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| INTRODUCTION |

Purpose

This report has been prepared in an attempt to address the existing
water-quality problems in the area in and around Bruni, Texas.

Historical data from shallow aquifers which provide water to
municipal wells and private domestic wells in Bruni indicate that
ground water in this area contains certain trace metal elements
such as arsenic, selenium, molybdenum, iron, manganese and some
radicactive minerals (uranium, thorium and their daughter products)
which occur naturally and in concentrations that are generally above
the Texas Depariment of Health’'s (TDH) recommended limits for
public drinking water standards. In fact, uranium ore is being
mined by injection leaching from mines located near Bruni.

Despite this, some individuals question whether the uranium
concentration in the ground-water occurs naturally or whether the
uranium and other elements detected in the ground water occur
because of the mining processes at the Total Minerals and
Westinghouse uranium mines.

As a result, the Texas Water Development Board was requested to
evaluate the water-quality problems of the ground water produced
by the Bruni Water Works. The inquiries were from the Texas
Department of Health and Mr. William C. Layton, owner/operator of
the Bruni Water Works. Both inquiries requested that the Board
determine:

1. If the ground-water contamination in the water-bearing
aquifers underlying Bruni is being caused by the uranium
mining operations at Total Minerals and Westinghouse;

2. If the aquifers underlying Bruni are being dewatered by the
uranium mining operations;

3. If there are any aquifers underlying Bruni which contain
ground water which is not contaminated with arsenic and
uranium compounds;

4, If there are any intervals which contain good quality ground
water; and at what depths they occur;

5. If the Texas Water Development Board can assist in locating
sufficient good quality ground water to meet the areas needs;
and

6. If the Board can provide any financial assistance to help
upgrade the Bruni Water Works water supply and treatment
plant.

Location
The unincorporated town of Bruni is located in southeastern Webb
County at the Junctlon of State Highway 359 and Farm to Market
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Population of Bruni is approximately 698, based on 1980 population
census and extrapolated to the present.

The economy of Bruni is supported by nearby ranching, uranium
mining operations, oil and natural gas drilling/production and related
industries, commercial water supply services, and the electric utility
corporation located less than a mile north of Bruni. There are no
industries within the town of Bruni itself.

The active uranium mines are: Total Uranium Leaching Mine plant
located one mile north of Bruni immediately west of Highway 2050,
and Malapai-Ohern Uranium Mine located east of Bruni. The
inactive uranium mines are: The Westinghouse (formerly Wyoming
Minerals) Uranium Mine located 7 miles north of Bruni and
immediately west of Highway 2050; the Longoria Uranium Mine
located 2 miles east of Bruni and just south of Highway 359; and
Mobil-Ohern Uranium Mine, all of which are undergoing ground-
water restoration. These mines are shown on Figure 2,

There are two water supply companies which produce and sell raw
water commercially for road construction, oil drilling development,
and hydrofrac and secondary recovery. These companies are Bruni
Water Works and Lowe’s Commercial Water Supply.

The people living in the town of Bruni are employed in the oil field
operations (production, servicing, and drilling), uranium mining,
ranching, retail food stores, teaching-education, and water supply.

There are about 29 residences with private domestic supply wells in
Bruni. The wastewater from these residences consists of chlorinated
and detergent concentrated laundry water and raw sewage that is
disposed of in individual septic and cesspool systems operated and
maintained by each resident. These systems can release high sulfates,
ammonia, nitrates, phosphates, boron, organic matter, earbon dioxide,
and sodium into the shallow aquifers. In some households, these
septic tanks and cesspools are hydraulically upgradient of the
domestic water supply well(s) and create a potential for contamination
of ground water.

The majority of the inhabitants of Bruni obtain their domestic water
supply needs from the Brunl Water Works Inec., owned and operated
by Mr. William C. Layton. Mr. Layton has two producing wells
which supply about 100 home connections. The two wells tap a
ground water between depths of 300 and 360 feet. The Bruni Water
Works also owns two additional wells which are used exclusively for
commercial water supply purposes. These two wells are completed
at denthe nf 402 feet and 407 feet respnectively The nreesiuire in the
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water supply lines is generally very low between the well head and
the individual home connections. Figure 3A shows how these wells
are completed. Sometimes the customers experience complete
interruption in supply during regular domestic use. Some of the
customers furthest from the Bruni Water Works have been very
dissatisfied with this constant in-line low water supply pressure and
periodic interruptions. Consequently, many have had their own
wells drilled. Figure 3B shows how these wells are generally
completed. The Bruni school administration ¢swns and operates two
wells which are completed to depths of 389 feet and 530 feet
respectively. These wells supply water to the school and to the
teachers’ residences, Water from the well supplying the school
buildings has been reported to have a sulfur odor. It is therefore
assumed that this deeper well has a significant hydrogen sulfide
concentration. Figure 3C also shows how these wells are completed.
Well design and completion methods have a tremendous influence
on ground-water chemistry.

Ground water of usable quality for domestic, commereial, and mining
injection-recovery processes occur within the area of investigation in
rocks of the Frio, Catahula, and Goliad Formations. These rocks
subcrop or crop out in an area which strikes in a northeasterly-
southwesterly direction and they dip gently in the east-southeast
direction at a gradient of 30 feet per mile. They outcrop approximately
11 miles northwest of Bruni and comprise the recharge area for the
aquifers (Figure 2). The stratigraphic relationships of the individual
lithologies and their water bearing potential are discussed in Table
1 and illustrated in the cross section A-A’ (Figure 4). The areal
extent of the cross section is shown on Figure 2.

The Westinghouse mine site is located 7 miles north of Bruni. At
this mine, uranium was mined from an ore zone extending from 110
feet to 240 feet below land surface. Figure 5 shows the location of
water wells at the mine site, and Table 2 portrays the information
concerning each well.

The Total Minerals mine site located 5.5 miles south of the
Westinghouse mine and 1.5 miles north of Bruni has a uranium
production zone extending from 190 feet to 270 feet below land
surface. This production ore zone is believed to be the same geologic
unit as the one mined by Westinghouse. Figure 6 shows the permit
area for the Total Uranium Leaching Mine site.

Since the Total Minerals mine site boundary is only 1.5 mile north
of Bruni, the subsurface geologic stratigraphy at Bruni is assumed
to be similar. This is supported by drillers records and geophysical
logs and shown on geologic cross section B-B's. The areal extent of
the cross section is shown on Figure 7.

The Texas Water Development Board, U. S. Geological Survey, and
other governmental entities, as well as private consultants, have
gathered ground-water data in parts of Webb and adjacent counties.
The more detailed investigations dealing with hydrogeology and
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Table 1.
Geologic Units and Their Waler-Bearing Properties

Maximum

Ground-Water Conditions

System Series Stratigraphic Units Thickness | Lithologic Character
(feet)
aternary Recent Alluvium 50 Stream-deposited sand, gravel, | Alluvium aiong sfreams yield vari-
and silt. able amounts of water. Quality
varies, but in some places the
Unconformily water is suitable for domestic use.
rhiary (2) | Pliocene (2] Uvalde Gravel 25 Gravel, conglomerate and sand. | Not known to yield water.
Reddish sand, caliche, and | Sand and conglomerate yield
conglomerate with minor | variable amounts of water at
Pliocene Goliad 75 amounts of clay. Sand and | shallowdepthsinthe south.ec:sferf\
Formation conglomerate may be indurated | part of the county. Quality vari-
fo quartzitic. able; usually suitable for domestic
use.
Unconformity T - 7
Chusa Tulf 160- Predominantly pyroclastic rocks; | Quicrop areas yield very Imie-on
Member 200 tuffaceous sandstone and | in general, highly mineralized
conglomerate, whitish tuff, | water. In the southeastern part of
Catahoula Soledad grayish and pinkish silicified fuff, ﬁ'fe county‘wells 150 to 400 feet
Miocene (2] Formation Volcanic purplish and greenish bentonitic yield con5|derc?{b|e Quantities of
Conglomerate | 675 | 75 clay. Minor amounts on | water, some hilghly minfities of
Member nonvolcanic sandstone and clay | water, some highly mineralized
ertiary are present. Sandstone beds up but some suitable for domestic use
Font Tuff 500 to 20 feet thick. ond irrigation. Flowing wells oc-
Member cur near Bruni.
Oligocene (3) | Frio Formation 200 Greenish and grayish clay and | Not known fo yield water.
sandy clay.
Grayish, green, and buff clay,
gray fo buff sandy dlay, buff to Yields variable amounts of highly
Jackson Group 360 light grayish sandstone, lightto | mineralized water.
white ashy sandstone, and light-
Eocene groy to white volcanic ash. Ashy

beds contain plant and scanty
invertibrate fauna fossils.

Unils older than the Jackson

Group

900322
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Table 2

wy 3, 1990
Records of Water Wells in the Study Area
Texas Water Development Board
Ground Water Data System
CASING AMD SCREEN DATA WATER LEVEL
ALTITUDE m—————ee e
DATE DEPTH  <ASING DiAM- TOP  BOT  WATER OF LAND  MEASURE- METHOD OF
., M- OF WELL Or  EVER DEPTH DEPTH BEARING SURFACE  MENT FROM  DATE LIET anD
WELL ONNER DRILLER PLETED  [FT.)  SCREEN {#M_} [FT.)} {FT.) wI T (f1.}) LSD (FY.) POWER
4-25-601 Robert marshatt pliiarg wied 1971 109 [ ] ] 76 121GLD 50 -§5.00 06-29-19T1 P
5 ] 76 109 -56.50 12-14-198%
4-13-T01 Armando 3enavides williamson Orlliing 17 510 122C JCK 930 - = N
Company - -
4-15-702 Armando Benavides alina 1973 440 C - 123CJCK 930 - - $E
4~16-401 Robert marshali welty water weils 1974 167 [ s [} 114 122¢T0 an =34 _00 11=1T=1978 rW
5 5 14 123 -33.50 12-14-1949
C -3 125 143 ’
5 L] 145 134
4-26-701 Westinghouse Electric  Huerts water wel) 1975 580 [4 [ ] LT} 122¢TH 830 =70.00 D4-28-1978 s &
Corporat lon prifling - - 18
4-26-702 westinghouse Electric 383 122C JCX 820 -109.7%  12-10-198% S E
carporation ~159.00  12-11-19848 7.3
4-25-703 westinghouse Etectric 3 122¢ JeK [+]] -170.00  04-04-1988 Sk
corporation - -
¢-33-101 Olton Rural W.S.C. Wied Drblling 17 340 [ L] o 178 174 JCHS 837 ~176.00  08-14-1973 N
company H L] e 213 -167 .85  07-08-1981
c 5 213 242
5 L 142 286
[4 5 36 289
H 5 09 340
1-33-102 Gl lton Rurai w.5.C. David morales 1975 a0 [4 0 198 124 JCKS 857 ~15%,00  O8-11-1973 N
198 145 . -
245 300
1-33-103 3w 124 JCKS . .
Gusmaro Garcia 122CTHL asy - - SE

1-33-104

Mr s,

USE
of
WATER

Measured yleld &.3 GPa with 70 feer
drawdown in 1981,



Table 2 - continued
Records of Water Wells in the Study Area

CASING AND SCREEN DATA

DATE DEPTH  CASING DIAM-
com- OF WELL oR  ETER
WELL OWHE R DRILLER PLETED “(FT.} SCREEN (IN.}
1-33-201 Alden Black Killam 011 1935 300 < 5
1-33-202 Allen Black Klllsm Ol 1938 100 < 3
1-33-601 Rohert Marshall Whed Drilling 1966 258 < L]
Company s [}
34401 Wwilllam 5, Lavion Long Brothers 1933 400 [« &
surnl water works Drilling
1-34-402 Wwillias Layton Wied water well 1967 300 [ [
Clty of Bruni #2 Service
j-34-403 Willlam Layton A ina 1989 400 < 6
Clty of pruni #
j=34=-404 Willlam A. Layton Howe| | water well [LTH] 120 [ [ 3
srunl water wWorks Drilling s L]
c L]
-34-409 Brund Publlc Schools Wied Driiliing Co. 1947 348 c 1
C 7
5 7
-34=-408 Brunl 3Chools Wled Drilling 1968 340 c &
Company s s
~34-407 Lurty Lowe Sam Howel| water 1977 10 [ s
weil water Orilting 5 3
°
-34-408 Total minerals Young 1984 280 4 3
Corpatation 5 3
-34-409 Total Minerals Young 1984 125 c 5
corparation s 5
-14-410 Total minerals Young 1984 280 [o 1
corporation H

WATER LEVEL

oF
REMARKS

ALTITUDE —————

TP BOT WATER OF LAND MEASURE - METHOD OF USE
DEPTH DEPTH BEARING SUNFACE  MENT FrOm DATE LIFT AND
(FT.) (FT.}) wIT (FT.) LSD (FT.) POWER

122CTHL 832 =180.00  12-14-1989 SE

121GOLE 853 -45.40 12-14-1589 N
L] 08 122CTHL 813 -64.00 11-23-1966 5w
08 23 -67.30 12-13-1989

122CTHL 778 -80.20 12-13-1989 SE

.- = T.%
L] o 122CTHL 76 - - SE
- - 7.5

] ] 122CTHL e - - S E
L] 30 122CTHL 77 ~98.00 06-22-198% SE
30 8 =84 25 12=-13=1989 7.%
M5 I
L] 7 122CTHL 73 -68.00 Da- 10- 1867 £
L} 236 -74.83 12-13-1949 7.50
36 243
[} FE 122CTHL 170 ~36.00 09-26-1966 SE
237 %40 -T1.00 11=-13)-1029 3
o 140 122CTHL 765 -45 .00 11=-21=-1977 S E
140 204 - -
204 210
0 2012 122CTHL T80 -74.20 08-13-1989 N
202 17 - -
1] [LF] 122CTHL T80 -42_80 a8-153-198% N

102 "7 - -

o 259 122CTHL T8 ~114.30 06-04-1989 N
259 7274 -b8.20 12-11-1989



DEPTH  CASING DiAM-

CASING AMD SCREEN DATA

Table 2 - continued
Records of Water Wells in the Study Area

SCREEN (1IN} (£7.) (FT.)

DATE

CoM~  OF WELL on

WELL OWNE R DRILLER PLETED {FT.)
$-34-411 Total Minerals 1987 ny [
Corporations s
#-34-301 ATfturo fenavides 1935 150 4
-34-302 arturo T. Benav|des SeN Howe| | water 1979 326 <
well Drilling 5

~34-001 Lowes water Sales Sam Howe| |l water 1978 3120

well Dritling

1-34-802 Lowes Water Sales Frank Huerta 1981 320 C
1-34-803 Lowes water Sales D. D. Davis e 440 <
s
<
1-34-804 LOwes Waler Saies Frank Huerta 1982 740 c
s
c
j-34=-00% Lowes water Sales Howel i water wel) 1923 300 C
pDrilling s
[
s
4
-41=-10¢ Roberta Garcla 1930 [

-41-201 John Puig 1922 100

ToP  BOY

EYENL DEPTH DEPTH BEARING

L I I -

92

a0
3%0

540
610

30
340
440
450

tés
20)

293
k¥

720
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HYDROGEOLOGIC

SETTING
The hydrogeologic setting of the shallow water bearing units is
discussed briefly under their appropriate headings in Table 1. Figure
4 is a cross section which shows the outerop of the hydrogeologic
units and their relative depth beneath Bruni.

Geology and

Stratigraphy

The rocks which form the Jackson Group are the youngest formation
of Eocene Age. The Jackson Group consists of sandstone and clay
lithic units with sandstone being predominant. The texture of the
sandstone unit is fine to coarse grained, friable to quartzitic,
laminated and cross-bedded, fossiliferous, and appears to be white
to gray, greenish-brown, light-brown to yellow in color. The
sandstone has been reported to yield some water. The clay unit
appears to be sandy, calcareous, greenish-gray, pink, red and contains
abundant silicified wood. Some beds of white voleanic ash are also
found in this formation. Large dark limestone concentrations
composed of calcite crystals are common. The maximum thickness
of the Jackson Group is up to 360 feet.

The Frio Formation consists of a dark-greenish, gray clay that is
massive, and contains some gypsum and calcareous concretions with
a thickness of up to 200 feet. It outcrops just about 11 miles west of
Bruni in a northeast to south trend extending between Highway 359
near Qilton and FM Road 2050. The length of this outerop belt is
about 19.5 miles.

The Catahoula Formation consists of three Members. In ascending
order they are the Fant Tuff Member, the Soledad Volcanic
Conglomerate Member, and the Chusa Tuff Member.

The Fant Tuff Member of the Catahoula Formation directly and
conformably overlies the Frio Formation and consists of volcanic
tuff, claystone, and sandstone. The tuff is grayish white, massively
bedded, moderately well indurated, and with lumpy pisolitic texture.
The claystone is silty and pale olive to brown in color. The sandstone
has multicolored grains and in some parts is interlaminated with
pale-brown clay. The Fant Tuff Member reaches a maximum
thickness of 600 feet east of Webb County.

Soledad Volcanic Conglomerate Member of the Catahoula is made
up of abundant pebbles, cobbles, and boulders which may be up to
one foot in diameter of ryholitic, trachytic, and trachyandesitic
composition, and are loosely to moderately cemented. It is generally
mottled gray and may reach a thickness of 75 feet.

Finally, the Chusa Tuff Member of the Catahoula does not appear to
be present in the study area due to past erosion; but where it does
occur, in northwest Duval County, it consists of tuffaceous mudstone
and clay balls up to 1/2 inch in diameter. It is massive to irregular



bedded and is light gray to pink in color. Where present, it may attain
a thickness of 160 to 200 feet.

The Goliad unconformably overlies the Soledad Volcanic
Conglomerate Member in the study area. It consists of clay, sand,
sandstone, mud, caliche, limestone, and conglomerate. Commonly,
the clay has light shades of pink and green, and contains calcareous
concretions, The sand and sandstone is medium to very coarse
grained, in part crossbedded, and mostly made of quartz with some
black and red chert. The conglomerate consists of black chert and
dark siliceous granules and pebbles in a calcareous (caliche) matrix.
The sandstone and conglomerate are locally well bedded while the
marl and limestone are poorly bedded and sometimes massive.
Tertiary vertebrate and reworked Cretaceous invertebrate fossils are
fairly common. It attains a thickness up to 300 feet, but is 75 feet
thick near Bruni. It is overlain by very thin caliche soils.

This zone constitutes the recharge area for the Frio, Catahoula and
Goliad Formations.

In the area between the recharge zone, the town of Bruni, and the
Westinghouse (formerly Wyoming Minerals) Uranium Mining
Company there are numerous wells which have been completed at
various depths producing water either from individual zones or from
a combination of zones in the Catahoula and Goliad Formations,
some of which contain uranium and trace elements such as arsenie.
For purpose of this report, the water-bearing zones have been
identified from the deepest to the shallowest as the Aquifer Units 1,
2, 3,4, 5, and 6, all of which occur in the two formations. Unit 1
occurs at depths of between 550 to 750 feet, Unit 2 between 410 to
520 feet, Unit 3 between 300 to 410 feet, Unit 4 between 190 to 290
feet, Unit 5 between 150 to 170 feet, and Unit 6 between 35 to 90
feet below the surface; and is believed to be in the Goliad Formation.
Units 4, 5, and 6 are shown in Figure 4.

The rocks identified in the first five units were deposited from
sediments derived from aeolian volcanic tuffaceous materials; fluvial
silts, clays, clastics sands, and conglomerates from the Catahoula
Formation. The water quality of the connate water within these
aquifers derive their characteristics from the chemical constituents
(trace metals, rare earth and non-metallic minerals) of the original
sediments which after deposition, formed the individual aquifers.
The provenance of these sediments were the metaigneous rocks which
were fragmented, cindered, and then transported by wind fluvial
processes as pyroclastics during the active volcanic events in Mexico
and New Mexico. After deposition, these beds underwent
hydrodynamic structural settlement and adjustments due to the
incipient overburden stresses thereby resulting in several growth
faults common in the area (Adams et al., 1981), These faults have
influenced the horizontal and vertical ground water flow
characteristics within individual aquifers in this area between the
outcrop-subcrop at the Bordas Escarpment and Bruni.

The meteoric water which has historically recharged these aquifershas
a dafinite water.anialitv characrtarictie whiorh reflocte ite mivineg with
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Hydraulic Properties

minerals which comprise the aquifer matrix. As the meteoric water
enters the aquifer outerop or suberop area during recharge, it infiltrates
the aquifer units vertically and then moves horizontaily and hydraulically
down gradient. As the recharge water moves down gradient it flushes
the aquifer through mass dilution, mixes and reacts in transit with the
connate water. It also transports oxygen and carbon dioxide away from
the recharge area. The mixing process results in the precipitation and/
or dissolution of certain chemical species, some of which form chemical
complexes. The resulting mixture of water may exchange chemical
species due to the natural processes of: sorption-adsorption, desorption,
ionicexchange, and reduction-oxidation (redox). It may alsobe influenced
by the attendant insitu biochemical reactions from sulfide, iron, nitrogen
bacteria and other microorganisms which further reduce or oxidize
organic compounds and certain specific minerals. The sulfide, iren, and
nitrogen fixing bacteria are the major microorganisms which can be
expected to be present in some of these aquifers. The natural chemical
changes resulting from these chemical processes are continuous and
adjust themselves to flushing from natural recharge, recharge from
man's activities, seepage from secondary flooding, and ground-water
withdrawal for commercial, municipal and private domestic ground-
water use in the study area.

Ground-water flow through the Catahoula and Goliad Formations is
slow. The parameters needed to use Darcy’s Law to characterize the
rate of ground-water flow are: transmissivity (T), hydraulic gradient
(i), hydraulic conduectivity (x), and aquifer thickness (). The
hydraulic conductivity for the Catahoula Formation aquifers (Units 1,
2, 3, and 4) is assumed to be on the order of 18.7 feet per day. The
storage coefficient is about 0,0008, while the hydraulic gradient in
Units 3 and 4 have been reported to be 0.004 and 0.0086, respectively.
Using Darcy’s Law the ground-water flow velocity in these aquifers
can be determined as follows:

;i = ke
L
Q@ = kA
Q ..
= ==ki
1 hA
q = V=qverage linear velocity
(i) Vg = (217 x 107 frisecx 35.6 1070 seciyr)
Vg = 309 fi/yrinUnit4
() V3 = (217 x107 fissecx 356 1070 sec/yr)
V3 = 1302 xfilyrinUnit 3
T = kb 505 gpdlft (range is 297 to) in Unit 4 per Total

Minerals Company, 1987 permit.
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The ground water flow has been reported to range between 5 feet to
30 feet per year in Units 3 and 4 and is toward the east-southeast
direction. The results of the aquifer test conducted by Total Minerals
Uranium Company are shown on Table 3.

The flow of ground water occurs because of the existing hydrostatic
pressure or potential energy gradient. Consequently, ground water
will flow from a high to low gradient between any two points along
the flow path. Ideally the flow path is supposed to be perpendicular
to the equipotential contour lines creating a rectangular mesh as
shown in Figure 8. This assumes that the aquifer rock matrix and
the geometry of the porous zone forms a uniform physical
characteristic between any two points regardless of the distance.
Practical field examples of ground-water flow characteristics show
that the flow field vector is generally distorted because the aquifer
rock matrix is composed of zones of both low and high permeabilities
which results in a preferential flow path with the energy gradient as
the driving and controlling force of ground-water flow. The aquifers
in the Catahoula Formation are considered to have preferential flow
paths.

Apart from these natural influences, the ground-water flow pattern
can be further distorted by recharge basins, earth impoundments
(tanks), rechargefinjection wells, industrial production (recovery)
wells, any dewatering wells, and municipal/domestic water wells.
Figure 9 shows the distorted flow field modified from that of Figure
8 by recharge, recovery and water-supply wells.

The ground-water flow direction between the recharge zone and Bruni
should appear similar to the flow net shown on Figure 8. However,
ground-water pumpage by Bruni Water Works and other nearby
wells will slightly distort the natural flow direction within a one
mile radius of Bruni (Figure 9). Total Mineral's mining operation is
located 1.5 miles north of Bruni and consists of ground-water recharge
(injection) wells and recovery (withdrawal) wells. These wells distort
local ground-water flow in the aquifer as the ore is mined. Because
the water producing unit in which the uranium mine wells are
completed (Unit 4) is separated by a 15 foot thick aquitard, the
ground-water recharge/withdrawal operations at the mine site should
have no significant influence upon ground-water flow direction in
Unit 3, where BWW wells are completed. Consequently, the ground-
water flow net created by the pumpage of BWW wells should show a
different configuration in Unit 3, and should rarely affect Unit 4
which supplies the mining operations.

At the Westinghouse Uranium Mining Company site located 7 miles
north of Bruni. the uranium has been mined in the aquifer zone
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Table 3

Results of Aquifer Tests, Total Minerals Uranium Mine

Sand Pump Well Hours Flow Results
Unit Test Pumped (gpm) Well/Drawdown (ft)

5a 1 605 26.00 12.0 S0-14 0.23
$0-15 3.09
S0-16 5.35
S0-17 5.08
S0-18 3.00
S0-19 1.60

5a 2 605 40.32 16.3 MA-38 —
MA-39 0.43
MA-40 1.35
MA-41 2.27

MA.42 —
MA-43 7.43
MA-44 4.25
MA-45 3.99
MA-46 3.24
MA-47 2.26
MA 48 2.00
MA-49 2.95
MA-50 4.07
MA-51 5.45
MA-52 4.49

MA-53 —
MA-54 2.36
MA-55 0.60
MA-56 0.98
MA-29 0.21
S0-14 1.58
80-15 5.10
80-16 9.29
80-17 10.15
80-18 6.23
§0-19 3.84
ba 3 605 22.25 16.4 MA-42 443
MA-53 1.73
5a 4 §0-14 14.43 2.5 MA-38 1.66
MA-29 5.15
5b 1 605 26 12.0 M-27 0.88
MB-38 1.56
MB-39 3.66
MB-40 5.60
MB-41 6.74
MB-42 6.43
MB-43 3.33
MB-44 1.84
MB-45 1.47
MB-46 1.18
MB-47 0.95
MB-48 1.06
MB-49 1.44
MB-50 2.25
MB-51 3.84
MB-52 5.27
MB-53 5.89
MB-54 4.06
MB-55 3.37
MB-56 2.57
M.29 1.78




74

! DUVAL _ COUNTY

TR W HOGG GOUNT II

I
649 I —!
| |
| Hebbronville '
1
‘ N\ _/WEBE COUNTY | 25 |
07
. / EXPLANATION Fiow Net ond Direction,
Quaternary/Caliche Elevations n Feet Above .
[ Goliad Formation %\Meun Seq Level Figure 8

Cotahoula Formation
fFrio Formation P

12.5 Foot Intervals MAP SHOWING THE NORMAL




(>
AT
SRR

.V

$/
)
SHY

&
o2
2

&
%

@,

{0
et

%S

X%

X

NN DUVAL  COUNTY

HOGG OUNT _|"—L
]

=y

_ 57 @ |

EXPLANATION
- Caiich Flow Net ond Direction,
o Quatemnary/Caliche % Elevations in feet Above Figure 9

Goliad formaotlon Mean Seq Leval

Catahouta Formation 125 Foot Intervals N AP SHOWING THE DISTORTED

RS Frie Formation . o o




the same zone in which uranium is being mined by the Total Minerals
Uranium Mining Company near Bruni (IInit 4). The Westinghouse
Uranium Mining Company uses state of the art mining methods,
incorporating the barren lixiviant injection leaching process with
the recovery of “pregnant” leached solutions by wells working in
tandem (Greene, 1983; TDMI, 1979; Total, 1987). Initially
Westinghouse had used ammonium bicarbonate (NH,HCO ) instead of
sodium bicarbonate (NaHCO,) as a uranium complexing agent. This
created some difficulty because the ammonium (NH4+) ion from the
complexing agent adsorbed strongly on clay particles within the
aquifer making ground-water restoration of ammonia and nitrate
difficult (Henry et al., 1982). Consequently, Westinghouse switched
to NaHCO, as the complexing agent and retained oxygen and
hydrogen peroxide as the oxidants.

Based on the available hydrologic information and considering 7
miles of lateral distance from the Westinghouse mine to Bruni; it is
felt that any cone of depression and it’s radius of influence, resulting
from the current ground-water restoration/remediation work at the
Westinghouse Mine, does not reasonably have any significant
hydrodynamic influence on the ground-water flow pattern in the
uranium bearing aquifer at Total Minerals Uranium Mine Phase III
field site; or underneath the town of Bruni, the Bruni Water Works
{Unit 3) and local domestic supply wells (Unit 4) at Bruni.

There are six major water bearing units whose combined storage
should be sufficient to sustain public water supply, livestock ranching
supply and normal mining related water supply needs. Most aquifers
have been reported to yield between 5 to 30 gallons per minute
(gpm) and have transmissivities ranging from 200 to 900 gallons per
day (gpd) per square foot. Pumpage of ground water from domestic
water wells and mining in Unit 4 is not expected to create a critical
depletion to the aquifer’s storage since the duration of pumpage for
mining is dictated by the usually short active life of the mine coupled
with the economic yield of the aquifer. Although a mine will initially
produce significant quantities of water from Unit 4 during the active
operations, this impact will be limited to the duration of active
mining. Prior to 1937, several wells completed in the Catahoula
Formation aquifers in and néar Bruni were drilled to depths ranging
from 273 to 277. They were reported to flow and were pumped up to
336,000 gpd. By 1337, however, the artesian head in some of these
wells was reported to have declined to 5 feet below land surface. A
well owned by the Texas-Mexican Railway in Bruni was completed
to a depth of 271 feet and flowed 8 gpm. By 1937, however, its
hydraulic head had declined 44 feet below land surface. In the
Goliad Formation, windmills yielded 2 to 20 gpm while industrial
supply wells yielded 35 gpm. A ranch located southwest of Bruni
had seven wells reported to have yielded 120,000 gpd by 1937.
{Lonsdale and Day, 1937). One of the wells belonging to Lowe’s
Commercial Water Supply still flows. The estimated total volume of
water in storage, per unit, is shown on Table 4. The table also
shows the parameters used to determine the availability of water in
the individual units,
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Table 4
Estimates of Ground Water Availability

fer Aquifer Aquifer Volume of Storage Coefficient Available

it Area Thickness Porosity Water in Storage or Specific Yield Ground Water
{acres) (ft) (28%)* (ac-ft) {(gpm/ft) (ac-ft)
140,800 12.0 0.28 473,088 0.25 118,272.0
142,720 65.0 0.28 2,597,504 5x10* 1,298.0
142,720 105.0 0.28 4,195,968 5x10 2,098.0
142,720 100.0 0.28 3,996,160 5x10* 1,998.0

med



Historical and recent water-quality data is listed in Table 5 by state
well numbers, which can be cross-referenced for ownership with the
record of wells {Table 2).

The quality of the water in Unit 1 is highly brackish, contains excess
chloride, sedium, hydrogen and other sulfide compounds, and has a
dissolved solids content in excess of 3,000 milligrams per liter (mg/1).
This water is of NaCl-NaHCOQ, type and contains trace elements such
as arsenic, selenium, molybdenum and uranium. The water quality
is believed to be influenced by the combined natural organic and
inorganic compounds and chemical reactions resulting from the
interaction of the aquifer matrix, local seepage of brackish water
from underlying water bearing units, probable seepage of oil field
saline waters through geologic faults, poorly cased wells, deteriorating
casing, casing seals and water wells which were improperly converted
from gas or oil wells near Bruni.

The ground-water quality in Unit 2 is of marginal to poor quality.
There are two wells completed in this unit, one of which provides
water for ranch and livestock supply about one mile west of Bruni.
The other, located at the school, supplies water for domestic and
other daily school use. Water quality data for this aquifer is not
available, but at its depth of completion, it is anticipated that the
water quality should be highly mineralized, brackish, and contain
hydrogen sulfide. Westinghouse drilled and completed two wells in
this unit at their mine 7 miles north of Bruni, and screened them to
depths of 400 and 500 feet to supply drinking water to the mine
plant.

Unit 3 is the aquifer in which the Bruni Water Works (BWW) water
supply wells are completed. The water quality in this unit is
marginally acceptable to fair and is of predominantly NaHC0,-Na,S0,
type. It contains arsenic at concentration levels ranging from 0.03
to 0.2 mg/l. The TDH'’s acceptable arsenic range is below .05 mg/l.
The dissolved solids in this unit ranges from 774 to 1500 mg/l.
Uranium and certain radioactive decay daughter products have also
been identified in the ground water of this unit (Table 6). Since the
BWW wells are screened across units 3 and 4, the arsenic and
radioactive element concentration levels are expected to be the
composite of its concentration in the two separate water bodies.
Individually, Unit. 4 is expected to have a relatively higher arsenic
and uranium concentration than Unit 3, since it generally contains
uranium and other trace elements such as arsenic, molybdenum,
pyrite, selenium, iron, manganese, zinc, chromium, barium and
copper. These were part of the fine rock particles and sediments
which comprise the voleanic tuff which were transported by the
aeolian and fluvial processes. Having been originally deposited in a
chemically oxidizing environment and later exposed to a chemically
reducing environment such as sulfides and organic matter, they
resulted in the formation of FeS,, MoS,, As,S,, As,S,, Cu,S, and H,S
(Adams et al,, 1981). However, with the continuous biochemical
process and intrinsic chemical reactions that have taken place over
the years, coupled with the fresh flushing of oxygen-bearing recharge
waters chemlcal changes resulting from the ongomg oxidation-
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Table 5
Results of Water Analyses,
Brunl Waterworks Inc. and Other Wells In and Near Bruni

" Texas Water Development Board
' Ground Water Data System

Ground Water Quality Samples

County — Webb

Aquiter weil Data of pH Shilca Calcium sagnesium Sodlum Potassium Carconate Blcarb, Suifste Chlorlde Fluofide witrate Dissolved Spec. Cond. Hardness Percent Sak RSC

Depth  cCollection {sio2) ca) (ng) ) K} (coy) {HCO3} {504) icl) {F} {ND2) soblds {micromhos} as Cac03 Sodium

{Feet) wG/L »G/L MG MGA /L ML we/L WG/L wGJL mGiL WG/L ML aG/L
122CTHL 00/06/1966 U 8.7 3 181 ) 12 68 a1 L 8.8 a.4 602 ]
122¢TML, 0172671971 . 8.7 [} 2 219 1a FL ] 42 158 a.s a.4 720 1112 n L] il N ) 4.1
122CTHL 01/13/1973 i.9 2 2 200 19 Jo3 » L 1] 2.9 0.4 679 973 " » FE N 3.3
122CTHL or/10/ 1974 4.8 1 a7 12 318 n 18 .9 a.6 yo2 1015 5 L1 ] 389 3.
122CTHL 400 0371571986 7.2 r 2 289 [} %8 112 182 0.7 3. n 1483 F L *» 3.3
t22CTHL 320 o4/20/1989 8.4 44 7 2 299 7 5 362 107 171 a.7 10.3 a2 1450 ] L] 5.3 56

Jue here reflects the bottom of the SARPLED INTERVAL which was different from the completed well depth



STATE WELL NUMEER

8434404

8434401
8434402
8434403
8434403
8434404
B4 34404

8434401
BA34402
8434404

8434401
BA34402
8434404

8434401
8434402
8434403
8434404

8434401
8434402
8434403
8434404

8433101
8433101
8433103
8433103
8433104
8433104
8433104
L4400

DATE SAMPLE # STORET CODE

0472071989

12/18/1987
12/18/1987
03/25/1986
1271871987
04/20/1989
06/07/1989

1271871987
1271871987
0472071989

1271871987
1271871987
0472071989

1271871987
1211871987
0372571986
0472071989

1271871987
12/18/1987
03/25/1986
04/20/1989

0972471973
07/02/1975
10/26/1979
09/18/1980
08/06/ 1966
0171571973
07/10/1974
1271871987

P T e e

- b mb ok -

- b abk mb
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Results of Water Analyses,

Table 5—continued

Bruni Waterworks Inc. and Other Wells In and Near Bruni

INFREQUENT CONSTIYUENT REPORT COUNTY - Webb
DESCRIPTION
(MG/L AS W)

00610

01000
01000
01000
01000
01000
01000

01005
01005
01005

01025
01025
01025

01030
01030
01030
01030

01040
01040
01040
01040

01045
01045
01045
01045
01045
01045
01045
01045

N1TROGEN, AMMONIA, TOTAL

ARSENIC, DISSOLVED (UG/L AS AS)
ARSENIC, DISSOLVED (UG/L AS AS)
ARSENIC, DISSOLVED (UG/L AS AS)
ARSENIC, DISSOLVED (UG/L AS AS)
ARSENIC, DISSOLVED (UG/L AS AS)
ARSENIC, DISSOLVED (UG/L AS AS)

BARIUM, DISSOLVED (UG/L AS BA)
BARIUM, DISSOLVED (UG/L AS BA)
BARLUM, DISSOLVED (UG/L AS BA)

CADMIUM, DISSOLVED (UG/L AS CD)
CADMIUM, DISSOLVED (UG/L AS CD)
CADMILM, DISSOLVED {UG/L AS CD)

CHROMIUM, DISSOLVED (UG/L AS CR)
CHROMIUM, DISSOLVED (UG/L AS CR)
CHROMIUM, DISSOLVED (UG/L AS CR)
CHROMIUM, DISSOLVED {UG/L AS CR)

COPPER, DISSOLVED (UG/L AS CU)
COPPER, DISSOLVED (UG/L AS CU)
COPPER, DISSOLVED (UG/L AS CU)
COPPER, DISSOLVED (UG/L AS CU)

IRON,
IRON,
IROM,
IRON,
IRON,
I1RON,
1RON,
1RON,

TOTAL (UG/L AS FE)
TOTAL (UG/L AS FE)
TOTAL (UG/L AS FE)
TOTAL {UG/L AS FE)
TOTAL (UG/L AS FE)
TOTAL (UG/L AS FE)
TOTAL (UG/t. AS FE)
TOTAL (UG/L AS FE)

FLAG

A A A A A

A A A A

VALUE

0.02

76
197
88
Al
100
102

50
50
50

10

20
20
20

20
20
20
20

CONFIDENCE +OR-



STATE WELL NUMBER

B434403
8434403
B434404

B4 34401
8434402
8434404

8433101
3433101
8433103
8433103
8433104
8433104
8434401
8434402
8434402
8434403
8434403
8434404

8434404

8434401
8434403
8434404

8434404

8434401
B434402
8434403
8434403
8434404

DATE SAMPLE # STORET CODE

0372571986
12/18/1987
04/20/1989

121871987
1271871987
0472071989

09/24/1573 -

07/02/1975
1072471919
09/18/1980
0870671966
0771071974
1271871987
1271871967
1271871987
03/25/1906
1271871987
04/20/1989

D4/20/1989

12718/1987
03/25/71986
0472071989

0672071989

1271871987
12716/1987
03/25/1986
1271871987
04 /2071989

-

- ok bk mh ok e b o b o = .

R e

IMFREQUENT CONSTITUENT REPORT

01045
01045
01045

01049
01049
01049

01055
01055
01055
01055
01055
01055
01055
01055
01055
01055
01055
01055

01062

01075
01675
01073

01085

01090
01090
010%0
01090
010%0

Table 5—continued

Results of Water Analyses,
Bruni Waterworks Inc. and Other Wells In and Near Bruni

DESCRIPTION

IRON, TOTAL (UG/L AS FE)
IRON, TOYAL (UG/L AS FE)
IRON, TOTAL (UG/L AS FE)

LEAD, DISSOLVED (UG/L AS PB)
LEAD, DISSOLVED {(UG/L AS PB)
LEAD, DISSOLVED (UG/L AS PB)

MANGANESE, TOTAL (UG/L AS MN)
MANGANESE , TOTAL (UG/L AS MN)
MANGANESE, TOTAL (UG/L AS MN)
MANGANESE, TOTAL {UG/L AS MN)
MANGANESE, TOTAL (UG/L AS MN)
MAMGANESE, TOTAL (UG/L AS MN)
MANGANESE, TOTAL (UG/L AS M)
MANGANESE, TOTAL (UG/L AS MN}
MANGANESE, TOTAL (UG/L AS MN)
MANGANESE, TOTAL (UG/L AS MN)
MANGAMESE, TOYAL (UG/L AS MN)
MANGANESE, TOTAL (UG/L AS MN)

NOLYBDENUM, TOTAL (UG/L AS MO}

SILVER, DISSOLVED (UG/L AS AG)
SILVER, DISSOLVED (UG/L AS AG)
SILVER, DISSOLVED (UG/L AS AG)

VANADIUM, DISSOLVED (UG/L AS V)

ZINC, DISSOLVED (UG/L AS ZN)
ZINC, DISSOLVED (UG/L AS 2N)
ZINC, DISSOLVED (UG/L AS ZN)
ZINC, DISSOLVED (UG/L AS IM)
ZINC, DISSOLVED (UG/L AS IN)

COUNTY - UWebb

FLAG VALUE

180

20
50

50.
Q.
0.
0.

100.

130

&7
10

10
10

100

30
20

CONFIDENCE +OR-



STATE MELL WUMBER

8434404

B434403
B434404

B434403
BAS4A04

8434403
0434404

8434403
8434404

BA34401
BA34403
BA3A4D4

8434403
BA34404

DATE SAMPLE # STORET CODE

1271871987
1218/1%87
03/25/1986
1271871987
04/20/1989

0272971988
0472071989

0272971988
0472071989

0272971968
04/20/198%

02/29/1988
0472071589

0272971988
04720/198¢

12/18/1987
0372571984
0472071989

02729719688
04/20/1989

il g mE —m

Table 5—continued
Results of Water Analyses,

Bruni Waterworks Inc. and Other Wells In and Near Bruni

INFREQUENT CONSTITUENT REPORT

01145
01143
01145
01145
01145

01503
01503

03503
03503

11500
11500
22703
71890
718050

71890

81366
81366

DESCRIPTION

SELENIUM, DISSOLVED (UG/L AS SE)
SELENIUM, DISSOLVED (UG/L AS SE)
SELENIUM, DISSOLVED (UG/L AS SE)
SELENIUM, DISSOLVED (UG/L AS SE)
SELENIUM, DISSOLVED (UG/L AS SE)

ALPHA DISSOLVED
ALPHA DISSOLVED

BETA, DISSOLVED, (PC/L)

BETA, DISSOLVED, (PC/L)

RADIUM 226, DISSOUVED
RADIUM 226, DISSOLVED

RADIUM 226 + RADIUM 228 DISSOLVED PC/L
RADIUM 226 + RADIUM 228 DISSOLVED PC/L

URANIUM, MATURAL, DISSOLVED (UG/L)
URANIUM, MATURAL, DISSOLVED (UG/L)

MERCURY, DISSOLVED {(UG/L AS HG)
MERCURY, DISSOLVED {UG/L AS HG)
MERCURY, DISSOLVED (UG/L AS HG)

RADIUM 228, DISSOLVED {PC/L AS RA-228)
RADIUM 228, DISSOLVED {PC/L AS RA-228)

COUNTY - Webb

FLAG

VALUE

o ooN

2.3
0.4

o.7
0.3
22
-2
0.4

0.2

1.00
1.0

COXFIDENCE +OR-

6.0
5.0

0.1
5.0

4.5
0.2

0.3
0.2

3.0
3.0



TEXAS DEPARTMENT OF WATER RESOURCES
GROUND WATER ANALYSIS REPORT SUMMARY And

BASELINE WATER QUALITY = In Situ Mining

Table 6
Ground-Water Analysis Summary Report for Units 4 and 5,
Total Minerals Corp.

GRAVEL UNIT 4

Company: Total Minerals Corporation

Mirne Name: _HESL Cole

Mire Arge: _ Wellfield III

Duete Surmr
NON PRODUCTION PRODUCTION ZONE WELL I.D. BY AREA"
ZONE"" MINE AREA"" PRODUCTION ARES NON FROD. ZONE
FPARAMETER UNIT Low Aversge High Low Avarage High LWT Averags High ;?;?ﬁ Mina Product.
t | Calcium mgh 178 189 00 §SM-7
2 Magnesium moll 62 65 70 SSM-8
3 _| Sedwm mgh 400 | 427 | 472 55M-9
4 | Poustium mgh 23 25 27
5 Carbonaste mah o [1) 0 ]
§ | Bicarbonats mgfl 157 205 215
7 | Suitae wgft 247 253 257 ]
B | Chtoside mafl 853 894 967
(o | Fuoorde i 0.62  0.74_ 0.80
0 Nitrate - N mgli 2.9 4.4 5.8
11 | Sibca oyl 76 88 98
12 | pH Std. unit 7.73 7.84 8.03 T
13 | Tos mgh 207¢ [2130 {2210
14 Conductivity umhos 3380 |3450 3560 _I
15 | Alkstiniry $1d. unit 129 [ 168 193
| 16} Arsenic mgil 0.003 0.006| 0.009
17 Cacimium mgt O.GOOI 0.00030.0005
18 ] tron myit 0.08 | 0,31 0,7
9 | Lesd mg/l 0.001 ; 0.002]0.004
20 | Mangerese mo/t 0.016 | 0.033:0.064
21 | Mercury mgll <0.0001<0. 0000, 0001 |
22 | Selanum mgh <0,001 | 0.001]0.002
23 | Ammonis mgl 0.13 0.15 [0.17
[ 2 | Uranium el 0.004 | 0.008)0.016
75 | Molybdenum mgf 0.01 0.01 |0.01 ]
2% | Radium 226 mh 0.5 0.53 |0.6

* LIST THE IDENTIFICATION NUMBERAS OF WELLS USED TO OBTAIN THE LOW, AVERAGE AND HIGH VALUES.

“"MONITOR WELLS



Table 6-continued
Ground-Water Analysis Summary Report for Units 4 and 5,
Total Minerals Corp

TEXAS DEPARTMENT OF WATER RESOURCES

GROUND WATER ANALYSIS REPORT SUMMARY And
BASELINE WATER QUALITY — in Situ Mining

COMPARISON OF MINE AREA
5a and 5b Sand

Company: Total Minerals Corporatlieon
Mine Nama: ___}Lei!:,(.:()le

Miny Ares:

Wellfield III

D ate Summariced:

l NON PROQUCTION HINE AREA WELL 1,0, BY AREA®
Zone™ 5a_sand 5L Sand Sa 5b Sand
PARAMETER UNIT Low Aveigge High Low Average High Low Average High Sand

11 Calewm ol 3 30.6 | 98 5.8] 16.2] 35 s0-14] 514 MB-50
| 2 Msgnesium mg/l 0.2 ] B8.2| 23 2,9 6,41 8.9 1 S0-15] 523 MB-51
3 1 Sordum ma 344 391 418 151 398 1439 §0-161 530 | MB-52 |
_4_ Potassium mgit 18 Y L 105 12 17 B 43 SO—__LZ.,__'—LE.L_&B—F
l—L Carbonate mg/t 0 11.7 29 7 16.8; 32 S0-18 ’___iFJ/L_‘.‘iB_—_Si
6 | Bcarbonare _mgl 160 1233 (282 328 | 366 1484 80-19] 572 | MB-55
e mal 153 (216|265 1125 | 196 (251 || %A-29] 594 | MB-56
B | Chianae ma 298|430 | 554 | 269 | 297 1346 || MA-38] 603 |
o lewonge e 0.39] o0.56] o0.84 0.42 1.03 Tf] Wa-39] 6061 |
o | e N % 0.0t 0.01| 6.06 ©.0] 1.7] 4.3 | Maca0l 6261
it | shes oot _L 25 £0.5 [ 150 43 [ 50.97 66 Ma-41] 627 1T~ 1
2 n sid unq , 8.11] 8.44] 9.200 8.39 8.61] 8.99]Ma-424 638

13 | TDS man + 180 | 1385 600 1110 (1232 ;1360 | MA-43[ 643

| commuerniy umhos | | 1930|2206 PS40 D690 11919 (2180 || MA-44[MB-47A %"]
15 | Atestniy 51, ] 140 | 211 1339 | 294 | 328 | 429 | MA-45MB-38 |

15 | Asenic mq,.’_i— | | k0,001 | .008 |0.023 |0.014 [ 0.030] 0.051f MA-46 B39 | :
[’,T'_a.,,,.,.,m mall | : <0.000K0.0003r0.0015 <0.000Y 0.00010.0003 m-wi}m-ao |
e | 1o ot 0.03 |0.51 |3.00 |0.04 ! 0.56 | 2.9 | Ma-48p@-4t

19 | Lena mall <D.001!0.607 |0.089 k0,001 [ 0,002] 0.009] Ma-49MB-42

20 | Monganese g <0.01 [0.15 [2.10 [0.0027 0.040} 0.210] Ma-50jMB-43

2| Mercory it .0001/0.0001] 0.0001k0.000%0. 0001140 .000Y MA—S1HB-44

22 | Seteriuen g <0.001]0.001 | 0.001 [0.001 |<0.001 }<0.001] MA=52[HB-45

2 | Aenorin ot 0.03 10,09 |6.19 J0.01 | 0.06 | 0.35 | MA-53AMB-46

24 | Uranium I, 0.001(0.003 (0.012 [<0.001 | 0.74 | 6,78 | MA-S4[MB-47

2% | otytdenum mght <0.01 |0.01 |0.03 ko.0l | 0.01 | 0.03 || MA-55[Mp—4B

(26 | Rasium 28 g 0.3 2.3 |36 0.3 [21.2 137 MA-56/MB—49

* LIST THE IDENTIFICATION NUMBERS OF WELLS USED TO OSTAIN THE LOW, AVERAGE AND HIGH VALUES.

**MONITOR WELLS



Table 6—continued
Ground-Water Analysis Summary Report for Units 4 and 5,

Total Minerals Corp
TEXAS WATER COMMISSION Company: Total Minerals Corporation
GROUNDWATER ANALYSIS REPORT SUMMARY 5a Sand Mine Namy: __ West Cole .
BASELINE WATER QUALITY =Solution Mining Ming Ares: Wellfteld IT11 o
Date Summarized: _—
NON PRODUCTION PRODUCTION ZONE WELL 1.D.BY AREA" ]
. ZONE®" MINE AREA-* PRODUCTION AREA NON PROD. ZONE }
PARAMETER UNIT Low | Averspe High Low | Aveeage | High Low | Aversge | Hign ;Fc',:% Mine | Produai.
1} Colem e/ 3 | 33,7 o8 MA-29 | §0-14
2 | Msgnesum mgh 0.7 7. 23 MA-38 [ 50-15
3 | Sosum g/t [ 344 | 390 1411 MA-39 | 50-16
1| Possum ol 1 18 | 60.3 105 , | MAZ40, | 50-17
r__‘S__ Cartonata mgll } 0 I2.q‘ 90 MA-41 50—@
|6 | Bxcarbonate mgil I 196 | 238.6 282 MA-4 24 ’so_-ys_]
| 7 | sumace g i 153 | 214.3 265 MA=43
B_ | Chloncs my/t | 298 436 1 554 MA-&44 |
5 | Fluonce | L 0.39 0.54 0.82 MA-65 |
10 Nﬂf'" | man 0.01 0.01 0.06 MA-46
1ol sihes mpA _p2s5 65.3 1150 MA-47
12 | pH Std. unit 8.11 8.4 §.20 MA-48
N e 1 T T
13 mgh 230 | 1410.9 1600 MA-£9
14 | Conducrivity s 1930 | 2236 | 2540 [ L HA-50
15 | Alkalnity Std. unit 161 216.3 339 MA-51
16 | arsenic ! <0.091 0.007 0.02] | MA-52
17 | Cagmiom mat £0.0001] 0.000% 0.0019 ! MA-53A
18 | twon g 0.03 |0.48 | 3.0 | MA-54
19 | {eaa mon £0.001 | 0.009 | 0.089 i MA-55
20 | Mengenese mah k0,01 [0.17 {2.1 | MA-56
21 | Marcury mgh £0.0001] 0.0001 0,000
22 | Selenium mght kG.00) [ 0.00 [ 0.001
21 | Aammonis g/t Q.95 L10_10.17
24 | Ureniym mgh 0.001 | 0,.0021{ 0,005
25 | Molybdenum mgh 0,01 10,01 §0,02
28 ]| Redivm 220 1 ecin 0.3 2.5 {6
i -

* LIST THE IDENTIFICATION NUMBERS OF WELLS USED TC OBTAIN THE LOW, AVERAGE AND HIGH VALUES, “*MONITOR WELLS



TEXAS WATER COMMISSION

GROUND-WATER ANALYSIS REPORT SUMMARY
BASELINE WATER QUALITY—Salution Mining

Table 6—continued

Ground-Water Analysis Summary Repon for Units 4 and 5,

Total Minerals Corp

5b Sand

Company: Total Mineralns Corparation -
Mire Warma: West Cole
Mine Area: Wellfield III

Date Summaerized:

NON PRODUCTION FACDUCTION ZONE WELL VD . BY AREA"
FONE®* MINE AREA*® PAODUCTION AREA NON PROD.  QNE
PARAMETER Ut Low j Aversge | High Low | Awersge | High Low | Avrege | o || 2ome | Mime | Producr.

V| Caloum mft i 5.8 13, 26 11 16.8| 35 MB-38 | 514

2| Magnosium malt | 3.8 6.9 B4l 2.9 6.1 8.9 MB-39 | 523
| 3 | Sodwm myft 351 398 439 | 360 | 2397 438 MB-40 ] 530

3 1 Powssum mgh 12 18.4 43 12 6.7 27 MB-41| 551
5 [ Corvomem ot 10 6.1 321 .7 17 12 MB-42 | 567
6_| Bicarbonte myfl N 328 157 376 | 307 378 484 MB-43 572
? | Sultate mg/l 126 197 248 | 149 194 251 MB-44 | 594
@ | Chiande maf 269 | 301 | 346 F 270 | 293 | 341 MB-45! 605
9 | Fluonge mgfl A 1.0 1. 1.0[ 1.06 1.2 MB-46 | 606 |
10 | Nitrate: N myil <0, 2.1 4.1 0.¢1l 1.1 2.5 MB-47 ) 626 |
1| Silice mal 45 50.1] 66 | 43 52 60 MB-48 | 627 |
12 | pH St unit 8.45 8.60 8.99] 8.39] B.63 8.87 MB-49| 638 |
13 { TOS mof e h231 hizeo Wi13o (1238 li3so MB-50% 643
14 | Conductivity smhos | 1690 11938 2180 1800 |18%4 ]2070 MB-51 [MB-474]
15 | Atkatiniry Std. unit 299 320 343 294 339 429 MB-52 |
16 | Arsenic mgA 0,014 0.021 0.051| £.021] 0.028] 0.04 MB-53 1‘
17 | Codmium mh k0, 000%0, 00Q0AC, 0003 £0,00030,0001k0. 000 MB-54 f
18 | tron mgi 0.12 0,54 2.6 0.04 10,58 2.9 MB-55 '
19 | Lesd mafl <0.0010. 0014 10,011 [<0,001]0.0017] 0,009 ME-56

20 | Mangenew mg/ 0002 10,038 (0,150 {0,004 10,041 | 0.2
| 21 ] Meccury me/t k0,0001¢,0001 10,0001 ¥0.0001%0.0001k0, 000

22 | Selenium mgh 0,001 [<0.001[<D.001]<0.001] <0.001x0.001

73 | Ammonis mgi 0,03 [0.09 10.25 [0.01 (0.032 {0.04 ‘,
24 | Grenium g 0.001 [0.069 [0.297 [0.17 {1.66 [6.78 '.
28 | Molybdenum mg/ k0.01 10.011 !0.02 |<0.01 [0.011 [0.03

| Padium 226 pCinl 0,3 [2.8 11 6.3 46 137

* LIST THE IDENTIFICATION NUMBERS OF WELLS USED TO OBTAIN THE LOW, AVERAGE AND HIGH VALUES.

“TMONITOR WELLS



Ground-Watar Quality and Availabili
In and Around Bruni, Webb Counly, Texas
March 1991

oxidation, and ground water pumpage processes have resulted in
localized water quality changes due to the ground water flow and
diffusion of carbon dioxide and oxygen gases. The arsenic compounds
of As* and As™ can be precipitated from ground water by hydrogen
sulfide (H,S).

Unit 4 is generally divided into two separate aquifers by a thin clay
bed which is 15 to 30 feet thick. The two aquifers occur at depths of
between 135 feet and 190 feet and 200 to 270 feet respectively and
contain uranium in concentrations that are economically being mined.
In some places where the clay bed is absent, it may form one major
aquifer. The Total Minerals Company has completed production
wells in a zone of Unit 4 which occurs between depths of 195 feet
and 270 feet. Table 5 provides water-quality data summaries for
their wells. In Bruni, about 25 residences have their domestic water
supply wells completed in this aquifer. The ground water quality of
Unit 4 has other heavy metals which are associated with uranium
ore. The uranium, arsenic, molybdenum, and selenium are partially
dissolved between the ground water, and adsorbed in the aquifer's
matrix under reducing conditions. The Total Minerals Uranium
Company is mining only the lower portion of unit 4. Whenever the
equilibrium state of the chemically reducing environment is disturbed
such as by mining, well drilling or water supply well pumpage, the
pH and equilibrium conditions change and more oxidation occurs.
The uranium, arsenic, molybdenum, copper, selenium, manganese
and iron will then continue to desorb and dissolve in the ground
water until another equilibrium or saturation point is reached. This
dissolution may simultaneously take place with ion-exchange process
and precipitation of certain chemical constituents. The net effect of
these chemical processes will be to increase or decrease certain
chemical constituents in the ground water. Most of those chemical
processes are controlled by the pH, Eh (oxidation-reduction) potential,
and mass transport {advection, diffusion) processes. The mobilization
of the chemical species released into the ground water occurs as a
result of ground water flow velocity or by spontaneous chemical
gradient diffusion. Table 7 shows the chemical water quality in one
of the Westinghouse Uranium Mines public drinking water-supply
well completed in the same aquifer as for Bruni Water Works wells.

Unit 5 occurs at a depth of between 90 feet and 135 feet. It is not
known as to whether this zone is the same one in which uranium
leaching operations and post mining ground-water restoration has
occurred 7 miles north of Bruni at Westinghouse Mine. In Bruni,
there is one domestic ground-water supply well completed in this
unit. The ground water quality of this unit is of sedium-bicarbonate,
sodium sulfate and sodium chloride mixture types with a pH of 7.2
and contains 0.052 to 0.195 mg/1 of arsenic, 0.58 mg/l iron, up to 10.0
mg/l uranium, 0.046 mg/l molybdenum, and a dissolved solids content
of between 1100 and 1800 mg/l. In the mine area, the pH of the
water is about 8.9, and the water contains an arsenic level of 0.03
mg/l, molybdenum of ¢.001 mg/l, uranium of between 0.001 mg/l and
11 mg/l, and a dissolved solids content of between 1200 and 2300

mg/l.

Aquifer 6 occurs at a depth of between 35 to 90 feet in a sandy
conglomerate which is found in a broad zone underlying Bruni and

reYE .



TEL.,

Table 7

Water-Quality Data from Westinghouse Uranium Mine's Public Supply Well

S512-984-0371

JORDAN LABCRATORIES, INC.

CHEMISTS AND ENGINEERS
CORPUS CHRISTI. TEXAS
JULY 7, 1988

WESTINGHOUSE ELECTRIC CORP.
P.0. BOX 187
BRUNI. TEXAS 78344

REFPORT OF ANALYSIS

1DENTIFICATIONS BRUNI SITE
FRESHWATER SAMPLE u/u,e:ﬂ:/

6-3-98

PH -—— 8,39
COLOR. PT-CO UNITS . —

}

CORROSION RATE. MILS/YR - 10.3
MG/L

FLUORIDE === mormmm o m e mteim o e e 1.1
NITRATE NITROGEN ==-—cwasmemmam=ce——e————————e €0.01
TOTAL PHOSPHORUS -- -— m———— 0,02
CHLORIDE ~=w————m—mmcmmmm e mem— e e e 125
SULFATE - 98
ARSENIC =——===-mm <0, 001
BARIUM -— 0.11
CADMIUM €0.0001
CHROM UM <0.01
COPPER 0.01

- IRON 0.01
LEAD merme—————————ea— -- £ €0.001
MERCURY - <0.0001
MOLYBDENUM -— .0.01
SELENIUM —————————— €0.001
SILVER ====mmem—mcmm—ccccce—— e ee e <0,01
URANIUM - 0.001

GROSS ALPHA ACTIVITY, PCI/L =—w== =2.4 +/- 3.4
RADIUM 226, PCI/L ~=-—=-======—- C.1 +/- 0,1

LAB. NO. M26-3549

PO BOX 2552 78403

ANALYSIS
‘DATE

04-22-88
06~23-88
06-27-88

06-06-88
06-06-88
07-03-88
06-22-88
06-21-68
04-13-88
06-21~83
04~24-83
04-22-88
06-22-88
06-21-88
06-24-83
06-15-88
06-21-68
06~13-88
06-21-88
07-06-98

07-07-88
04-29-88

RESPECTFULLY SUBMITTED.

CARL F.

CROWNOVER



Ground-Water
In and Around
March 1991

gunJity and Availabili

runi, Webb County, Texas

base of Goliad Formation. The water quality in this zone is generally
considered poor to brackish. In Bruni, the water in this aquifer is
considered unusable because residents believe that all residential
septic tanks and cesspools including that of the school have been
leaking waste water and raw sewage into this aquifer; consequently,
no water wells have been completed in this unit.

Staff concludes that in the Bruni area, domestic wells are completed
in Units 3, 4 and 5, whereas the Bruni Water Works wells, which
supply water for commercial and domestic use, are completed only
in Unit 3.

Another commercial water supply company (Lowe’s Water Supply)
located 2 miles east of Bruni and south of Highway 359 has three
sets of wells completed in Unit 1 at 690 to 750 feet and whose
waters are high in dissolved solids and hydrogen suifide, Unit 2 at
550 feet also has high dissolved solids and hydrogen sulfide, and
Unit 3 at 375 feet, the same zone in which the Bruni Water Works
municipal supply well is completed.

Arsenic is a trace metal which occurs naturally in weathered
sedimentary, metaigneous rocks, and deposits of voleanic origin and
always coexists with uranium, molybdenum, selenium and iron in
the sedimentary uranium ores. In Bruni, and the surrounding areas,
extending westward to the outcrop of rocks of Miocene Age (Catahoula
and Frio Formations) and Pliocene Age (Goliad Formation), the
sedimentary geologic units were deposited as derivatives of
metaigneous and volcanic origing. Consequently, uranium, arsenic,
pyrite, marcasite, selenium, and manganese, have formed a significant
percentage of such sediments, and are naturally deposited and
constitute the natural primordial components of such geologic layers
which formed the current water-bearing units in the Bruni area,
This area lies in the faulted South Texas uranium depositional belt
zone. The natural, seasonal, regional and local changes in the quality
of ground-water around Bruni occur spontaneously and are due to
mixing, hydrolysis, dissolution, oxidation, reduction, biochemical
bacterial and fungi biodegradation, adsorption and desorption, and
pumpage of ground water. These processes control the fate and
transport of the various inorganic and organic chemical elements
and naturally dictate which chemical species will appear or disappear
with time anywhere in the ground water. These natural processes
have been taking place in the ground water beneath Bruni since the
aquifer came into being, and could be responsible for the presence of
high arsenic levels reported in the Bruni Water Works municipal
water supply wells. The arsenic dissolved in the ground water at
the ambient pH and Eh exists at the concentration level that occurs
under the equilibrium state between arsenic compounds and cother
trace metal compounds. Also, bad water quality could evolve near
fault zones that restrict movement. Bruni is found between two
faults which lie within a distance of two miles east and west of
Bruni.



Ground-Water Quality and Availability
[n and Around Bruni, Webb County, Texas
March 1991

base of Goliad Formation. The water quality in this zone is generally
considered poor to brackish. In Bruni, the water in this aquifer is
considered unusable because residents believe that all residential
septic tanks and cesspools including that of the school have been
leaking waste water and raw sewage into this aquifer; consequently,
no water wells have been completed in this unit.

Staff concludes that in the Bruni area, domestic wells are completed
in Units 3, 4 and 5, whereas the Bruni Water Works wells, which
supply water for commercial and domestic use, are completed only
in Unit 3.

Another commercial water supply company (Lowe’s Water Supply)
located 2 miles east of Bruni and south of Highway 359 has three
sets of wells completed in Unit 1 at 690 to 750 feet and whose
waters are high in dissolved solids and hydrogen sulfide, Unit 2 at
550 feet also has high dissolved solids and hydrogen sulfide, and
Unit 3 at 375 feet, the same zone in which the Bruni Water Works
municipal supply well is completed.

Arsenic is a trace metal which occurs naturally in weathered
sedimentary, metaigneous rocks, and deposits of volcanic origin and
always coexists with uranium, molybdenum, selenium and iron in
the sedimentary uranium ores. In Bruni, and the surrounding areas,
extending westward to the outcrop of rocks of Miocene Age (Catahoula
and Frio Formations) and Pliocene Age (Goliad Formation), the
sedimentary geologic units were deposited as derivatives of
metaigneous and volcanic origins. Consequently, uranium, arsenic,
pyrite, marcasite, selenium, and manganese, have formed a significant
percentage of such sediments, and are naturally deposited and

- constitute the natural primordial components of such geologic layers

which formed the current water-bearing units in the Bruni area.
This area lies in the faulted South Texas uranium depositional belt
zone. The natural, seasonal, regional and local changes in the quality
of ground-water around Bruni occur spontaneously and are due to
mixing, hydrolysis, dissolution, oxidation, reduction, biochemical
bacterial and fungi biodegradation, adsorption and desorption, and
pumpage of ground water. These processes control the fate and
transport of the various inorganic and organic chemical elements
and naturally dictate which chemical species will appear or disappear
with time anywhere in the ground water. These natural processes
have been taking place in the ground water beneath Bruni since the
aquifer came into being, and could be responsible for the presence of
high arsenic levels reported in the Bruni Water Works municipal
water supply wells. The arsenic dissolved in the ground water at
the ambient pH and Eh exists at the concentration level that occurs
under the equilibrium state between arsenic compounds and other
trace metal compounds. Also, bad water quality could evolve near
fault zones that restrict movement. Bruni is found between two
faults which lie within a distance of two miles east and west of
Bruni.



Arsenic chemical ionic species exist as arsenite {As*} in ground
water in the reducing environment and as arsenate (As*) in an
oxidizing environment (Buchanan 1962). In ground water with a pH
of 5 and 9, the dominant arsenic species is arsenate acid, H,AsG,, At
a pH of 7, arsenite is approximately equally distributed. In the mine
area, pH of ground water in Unit 4 is expected to be between pH 7
and 9, while under the town of Bruni the pH of ground water in
Units 3 and 4 is expected to lie between pH 7.0 and 7.9 (Henry et al.,
1982).

Under oxidizing conditions and with a pH range between 6.5 and 9,
its unlikely for arsenate or arsenite minerals to precipitate with the
exception of barium arsenate [Ba(AsQ,),] which is much less soluble
than the other species. Consequently, if arsenic occurs in Units 3
and 4 beneath Bruni it will be found naturally in solution.

Under mild reducing conditions, arsenic is likely to occur as soluble
arsenious acid species. Orpiment (As,S,) and realgar (AsS) chemical
species are likely to be stable at low to moderate pH. The partition
between the dissolved and precipitated adsorbed arsenic species is
such that solid arsenic occurs at a pH below 5 while at pH of 7 or
less dissolved arsenic sulfite found in solution can oceur in equilibrium
with the solid species orpiment in small concentration in the order of
2x107 mg/l. It has been reported by Gulens, et al (1979) that in
neutral pH oxidation environment, arsenate is absorbed more readily
by ferric hydroxide than arsenite. Arsenic also occurs as a colloidal
complex species known as arsenious sol which may be mobilized as
suspended matter in ground water. Most arsenious sols are very
stable and may travel freely with ground water and will move from the
well intake to the well head or the point of use in the ground-water
delivery system without being filtered or precipitated out. At the
well, unfiltered ground water should precipitate arsenate with ferric
hydroxide leaving arsenite in solution.

Ground water which exists under oxiding conditions in a uranium
bearing aquifer contains the oxidized uranium ion U* as UQ,*, which
is complexed with some organic chemical compounds that are subject
to the pH and Eh control of the environment. Uranium may also
predominantly occur complexed with phosphate and carbonate species
if they are present in ground water whose pH ranges from 4 to 7.
The ground water in the aquifer tapped by the water supply used by
the Bruni Water Works is believed to be in a reducing environment.
When well pumps are turned on, this water is subjected to oxidation
conditions in the well bore, the uranium is oxidized in that zone and
forms minerals commonly found in oxidizing uranium deposits. Ex-
amples of such minerals which may be found in Units 3 and 4 are:
Ca(UO,),(PO),10-12H,0 (autunite), Cu(UO,) (PO )2-8-12H,0
(torbernite) and Ca(UQ,),8i,0,6H,0 (uranophane), all of which have
been reported to be highly soluble and common in South Texas ura-
nium bearing aquifers; and the carnotite K,(UO,),(VO,),-3H,0 (carno-
tite), and Ca(UQ,),(VO,),; 5-TH,0 (tyuyamunite) which occur as sec-
ondary uranium minerals formed due to the reaction of meteoric
waters with the uranium and vanadium minerals. They are normally
found disseminated or concentrated locally near organic matter in
the aquifers.
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Movement of Arsenic
and Uranium from
the Uranium Mines

In ground water reducing environments uranium (U®) minerals are
reduced to uranium (U*) minerals such as uraninite (UQ,) or
coffinite (USi0,); consequently, the amount of silica concentration in
ground water will dictate which one of the two uranium compounds
becomnes dominant. When (U®) comes into contact with dissolved
sulfide minerals, ferrous iron (FeSO, nH,0), or some organic matter,
it may be reduced to the divalent (U*) and tetravalent (U*) uranium
minerals. When the tetravalent (U*) minerals come into contact with
the trivalent iron (Fe®) it will be oxidized to (U%). In the absence of
phasphate and carbonate ions, such reduced divalent and tetravalent
uranium species become almost insoluble and undetectable in
solution in ground water. The ground water in the uranium bearing
aquifer supplying the Bruni Water Works wells contains iron,
carbonate, and some phosphate ions in significant concentrations to
participate in these reactions; hence, uranium is expected to dissolve
and remain in solution both in the reducing and oxidizing
environments, and to occur naturally in the well water during
pumpage. Arsenic can also be found complexed in the colloidal sols.
These, among other factors, may explain why arsenic and uranium
have persistently occurred, with fluctuating concentration levels, in
the Bruni Water Works wells.

The dissolved ionic and molecular chemical species of uranium,
uranium decay daughter products, arsenic, molybdenum, selenium,
manganese, zine, iron and copper can be transported from the
uranium mining site (source) to another place down gradient by
several mechanisms found within the aquifer between any two points,
and are dictated by the concentration gradient of the chemical species,
availability of oxygen and carbon dioxide, and how fast ground water
is moving through the uranium ore bearing aquifer. The transport
of these species can take place by any one of these processes:

i) The dominant mechanism of transport of a chemical
contaminant will be by the natural ground-water mass flow
velocity (advection/convection) method. It is a function of the
velocity, mass change of chemical material concentration,
chemical reactivity and dimunition with distance during
transport. This will only occur if the ground water velocity
is above the critical flow velocity. Due to the geometry of the
ambient flow field in Unit 4, and the trajectory of the ground-
water particle passing through the Total Minerals and
Waestinghouse uranium mines, it is evident that uranium and
arsenic from these mines will not travel towards Bruni by the
advection mechanism.

(ii) However during the same time the advection transport
mechanism causes the chemical contaminant to move with the
natural ground-water body velocity, the chemical material
itself is also moved by a process of vertical and horizontal
spreading due to the textural and depositional characteristic of
the aquifer porous medium, Tis process which is also influenced
by the bulk flow of a ground water body is known as the
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velocity is not static. It is believed that if any contaminant
chemical enters ground water in Units 3 or 4 at Total Minerals
uranium mine site, it will not move underit’s own hydrodynamic
dispersion and advection processes to the town of Bruni because
the pumpage in Unit4 is much heavier at the mine than in Bruni
water wells. This is likely to induce limited ground water flow
from Bruni to Total Minerals Uranium mine in Unit 4. At the
same time, if there is vertical leakage in the equitard between
Units 3 and 4, there will be ground water flow from Unit 3 to Unit
4 rather than from the mine into Unit 3 underneath the mine or
toward Bruni.

When the ground-water flow velocity is so slow that it is almost
static, the mechanism of transport will no longer be by
hydrodynamic advection or hydrodynamic dispersion but
instead will be by the mechanism of Fickian (chemical
concentration gradient) molecular induced flow. This
mechanism of transport is known as molecular diffusion and
depends on the characteristic diffusion rate of arsenic and
uranium which are considered to be very low compared to the
ground-water velocity. The molecular diffusion may take place
loeally but the range of the prevalent distance and the
attenuation/decay of the transported chemical species will not
support their travel from Total Minerals or Westinghouse
uranium mine to the aquifer(s) underneath Bruni through the
transport mechanisms considered. The molecular diffusion
transport flux (g), for arsenic can be determined hy the
following numerical model:

=o38),+o(5) -(%),

{(modified from Farringtron et. al., Crank, 1975, and Javandel,
1984)

RT RT
D= = Equivalent conductance of Arseni
[6erN] (F/ZJT( quivalent conductance of Arsenic)

meter

D:7.94><10_1°(
S€C

):Diffusion coefficient

D=7.38x10"" 1. as in air
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ime
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s
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N Z DNe e wh
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(iii)

(iv)

C = 100 mg/t
43141599 yrs)(3156m/ yrx10.8f° [m*)

CA = 0.0026

The concentration of arsenic (C, ) above shows that in Unit 4
underneath Bruni, the wells should show concentration levels of
0.0026 mg/l, which is below the maximum primary drinking
water standards.

On the other hand, if arsenic migrates conservatively with a
ground water chemical transport velocity of 30 feet per year, it
would take the leading edge of the arsenic plume

. 5,280 fryf 1 yr
[1.5 rmles( iles )[30 ﬂ)]

264 years to reach Bruni from Total Minerals mine or 1320
years from Westinghouse’s mine, assuming ground water flow
direction is due south of these mines, which is not the case.

During the chemical transport, some of the chemical
constituents may leave (precipitate out of) or come into
(dissolve} the solution of moving ground water. This
mechanism of chemical behavior during transport will result
either in a net increase or decrease of chemical contamination
or pollution. The processes that may control the presence or
absence of arsenic, uranium, molybdenum, copper, and
manganese are hydrolysis, oxidation-reduction potential,
biodegradation (biochemical) and the pumpage of wells. These
processes may occur at a particular spot or may occur along the
entire transit distance as a result of ground water coming into
contact with aquifer matrix materials, oxygen, and/or organic
carbon along its flow path. If a release ofa “pregnant” uranium
solution were to occur in the mine field at any time, the
concentration level of the developing plume of contamination
from that release would spread radially with corresponding
radial attenuation due to chemical reduction, adsorption,
precipitation and dilution during its transport away from the
mining field and because of the complex pumpage hydrology may
not be detected near the Bruni Water Works wells. The
precipitation of arsenic and uranium will occur because the
oxidized “pregnant solution” will be mixing with ground water in
a more reduced phase in the immediate periphery of the mine
field.

The uranium and its daughter products may undergo further
intrinsic reduction in concentration by radioactive decay during
its transport, generating other isotopes including radium and
radon gas. Toestimate the concentration of arsenic and uranium's
primary radioactivity decay mechanism the following chemical
transport and mass balance expressions were used:
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The solution of which is:
C = 4——(: x e **P
) 4K‘I\f(Dx Dy)
c. - (massive arsenic / liter) % 0P
A =
4xt+f(Dx Dy)
where C,orC = original concentration of arsenic and uranium radicactive chemical
constituent now, respectively
C, = initial mass concentration of the radioactive constituent during
sedimentation or Rome other known earlier time
D = dispemsivity
= distance in y-direction
* = distancein x-dirvection
e = 27182
A = chemical decay constant
Q@ = specific discharge
(x—wz)(y)2
A= la an
R = rctardation factor (———1+D‘mQKd) .
porosity Vc
V = average groundwater linear velocity
V = velocity of contaminant of C/C = 0.5 point
[ L
To properly model the solute transport using these simulations would
require that the background concentration of both arsenic and
uranium were accurately known in Bruni and at the mine site prior
to the beginning of the mining operations, otherwise the number
obtained would be an estimated guess.
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According to the Texas Department of Health (TDH), Division of
Water Hygiene, the ground-water quality analyses data collected
and compiled from the Bruni water supply wells (Table 5) have
consistently yielded water with high arsenic concentrations. The
two domestic water supply wells (numbers 2 and 3) and the two
commercial-industrial water supply wells (numbers 1 and 4) have all
reported arsenic concentration two to three times above the acceptable
primary drinking water standards of the TDH and EPA. In some of
the wells the high arsenic concentrations have been identified and
reported since 193%. A recent test of ground water samples from
wells 2 and 3 conducted by the Texas Water Development Board
have also shown the presence of arsenic, uranium and its daughter
products in ground water produced from Unit 3. Water samples of
domestic and school wells in Bruni have also shown high levels of
radium, radon gas, and arsenic.

The concern for the presence of uranium and arsenic was raised and
brought to the attention of the Texas Water Development Board in
April of 1989 by an inquiry from the TDH and Mr. Layton who owns
the Bruni Water Works, This inquiry prompted our attention
concerning Bruni’s ground-water quality problems and formed the
basis for this investigation. An attempt has therefore been made to
determine the source of arsenic and uranium contamination and to
recommend possible solutions to alleviate the water quality problem.

The process of uranium mining by a well designed and engineered
injection leachingand recovery processresults inthehydrodynamically
controlled movement of “pregnant” solution containing uranium and
trace arsenic, molybdenum, selenium, iron and manganese leached
from the absorbed precipitate reduced-ore environment. This is
accomplished by injecting ground water in which sodium hydroxide,
carbon dioxide and oxygen have been mixed in a predetermined
proportion to produce barren lixiviant selution which upon reaching
the uranium ore body in the aquifer oxidizes and complexes the
uranium and the associated chemical trace element suite. The uranium
concentration level is increased several times in ground water creating
a “pregnant” lixiviant solution which is then recovered by pumping
through ground water recovery wells. The volume of the solution
pumped is deliberately made slightly higher than the volume of barren
lixiviant solution going into the aquifer. The difference is the bleed off
volume which maintains a hydrodymamic sink/source balance that
effectively supports a local cone of depression near the recovery wells
within the mine field. The wells particular network design in the
uranium mine leaching field physically induces local ground-water
movement toward the recovery wells in the mine field and not away
from them in the direction of Bruni. This prevents the escape of plumes
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Are The Chemical
Contaminants
Introduced Into The
Ground Water By
Uranium Mines
Traceable to Bruni?
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Where Do Arsenic
And Uranium
Concentrations in
the Bruni Water
Works Wells Come
From?

of high uranium concentrated fluid from the mine itself to peripheral
areas such as Bruni.

Apart from this design, there is a network of ground-water monitoring
wells installed in the periphery of the mine field to immediately
detect any release or escape of uranium “pregnant” fluids.

Based on this careful design of the uranium mine field, the
characteristic ground-water flow net, detection monitoring wells, and
with contingency plans for quick “pull back” remediation of any
runaway fluids, it can reasonably be assumed that the Total Minerals
Uranium Mine site is not expected to cause detectable uranium
contamination in the aquifer underneath Bruni. In addition, the
ground-water flow direction appears to be to the east of southeast
and not in the southerly direction toward the town of Bruni as has
been thought. The ground-water flow maps (Figures 8 and 9)
illustrate this observation.

Under reducing conditions, the tetravalent (U*%) ions or minerals
uraninite and coffinite, present in the ground water and in contact
with the uranium ore, are normally insoluble. However, when they
come into contact with a reactive oxidant such as hydrogen peroxide
(H,0,) and oxygen, they will dissolve into the ground water. In the
underground uranium leaching process any one of these oxidants
(salt solutions of sulfate bicarbonate, carbonate and ammonium) is
normally injected down the well at the well head under controlled
hydraulic pressure in the presence of barren lixiviant or, if suitable
subsurface geologic conditions exist, the oxidant can be generated
naturally in situ due to the chemical reaction between the barren
lixiviant and the other heavy metals found together with the nranium
in the ore-body. As an example, when the hydrogen peroxide (H,0,)
oxidant is injected in presence of the lixiviant sodium bicarbonate
ion reactions proceed as;

UO,+H,0,+ 2HCO,»U0,(CO,),* + 2H,0
(Uraninite+Peroxide+Bicarbonate ions=» Uranyl Carbonate ion
+ water)

but the oxidant may also react with other heavy metals in the ore
and generate other chemical constituents. One such constituent is
the iron, which exists as ferrous (Fe?') in the reducing state but is
oxidized to a ferric (Fe*) state. The ferric ion is capable of oxidizing
the tetravalent uranium (U*) to a hexavalent uranium (U®) state. It
has been reported that ferric iron may be the mechanism by which
the Uranium (U*) is actually oxidized. The ferrous iron exists in
ground water as FeSO, H,0 or in the reducing ore environment as
pyrite (FeS,, or iron disulfide). The ferrous iron can be oxidized by
inorganic chemical reaction with the oxidants oxygen, chlorine
compound (chlorate ClOa‘) ion, and iron bacteria such as Theobacillus
Ferroxidans.
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(a) In the presence of the chlorate ion, ferrous (Fe?*) ion is oxidized
to ferric (Fe*) ion which in turn oxidizes the tetravalent uranium
(U*) to hexavalent U state;

(i} 6Fe* +ClO, + 6H* = 6Fe* + CI + 3H,0
(ii) Oxidation by oxygen proceeds as follows:
FeS, + 60, + 4H,0 & 2Fe* + 4H,S0,

2FeS, + H,0 + Bacterial Enzyme 2 Fe* + S04* + More
Bacteria + E

where E = a particular enzyme
(b) then, the ferric ion (Fe™) reacts with the uranium as follows:
UO, + 2Fe* = UO,* + 2Fe¥
generating more ferrous ion and the cycle continues.

(¢) Arsenic which has four valences (-3, 0, +3, +5) can react as
follows;

NH, + H,S + HO » NH*+H,S + OH
As,S, + 120H + 14H,0, 3 2[AsO,J* + 380 * + 20H,0

where arsenic is adsorbed when it comes into contact with a
reducing aqueous environment,

Once the uranium is oxidized, it is easily leached into ground water
by the available sulfate, bicarbonate or carbonate solutions and is
produced by the mine wells. In addition to uranium, calcite (CaCOy)
in the aquifer can also be dissolved and release calcium ions into
solution. The dissolution proceeds as follows:

CaCO, + 2HCO, + - Ca™ + H,0 + CO,

The dissolution of uranium by iron (ferric state) will take place
anywhere at the uranium underground injection leaching mine field
and naturally in any part of the aquifer remote from the mine and
can also be enhanced near the domestic ground-water supply well
field where iron bacteria, iran compounds, iron well casing pumps,
sulfur, sulfate, sulfur bacteria/microorganisms, carbonate, bicarbonate
and chlorides are present, and where the steel well casing is
undergoing corrosion. The mixture of the two water bodies from
Units 3 and 4 are therefore expected to create conditions for these
types of chemical reactions and may lead to a rise in arsenic
concentration levels in the Bruni Water Works wells. In addition to
this situation, several domestic water wells are drilled and completed
such that each well penetrates, is screened across and produces
water from both Units 3 and 4.

In comparing the ground-water chemical data obtained from private
wells near Bruni in 1937, the BWW wells in 1987, 1988 and 1989, and
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Total Minerals Uranium Leaching Mine in 1988, there does not appear
to be a general increase in some of the anions, cations and dissolved
solids in the BWW wells to support the fecling that a contamination
plume from Total Minerals uranium mine has seeped from Unit 4 into
Unit 3 and significantly affected the municipal water wells at Bruni.
There does not appear to be a trend or a chemical signature to help
support the claim that the arsenic elevated levels in Bruni are from the
Total Minerals uranium mine.

Results of ground water samples (Table §) collected from several
wells completed in Units 3 and 4 in and around Bruni show uranium,
thorium, radium, and radon gas concentrations to be naturally high.
Their distribution and concentration characteristics do not exhibit a
definite plume of contamination from Total Minerals uranium mine.

The highest radon gas concentration of 6,600 piC/l was detected in
Unit 4 in one domestic well located between FM 2050 and Bruni's
school. The next highest radon gas concentration of 3,240 piC/l was
detected a short distance north of the Post Office. Three other wells
showed radon gas concentrations of 1,050, 1,600, and 2,270 piCA.
The remaining eleven wells showed radon gas concentrations ranging
from 192 piC/l to 691 piC/l1 with a median of 304 piC/. The
distribution of radon gas in Unit 4 tends to reflect a local condition
underneath Bruni and as such may not be an indication of a runaway
plume from Total Minerals uranium mine.
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. CONCLUSIONS AND
: RECOMMENDATIONS

1. There ure about 6 ground-water bearing aquifer units
underlying Bruni. Of the six, only Units 3 and 5 contain
water of relatively better quality. The base of economically
usable quality water occurs at a depth of about 530 feet
beneath Bruni.

2. Uranium and arsenic occur naturally within Units 3 and
4 but the concentration is highest in Unit 4, which is also
the interval that contains the uranium ore that is being
mined by Total Minerals Company at a distance of 1.5
miles north of Bruni. As uranium and thorium constantly
undergo radiochemical changes, yielding daughter
products, it is normal to find other radioactive chemical
constituents such as radium, radon gas, and bismuth in
ground water.

3. About 25 individuals own private domestic wells which
are completed in this uranium bearing Unit 4. However,
the extent and the exact concentration of uranium in Unit
4 in the vicinity of Bruni is not known. Nonetheless, it is
likely to have some arsenic and uranium minerals areally
disseminated throughout its entire horizontal and vertical
extent.

4. Unit 3 is not hydraulically connected to Unit 4 except as a
result of poor well drilling, construction, and eompletions,
such as in the two wells owned by the Bruni Water Works,
Both wells are completed in the two aquifers, thereby
allowing water from the overlying arsenic and uranium
bearing Unit 4 to mix with water from the underlying
Unit 3. This mixing can be expected to result in the
release of significant arsenic concentrations into the Bruni
Water Works wells (BWW),

Since the aquifers in which the BWW wells are completed contain
naturally occurring arsenic and uranium, the occurrence of these
elements in the ground water is understandable. Any increase of
uranium and/or arsenic in the ground water is also understandable
because of the natural oxidation/reduction reactions taking place.
The hydrologic and hydrodynamic ground-water flow field conditions
developed between BWW wells, and the Total Minerals and
Westinghouse mine well fields, and the distance involved, fails to
support the contention that the arsenic concentration levels increased
in BWW wells as a result of the uranium mining operations.

While the oxidant (oxygen or peroxide) used in the mining process
could diffuse laterally away from the mine fields, the lateral and
vertical migration distances of the oxidants would be limited by the
inorganic and bio-chemical reactions in which oxygen or peroxide is
consumed along the diffusion path,

Conclusions
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Recommendations

The Texas Water Development Board recommends that:

1.

{a) Bruni Water Works should isolate Unit 4 from 3 by plugging
off the lower zone of 4 which is now connected in the annulus of
the two municipal water supply wells; or,

(b) Bruni Water Works should: (1}instail a corresion inhibitor
such as a cathodic protection system to reduce the iron supply
around the well screen intake area and open casing surface
areas exposed to the uranium and arsenic bearing fluids, or, (2)
if new wells are drilled, plastic {pve) casing should be used
instead of steel or steel alloy casings; and,

{(c) Bruni Water Works should instail a working chlorinator unit
to control harmful bacteria; and an ion exchanger or reverse
osmosis unit to reduce the concentration of arsenic and other
undesirable trace metals from this water; and,

(d) The Bruni Water Works should drill a third well to be
completed in the sand units between 130 feet and 190 feet in
Unit 5 and blend this water in a predetermined ratio with
ground water from Unit 3. The exact blend ratio can only be
determined after the well waters from the separate zones are
tested, and a wet chemical analyses of cores from Units 3and 5
is performed.

(e) Drilling of any well should be conducted by a well qualified
driller with an emphasis on minimizing contamination to an
aquifer by undesirable chemical constituents due to improper
grouting and screen placement.

(f) The wells which are completed in water bearing units 3 and
5, and which show high radium and radon gas concentrations,
should install a small aerator outside the building between the
well head and the storage tank to bleed off the radon gas.

Exploratoryholes should be drilled near Bruni covering the area
of this investigation as part of a detailed water quality and
availability assessment. Rock cores should be collected from
some of the strata of Units 2 thru 6. In addition to this type of
data, all wells between the outcrop and Highway 16 in Duval
County and as far south as the Jim Hogg-Webb County boundary
line should be inventoried and water levels measured in selected
wells. The combined data should then be used to develop afinal
report on the status of ground-water quality and availability in
southern Webb County.

Since the town of Bruni is not an incorporated governmental
community, and it does not constitute a political entity, it has
been determined that Texas Water Development Board loan
funds cannot be made available to the privately owned and
owner operated Bruni Water Works Company; and the Board’s
efforts to locate funds from other sources administered by the
agencies such as the Federal Emergency Management
Administration (FEMA) and administered by the TDH-DWH
and by the Hone Owners Federal Assistance Program were not
successful. No other sources of financial assistance have been
considered apart from those identified here.
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