maiL) lated, dis- solved
ber P land units) water gen, (mg/L) (mgil) sum of solved asB
surface) (°c) (mg/L) consti- asN (ng/L)
tuents, (mg/L)
(mglL)
Injected water
5-613 08-29-90  Injected 7.2 30.5 63 190 0.17 0.019 665 23 340
208-31-90 water 7.2 30.5 55 180 .14 .065 651 2.8 290
208-31-90 72 30.5 5.5 180 17 .036 652 2.8 300
09-01-90 72 30.0 58 180 - - 658 24 --
208-25-91 7.6 31.0 53 140 - - 609 33 280
208-25-91 - - - 120 - - - 32 270
208-25-91 7.6 31.0 53 140 - - - 32 280
5-624 08-27-91  Injected 7.6 31.0 5.6 150 22 -- 612 24 270
water
Withdrawal test of injected water, 2 days after injection ceased
5-624  309-08-91  385-780 7.6 30.5 - 160 21 - 633 32 300
409-08-91 7.6 31.0 - 160 21 - 610 30 280
509-08-91 75 310 - 160 ) B 613 28 290
Irrigation-affected water
5-602 08-22-90 357-699 7.3 25.0 43 400 52 .061 1,140 6.4 680
Saline water
5-303 09-07-91 384-870 7.8 28.0 7 980 - -- 1,690 6 80
Freshwater
5-204 08-30-90 376-515 7.8 29.0 1.7 140 .18 .026 523 1.2 110
08-23-91 7.8 29.5 1.7 140 - - 522 1.2 120
5-301 08-23-90  360-505 79 26.0 3.7 80 .16 .019 355 1.7 100
5-501 08-23-90  380-730 7.8 27.5 4.5 93 .18 .018 467 1.3 90
5-607 08-20-90 308-826 8.1 25.0 4.0 51 15 017 299 2.1 90
08-24-91 7.0 25.0 38 54 - - 308 2.2 100
5-615 08-31-90 557-920 7.8 270 1.1 140 .14 041 483 1.3 100
08-27-91 79 28.0 1.2 140 - -- 478 13 110
Wells less than 1,000 feet from injection wells
5-618 08-28-90 450 79 270 1.5 140 15 014 390 15 80
08-30-91 450 8.0 270 12 130 - -- 393 1.6 90
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Table 2. Selected water-quality properties and constituent concentrations in injected water and ground water in
and near the Hueco Bolson Recharge Project area--Continued

Dis-
solved Nitrite
sa[::p:: gl H Tem- Dis- solids, plus Boron,
Well P P per- solved  Chlo- Bro- " calcu- nitrate, dis-
Date (feet (stan- : . lodide
num- sampled below dard ature, oxy- ride mide (mg/L) lated, dis- solved
ber N water gen, {mg/L) (mg/L) sum of solved as B
land units) !
surface) (°C) (mg/L) consti- as N (ug/L)
tuents, (mg/L)
(mg/L)
Wells less than 1,000 feet from injection well--Continued
5-621 08-25-90 5430 7.6 25.5 59 160 0.19 0.029 636 2.8 300
08-29-90 5640 -- - -- 160 21 .028 645 2.8 290
08-29-91 5430 7.3 255 29 140 - - 611 33 340
08-2991 %640 7.3 255 29 140 -- - 609 33 360
5-622 08-24-90 6430 7.8 275 35 150 23 019 495 2.0 140
08-24-90 6690 7.8 275 35 150 12 023 488 -- 140
08-29-90 %690 - . - - - - - 2.1 -
08-2991 6430 7.6 27.0 2.6 150 -- - 520 22 170
08-29-91 %605 7.6 27.0 2.6 140 - - 508 2.2 170
5-625 08-27-90 6430 7.6 27.0 4.7 170 21 028 635 2.9 260
08-27-90 %605 7.6 27.0 4.7 150 21 030 625 2.8 260
08-27-91 6430 7.6 265 4.5 140 25 - 614 3.1 290
08-2791 5605 7.6 26.5 4.5 160 -- - 634 3.0 280
5-626 08-27-90 6430 7.9 27.0 23 110 16 024 408 1.8 120
08-28-90 5605 7.9 27.0 23 120 03 .007 412 1.7 120
08-27-91 65430) 7.8 27.0 1.4 130 A8 - 430 1.7 120
08-27-91 6605 7.8 27.0 14 130 .18 - 437 1.7 110
6-405 08-28-90 450 7.8 26.0 3.6 160 23 022 583 23 210
08-30-91 450 7.6 26.5 2.8 160 - - 612 2.8 250
Wells more than 1,000 feet from injection wells
5-601 08-30-90  350-690 7.7 26.0 4.6 130 23 065 541 2.4 230
08-26-91 7.8 26.0 59 130 - - 561 2.6 270
5-603  208-21-90  352-657 7.9 26.5 24 90 17 022 425 15 120
2082190 7.9 26.5 24 89 17 022 424 1.5 110
08-25-91 7.9 27.0 23 84 -- -- 420 1.5 120
5-604 08-2290  382-802 7.8 255 4.0 190 .29 .029 527 35 120
5-605  209-01-90  343-769 79 25.0 42 240 -- - 543 20 --
209-01-90 7.9 250 42 240 23 017 543 20 80
09-07-91 8.0 255 43 240 - -- 534 20 90
6-401 09-09-91  348-451 7.8 240 -- 270 -- -- 568 23 R0
6402 2090190 363-670 7.9 25.0 49 290 26 019 616 1.8 80
209-01-90 7.9 25.0 49 290 26 019 614 1.8 70
208-24-91 7.9 26.0 40 260 - - 591 18 90
208-24-91 7.9 26.0 4.0 270 -- -- - 1.8 90
208-24-91 - - - 240 - - - 18 90
6-404 09-06-91 - 7.9 250 52 360 - - -- 20 80
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Table 2. Selected water-quality properties and constituent concentrations in injected water and ground water in
and near the Hueco Bolson Recharge Project area--Continued

Depth Bromo. Dibromo- . Dichloro- 5'%0 5D "B
Well D P 1 o chloro- oro bromo- THM, stable stable stable
ate sampled form, form,
num- sampled (feet below total methane, total methane, total Isotope Isotope Isotope
ber P land surface)  (ng/L) total (ng/L) total (ng/L) ratio ratio ratlo
(ng/L) (ng/L) {per mil) (permil)  (per mil)
Injected water

5-613 08-29-90  Injected 20,000 4,900 190 510 25,600 -9.30 -64.5 10.6
08-31-90 water 14,000 3,800 210 340 18,400 -9.00 -63.5 10.1

08-31-90 15,000 3,900 200 340 19,400 -9.10 -63.0 --

09-01-90 22,000 4,100 190 410 26,700 -9.10 -66.0 --
08-25-91 20,000 6,500 400 740 27,600 -9.35 -66.5 6.0

08-25-91 -- - -- - -- -9.30 -65.0 --

08-2591 -- - -- - -- -9.30 -65.0 --
5-624 08-27-91  Injected 26,000 7,400 380 820 34,600 -9.35 -65.5 6.3

water
Withdrawal test of injected water, 2 days after injection ceased

5-624  %09-08-91 385-780 54 <20 275 <20 330 -9.25 -65.5 -

409-08-91 56 <20 287 <20 340 -9.05 -65.0 -

309-08-91 85 <20 271 <20 360 -9.25 -66.0 --

Irrigation-affected water
5-602 08-22-90 357-699 <20 <20 <20 <20 <20 -9.30 -65.5 433
Saline water
5-303 09-07-91 384-870 <20 20 140 20 180 -10.25 -71.5 17.8
Freshwater
5-204 08-30-90 376-515 <20 <20 <20 <20 <20 -9.95 -69.5 15.6
08-23-91 <20 <20 <20 <20 <20 -9.90 -70.0 16.7
5-301 08-23-90 360-505 <20 <20 <20 <20 <20 -9.70 -67.0 19.1
5-501 08-23-90 380-730 <20 <20 <20 <20 <20 -9.70 -655 14.9
5-607 08-20-90 308-826 <20 <20 <20 <20 <20 -9.60 -66.5 19.6
08-2491 <20 <20 <20 <20 <20 -9.60 -68.0 215
5-615 08-31-90 557-920 <20 <20 <20 <20 <20 -10.05 -70.5 14.7
08-27-91 <20 <20 <20 <20 <20 -10.10 -70.5 133
Wells less than 1,000 feet from injection wells

5-618 08-28-90 450 <20 <20 70 90 160 -9.50 -69.0 14.4
08-30-91 450 <20 <20 110 150 260 -9.75 -67.5 15.3
5-621 08-25-90 6430 <20 <20 590 1,300 1,900 -9.35 -64.5 54
08-29-90 5640 <20 <20 620 1,300 1,900 -9.35 -67.5 9.1

08-29-91 6430 <20 <20 430 560 990 -9.20 -64.5 --

08-29-91 5640 <20 30 400 530 960 -9.20 -65.5 --
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Table 2. Selected water-quality properties and constituent concentrations in injected water and ground water in

and near the Hueco Bolson Recharge Project area--Continued

Depth Bromo. Dibromo- ... Dichloro- 5'% 3D 5''B
Well ep 1 romo chloro- bromo- THM, stable stable stable
Date sampled form, form, . . .
num- sampled (feet below total methane, total methane, total isotope isotope isotope
ber land surface)  (ng/L) total (ng/L) total (ng/L) ratio ratio ratio
(ng/L) (ng/L) (per mil) (per mil)  (per mil)
Wells less than 1,000 feet from injection wells--Continued

5-622 08-24-90 6430 <20 <20 370 760 1,100 -9.45 -67.0 --
08-24-90 6690 - - - - - 9.50 -65.0 -
08-29-90 6690 <20 30 420 970 1,400 - - -

08-29-91 6430 <20 <20 470 950 1,400 -9.45 -67.0 25.5

08-29-91 6605 <20 <20 480 900 1,400 -9.50 -66.5 249

5-625 08-27-90 6430 <20 <20 470 570 1,000 9.40 -66.0 10.5

08-27-90 5605 <20 <20 510 720 1,200 9.45 -66.0 14.2

08-27-91 6430 <20 30 360 190 580 -9.30 -65.0 9.5

08-27-91 6605 <20 <20 340 350 690 -9.10 -64.5 9.7

5-626 08-27-90 6430 60 30 50 40 180 -9.75 -67.5 18.2

08-28-90 5605 110 60 50 60 280 -9.75 -67.5 19.6

08-27-91 6430 <20 <20 70 60 130 -9.70° -67.5 244

08-27-91 6605 110 60 90 130 390 -9.65 -68.0 222

6-405 08-28-90 450 60 110 490 1,000 1,700 -9.55 -67.5 129

08-30-91 450 <20 <20 470 700 1,200 9.40 -66.0 15.1

Wells more than 1,000 feet from injection wells

5-601 08-30-90 350-690 <20 <20 50 <20 50 9.40 -66.0 46.1

08-26-91 <20 <20 50 <20 50 -9.20 -65.5 49.0

5-603  208-21-90 352-657 <20 <20 <20 <20 <20 -9.90 -68.5 18.2
208-21-90 <20 <20 <20 <20 <20 9.85 69.0 -

08-25-91 <20 <20 <20 <20 <20 -9.80 -68.5 199

5-604 08-22-90 382-802 <20 <20 <20 <20 <20 -9.60 -67.0 25.5
5-605  209-01-90 343-769 <20 <20 270 <20 270 -9.75 -69.0 --
209-01-90 <20 <20 270 <20 270 9.70 -68.0 -

09-07-91 <20 <20 210 <20 210 -9.55 -68.0 283

6-401 09-09-91 348-451 <20 <20 <20 <20 <20 -9.55 -66.5 185

6-402  209-01-90 363-670 <20 <20 <20 <20 <20 -9.60 -68.5 154
209-01-90 <20 <20 <20 <20 <20 -9.70 -67.5 -

208-24-91 <20 20 50 80 130 9.55 -67.5 20.5
208-24-91 - - - - - 9.65 -66.5 -
208-24-91 - - - - - 9.55 -66.0 -

6-404 09-06-91 -- <20 <20 <20 <20 <20 -9.55 -67.0 23.4

1 Upper depth of sampled interval represents the most recent recorded depth to the water table (Brock and others, 1994).
2 Replicate samples.

3 Pumping time, 30 minutes.
4 Pumping time, 3 hours, 30 minutes.
3 Pumping time, 6 hours, 30 minutes.

6 Depth of sample collection in well using a thief sampler.

Table 2
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