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|Table 2 - Hydrogeologic Properties

Reg Aguifer Carrizo-Wilcox Queen City-Bigford El Pico Laredo Yegua Jackson
Functi Agquifer west Webb Local aquifer, west g | confining Aquifer regional TWDB minor aquifer
Composition coarse sands sands and clays clay, some sand upgrad sand, clayey sand clay, claystone, more clay

gas production site bookend confining sandier near base sand stringers, sandier near base
hookend confining

Yegua and Jackson
formation w/in Wileox Queen City-Bigford El Pico Laredo undifferentiated
transmissivity | ft’/day 115-350% see (1) Confining $5-2735(1).141-192 J 225"
SC ft/day 633" see (1) 4-111'" y17
K 317 map 1-37 map 631-809 md core™® upper Y 3-1ft/dayH®*!¥

lower Y 1-3 fidayH %'
Recharge inches outerop, outcrop, 517 5%*21=-1" <~linch, see text
5%*20.4=~1°
Thickness site area, ft 110 875 Y 440
geophysical log ~1700 ~2000

Thickness Laredo Sheet not described ~650" outcrop 900-1150 "~ 620 Y 400
Rainfallmean) | in‘year | outcrop 21.32014 2132014 2049 204%
Lake
Evaporation
(mean) infyear 64.07"2014 64.07"2014 66.26" 66.26"
water table/confined fined by Reklaw | confined by El Pico wt/confined downdip wi/confined downdip
recharge character Carrizo outcrop Bigford outcrop Laredo outcrop surface minor, Laredo major
recharge win 5 miles none, west edge cty none, west county none surface minor
depth groundwater, ft. 162-204" 125-268" 12-2529 94-202, 200
elevation groundwater few wells fewwells few wells east of Laredo few wells in region

groundwater flow rate isolated wells isolated wells isolated wells ~5'/yr using dip gradient, seepage
vel eqn*

Br i} flow direction east-southeast east-southeast downdip east-southeast | downdip east-southeast, south®

formation dip direction east east east-southeast east-southeast east-southeast

formationdip | f/mile 87'mit” 66'/mile © 54 72 64

flowfromwells | gpm 150-200"west see (1) 5-170gpm"™, 60gpm av'? <15gpm'"

TDS range mg/l 826-2220"west 1000-5000"" 12262200 (east side 3-4Kk(2,4-235, lover Y)
Laredo) 2194410

Chloride range | mg/l 120-630 see 100-1030" 300-1k?, 7129, 17720

map ref gradient isolated wells isolated wells isolated wells Deeds, 2004

witer use domestic, mnch ranch Laredo supply, Las ranch (domestic, livestock), rig

Lomas(w/RQ) supply
wells w/in 1 mile site 0 0 0 1
wells win 5 miles 0 0 Las Lomas area ANB, Weid, Hurd, Alarcon?
Confining (1)

(1) Lambert, 2004, few Bigford Wells in Webb County, none sampled

(2) Deeds, 2003
(3) Ch2MHill, 1999

(4) TWDB rainfall and evaporation website, quad = 1008, 2015
(5) oil and gas geophysical log site area, geophysical log cross section

(6) this study

(7Kelley, 2004
*A flow rate depends on interconnected sands for both Laredo(1) and Yegua(see text) seepage eqn estimate is likely inappropriate
** [ncludes sands below

Note: While the Carrizo-Wilcox and the Bigford-Queen City are important regional aquifers in Webb County, in the site area both
are greater than a thousand feet below and saline (1) 2nd Winslow et al (1972)
References:
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Table 2 - Hydrogeologic Propertes =
Aquiler Kl Pico Laredo Yegua Jackson y4
Function Regional confining Aqulfer reglonal TWDE minor aguifer /
Compositon clay, some sand upgrad samd, clayey sand clay, claystone, more cl
sandier near base sand stringers, sandier n base
%rmation w/in El1Pico Laredo Yegua and Jackson undArentjatedl
ramignissivity ft’day | 4 Confining™® 85-2735(1),141-192% J 2259/
sC \ f/day 4-711¢ JA’
K 631-809 md coré” upper ¥ .3-1ft/dayHG21 9
lowegfY 1-3 fr/dayH"™>! 4
Recharge Nl inches 596 *21=~1" <~linch, see text
5% *20.4= 1©
Thicknesy site area, 110 875 Y 440
geophysical lnﬂ
Thickness Laredo Sheet 900-1150 ~ 620 / Y 400
Rainfall(mean) | in/year \ 20.4% 20.4%
Lake
Evaporatlon
(mean) in/year 66.26" 66.26™
water table/confined \ wt/conﬂnuyowndip wi/conlined downdip
recharge character \ Lary outcrop surface minor, Laredo major
recharge w/In 3 miles \ none surface minor
depth groundwater, ft. \\ 12-252" 942929, ~200"
elevation groundwater ew wells east of Laredo few wells in region
groundwater flow rate / isolated wells ~.5—'Iyr using dip grsuﬁent, seep age
A vel eqm *
groundwater fMow direction doww east-southeast downdip east-southeast, south™
|formation dip direction east-southe: eastoutheast east-southeast
formation dip It/mile 54'7 64
flow from wells gpm / 5-170gpm‘”, 60g a*® <15gpm™’
TDS range mgl 1226-2200° (enst side Litgedo) 3-4k(2,4-235, lower Y}
2.1k®,4.47P
Chloride range mg/l 4 100-1030P N\ 300-1k2, 712@, 17720
map ref gradient isolated wells Deeds, 2004
wiler use Laredo supply, Las  y h (domestic, livestock), rig
Lom as{w/RO) supply
wells w/n 1 mile sit 0 1
wells wAn 5 mil Las Lomas area ANB, Wiid, Hurd, Alarcon?
W Confining (1)
Note: While the Carrizd-Wilcox and the Bigford-Queen City are important regional aquifers in Webb County, in site area both
are greaterdhan a thousand feet below and saline (1) and Winslow et al (1972)
References:
WODB ralnfall and evaporation wehslte,
) oil and gas geophysical log site area,
*A flghv rate depends on interconnected sands for both Laredo(1) and Yegua(see text) seepage eqn estimate is likely inappropriat
#* Includes sands below q
[
Pescadito ERC - Part III, Appendix III-E.1 5 HCC

| Regional Geology and Hydrogeology Revised SeptemberMareh 2015



y MiLe

INDIVIDUAL LOBO

MIOWAY RIDGE l

MIDWAY THIMN SLIDE SHEET . = =
P TR R e A Tue Y _ o R — 2 i T aat — e SR =
e e o T T L et R BT e | R ettt s e T iy c ,-:mt-ﬂ_ﬁ'.":‘":m v
SE _=—

MDAV
s

DUAL tnin———__"l i
13

HWEET MIDWAY WIDGE

s e =

.._-'}.‘_-m AR '_ - ___A;-
v __,,_,ﬁ. ""f‘ﬁs- TTOP Fhe———n

S ] Loso sanp [SRmme—endils oRMITY = T
i —— iy 1] CTION Kbl 57 7 e 1 STRAY N Al ’
i o e UNCONFORMITY fooe 77T et sl ] 34
s o T s e & - W_ ™ g
‘ 2 --.. _w.!‘- — ._‘5 .
a -ATA'-‘—-‘:-"_:‘:_‘ ;,-‘{;“"'h“ ' b
S s i e B e b
of T e 20, W g L TN o e W
SRS "‘g’.:"w 2.0 ! -f:‘“!;: -..&{..
T A ) T L, 88 PR :
i T e

E ey e e oF ns'ronuED o ] e
A g ’f‘% MIDWAY _' = nhui"@u.:-@-"

P ~ = -

o . w:;%m- :
s o L S G
R A T T ) o
B P bt gl
P e e
A i Y e Treee s : = %ﬁ- =Nt
S G G 3 o
e R m—aféﬂz’wﬁ'ﬁ?ﬁ;:ﬁ o
=3 e A 1K Vi e Ay W e A e T ™

Figure 1 from Long, 1986. Seismic section in site region (note inset location map) illustrating 4 ..-_g

the Eocene Lobo Slide. i oon e it
va_x__); A

This particular section is near the site and illustrates the Lobo slide “sandwich” as well as
Wilcox regional listric faulting. Lobo production was discovered in the seventies, and these
recent seismic sections tie together a picture of what must have been a difficult exploration task.
Wells on the Yugo Ranch, the location of the proposed landfill, produce from these Lobo sands
at depths of about 7000 to 10000 feet.

The remaining Wilcox deposition in the region is generally a combination of sands and
muds of the Cotulla Barrier Bar system (Fisher and McGowen, 1967) and fine grained shelf
system deposition in the landfill region. Overall, the Wilcox sands and clays are bound inland at
the Cretaceous shelf edge, the Sligo and Stuart reef area, and the anticlinal Laramide structures
to the south, and Wilcox deposition generally extended the continent by progradation

accompanied by rapid subsidence.
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lFigure 2 — Stratigraphic Dip Section Showing Equivalence of Formations Across the

Here, dip and strike cross sections from the Ricoy study intersect near the landfill site,
and while his study focused on the Sparta (think Laredo kind of equivalent), the sections are
instructive in that they include the Queen City below and the Yegua above, together with
depositional framework interpretations of each. Across Webb County and through the site
region, the Queen City changes from lagoonal muds to a delta system (Ricoy, 1976) with stacked
sand sequences. The Ricoy dip section and the strike section as well, show a continuous clay
above the Queen City and below the sands above; this then is the Weches Formation, or the
equivalent of the upper part of the El Pico Clay (Eargle, 1968). This clay is shown on the
geophysical log section at the site as a continuous, uniform clay, about 110 feet thick and serves

as the ultimate confining layer beneath the site.

Lonsdale (1937) found groundwater resources in the El Pico (then the Post-Bigford) to be
“scanty and of poor quality” and that assessment holds true today (Lambert, 2004). The Queen
City fares little better, the limited sands updip produce little water and the quality is marginal
(Lambert, 2004), and while sands are plentiful downdip, they are also saline. (See Figures 3 and
4, Ricoy, 1976).
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South to Central Texas facies.
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Figure 3a - Location Map for Section J-J' and L.-L.’ — From Ricoy 1976
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Figure 4—¥From-Rieoy; 1976 — Stratigraphic Dip Section J-J’ — From Ricoy, 1976

1.3.7 Laredo (elsewhere Sparta and Cook Mountain) with meaning for water

The Laredo Formation overlies the El Pico Clay (Weches) in the site region. It outcrops
as sands and clays in the Laredo area (Plates 1 and 2), with cemented sands forming prominent
ridges parallel to the strike. Its light color and dominant fine sands distinguish it from the El Pico
Clay below and Yegua above. It was mapped and described in section by Trowbridge
(Trowbridge, 1932) as part of a geologic reconnaissance along the Rio Grande, then by Lonsdale
and Day (Lonsdale, 1937) looking more at groundwater resources in Webb County. Both
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1.3.87 Yegua Formation (last of the Claiborne) and Jackson Group

Where light colored, fine and thick sands characterize the Laredo around and several
miles east of the city, the Yegua is far more clay-rich with red, brown and purple muds along
with sandy clays dominating the outcrop. The Jackson appears much the same as the Yegua, but
includes more volcanic ash (Trowbridge, 1932; Lonsdale, 1937; Eargle, 1968; Barnes, 1976),
though this is not immediately obvious in the outcrop, cores, or geophysical logs (Geocam
gamma logs of soil borings, this study). This similarity between Yegua and Jackson makes it
difficult to distinguish the contact between them. The Laredo-Yegua boundary at the base of the
pair, as well as where the Jackson meets the Frio above are readily identifiable in the field and on
geophysical logs; so the package of the two is bound and the pair is considered together as a

designated minor aquifer, it’s the boundary between that is elusive.

The Yegua begins slightly below a two foot thick prominent oyster bed that is found even
today a few miles east of Laredo (Trowbridge, 1932, Lonsdale, 1937, Gardner, 1938), in a
roadcut on US59 (and its predecessor roads). Like the Laredo, the Yegua includes resistant
portions that parallel the regional strike forming gentle cuestas, evidence of the role that the
shoreline orientation played in its development. This is a transition from much of the rest of the
Yegua deposition, where sand bodies are found to be oriented normal to the shoreline, still in the
form of the original fluvial and deltaic framework (Payne, 1970, Ricoy and Brown, 1977). The
presence in the outcrop of the oyster beds, thin sandstones and occasional thicker sands indicate
that the Yegua here was deposited close to, if not at the shoreline, in a bay or nearshore
environment, often tidally controlled. The influx of muds, silts and sands from, or influenced by,
the Laramide structures just to the south in Mexico created a high energy depositional
environment, and this interpretation is supported by the character of the rock found in the test
pits and in the outcrop of this study. This is affirmed by the Yegua geophysical log signatures
and interpretation shown on the Ricoy (1976) sections. Lonsdale (1937) measured the Yegua in
section in the vicinity of the present day US59 about 7.5 miles east of downtown Laredo,
illustrated in his drawing where the Yegua totals about 670 feet thick. (See Figure 5) The thick
oyster beds at the base are found today on US59, and the section in roadcuts shows the transition

to dark brown, purple, greenish and yellow clays, thin sands and sandy clays he described.
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Trowbridge (1932) covered much of the same area and at the time, though recognizing the use of

the term Yegua, continued an earlier designation, Cockfield, for these sediments.

s Lonsdale (1937) found water production
to be minimal and of poor quality, and thought
better development in the area could be obtained
by drilling through to the underlying Cook
Mountain (now Laredo). A drilling log for a
water well near the landfill site, the completion
of the ranch well next to the site and a deep

forainon 1 boring on the site indicate that more sand is
found in the lower part of the Yegua here, and
that is the source of water production. The thin,
interbedded sands found in the Yegua at shallow
depths may contain moisture and may be
ultimately interconnected and serve as a sensor
Cogeurtan for groundwater monitoring purposes.
6 6—Compoai eoturmiar secisn of ths Ypus foruition abowlig Dredotntnaos of e,
Figure 5 - Lonsdale, 1937 — Yegua The base of the Jackson is frustratingly
Stratigraphic Section along US 59 similar to what is found in Yegua outcrops,

making its contact with the underlying Yegua difficult to distinguish in the surface and
subsurface. Lonsdale (1937) marked the contact in measured section where he examined the
sediments and found volcanic ash. There is a whitish sandstone that outcrops on US59 just east
of the ranch entry road that may involve ash, but the evidence for that or any volcanic material
nearby does not stand out. The Jackson (Lonsdale, 1937) includes clays, sandy clays and some
sands that at least in part are arkosic and derived from volcanic activity to the west. Further
north along strike, the Jackson includes extensive lignite (Ewing, 1999). Lonsdale estimated that
the Jackson here is about 1500 feet thick and dips at about 80 feet per mile. He held the same
view of water possibilities for the Jackson as the Yegua, few wells producing salty water, and

where even in the outcrop, better water was available from roof catchment and surface ponds.

Pescadito ERC - Part I1I, Appendix III-E.1 19 HCC
| Regional Geology and Hydrogeology Revised SeptemberMareh 2015



Series

North Texas | Central Te
Jackson Group | —m—

Weches Fm.
| Queen City Sand > =

|

Reklaw Fm.

Carrizo Sand

L |
iy
\

Upper Wilcox Calvert Bluff Fm. Upper Witcox

§_ Middle Wilcox Simsboro Fm. Middle Wilcox
6 Lower Wilcox Hooper Fm. Lower Wiicox
Midway Fm. > >

Fite: Geologic Stratigraphy.th8

Generalized stratigraphic section for the Wilcox and Claiborne groups in
Texas (after Ayers and Lewis, 1985; Hamlin, 1988; Kaiser, 1978; Ricoy
and Brown, 1977; Guevara and Garcia, 1972; and Payne, 1968).

Figure 6 - From Kelley, et al, 2004 — Generalized Stratigraphic Section for the Wilcox
and Claiborne Groups

Each of these aquifers reflects the effects of being at the southern end of basin-wide
depositional systems, that is, the composition of the aquifer is not always the same as typical in
the rest of Texas, and the semi-arid situation here has minimized the development of extensive
groundwater resources in this area. The regional hydrogeology is discussed here, along with
notes about differences from the broad regional systems designated as major and minor aquifers

by the TWDB and included in the Groundwater Availability Models (GAMs).

2.3.1 Carrizo Aquifer

The aquifer with the greatest potential for future production in Webb County is the
Carrizo; in this region, the sand-rich component of the Carrizo-Wilcox, a designated major

aquifer in Texas. The Carrizo sands are the most lithologically uniform of all the Claiborne
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Two-percent probability of exceedance in 50 years map of peak ground acceleration

Figure 8. (USGS, 2014) — National Seismic Hazard Map

Pescadito ERC - Part III, Appendix III-E.1 34 HCC
| Regional Geology and Hydrogeology Revised SeptemberMareh 2015




-110° -100° -90° -80°

Youngétown "

" Hangelytb 2010-present §
° - 1957 E.?'J
present Rocky Mountain \<
Paradox Arsenal
Valley 1962-79
1991- PAY central Oklahoma _
present Raton BasinV’ 2006-present Guy-Greenbrier

2009—present
¢

2001-present

Dagger Draw
1998-present & Cogdel Timpson
1976~ Dallas- 2011-

"

present Ft. Worth Airport present

200B—present

i EXPLANATION
1 nMn‘”: D Fa§hing T
% area of potentially (<] '973-presgts 0 . . . SO0KIOMETERS

w” induced seismicity 0 " 500 MILES

M3

Figure 9 - Map showing areas of potentially induced seismicity in the Central and Eastern

United States, USGS 2014

The gas field in the site area is a mature development and production from source rock is distant.

There are no salt water disposal wells in the immediate area.
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sandstone
abundant;

game chert, [fine groined, indurated to friable
crossbeddaed

weathers to loose, forruginous, yellow.orange and reddish-brown

silicified waod abundant;
safl; gome fossil wood; thickness about 400 fewt

some beds of white voleanie ash; large, dark limestone concre-
laminated,

marine maegafoasils

massive,

produces dark-gray soil;

laminated and crossbedded, white, gray,
pink, red,

greenish brown, light brownish yellow, fossiliferous; clay, sendy,
El Pico Clay

sandstone, and coual; mostly clay, in part gypeiferous, medium

gray to hrown; sendstone, mostly fine grained, some medium to

coarse, argillaceous, silty, in part glauconitic, gray to brown, thin
friable (o indurated; aphanitic septarien

coneretions common; thichness 900-1,1560 feet

Laredo Formation

Sandstone and clay: thick sondstone members in upper and lower

Yegua Formalion
. and sandstone; mostly cley, lignitic, sandy, bentonitic, silty

tauconitic,
some fossiliferous:

thickncas about 620 feet

Plate 1 to Appendix llI-E.1
Geologic Map of Region

very fine to fine grained, in part glauconitie, micacvous,

forruginous, crossbedded, dominantly red and brown; clay in

tions composad of caleite ervstals common; thickness about 360
Scale 1:150,000
Source: Geologic Atlas of Texas, Laredo Sheet (1976)

hostly well laminated, chocolate brown to reddish brown
middle, weathers orange-yellow; dark-gray limestone concretions

calvareous, grecnish gray,
lighter coloved wupward,

to quartzitic, commanly
maostly gquartz,

Jackson Group
Sandstone and clay; mostly sandstone, fine to coarse grained, friabic
calecaroous,
part,
common,
bedded to massive,

clay,
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