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SDII Global Corporation (SDII) is pleased tq18'ubmit the 
final report for the above referenced project. The" purpose of 
the investigation was to utilize geophysical surveys to 
determine the configuration of the source rd:ervoir and 
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pollution associated with the Dove Creek area. 

SDII appreciates the opportunity to ~nave assisted' 
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EXECUTIVE SUMMARY 

A geophysical survey was conducted at the Dove Creek Area in Stonewall 
County, Texas with the objective of locating optimal drilling locations for brine 
productions wells. The best potential locations for such brine production wells 
would be in areas where there are several such brine-filled fracture conduits and 
where the reservoir is known to exist. Traditional methods of locating possible 
fractures include ground . geologic reconnaissance coupled with analysis of 
photo linear trends. The geophysical survey was designed to determine which 
linear features correlate with brine-carrying fractures. One task/objective of the 
geophysical investigation was to perform a combination of Very Low Frequency 
(VLF) electromagnetic and electromagnetic terrain conductivity (EM34) methods 
to map the trend and locations of brine-filled fractures. The other task/objective 
was to use Time Domain Electromagnetic (TOM) surveying to help identify t~" :'M'.;'C~;~ 
existence, depth and thickness of the brine reservoir across the project si~~e 
combination of the three techniques was intended to build a tflree-diIt\:ensional 
model of the brine reservoir-conduit system at a series of spec~~cJocatil6tis within 
the site study area. There were six primary survey areas (Area A ~gh Area F 
as defined on attached Figure 2) within the overall study area wh1"eaU. three 
surveys were applied. An additional ten sites (also defined on Figlfy:J§ were 
selected for TDM-only investigation to determine depth to the brine reserVoir. Th~ 

resUltS;eili;::~7::::::::::::=at asw~::w: ~':~:cal' ~' 
conductive bodies that we interpret as brine filled fractures at alISft{i;~cePtAreJls .•... 
D and E. At these two areas, we consider the l:>rine level in the fraCtures to be'1o 
deep b.elow ground surface that these near-surf~ce geophysical.delices do not ~z 
detect It. In the other areas (A, B, C, andF),we were abl~etec1areas where Y' 

brine must be locally closer to the surfacy(in vertical Rctures). ,W~~, 
sometimes correlate the positions of these4iscrete, high CjfI0lJ.-Ctivityarea'Sfrom ..... 
line-to-line in order to determine apparent fracture azimuth acr~e ?,,;J 

There is no consistent, dominant fracture azllnuth that is ed over the 
entire site. Rather it would seem that, like tl1e~Ultiple azip:J. s seen in Bob 
Rodgers' of RWR Associates photolinear .' . ys~.,.ther~"· several fracture 
orientations and the orientation preference v' ,es aroundth'~1te. 

~ , ~ 

·t;· 
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The dominant anomaly positions at the six main test areas have been staked 
in the field as potential, recommended drilling locations. The positions of these 
stakes have been surveyed (GPS) by RWR Associates. 

The TDM data analysis has shown that the subsurface resistivity model over 
majority of the site area may be represented by a three-layered resistivity structure. 
The uppermost layer is considered to be dry sediments with a typical resistivity of 
40-90 (average == 62) Q-m. This is underlain by a layer (Layer 2) of decreased 
resistivity (average = 24 Q-m) that may represent the water table or an increase of 
clay content at depth. The deepest layer seen (Layer 3) has a very low resistivity 
(1 Q-m) and is interpreted as the top of the brine reservoir. We do not see the 
Childress Formation as a discrete layer because it is probably higher resistivity 
(more difficult to see with TDM) and may be rather thin as compared with its 
depth of burial. Except in areas on the riverlcreek bottoms where saturated brin.J!$:'" .'0.,:.':" 

are seen at ground level, we typically find the top of the brine layer to be at"of'j'll'st 
below the level of the Top of the Childress formation as taken from ~tructural 
contours of the Top Childress provided by RWR. The most signific~-<[fxception 
to this normal situation is in the SW portion of the study area (Locatfon #13 and 
Location #14; see Figure 2) where low resistivity brines are interpretedi.as being in 
excess of 150 ft above the level of the Childress. This would suggest 'fuaUfi these 
areas, the Childress is fractured or missing for. it is not effectively serving as· a 
barrier to upward movement of brines. ,.}' :\" 

From a standpoint of suggested drilling locations, SDn has_,~aif~ady staked .0. 

the principal anomalies within each of the six main sites. We would a!so' 
recommend test drilling in Locations #13 and #14 as it would appear the deptkto 
brine is significantly less in these areas than in the other areas survey~~. 
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1.0 INTRODUCTION 

1.1 Background 

The project site is a ranch property in far northwestern Stonewall County, 
Texas approximately 25 miles northwest of the county seat, Aspermont, Texas 
(Figure 1). The County of Stonewall ("County"), in cooperation with the Texas 
Brazos River Authority (BRA) and with grant support from Texas Water 
Development Board (TWDB), is currently evaluating concepts for 
reducing/eliminating salt pollution of surficial creeks and rivers in the area. This 
surface water drainage ultimately contributes to the high salinity of the Salt Fork of 
the Brazos River - a principal drainage system for this part of Texas. The 
simplified model of the salt pollution system for this area includes a) a brine 
reservoir situated at depth and b) a system of vertical fractures, which act as 
permeable conduits bringing the deep brines up into contact with the surface w~t~r: .<: .. -,;" -.,c":", 

drainage. One of the remedial concepts being considered involves drilling 6fhlgh 
volume production wells into the reservoir and transporting the produceg. water to 
a proposed desalination plant. - ,//:0 

. .-:'. 
,-,-

1.2 Purpose 

The best potential locations for such brine production wells \Yould be in 
areas where there are several such brine-filled fracture conduits and where the 
reservoir is known to exist. Traditional methods of locating possibly f~a9tures 
include ground geologic reconnaissance coupled with analysis Qf~~piiotolinear ;' 
trends. The Dove Creek Area (see Figure 2), however, offers numerous "
photolinear trends at various orientations across the site. The key an~lytical factpr 
would be determining which linear features correlate with brine-carryipg fracture's. . 
With this in mind, there is a two-fold purpose for the geophysical sUrYeying in the ,0 

Study Area, One objective of this investigation is to perf-orrtl- a combination of _",0 

Very Low Frequency (VLF) electromagnetics and elestromagnetic j,terrain -:/ ' 
conductivity (EM34) methods to map the trend and logatiQns of brine-filled 
fractures. The other objective is to use Time Domain Electr6fiiilg~tic JWM: or 
EM47) surveying to help identify the existence, depth and thickn~s§~"O(the brine 
reservoir across the project site. The combination of the three tec@tques would be 
to build a three-dimensional model of the brine.r~servoir-copdu~JS'ystem at a series 

, •. '(-.-'-.~~ ;~'- .+~--., 

of specific locations within the site study arf1if.:; As sfio'Yn .gf"Figure 2, there were 
six primary survey areas (Area A through ,~ea F) within,cihe overall study area. 
These six areas were defined by Bob Ro~gers of RWR :Associates, Richmond, 
Texas - the geological consultant to the Co~nty ~ Mr. Rodgers defmed these areas 

- ,-.: 



based upon his analysis of photo linear trends in the area, the occurrence of springs, 
and the results of a preliminary drilling program conducted by RWR in 1999. 

In addition to these six defined areas, SDII also acquired TDM (only) data at 
other discrete locations of interest (see Figure 2) defined by RWR. 

1.3 Scope of Work 

SDn implemented the following scope of work to complete this 
investigation: 

• Mobilize to the project site and perform a combined VLFlEM34 investigation at 
the six defined site areas specified by RWR personnel (Figure 2); 

• Based upon the results of the VLFlEM34 surveys, select locations and acquire 
TDM (EM47) soundings, as required, at each of the six defined sites 

• Acquire TDM survey data at other, secondary sites surrounding the prim:ltY 
study area as also defined by RWR (also Figure 2) , 

• Demobilize from the site and analyze the total geophysical data set tg:ldetermine 
the brine reservoir/conduit system; and :l' 

• Prepare a final report that summarizes the geophysical methodolpgie$, field 
procedures and results of the investigation. 

1.4 Site Descriptions 

The project site is located along the north side of County~:,-:Road' 350 
northwest of Aspennont, Texas in the far NW comer of Stonewall'{:ounty, Texas. _'
(Figure 1) near the common junction of Dickens, King, and Stode:wall counti~s. -
The study area consists of six, discrete study areas of varying siz~ and shape. 
Figure 2 shows the locations of the six primary study areas. At th~: time of the ';,
SDn field investigation, the site was covered by grass, bruslHlnd me~'quite as well .~; 
as several salt flat areas associated with Dove Creek. The ar~~ was prone tq~tlil.sh.<-:
flooding although only one day of hard rain was encoun~~~red during tlie- fidd 
program (May 30th through June 8th

, 2000). Based on r-egi6h'al g~pJogical 
information, near-surface soils consisted of a sand stratum. p-

<-;_/r-' 
Area A c 

~~(:-> 

Area A (Figure 2) is the southernmost :clr~~e researchtslt~~and is situated on 
.. p:"' .::::-

an upland hIgh area above and south of Dqye Creek. Because of the narrow area 
of level ground between steep drop-offs to~~ither side of the access road, the area 
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available for geophysical surveying was quite limited (see Figure 3). The 
dominant trend in photolinears in this area, as with Areas Band C as follow, is 
N27°E and N55°W with an EW trend as welL The orientation and location of 
geophysical survey lines and TDM loops as shown on Figure 3 were dictated by 
access and topography, primarily, and by the trends of photolinear features as well 
as could be accommodated. 

AreaB 

Area B is the topographically lowest of the six site areas and is also located 
towards the southern end of the study area. It is a rectangular area (see Figure 4) 
that is, approximately, 1000 ft by 800 ft with the long axis oriented along the 
(magnetic) N45°E direction. Area B includes an extensive crossing of Dove Creek, 
which had only minimal water but had damp surficial sediments. Outside of tb~~~~:,~,,-,,,,,~:,-, 
creek bed area, this site had substantial vegetation but was relatively flat excepf'fbf' 
a few side channel drainages into Dove Creek. Because of the through-going road 
at a N45°E (magnetic) bearing, the grid of data lines (Figure 4) was l~(f out with 
this orientation. In addition to the creek bed, this site is also cdhsidered an 
important site because it is the location of an old well (also on Figure 4) that, when 
drilled, encountered artesian flow of briny water before being plugged' and 
abandoned (Bob Rodgers, personal communication). Photolinear alignments in 
this area show several strong orientations including (approximatelY)N~~;40oE, 
N55°W (Dove Creek), and nearly EW. -,."' 

AreaC 

Area C is an irregular, almost triangular shaped area along the~bpland slope \, 
above (north of) Dove Creek. Because of vegetation and st~p"topo~aphy, access -5-" 

was limited to a couple of roadways flanking the area and P3U,o( the area b~tween,-/";-
the roadways as shown on Figure 5. Area C was selecteq1be£ause a) tllere'j,s a _ 
spring along Dove Creek almost due east of the Area and b) the -sPhng !~_~ong a 
linear segment (N800E) of Dove Creek. This linear feature project§rlJftck to the 
west through Area C. We should also note that the spring i{'actually at the 
intersection of two linear features: the one jU~Lmentioned plu~:'ianother (N27~) 
that actually projects back towards Area A t~t~ihe : South. ,T1;le"'geophysical survey 
lines (Figure 5) were limited to any areas tpat were accesSible within the area as 
dictated by topography and density of vege~tion. 

1-3" 



AreaD 

Area D is the largest (1000 ft by 1000 ft, or 25 acres) area surveyed. It was 
also an area of high surface elevation and contained what appear to be the 
begiIlllings of sinkholes on its western boundary (see Figure 6). There were three 
apparent photolinear directions crossing this area. These were (approximately) 
nearly NS, N55°W, and N35°E. Vegetation ranged from dense in the lower 
portions of the area to fairly open grassy areas in the higher areas. Because of the 
size of the area, four adjacent TDM soundings were conducted across the area 
(Figure 6). 

AreaE 

Area E lies on the western trend of a large, straight gully/drainage that trends 
N97°W from the east into Area E (see Figure 2). A single line and TDM-l90P '
(Figure 7) were run along the existing road across this photolinear trend to see if it 
was coincident with any possible fracturing. This area, like Areas D aijd'F, are at 
some of the higher elevations in this study. ~::'. 

AreaF . :i·-·-

Area F is the northern-most and the topographically highest of the six_areas 
of investigation. The surveyed area is, approximately, a 500 ft by 500J~tXMa:gnetic 
North by Magnetic East) rectangle that includes a large. water-filled~,;~tock tank and, --
a large, collapsed sinkhole structure. The lines for the -EM34 and VLF surv~ys 
plus the single TDM loop location are shown on Figure 8. These lines were 
oriented along magnetic north and east directions. The west ~p southwest~: 
portions of the survey area had dense vegetation. The only i!m:l;~essibie portions of -of 

the site were the pond, the sinkhole, and a drainage leading into the sinkhole fmJ:l1. __ /~'o_: 
- ,-",.,'-- .>0:''-''-- '-' 

the north" The ge~eral tren?so of photolinea:si~ this area wltt\Gl~proxiInately __ NS 
and the smkhole Itself exhibIts an elongation III the EW ffir~t;J.on~' SJ?,S:l~lpkers 

report the cave area extends in a somewhat EW orientation as ..-eWeiL The 
orientation of the geophysical survey lines was selected to beperP'~iIdicular to 
these trends.':-

. -
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2.0 METHODOLOGIES 

2.1 VLF Equipment and Principles 

VLF stands for the Very Low Frequency electromagnetic surveying method. 
The very low aspect of the VLF method is derived from the method's use of 

military radio transmission signals in the 15-30 kiloHertz (kHz) band to probe the 
subsurface. The VLF was first developed for mineral prospecting as it is 
particularly sensitive to vertical, highly (electrically) conductive bodies such as ore 
veins. Because water-filled fractures satisfy many of the same descriptive features 
as an ore vein (electrically conductive fluid contained within a more resistive rock 
background), the VLF method has found increasing application to fracture 
characterization programs. 

--;.,. :-.:::." . 

The basis of the VLF method is the precise analysis of the behavior of radio 
waves as they travel across a site. Global military agencies have set ujf;Powerful 
radio transmitters in the VLF frequency range at locations around .tfhe world -
primarily for communications with submarines. These radio waves, as Jhey. spread 
out from the transmitter area, form planar electromagnetic waves that i4ter:~ct with 
the subsurface geology along their pathways. In crossing a site, if the radio waves 
encounter a body having increased electrical conductivity (e.g. a brin~;,:filled 

fracture), the wave causes small currents to flow in that body. 'Il!~s~--t~duced 
currents create their own small magnetic fields, which tend to oppoie the magnetic: 
fields of the radio wave and, therefore, interact and interfere witli the "norm¥" 
radio wave characteristics. In essence, this interaction with a buried conductor 
causes the measured composite (normal, plus interaction with body)¥to show tilt -:., 
(i.e. a horizontal as well as a vertical field component) whe.~i'as the "normal radio ~-' 
wave has only a horizontal magnetic component. ' The effeC~5)f a body theR-o.i~~,tQ ,'" 
create a non-zero reading on the instrument.' After data manjpul~tlon and filtering, 
the VLF anomaly over a conductive fractUre can be made to-Iook~qmte s"W,lple':- a 
peak value over the fracture (see Figure 9, for example). The stJ;:{!I)gth of the 
anomaly depends on many factors induding the contrast in condg6iivity between 
the fluid and the rock, the size of the fracture, ®d the angle between the strike of 
the fracture and the direction from the site toilfi~'-transmitt~f,::,Rbgarding the latter 
point, the anomaly is maximized if this angle is zero (i:e. ;lhe fracture is pointing 
directly at the station). Since we cannot c1!oose the strike 'pf the fracture it would 

;;~. -

\.-' 
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seem that only some fractures, of a specific orientation, could be mapped. This 
dilemma is resolved by the fact that there are numerous stations around the world 
so that by picking among the several stations available, a wide spectrum of fracture 
azimuths may be mapped using VLF. 

2.2 VLF Field Procedures 

SDn used the ABEM Instruments "Wadi" VLF unit. This is a compact 
system composed of an antenna system to measure the radio signal characteristics 
and a console unit. The console allows the user to select the most appropriate VLF 
transmitter for the site and line orientations, to collect the data, and to display the 
results in real time on a hand...,held computer screen. The data are stored digitally 
for further display and analysis. 

The VLF investigation was performed over the time period May 31 - June/l,,-:,,,·" ,~,:",~,,,g-:~ 
2000. VLF da~ were acquired over the sets of transect lines shown for each-ofIhe 
six areas (see Figures 3 - 8). For each line, the following procedure was followed. 

1 
2 

3 

Stand at start of line facing in the direction of the line 
Use the instrument's automatic scan feature to determine which of the many 
VLF stations provides the proper signal strength and direction tq. th~ : station 
for the particular line orientation 
Using that particular station, acquire VLF data at 20-ft intervals untit!lTe end 
of the line is reached 

4 Move to next line and repeat procedure 

2.3 EM34 Equipment and Principles 

The EM34 Terrain Conductivity Meter (EM34) is -ru):'!"active geophysical ",_, 
technique for measuring the in situ electrical conductivity of We subsurfacs.,·,,'-fiY\i:ri'~ ,:>' 

"active" technique we mean that we use a controli~d ~"sQJ!rce to iIiject ' 
electromagnetic waves into the ground and then record how tilt'earth rt:;sp'Ohds to 
our source. Electrical condllctivity is a~ physical property of soi!§~rock, and any 
material that determines how well that material will support t~~" conduction of 
electrical currents. As such, materials. such~;:Pry ,~l,lartz s~gs'"\Vould have very 
low electrical conductivity, clays would q#{je highercq~tauctivity values, and 
saline groundwater would have very higl!.' conductivity::' Generally, electrical 

.~::,. '. 
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conductivity of an earth material will increase with increases of porosity, clay 
content, saturation, and specific conductance of the saturant. The units of electrical 
conductivity are milli-Siernens per meter (mS/m) in SI units. 

The EM34 accomplishes this measurement of the bulk ground electrical 
conductivity using a pair of wound wire coils (see Figure 9). One coil, the 
transmitter coil, is fed an alternating electrical current. This current in a loop of 
wire creates an alternating magnetic field ("'primary field") whose dipole direction 
is perpendicular to the plane of the coil just like an electromagnet or old-fashioned 
doorbelL The alternating magnetic field then interacts with the subsurface 
materials. If those materials have some electrical conductivity, then the alternating 
magnetic field causes small eddy currents to flow in the ground materials, much 
like a car's alternator creates electrical current by spinning a magnet near a 
conductor (copper wire coil). Finally, those small currents flowing in the groun4 .' 
cause their own weak magnetic field ("secondary field"), which is slightly 911f-of 
phase with the primary field and is detected by a second wound coil ("receiver 
coil"). The component of the secondary field that is 90° out of phase (,4fuadrature 
phase") with the primary field has been shown to be directly proporttonal to the 
conductivity of the ground materials. Making this measurement of tht\,Hua~rature 
phase is how the EM34 system measures ground conductivity. 'I1!e q¢pth of 
penetration for any electromagnetic conductivity system depends upon, among 
other factors, the distance between the transmitter and receiver coils as wetLas the 
orientation of the coils (vertical dipole or horizontal dipole - s,~~~'Fig~~e 9). 
Generally, the farther the two coils are separated, the deeper the ;system "sees". 
The vertical dipole (i.e. coils laying flat on the ground) mode sees deep,~r 
(approximately 1.5 times the coils spacing) than the upright coils, horizontal dipole 
mode (0.75 times the coil separation). f 
2.4 EM34 Field Procedures 

.. ;{. 
/.:.;- ~...-

SDrr used the EM34 system manufactured by Geonics __ i::~d.,;~ which gffers 
multiple (10 m, 20 m, or 40 m)coil separations. We utilized, pi{marily,}fu€(20-m 
coil separation and measured in both the vertical as well as h~u1zo'nial dipole 
modes, yielding an effective depth of investigation from 15 - 30 foeters (50 - 100 
ft). Data stations were spaced at 20-ft jntervj!l~';;aloQ,g each ,9rtlle EM34 transect 
lines for each of the six primary study areas (~~e Figures 3-&f' 

".-::,-
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The EM34 investigation was also performed over the time period May 31 -
June 4, 2000. 

2.5 TDM (EM47) Equipment and Principles 

The EM47 Protem Time Domain Electromagnetic (TDM) Sounding system 
is another active geophysical technique for measuring the in situ electrical 
conductivity of the subsurface. Unlike the EM34 system, which rapidly assesses 
lateral variations in electrical conductivity (profiling), the EM47 enables 
interpretation of the vertical distribution (depth and thickness) of subsurface 
layering. 

The EM47 accomplishes this measurement of the vertical electrical 
conductivity using a large transmitter loop and a central, small receiver loop (see 
Figure 10). The large loop or transmitter coil, is fed an alternating square wa~~Ocoe-_···- 0-: 

electrical current (see Figure 12). At the moment of current shut-off, a-"'i::iige 
magnetic field transient is generated and sent downwards into the grou.nd. This 

.if.. '"'~: 

field moves downward and outward from the loop interacting with deep¢r layers as 
time progresses. The interaction with the subsurface layers causes secondary 
magnetic fields to be generated. The receiver coil (see Figure 11) d,ytectS' these 
secondary fields. By monitoring the receiver coil voltage as a function-'bf time 
after current shut-off, we are able to determine resistivity (or conductivity) versus 

;, :--depth. -.,_0'-

2.6 TDM (EM47) Field Procedures 

SDn used the EM47 system manufactured by Geonics Ltd., w11ich controls 
the current to the transmitter loop (nominally 200-250 ft on a side) ~p records the "'".--
output from the receiver coil. The receiver coil output ver§~s,time '-'after current 'c'-

shut off is digitally sampled and stored in the EM47 unit. Th~,:digital files ar~.Aben--/<-'
converted to resistivity versus depth soundings by using a~!:sp~ianzed c6~puter 
program (TEMIX TM by Interpex, Ltd.). -,' .-,:;,- -->7 ~-cf-~';:';:;' 

;~~ •• I 

The number of soundings made ata given area was detennin~d:by"~) the size 
of the area and b) accessibility/topography of the area. Most of t4~"six primary site 
areas had only a single loop location. Two arg'aS;'(Afe& B 39-d::Atea D) had two or 
more soundings (see figures 3-8 for loca~~on of TDMHansmitter loops). In 
addition to the six primary areas, SDn -~iso acquired TDM soundings at an 

-. 
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additional 10 sites surrounding the area (see Figure 2). Bob Rodgers of RWR 
determined these locations. 

The TDM soundings were conducted over the time period June 5 - 8, 2000 . 

./-.-
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3.0 RESULTS 

3.1 Fracture Characterization 

The process of detecting potential brine water filled fractures in each of the 
six designated areas was accomplished using the complementary interpretation of 
VLF, EM34, and photolineament data sets. From a geophysical perspective, a 
brine-filled, nearly vertical fracture of limited width (opening) should present the 
following anomalous observations on the VLF and EM34 data sets. For a linear 
fracture which is trending perpendicular to the orientation of the geophysical 
transect line (or nearly so), we would expect to see the following anomalies: 

• On the VLF profile, we would expect to see a localized positive peak 
directly over the fracture ,.<,<~-'> -

• On the EM34 profile, we would expect to see a localized incni~se -in 
ground conductivity if the fracture zone is wide (tens offeet wi~e) 

• However, on the EM34 profile, we could also expect t04t~ee a very 
complex response including a localized increase in conductivity .on the 
horizontal dipole measurement coupled with a decrease or ev,@nnegative 
conductivity on the vertical dipole when over the fracture. Tills complex 
signature is what is often seen, for example, when an EM34 sqryey is 
conducted perpendicular to a steel pipeline - another eX9~llentlinear 
conductor. d'/"' . ; 

The actual nature of the response predicted would be a functipn of seve{.;U 
factors including the angular strike between the line and the fracture, tbe salinity of -~_ 

contained waters within the fracture, if any, and the width of the fra~ture/fracture _< 
...... _.,., ~,f,_ ~ 

zone. In the following area results descriptions, we will focus on the geophysical . 
response and implications on fracturing. We shall also, whlfleyer possib~"t1Y''ic('-:-'' 
correlate anomalous responses from one geophysical line to" th~ ~)ther in orcl~t to -

..:1..--<:' __ .__ .;-.~. 

interpret fracture azimuths crossing the areas. Note that in·the descpp'tl.on of 
results from each of the six designated areas, we shall provide illu~~n,itive:examples 
of the VLF and EM34 data that are typical for that area. AIZ;;:plots of EM34 
(horizontal as well as vertical dipole, when m~ure4) data prqfiles are attached to 

~.. • .-__ ,_ -Yo ._,_ 

this report in Appendix A. All plots of filtered VLF data ~ealso attached to this 
report in Appendix B. >t~-

3-1.·> . 
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3.1.1 Area A. Figure 12 displays an example of the VLF data acquired along one 
of the lines in Area A. On the figure, we note a narrow segment of the line where 
the filtered VLF data show a localized, positive peak. The magnitude of this peak 
is very small. That is, the VLF indicates a possible fracture, but the size of the 
anomaly is quite low indicating the depth to the brine-filled part of the fracture is 
large or the fracture plane itself is only slightly conductive. We compare these 
data with the EM34 data taken along the same transect (Figure 12). Over 
essentially the same line distance interval (340 ft - 420 ft marks), the EM34 shows 
a localized increase in the conductivity seen by the horizontal dipole data with a 
corresponding decrease in conductivity seen by the vertical dipole. This behavior, 
is consistent with EM34 data taken perpendicular to (or nearly so) a linear 
electrically conductive body. We would interpret this anomaly (coincident VLf_,",,--:~ <.;:~_c '~',!> 
and EM34 anomalies) as indicating a brine-filled fracture. The VLF data mayfBd" ,- ---
used to estimate a depth to the top of the brine-filled portion of the fracWre. The 
VLF analysis for this feature suggests a depth to the conductor of apmfoximately 
30-50 ft depth. -F" 

Figure 13 is a re-plot of the geophysical lines for Area A (sameJ.:jasejnap as 
Figure 3) showing the locations of the VLF positive peak anomalIes "and the 
anomalous EM34 segments noted along each line. Because of similar cp.aracter 
and shape of the anomalies seen on the series of transect lines acqui;g~d,'",~thave ,co, 

linked up those anomalies that we feel represent the same subsy:tlace fracture\:".:~ -
(correlation between lines). These correlations are also shown on Figure 13. The 
trend of fracturing in Area A is interpreted to have a N800E bearing, which is cl6Se 
to some of the large EW photo linear trends in canyons to the S_Quth. Some :~:;_ 
anomalies, however, were not seen on multiple lines, so tl?:~§.~,,"are noted as only·",,, 
anomalous areas. Those areas exhibiting both aVLF as well ¥ an EM34 an~IDalY"",-'~f 
are those we consider having the higher probability of being p;ffr.~cture. ,I/' 

. . {:,.- . 
---- . ::.: ~-...-::.-::. 

Also noted on Figure 13 are the locations of 4 wood~'U stake~{:!fiiat we 
annotated and drove into the ground within the majouul0malies_ ,;,,:-t/'-;' 

". ~ - %.:: 
_ c 

3.1.2 Area B. Figure 14 is a similar plotof411e. general chtiacteristics of the 
. • .f.t.r.,f._~': .. ~ ... ,~~ .-. _ .~..;~_-

VLFlEM34 data from Area B as compared ~ith Arel:CA~~~W"Flgure 12). Because 
Area B includes Dove Creek and its floodpJ~n, there are ~~gments within Area B 
where extremely high conductivity fluids arb right at the gi-bund surface while the 

£,'; 
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more upland areas of Area B look more like Area A, but still exhibit conductivities 
that are much higher. This is shown dramatically by the behavior of the EM34 
data crossing Dove Creek (Figure 14). Within the creek bed, the horizontal dipole 
(very shallow) data show a significant increase in conductivity while the vertical 
dipole (deeper) goes to extreme negative conductivity values. We have also 
observed this exact behavior when acquiring EM34 data over seawater bodies. 
The surficial brines basically cause the vertical dipole data to go negative 
conductivity values - a physical impossibility! This also points out how 
significant drops in localized vertical dipole conductivity can be indicative of a 
brine filled fracture. Figure 14 also shows (circled) a small area in the upland part 
of this transect where a more normal fracture indication is seen. This small feature 
is overwhelmed by the magnitude of the anomaly caused by the creek. Note that 
the VLF over this same line is better behaved and continues to show singular peaks 
that we interpret as potential fractures. We must caution that, for the orientation,oOf, 
this line, the VLF data were a bit on the unstable side (weak station), sB"";the 
amplitudes of the anomalies are not accurate. A second transect (Figl,lIe 15) is 
wholly within the upland area (i.e. does not go into the creek bottom)~llts shows 
distinct VLF and EM34 anomalies, which we were able to correlate vlith a parallel 
line to the north. The trend of the geophysical anomalies overli~~. a s.urface 

~-.< --, <"_. 
depression that RWR interprets as a potential sinkhole in early; stages of 
development. This also lends confidence to the correlations we are makingfrom 
one line to the next. Finally, Figure 16 is the aerial map of Area It_With the 
superposed locations of the VLF and EM34 anomalies and our 1I1.tetPtetation of ,:~ 
fracture trends. The dominant fracture trend we interpret is N29°E~ very close to 
the trend of the photolinears associated with the major offsets of;Dove Cre~k. 
Because of the major geophysical response of Dove Creek itself, \X{e must also r~ 

consider the Creek itself (locally, N53OW) as possibly being fractu(e controlled. ',. 
Analysis of the VLF data suggests a broad depth range to the~'6fine in the fractures Y-

of approximately 30-ft. ~/;' .<".c,y["'-" "",.,,.0, 

V ~ 

Also noted on Figure 15 are the locations of 6 wooderi<~hle~",:Jhaf we 
annotated and drove into the ground within the major anomalies. "7", F 

3.1.3 Area C. Figure 17 is a sample plot of the VLFand EM34:0data for Area C. 
We first note from the values of the' COhducti~it)? 'ptofi,le ~~rthls area has typical 
conductivity values (e.g. similar to Area A 1?~t much less tqan Area B) for nonnal 
soils and not soils having brine contaminati2Jl. We also not¢ the same combination 

~t ' 
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of peaked VLF response and downward trends in the Vertical Dipole conductivity 
data in two locations that we interpret as potential brine filled fractures. Figure 18 
is the aerial map of Area C with the superposed locations of the VLF and EM34 
anomalies and our interpretation of fracture trends. The dominant fracture trend 
we interpret is NI0oW. This trend is close to some of the photolinear trends of 
minor drainage immediately south of Area C and some of the major drainages (e.g. 
Haystack Canyon) to the East. There is a possible secondary trend of N67°E, but 
more lines would be needed to verify this trend. Analysis of the VLF data suggests 
a broad depth to brine within the fractures of approximately 45-ft. 

Also noted on Figure 18 are the locations of 7 wooden stakes that we 
annotated and drove into the ground within the major anomalies. 

3.1.4 Area D. Figure 19 is a sample plot of the VLF and EM34 data for Area D. 
We first note from the values of the conductivity profile that this area has ~picar 
conductivity values (e.g. similar to Areas A and C but much less than Area B) for 
normal soils and not soils having brine contamination. However, througnout Area 
D, the values of measured conductivity are very unifonn. That is the _{6-hductivity 
value is about 20 mS/m ± 5 mS/m (at most a 20% variation). The combination of 
peaked VLF response and downwards trends in the Vertical Dipole d:m<i.qttivity 
data is very subdued as shown by the circled, questioned anomaly on the right en4 
of the example profile. If there are fractures in the area, and if they haye 'brine 

< -"-'''-:~ 

water fill, then the depth to the brine must be very deep to explain,,;tne---unifonn 
conductivity and the subdued VLF response. Figure 20 is the aerial4ihp of Area D· ' 
with the superposed locations of the weak VLF and EM34 anofualies and npr 
equally weak interpretation of fracture trends. The dominant fracture trend we 
interpret is NSO-S5°E. This is similar in trend to some minor photoli(ear trends in 
~~ ~. ; 

3.1.5 Area E. Figure 21 is a presentation of the full VLF an~rEM34 data ~et"t&k~n----c-; 
~ - ..: .. . .' 

on the one transect line of Area E. The.line was laid out to he R~t;pendicular .tR:the 
photolinear trend of the large, EW trending canyon to the East, so ~fi~:2tiiring 
associated with that feature, if existing, would be. towards th~>lmlddle of this 
transect We see that the behavior of the geophysical data for Ar~,£E is very much 
like the behavior at Area D (see Figure -i9). Th~hs;~qpdat~}f~-~ery uniform with 
little in the way of anomalous character. A§::,with Area D,;we feel that if there is 
fracturing crossing the area, then the dep~1to the brine within the fractures is to 

~f~ . 
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deep to have any great effect on the recorded geophysical data. We cannot, 
therefore, detect any fracturing potential within Area E although such fracturing 
may indeed exist. We did not place any stakes within this area. 

3.1.6 Area F. Figure 22 is an example of the VLFlEM34 data typical of Area F. 
Even though this area is of similar ground surface elevation as Areas D and E, we 
see significantly more anomalous character to the geophysical data from Area F 
than in the data from those two areas. Specifically, on Figure 22 we see two 
anomalous areas where there is a peaked VLF response coupled with an anomalous 
drop in the vertical dipole conductivity with a rise in the horizontal dipole 
conductivity. We interpret this combined response as due to fracturing. Given the 
Area contains a large dissolution feature (sinkhole) that breaches the surface, it is 
highly probable that this area would be fractured. Figure 23 is the aerial map of 
Area F with the superposed locations of the VLF and EM34 anomalies and ogr _, ' ", "ygi! 

interpretation of fracture trends. One of two alternative fracture trends we int~'tj)f~t' 
is N65-70oW. This trend was chosen by requiring the major anomalies to correlate 
with the location of the sinkhole. That is, the sinkhole would be Idcateej;on a large 
fracture so the major anomalies should link up through the sink position. Also, 
spelunkers have indicated a more EW trend to the underground cave., Hq~ever, 
there are few strong photolinears in the immediate area having this sam~trertj:L 

The second alternative trend shown on Figure 23 is NlO-20oW. Thjs.~trend 
was interpreted by tying together those anomalies that have theWlisr;'sirnilar " 
looking character. This trend is also close to the same trend as some of the major-,;: 
drainages just to the east as well as south of Area F. Therefore, we have two 
alternative interpretations of fracture azimuth for Area F. A more import:ant 
observation, however, is that even though Area F is at an even higljer elevation "', 
than Areas D and E, it shows indications of shallower depql~Ao brine within the ,,~ 
fractures. Perhaps the fractures in Area F 'are more open (permeable) alloJVJpg~,c<"" 
brine to come higher in elevation along them'than in areas Jf~d E. Analysi~ of ' 
the VLF data suggests a broad depth to the brine in the fractures.: of~appro~atdy 
50-60 ft. /~c:"o:"" 

\~- " .. 

Also noted on Figure 23 are the locations of 2 wooden:", stakes that we 
annotated and drove into the ground within thy@ajor-,~oma4~ti:;,,<'-

.!h . A~ 
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3.2 TDM Sounding Results 

The time domain (EM47) soundings collected at the 20 locations described, 
for the most part, have a common interpretation. That is, almost all the TDM sites 
show a basically three-layered (electrical resistivity) subsurface model. Figure 24 
is the illustration of a reduced (apparent resistivity versus time) TDM sounding 
curve and the inversion, or resistivity-versus-depth model that provides the best fit 
to the observed data. The typical model results consists of: 

• A surficial layer (typically less than 30 ft thick) of reasonably high (50-
100 ohm-meters, Q-m) electrical resistivity. 

• An intermediate layer beneath the surface layer (variable thickness) of 
reduced (approximately 20-30 Q-m), which could correlate with the ~,y;:-<.':~:2;..~~':~~' 

water table or a layer with increased clay content . 
• A deeper, bottom layer where the electrical resistivity drops to extremely 

low (0.5-1 Q-m) values. We interpret this as the level Qf~:'ihe brine 
reservoir. The mobile ions of the brine cause the observett extremely 
low electrical resistivity. 

~_~ . t.,· 

The variation in thickness and/or the absence of some of these iayers are 
what provide insight into the hydrogeology of the brine reservoir. 

..... > ... , 
Note on the model of Figure 24 that the depth model has,/~f~o provided, "~~~. 

several alternative interpretations ("equivalence models") which would yi~ld < . 

almost as good a fit as the best model. The amount of scatter of these dashed lliie 
models around the best model indicates how good that best model i%~' Typically, ,i 
the best (tightest cluster of alternative. values) results are [Qr. the depth to and y;. 
resistivity value of the interpreted brine layer. All TDM solihdings and inve~§~Qr .. "'~,~ .. 
results are presented in Appendix C attached to this report. ,:.-. /:p-~.. .,< .. 

.. 

Table 1 presents a basic summary of the results of roM ':;~~ndiI,Ig~fu~ all 
twenty locations taken across the Site ,area. In it we present, for _~~9h:-16cation, a) 
the approximate ground level elevation for the location (from USJ}S Topographic 
Map), b) the estimated elevation of the.Top o{Jhe, G-.PjIdressfprthation (confining 
unit above the brine reserVoir) as taken fro~.'iK'map provid¢lfby RWR, and c) the 

d~: 



estimated depth to saturated brine condition (very low resistivity layer z 1-2 D.-m) 
as determined from the TDM analyses. 

TOM Location GL Elev.1 Top Childress2 Top Brine3 
(ft) Elev. (ft) Elev. (ft) 

A 1840 1680 1635 
B1 1740 1680 1686 
B2 1740 1682 1684 
C 1780 1683 1654 
01 1880 1693 1665 
02 1880 1693 1669 
03 1880 1693 1672 
04 1880 1693 1673 
E 1870 1685 1644 
F 1900 1693 1659 

Low Water Crossing 1660 AboveGround 1660 
Weill 1850 1670 1662 

#13 1850 1660 -1747 "-
,-~( . 

#14 1922 1640 1828 ;~r'-

#15 1850 1650 1678 IJ,':: 
#16 1890 1680 1668 .-

#17 1968 1688 1695 ~~:- -, 
#18 1900 1690 1644 . .~: 

#19 1885 1680 1645 
#20 1870 1685 1677 

~ . :' 

1 - from Topo Map 2 - from RWR Map 3· top of low resistivity layer 

In most cases seen on Table 1, the top of the brine layer is situated;~§ome 0-46-ft <_ 

below the Top of the Childress giving- an average estimated thictness of the '''_ 
Childress of some 23 ft (assuming the brine is directly be1ow<ihe Childress. The ..... " 
amount of variation seen is attributable to very limited actu,ftl data regarding1:tlfe--",oc:;:'"" 

.,,-" ,if ~"""" 

elevation of the Top of the Childress and nomial error in th~"~TDMjlJterpretati6,ns. 
However, specific instances shown in Table 1 show locationsc.wfie~ thXfdepth to 
the brine is less than the depth to the Childress. These locations -arxmglilighted in 
bold, italicized text. One, the Low Water Crossing location, is in ;in}-area where the 
Childress does not exist or is above ground ley~l#:t"~earea ofJhi TDM sounding 
(past the outcrop position), so this is not ~~rprisinl{- Th.E?oiher three locations 
highlighted in italics show brine substanti~lly above therop of the Childress ~ 
high enough that the discrepancy may no~;~due to normal' error in analysis (e.g. 

"i;; 
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uncertainty in ground elevation, elevation of Top of Childress, and actual ground 
position). We feel Location #15 actually does show a reasonably normal situation 
- that is, there is enough uncertainty in position and known depth to the Childress 
that the observed height difference of approximately 28 ft (implied brine above the 
Childress) is still within error bounds. The other two sites - Location #13 and 
Location #14 - are truly anomalous for two reasons. 

• First, the height of the brine (Layer 3) above the estimated Top of Childress is 
87 ft and 188 ft, respectively, for these two - too large to be attributed to noise. 

• Secondly, the value of the second layer resistivity is much lower 
(approximately 2 Q-m) than other sites (average resistivity of Layer 2 = 24 Q
m). 

The only other sites that exhibit such shallow, low resistivit~es are th~:,:L:OW 
Water Crossing and Soundings B-1 and B-2, which are essentially in the Creek 
bottoms (near surface brine saturation). Locations #13 and #14, hqwever, are 
situated in upland areas, not within the creek beds. Therefore, 'Locati9'ns #13 and 
#14 are indeed anomalous in that they both show very low resistivity wate9als (2 
Q-m) within 50-55 ft of the ground surface. This means briny wa,ter~{'-if we 

~,~ _. 

consider 2 Q-m resistivity as being brine saturated sediments, at these two 
locations are on the order of 150-250 ft higher than the suspected TOP".9f the 
Childress. That is, we interpret Layer 2 in these two locations as b~!ng7ihe top of __ 
the brine. If the brine is normally contained by the Childress and i~:under artesian" -.. -
conditions (as demonstrated by the flowing brine encountered in~'cthe abandol!.ed 
well within Area B), this would mean that the Childress in the areas, of Locatibn _ 
#13 and Location #14 (southwestern side of the study area) is hot{:serving as a':'. 
barrier to upward movement of the brines as it does in other*areas. The Childress v>

would have to be either missing or highly fr_~ttured in this Jl{ea in order 19.dthe:.o-F -'·' 

brines to be this high in the area. . l' <' __ .. ~ \;. _ .. 
. ..:~-:.::.~. .". 

'::.E"::~;~: ;- .-:-:-"'j -
/ .. ,(;(;:~'~' ~ 

3.3 Results Summary :o-~~~~ :.;,,-

. _: . _ ,~_[~";.~:'"'i: 

. The VLF and EM34 data have demonstrated that we can se~~iliscrete vertical 
conductive bodies that we interpret as ~rine fIDed:~~~"tPr~s .~;&hiites except Areas 
D and E. At these two areas, we conSIder the bnne levelm- the fractures to be so 

/<t-'..- 3-_--' 

deep below ground surface that the geoph¥:~Hcal devices 4,0 not detect it. In the 
"'?-
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other areas (A, B, C, and F), we are able to detect areas where brine must be 
locally closer to the surface (in vertical fractures). We can sometimes correlate the 
positions of these discrete, high conductivity areas from line-to-line in order to 
determine apparent fracture azimuth across these areas. 

There is no consistent, dominant fracture azimuth that is observed over the 
entire site. Rather it would seem that, like the multiple azimuths seen in R WR' s 
photolinear analysis, there are several fracture orientations and the orientation 
preference varies around the site. 

The dominant anomaly positions at the six test areas have been staked in the 
field as potential, recommended drilling locations. 

The TDM data analysis has shown that the subsurface resistivity model over 
majority of the site area may be represented by a three-layered resistivity struGt.ure.' . 
The uppermost layer is considered to be dry sediments with a typical resistivIty of 
40-90 (average::: 62) Q-m. This is underlain by a layer (Layer 2) o(pecreased 
resistivity (average = 24 Q-m) that may represent the water table or a.!l.~increase of 
clay content at depth. The deepest layer seen (Layer 3) has a very low resistivity 
(l Q-m) and is interpreted as the top of the brine reservoir. We dO?,'hot§ee the 
Childress Formation as a discrete layer because it is probably. higher resistivity 
(more difficult to see with TDM) and may be rather thin as compared ~ith itS 
depth of buriaL Except in areas on the river/creek bottoms where saq.lfatecfbnnes 
are seen at ground level, we typically find the top of the brine layerij1('{ be at or just '. 
below the level of the Top of the Childress formation as taken -from structural 
contours of the Top Childress provided by RWR,' . The most significant exception 
to this normal situation is in the SW portion:of the study area (Loc~~ion #13 and ,',. 
Location #14; see Figure 2) where low resIstivity·brines are ~retid as being in '"., 
excess of 150 ft above the level of the Childre~s. This wouTd.·suggest that m.;,thi~ .. ,' .... 
area, the Childress is fractured or missing for it is not eqtciiy'eIy serviIfg''':as a 
barrier to upward movement of brines. ",' ;'0::0 ... ," .".,.,', 

-;);>~'-~:---'. 

From a standpoint of suggested drilling locations,.we have a,4"yatty;staked 
the principal anomalies within each of the six sites~ . We Would als9;recornmend 
drilling in Locations #13 and #14 as it would ~.ppear!lJ~dep~:t<i,:brine is 
significantly less in these areas than in the o~et areas sunre(e'd. 



4.0 LIMITATIONS 

The geophysical assessment of this site is based on our professional 
evaluation of the geophysical data gathered and our experience with the properties 
of ground penetrating radar in the geological setting of the site area. The 
geophysical evaluation rendered in this report meets the standards of care of our 
profession. No other warranty or representation, either expressed or implied, is 
included or intended. 
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SUMMARY 

Rocks of Middle and Late Permian age crop out within the Rolling Plains in narrow 
north-south trending belts. Halite-bearing rocks are abundant in these formations in the 
subsurface to the west Salt springs and seeps occur along large streams and some 
tributaries within the outcrop area, with large salt flats occurring at major discharge 
points. Dove Creek Salt Flat, located in northwestern Stonewall County, is the site of 
spring discharges that contribute approximately one half of the total salt load of the Salt 
Fork Brazos River. The brine springs discharge through major fracture systems in the 
Grayburg Formation (Eskota Gypswn and Childress Dolomite), and the Dog Creek 
Formation. 

Wells drilled to intercept the brine should be located along these major fractures, and at 
fracture intersection points. The wells will be located approximately one mile to the west 
of Dove Creek Salt Flat at locations determined from the geological and geophysical 
surveys. 

The Grayburg and Dog Creek Formations dip to the west at approximately twenty five 
(25) feet per mile. Drainage patterns in these near-flat lying rocks would normally be 
dendritic in form, given the soft unconsolidated character of the shales and interbedded 
sands. However, the conversion of anhydrite to gypsum in the Eskota Gypsum has 
resulted in the interbedded gypsums becoming thicker and more consolidated. The 
scarp-fonning Childress Dolomite and the gypsum beds are sufficiently resistant to 
cause a modified rectangular drainage pattern to develop (Figs. 1-3). An analysis of 
the drainage patterns from topographic maps, aerial photographs, photomosaics, and 
field studies resulted in six (6) localities being determined to conduct the geophysical 
surveys (Figs. 1-4 ). These six (6) localities all meet the necessary criteria for a well 
location, including; nwnber and size (length) of intersecting fracture trends. depth to 
the probable aquifer/aquiclude, relationship to the strike of the Childress Dolomite 
(aquifer/aquiclude), accessibility (terrain conditions) for drilling rig operations, and 
distance to Dove Creek for discharge of produced brine waters during field testing. 
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SECTION 1 

SCOPE OF WORK 

GEOLOGIC FIELD lNVESTIGATION- Conduct a geologic field investigation in 
conjilllction with a detailed analysis of aerial photographs and maps of the Salt Flat Area, 
to specifically define the regional fracture pattern geometry to provide site specific infor
mation to conduct the geophysical surveys. This will be accomplished by the following: 

• Conducting a site specific geologic field investigation in the Salt Flat area; 
• Assembling and analyzing topographic and geologic maps of the area to define 

the fracture patterns; 
• Assembling and analyzing aerial photographs of the area to define the fracture 

patterns 

Deliverables: Provide specific map locations of probable fracture intersections in order 
to facilitate conducting the geophysical survey program. 

I 
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TASK I-COMPLETE GEOLOGIC FIELD WORK, FINALIZE AERIAL PHOTO 
ANALYSIS TO DETERMINE FRACTURE INIERSECTION LOCATIONS 
FOR THE ELECTROMAGNETIC SURVEYS, AND IDENTIFY AREAS 
FOR FURTHER INVESTIGATION. 

PROCEDURES 

1- Site specific geologic field investigation in the Salt Flat area to detennine the best
available potential well locations: based on both map and aerial photo analysis in 
conjunction with the field investigation. Field work was done during the Spring of 
2000. Outcrops of the Eskota Gypsum were examined for evidence of fracture 
orientations which could be mapped. Small fractures in the Eskota shales, held 
open by large selenite gypsum crystals, were mapped, compared and correlated 
with the fracture trends determined from the topographic maps and air photos. 
Outcrops of the Childress Dolomite were examined in the area to the east of Salt 
Flat, and projected in cross-section to the study area in order to determine its 
position in the subsurface in the study area. (Geologic Atlas of Texas-Lubbock 
Sheet, 1 :250,000). 

2- Analyze aerial photos of the region, including: regional aerial photos provided by the 
US. Department of Agriculture, and stereo pairs of the area. Additionally, a regional 
photomosaic (1 in.=1400 ft.) constructed specifically for this project was utilized. 
Prominent drainage patterns, defined by long, very narrow channels, were noted on 
the aerial photos. These features were much easier to define from the photos than from 
the topographic maps. These drainage features were examined in the field for any 
evidence that would indicate vertical movement of water, such as collapse structures, 
or fonner collapse areas. One such area was noted along the drainage connecting 
Locality F and Locality D areas (Fig. 6). 

3- Analyze topographic maps. The Southerland Canyon (site specific), Seven Diamond L, 
and Lover's Resort - U.S.G.S. 1:24,000 (lin.=2000ft.) Topographic maps were used. 
(Figs. I-IA-lB). 

In order to determine possible fracture orientations and trends, the drainage patterns of 
Dove Creek, Salt Creek, Haystack Creek, Salt Croton Creek, and their tributaries 
were examined for directional trends. In order to make the examination more objective, 
specific characteristics of the drainage patterns were measured. 
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These included: 
a- stream length(s) of trends. 
b- grouping by stream length. 
c- grouping trends by total number of streams of specific (minimum) lengths. 
d- detennining stream order number (Horton Analysis) to define trends of 

specific lengths. 
e- plotting the drainage trends on the topographic maps. 
f- plotting the trends on acrylic overlays in order to extend the trends to determine 

potential intersection points. Plotting these trends resulted in six (6) locations where 
at least three (3) or more major fracture trends intersected within the areas which met 
all the criteria for well locations (Fig.2). 

g- the aerial photomosaic was used to define the most prominent photolinears. and 
to note any trends in the outcrop pattern of the Childress Dolomite (possible aquifer! 
aquaclude) and the Eskota Gypsum which might indicate evidence offracturing or 
faulting (Fig.6). There is no evidence of any faulting in the area. 

h- structure contours of the Childress Dolomite were plotted on the topographic map, 
(Fig 3.) and the probable depth to the aquifer/aquiclude. Childress Dolomite and 
associated fractured shales, at each potential fracture intersection was determined 
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FRACTURE INTERSECTION LOCA TIONS-

Six (6) fracture intersection 1ocations were defined which met the necessary criteria 
for a well location (Fig. 2), including: 
a- number and size (length) of intersecting fracture trends 
b- depth to probable aquifer/aquiclude 
c- relationship to the strike of the Childress Dolomite (aquifer/aquiclude) 
d- accessibility (terrain conditions) for drilling rig operations. 
e- distance to Dove Creek for discharge of produced brine waters during field testing 

The geographic position ofthese intersections (latitudellongitude) was determined, 
and provided for the geophysical investigation team. (Fig. 4) 

Three (3) different geophysical investigations were conducted at each of these sites. 
These included: EM 34-Terrain Conductivity, VLF-Very Low Frequency EM. 
and Time Domain EM. 

The EM 34 and VLF surveys were designed to define the trend and location of 
near- vertical brine-filled fractures. The Time Domain EM is designed to detennine the 
depth and thickness of variations of layers in the subsurface, including variations in 
groundwater chemistry and depth to the deep-brine aquifer. 

Additionally, ten (10) other locations, associated with fracture trends, were mapped 
using the Time Domain EM in order to define the geometry of the Childress Dolomite. 

Based on the field investigations, seventeen (17) anomalies were staked in the field to 
define potential fracture traces, and potential well locations (Fig.6). 
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GEOLOGY 

Dove Creek Salt Flat is located within the Low Rolling Plains of North-Central Texas, 
on the eastern edge of the Pennian Basin. Rocks of Middle and Late Permian age crop 
out in narrow north-south trending belts. In the study area, the Grayburg Formation, Eskota 
Gypsum and Childress Dolomite, forms the surface terrain, and is underlain by fractured 
shales of the Dog Creek Fonnation. The interbedded shales and gypsums of the Eskota, 
and the dolomites and poorly-cemented sandstones of the Childress form a topography 
dominated by deep canyons and local upland flats. The flats are typically formed on one 
of the four main gypsum zones in the Eskota. The Childress Dolomite crops out to the east 
of the study area where it forms prominent ledges in the canyons. 

The Grayburg and Dog Creek Formations dip to the west at approximately twenty-five 
(25) feet per mile. Drainage patterns in these near-flat lying rocks would normally be 
dendritic in form, given the soft unconsolidated character ofthe shales and interbedded 
sands. However, the conversion of anhydrite to gypsum in the Eskota Gypsum has resulted 
in the interbedded gypsum beds becoming thicker and more consolidated. The scarp
forming Childress Dolomite and the gypsum beds are sufficiently resistant to result in a 
modified rectangular drainage pattern (Figs. I, IA, IB, 5, 6). These fracture trends appear to 
follow earth's regmatic fracture pattern. There are a number of gypsum caves in the region 
which are formed along major fractures. At Locality F, a large sinkhole has developed in 
the Eskota Gypsum. Fracture trend projections (Fig.2) located an area at Locality D where 
a large collapse structure is forming. 

Halite-bearing rocks are abundant in the subsmface to the west ofthe study area. Dissolution 
of the halite has resulted in salt springs and seeps which discharge along large streams and 
some tributaries, with large salt flats occurring at major discharge points. The brine springs 
discharge through major fracture systems in the Grayburg and Dog Creek Formations. 
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FIG. 4 

LOCALITY POINTS- SOUTHERLAND CANYON 

LOCALITY 

A 100 deg. 27' 38" W 
33 deg. 23' 05" N 

B 100 deg. 27' 38" W 
33 deg. 23' 27" N 

C 100 deg. 27' 41" W 
33 deg. 23' 40" N 

D 100 deg. 27' 35" W 
33 deg. 24' 26" N 

E 100 deg. 28' 04" W 
33 deg. 24' 46" N 

F 100 deg. 27' 06" W 
33 deg. 25' 45" N 

USGS TOP. MAP 1: 24,000 SCALE 
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LOCALITY DESCRIPTIONS 

A- Locality A is in proximity to the flIst test well drilled in the flISt phase of the project 
in 1998_ The first well drilled at this site showed potential for substantial brine flow 
before being lost due to drilling conditiollS_ Two subsequent tests did not show this 
flow potentiat It was believed that the first attempt may have been in, or close to, a 
possible fracture_ This area was originally chosen because it is immediately west of, 
and downdip, from the Salt Flat. The area shows two prominent trends, one which 
is N 30 deg. E, and is in line with a section of Dove Creek where the nearest salt 
spring is located_ The other trends slightly west of north, and is in line with Area B 
and G There are also prominent E-W drainages just to the to the south and to the 
north of Locality A Depth to the brine aquifer is estimated to be approximately 160 
ft 

B- Locality B is in the floodplain of Dove Creek, and includes the area where a well 
blowout occurred in the 1950's_ Reports indicate that this well flowed substantial 
quantities of brine before being plugged and abandoned. Three prominent trends 
were observed at this 10caIity_ The trend N 45-50 deg_ W follows a prominent 
trend of Dove Creek. A prominent E-W trend is also affecting the flow of, and 
drainage into, Dove Creek. A trend which is slightly west of north was observed 
from the maps and air photos, and also from field observations_ Depth to the 
brine aquifer is estimated to be approximately 45 it 

C- Locality C is located to the north of Dove Creek, and is near the area where the 
northernmost test well was drilled in 1998_ The prominent N-S trend is present, 
as well as the E-W trend which is in line with the salt spring located to the east on 
Dove Creek Depth to the brine aquifer is estimated to be approximately 120 ft. 

D- Locality C is located to the north of Dove Creek on an upland flat. Three very 
prominent trends, and two less prominent trends were projected into this 
locality_ AN 30-35 deg. E trend. aN 55-60 W trend, and a very prominent 
N-S trend were noted_ The N-S trend is in line with the drainage that connects 
to the prominent sink hole at Locality F. When this locality was field checked, 
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features indicating the formation of a prominent sink hole were also observed 
There is a pronoWlced depression with large blocks of the Upper Eskota 
Gypsum bowed up in the center. This indicates that the downward movement 
in the area is creating a space problem causing the gypsum to be fractured and 
displaced. There is good field evidence that there is a prominent subsurface 
drainage from the north flowing south toward Dove Creek Depth to the brine 
aquifer is approximately 190 ft. 

E- Locality E is the westernmost of the localities. There are several prominent trends 
Which project into the area. N 75-80 deg E, N 30 deg. E, N 65-70 deg. W, N 30 
deg. W, and N-S. No surface features were observed at this locality. Certainly nothing 
similar to Locality D, although the area is in an upland flat similar to D. The area is 
covered by Wlconsolidated silts and sands in the Eskota, making it difficult to define 
local features. The pronounced E-W fracture trend following the rapidly developing 
very narrow, deep canyon. which flows into the N-S drainage which flows from 
Locality F toward Dove Creek (Fig. 6). Depth to the brine aquifer is approximately 
175 ft. 

F- Locality F is the northernmost of the localities. There are three prominent trends 
which project into the area. N 30-35 deg. W, N 10 deg. E, and N 10 deg. W. A 
trend, E-W. was observed in fractures on outcrops at the locality. A very large, deep 
sinkhole with a pronounced E-W trend at depth is located in the area. The sinkhole 
was explored to a depth of approximately 130 ft. This is the highest elevation of any 
of the localities, and it appears that a pronounced N-S surface drainage that enters the 
fracture system at this point and then drains south to Dove Creek begins in this area. 
Depth to the brine aquifer is approximately 205 ft. 
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