2 February 2010

Memo to: Scott Slater, Brownstein Hyatt Farber Schreck, LLP
From: John M. Sharp, %M ,\-%79
Re: Report on Cadiz well

Following is my report on the Cadiz wells.

This based primarily on my analysis of the television log of the well, my two visits to the site,
well cuttings observed at the site, and comparison with karstic systems elsewhere in the United
States.

John M. Sharp, Jr. Consulting Hydrogeologist 1
TX. Geol #1800, AIH PHg#135; SIPES #2419



REPORT ON THE CADIZ WELLS

I was contacted by Scott Slater, Brownstein Hyatt Farber Schreck, LLP with regards to new
well drilled by Cadiz Farms. This well (TW-1) penetrated a carbonate system that had not been
analyzed heretofore. My charge was to look at the data provided and evaluate the properties of
this well and compare it with general characteristics that would be expected in a carbonate
aquifer. Specifically, I addressed the question — are this well and the aquifer responding in
manner consistent with a karstic carbonate system.

My analysis is based upon the following:

A television log of the well (TW-1);

Results of the pump test of the well;

A visit to the site;

A perusal of well cuttings of other wells (TW-2 and TW-3);

Knowledge of carbonate systems in other locales (a list of my publications on
carbonate aquifers is included).

W b B e

The findings/inferences are:

1. The television log shows significant secondary porosity and permeability. There are ~300
feet with many vugs, cavities/conduits, terra rosa (?), veins that have been re-opened. The
karstic features occur over the reach from 454’ to 758’. Some appear to be along relict bedding
planes. Some appear to be veins that are nearly normal to these planes. This is indicative of a
widespread karstification; it is a regional, not a local phenomenon.

The log indicates a well of approximately 1001 feet of depth. A static water level isat a
depth of 329°10” and the bottom of the well screen is at 454’. The materials above the well
screen were stated to be alluvial or clastic sediments. From 454° to a depth of approximately
758’ there are numerous vugs and dissolution zones. Some of these are appear to be along beds
(dipping at ~20-45° - note this dip is very approximate only); others are subvertical or at a high
angles from the beds. Some of these features appear to be conduits. There is some sparry
calcite and calcite (?) druse in some of the conduits, fractures, and veins

Many of these features are sufficiently large that they will provide very highly transmissive
zones. A single fracture with an aperture (opening) of 1/ 16" of an inch would transmit as much
water as a permeable sand layer of a thickness of between 10 to 100 feet. There many such
productive secondary porosity features apparent in the well log. See attachment.

There is what may be terra rosa to a depth of nearly 600°. Terra rosa is the residuum of the
karstic weathering process. There are also appears to be a similar colored silty material in the
screen portion of the well. I do not know if this means there is carbonate in the screened section
(above 454°) or if this was terra rosa displaced by drilling and washed into the screen. Below
600’ depth, this sediment is not as evident. Consequently, if the reddish brown sediment is
remnants of the drilling mud, this implies a change of drilling procedures below this depth. I
was informed that in this well there was no change in the drilling procedure.

From about 758’ to ~900-910°, there are still small vugs, but the karstic features are not as
prevalent. From 910°-920° to the bottom of the well, there are only few, scattered, small karstic
features. I infer that there several formations or formation members that have been penetrated
by this well. The upper portion has been identified as the Bonanza King Formation. Some
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interformational conglomerates appear in the well, which is noted for this formation by Hazzard
(1954). From this I infer the lower portions of TW-2 to be in the Cadiz Formation,

2. The pump test data supplied by Mr. Foreman (CH2M-Hill) showed no drawdown in the
pumping well and very little drawdown in a nearby monitoring well. This occurs in other highly
permeable karstic aquifers, such as the Edwards Aquifer of central Texas (Halihan et al., 1999;
2000). There must be a decrease in hydraulic head to permit water to flow into the production
well, but it is too small to be measured accurately. One can estimate a conservative value of the
transmissivity by arbitrarily assuming a small drawdown (e.g., 0.5 or 1.0 feet).

The fact the borehole upon pumping is filled with waters at the temperature of the deeper
producing units can also mask small drawdowns. In this case, the thermal expansion of the
hotter fluid can even create a rise in water levels as was observed in the pumping well.

Both of the above corrections/estimations have been conducted by others on the consulting
team (Mr. Foreman and Dr. Williams), I have not seen these calculations, but the discussion of
these during the telephone conferences sounded reasonable.

The observation well calculations appear reasonable. I do wish to add, however, that karstic
aquifers can be highly anisotropic.

Finally, the results of all the observations discussed above indicate that the approximately
300 feet of karstified carbonate rocks provide a highly productive aquifer, independent of the
overlying and adjacent alluvium.

3. Site visit showed carbonate rocks with evidence of karstification, which have been tentatively
identified as the Chambless Formation. This underlies the Cadiz Formation so there is a

. possibility that well TW-1 may have more highly permeable rocks at depths below 1000 feet.
There are caverns in these Cambrian carbonate formations to the north.

4. During the site visit, I stopped at a second well (TW-2) and have been informed that this well
was drilled to nearly 1000 feet, but did not penetrate the carbonates. The well cuttings that I
observed were well-sorted medium-to-coarse sand. I predict its transmissivity would be high,
but not as great as the well discussed above. I have not seen well logs or pumping test data for
this well. A second site visit at well TW-3, indicated that bedrock had not been reached at a
depth of 1360°. The hydraulic conductivity of the TW-2 was reported by CH2M-Hill for be
approximately 600 feet/day. TW-3 should also have a high transmissivity.

5. The above observations, analyses, and the general nature of karstic aquifers indicate that
these strata will provide a superb aquifer. I conclude that the well and the aquifer will be
highly productive.

The area of interest is highly faulted, and there has been some intrusive activity in the
region. The intrusive activity may cause some contact (local) metamorphism and could also
have caused the development of additional secondary porosity and permeability (by volcaro-
genic karstification, see Gary and Sharp, 2006 and 2009). The faulting commonly leads to more
intense karstification and the development of preferential flow paths that tend to align in the
direction of the faulting. This is observed in New Mexico, Texas (Sharp, 1998 and 2001;
Mayer and Sharp, 1998), and elsewhere.

These aquifer materials are similar to those observed in the Edwards aquifer of Central
Texas and many other highly productive karstic aquifers that are documented elsewhere (e.g.,
Missouri, Florida, and in the carbonate units of the Great Basin).
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Synopsis

I conclude that this well and the aquifer are responding in manner consistent with a productive
karstic carbonate system.

Note #1 - The inverse modeling proposed by CH2M-Hill is a logical exercise and should be
compared with simpler cross-sectional flow models using estimated cross-sectional areas, the
measured hydraulic gradients, and hydraulic conductivities measured or inferred from pumping
tests.

Note #2 - In considering the water budget for this system, it is difficult to do this from the
recharge estimates alone, because of variations in precipitation and recharge rates as functions
of elevation, lithology, and evapotranspiration. In addition, it has been shown for karstic
carbonate rocks in arid and semi-arid zones that the contributing area may differ from that of
the surface water catchments. Longer flow systems are common in such settings. However, a
water budget can be calculated from discharge estimates as calculated in Note #1.
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Special Publications 46, p. 1-11.

Gary, M.O., and Sharp. I.M., Jr., 2006, Volcanogenic karstification of Sistema Zacaton: in Perspectives
on Karst Geomorphology, Hydrology, & Geochemistry - A Tribute Volume to Derek C. Ford and
William B. White, Geol. Soc. America, Special Paper 404, p. 79-89.

Gary, M.O., and Sharp, .M., Jr., 2009, Volcanogenic karstification: Implications of this hypogene
process:_in Advances in Hypogene Karst studies, National Cave and Karst Research Institute,
Symposium 1, (eds., Stafford, K.W., Land, L. and Veni, G.), Carlsbad, NM, p. 27-39,
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Miscellaneous reports, abstracts, discussions, guidebooks, ete.

Yelderman, J.C., Jr., Slade, R.M., JIr., Sharp, J.M., Jr., and Woodruff, CM., Jr., 1987, Hydrogeology of
the Edwards Aquifer in the Northern Balcones and Washita Prairie Segments: Guidebook for the
1987 Geol. Soc. America South-Central Mtg., Waco, Tex., 127p. [Reprinted as Austin Geological
Society Guidebook No. 10]

Sharp. J.M.. Jr., 1989, Stratigraphic, geomorphic, and structural controls of the Edwards aquifer, Texas,
USA: Abstracts of the 28th Int. Geol. Congress, Washington, D.C., v.3, p. 86-87.

Sharp, J.M.. Jr., 1989, Regional ground-water systems in northern Trans-Pecos Texas: in (Muehlberger,
W.R., and Dickerson, P.W., eds.) Structure and Stratigraphy of Trans-Pecos Texas, 28th Int. Geol.
Congress Field Trip Guidebook T317, p. 123-130. [Reprinted in Kreitler and Sharp, 1590.]

Technical Advisory Panel, 1990, Technical Factors in Edwards Aquifer Use and Management: Final
Report to the Special Joint Texas Senate and House of Representatives Committee on the Edwards
Aquifer, 57p.

Sharp. J.M., Jr., 1992, Issues affectiﬁg the Edwards aquifer with emphasis on spring flow: Texas
Academy of Science, 1992 Ann Mtg., Abs. with Program, Wichita Falls, p. 63.

Crowe, J., and Sharp, J.M.. Jr., 1993, Detailed mapping of endangered species habitats to aid in
management of the Edwards aquifer, Texas [abs.]: Assoc. of Engineering Geologists, 36" Ann. Mtg,,
San Antonio, Program and Abstracts, p. 47.

Oetting, G.C., Banner, J.L., and Sharp, .M., Jr., 1993, Geochemical and isotopic variations in
groundwaters of the Edwards aquifer of Texas: Constraints on diagenetic fluid compositions in
geochemical models of water-rock interaction [abs.]: Am. Assoc. Petroleum Geologists Bull.

Lebron, M., Uliana, M., and Sharp, J.M., Jr., 1994, Geological feasibility of springflow augmentation at
Comal and San Marcos springs, Edwards aquifer, Central Texas [abs. with program]: Toxic
Substances and the Hydrologic Sciences, American Inst. Hydrology, Austin, TX.

Mayer, J.R., and Sharp, J.M.. Jr., 1994, Local and regional hydrogeologic trends in the Dell City area,
Hudspeth County, Texas [abs. with program]: Factors Affecting Water Resources, Am Water
Resources Assoc., Texas Section, Fall meeting, p. 108-114.

Qetting, G.C., Banner, J.L., and Sharp, J.M., Jr., 1994, Regional geochemical and isotopic variations in
badwaters of the Edwards aquifer: in Edwards Aquifer: The Barton Springs and San Marcos Area
Field Trip Guidebook (ed., D. Slagle), American Inst. Hydrology Annual Conference, Austin, Texas,
13p.

Sharp. J.M.. Jr., Schuster, S., Uliana, M.M.., and Boghici, R., 1997, Effects of aquifer overexploitation
(and climatic variation) on wetland habitats maintained by spring flows from regional carbonate
aquifers in Texas [abs.]: in Advances in Ground-Water Hydrology, A Decade of Progress (eds.,
Watson, K.W., and Zaporozec, A.), American Institute of Hydrology, St. Paul, MN, p. 234

Sharp, I.M.. Jr., Banner, J.L., and Halihan, T., 1998, Edwards aquifer: Fracture control of regional
groundwater flow: in Fluid Flow in Carbonates: Interdisciplinary Approaches, Program with
Abstract, SEPM Research Conference, Door County, WI.
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Miscellaneous reports, abstracts, discussions, guidebooks, etc. (continued):

Zahm, C.K., Marrett, R., and Sharp, J.M.. Jr., 1998, Prediction of regional groundwater flow and
permeability using fractured outcrop exposures, Edwards aquifer, central Texas: in Gambling with
Ground Water — Physical, Chemical, and Biological Aspects of Aquifer-Stream Relations (eds.,
Brahana, I.V., Eckstein, Y., Ongley, L.K., Schneider, R., and Moore, J.E.), Proc., Joint Meeting of
the Am. Inst. Hydrology and XXVIII Congress of the Int. Assoc. Hydrogeologists, Las Vegas, p. 65.

Halihan, T., Zahm, C.K., Tsoflias, G.P., Mace, R.E., and Sharp. .M., Jr., 1999, Use of outcrop and GPR
data to interpret flow in karst aquifers: recent results from The University of Texas [abs.]: in
Proceedings, 13" Australasian Conference on Cave and Karst Management, Mt. Gambier, Australia.

Boghici, R., and Sharp. J.M.. Jr., 2000, Source of flow at Diamond Y Springs, Pecos County, Texas:
Southwest Focus 2000 Ground Water Conference, Program with abstract , National Ground Water
_ Association, Austin, Texas, p. 27.

Halihan, T., Hansen, C.N., and Sharp. J.M., Jr., 2000, LUST characterization in urban fractured karstic
aquifers: Joint Annual Meeting, Texas Sections of Association of Engineering Geologists and
American Institute of Professional Geologists, Austin, Texas, Program and Abstracts, p. 12.

Halihan, T., and Sharp. J.M., Jr.. 2000, Fracture experiments at various scales: Joint Annual Meeting,
Texas Sections of Association of Engineering Geologists and American Institute of Professional
Geologists, Austin, Texas, Program and Abstracts, p. 13.

Sharp, .M., Jr., 2001, Regional groundwater flow systems in Trans-Pecos Texas [abs.]: Texas Water
Development Board, Aquifers of West Texas Symposium, Alpine, Texas.

Hauwert, N.M., Johns, D.A, and Sharp, J.M., Jr., 2002, Evidence of discrete flow in the Barton Springs
segment of the Edwards aquifer: in Hydrogeology and Biology of Post-Paleozoic Carbonate Aquifers
(eds., Martin, J.B., Wicks, C.M., and Sasowsky, 1.D.) Karst Waters Institute, Spec. Pub. No. 7,

p. 162-167.

Garcia-Fresca, B., and Sharp, J.M., Jr., 2003, Urban induced recharge to the groundwater in Austin,
Texas; Urban Issues Program, Univ. Texas, Austin, 33p.

Garcia-Fresca, B., and Sharp, J.M.. Jr., 2004, Urban-Enhanced Groundwater recharge in Austin, Texas
[CD]: in Edwards Aquifer Resources in Central Texas: Retrospective and Prospective (ed., Hovorka,
S.), So. Texas Geol. Soc. - Austin Geol. Soc., San Antonio and Austin, TX, 6p.

Hauwert, N., Johns, D., Hunt, B., Beery, J., Smith, B., and Sharp, J.M., Jr., 2004, Flow systems of the
Edwards Aquifer Barton Springs segment interpreted from tracing and associated field studies [CD]:
in Bdwards Aquifer Resources in Central Texas: Retrospective and Prospective (ed., Hovorka, S.),
So. Texas Geol. Soc. - Austin Geol. Soc., San Antonic and Austin, TX, 18p.

Hobbs, A.E., Sharp, J.M.. Jr., and Bennett, P.C., 2004, Estimating a sediment budget for a karstic aquifer
- a segment of the Edwards aquifer [abs.]: EOS, Trans. AGU, v. 85 (17), p. JA232.

Pierce, S. A., Evans, S.A., and Sharp. J.M., Jr., 2004, Groundwater systems in the Cuatrociénegas Basin:
Comparing conceptual flow models and related implications for groundwater management strategies
[abs.]: Proceedings, Junta de Investigadores de Cuatrociénegas /Meeting of Cuatrociénegas
Researchers, Desert Fishes Council, Cuatrociénegas, Mexico.
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Miscellaneous reports, abstracts, discussions, guidebooks, etc. (continued):

Hauwert, N., Litvak, M.E., and Sharp, J.M., Jr., 2005, Characterization and water balance of internal
drainage sinkhole basins in the Barton Springs Edwards aquifer, Texas: Proc. 10™ Multidisciplinary
Conf., Sinkholes and the Engineering and Environmental Impacts of Karst, ASCE Geotechnical
Special Pub. No. 144, San Antonio, TX, p. 188-200.

Sharp, J.M., Jr., 2005, Matrix, fracture, and conduit flow in the Edwards aquifer [abs]: in Characterization
and Protection of Water Quality and Quantity in Karst and Carbonate Terrain, France-UT Institute for
Interdisciplinary Studies and the Scientific Services of the French Embassy, The University of Texas,
Austin, TX.

Budge, T., and Sharp, J.M.. Jr., 2006, Delineating contributing areas in a karst aquifer using NEXRAD
rainfall estimates: in 4th Conference on Hydrogeology, Ecology, Monitoring, and Management of
Ground Water in Karst Terrains.

Budge, T.]., Young, S.C., and Sharp, J.M., Jr., 2006, Tailoring ARCGIS to assist groundwater
conservation district with evaluating alternative water resource management strategies: Geographic
Information Systems and Water Resources [V, American Water Resources, Spring Speciality
Conference, Houston, Texas, 7p.

Gary, M.O., Fairfield, N., Stone, W., Wettergreen, D., Kantor, G., and Sharp. .M., 2006, DEPTHX:
Underwater mapping and imaging of deep karst shafts [abs], Official Program, Am. Assoc. Petroleum
Geologists.

Gary. M.O., Ramirez Fernandez, J.A., and Sharp, J.M., Jr., 2006, Limestone dissolution driven by
volcanic activity, Sistema Zacatén, Mexico [abs.]: in Proceedings of the X, XI, and XII International
Symposia on Vulcanospeleology (Espinasa-Perena, R., and Pint, J., eds), Associaton of Mexican
Cave Studies, Bulletin 19, 2008, Austin, TX, p. 140.

Wolaver, B.D., and Sharp, J.M., Jr., 2007, Ground Water Model Development in Regional Aquifer
Systems with Sparse Hydrogeologic Data: Cuatrocienegas Basin, Coahuila, Mexico[abs]: The
Abstract Book of the 2007 Ground Water Summit Program, National Ground Water Association,
Westerville, OH, p. 232.

Wolaver, B.D., and Sharp, J.M., Jr.. 2007, Aquifer delineation for groundwater management in an arid
karstic basin: Cuatrociénegas, Coahuila, Mexico [abs. in English & Spanish]: Second Meeting of
Cuatrociénegas Researchers, Cuatrociénegas, Mexico.

Wolaver, B.D., Sharp, J.M., Jr., Rodriguez, J.M., and Hendrickson, D.A., 2007, An integrative approach
to sustainable groundwater-dependent system management in arid karst aquifers: Cuatrociénegas
Basin, Mexico: Groundwater and Ecosystems, Abstract Book, 35t Congress, International
Association of Hydrogeologists, p. 23-24.

Wolaver, B.D., Sharp, J.M.. Ir., Tidwell, V.C., Rodriguez, J.M., and Hendrickson, D.A., 2007, An
integrative approach to sustainable groundwater and associated groundwater-dependent system
management in arid karst aquifers: Cuatrociénegas Basin, Mexico: in (Ribeiro, L., Chambel, A., and
Condesso de Melo, M.T., eds.) Groundwater and Ecosystems, Proceedings, 35t Congress,
International Association of Hydrogeologists, Lisbon, CD, 10p.
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Miscellaneous reports, abstracts, discussions, guidebooks, etc. (continued):

Budge, T.J., and Sharp., .M., Jr.. 2008, Delineating contributing areas in two Texas karst aquifers using
NEXRAD rainfall estimates: Water Down Under 2008, p. 203-214.

Gary, M.O., Fairfield, N., Stone, W.C., Wettergreen, D, Kantor, G., and Sharp. JM., Jr., 2008, 3-D
mapping and characterization of Sistema Zacatén from DEPTHX (Deep Phreatic Thermal Explorer),
Proceedings of the 11th Multidisciplinary Conference on Sinkholes and the Engineering and
Environmental Impacts of Karst, American Society of Civil Engineers, Geotechnical Special
Publication No. 183, p. 202-212.

Gary, M.O., and Sharp, J.M., Jr., 2008, Geologic discoveries at Sistema Zacatén: New technologies in
cave exploration [abs]: in Restimenes del II Simposio Geocientifico Internacional Lineares 2008,
Universidad Auténoma de Nuevo Ledn, Mexico, p. 63-64.

Gary, M.O., and Sharp. .M., Jr., 2008, Geologic discoveries at Sistema Zacaton: New technologies in
cave exploration: in Deliberaciones del IT Simposio Geocientifico Internacional Lineares 2008,
Universidad Auténoma de Nuevo Ledn, Mexico, 7p.

Wolaver, B.D., Sharp. J.M., Jr., and Rodriguez, J.M., 2008, Hydrogeology of the Cuatrociénegas Basin,
Coahuila, Mexico: An integrative approach to arid karstic aquifer delineation: in Resumenes del I
Simposio Geocientifico Internacional Lineares 2008, Universidad Auténoma de Nuevo Leon,
Mexico, p. 160-163.

Gary, M.O., Halihan, T., and Sharp, J.M.. Jr., 2009, Detection of sub-travertine lakes using electrical
resistivity imaging, Sistema Zacatén, Mexico: in Proceedings, 15" International Congress of
Speleology (ed., White, W.B.), Kerrville, TX, v. 1, p. 575-579.

Gary, M.O., Reyes, R., Fairfield, N., Stone, W.C., and Sharp, J.M.. Jr., 2009, Multi-sourced, 3D
geometric characterization of volcanogenic karst features: Integrating lidar, sonar, and geophysical
datasets [abs.]: EOS, AGU Fall meeting.

Gary, M.O., Sahl, I., Bennett, P.C., Spear, J., and Sharp, J.M., Jr., 2009, Aqueous geochemical
environments of Sistema Zacaton, Mexico [abs.]: in Proceedings, 15" International Congress of
Speleology (ed., White, W.B.), Kerrville, TX, v. 1, p. 370-371.

Sharp, I.M.. Jr.. Llado, L.E., and Budge, T.J., 2009, Urbanization-induced trends in spring discharge from
a karstic aquifer — Barton Springs, Austin, Texas, USA: in Proceedings, 15™ International Congress of
Speleology (ed., White, W.B.), Kerrville, TX, v. 2, p. 1211-1216.
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