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1.0 INTRODUCTION 

INTERA Incorporated (INTERA) was contracted by the Railroad Commission of Texas 
(RRC) to provide professional environmental engineering services at oil and gas 
industry exploration and production sites and associated facilities across the State of 
Texas.  Under this contract, INTERA has prepared this Report to document the current 
groundwater and surface water conditions in the Dugout Creek area, including O’ Ryan 
Seep and Pharaoh Seep in Howard and Mitchell Counties, Texas.  A site location map 
is included as Figure 1A. 

1.1 Background 

INTERA conducted environmental assessments at the O’ Ryan and Pharaoh Seeps 
during several previous field events in an effort to delineate the extent of chloride-
impacted groundwater at these locations and to determine the source of the chlorides.  
The results of these assessments have been documented in several reports (DE&S 
2001a, DE&S 2001b, INTERA 2002a, INTERA 2002b, INTERA 2003a, INTERA 2006a, 
and INTERA 2006b).  In addition, initial assessment activities were conducted along 
Dugout Creek in 2006, the results of which are documented in Environmental 
Assessment of Dugout Creek, Howard and Mitchell Counties, Texas (INTERA 2006c).  
Additional investigation of Dugout Creek and preparation of a memorandum regarding 
evaluation and development of best management practices was provided in August 
2007 (INTERA, 2007).  This report describes conduct of a sitewide groundwater and 
surface water monitoring event for collection of groundwater elevation data and water 
quality data for all wells and available surface water. 

1.2 Objectives 

The objective of this fieldwork was to conduct a sitewide groundwater and surface water 
monitoring event to collect additional data that will be used to help develop the best 
management practices (BMPs) for the mitigation of chloride impacts from O’Ryan Seep, 
Pharaoh Seep or other sources along Dugout Creek.  The overall BMP objective is to 
reduce the salinity load to the Colorado River.  A complete round of groundwater data 
and water quality data will provide necessary data to focus each management practice 
before feasibility testing of the BMPs occurs.   
 
The objectives of the monitoring event were as follows:  
 

• Perform a site visit to assess current conditions and collect groundwater and 
surface water samples from the site monitor wells, Dugout Creek, O’Ryan Seep 
and Pharaoh Seep, if possible, 

• Compare the groundwater and surface water data to current regulatory 
standards, 

• Determine if additional data collection is warranted, and 
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• Gather logistical information needed to proceed with selection of BMPs to reduce 
the chloride load to Dugout Creek, and eventually, the Colorado River. 

2.0 SITE CONCEPTUAL MODEL 

As described in the August 2007 INTERA report, the working hypothesis for the process 
by which chloride moves from the seeps to Dugout Creek in the absence of continuous 
surface water flow or groundwater flow is as follows.  Groundwater-bearing alluvium is 
limited in the channels to the area just downstream of the seeps and to the area just up-
channel of the confluences with Dugout Creek.  Groundwater in the alluvium 
downgradient of the seeps receives chloride-containing recharge water directly from the 
seeps.  As the groundwater moves downgradient through the alluvium, the chlorides 
become concentrated as water is removed through evapotranspiration (i.e. at MW-O-07 
downgradient of the O’Ryan Seep).  Evapotranspiration not only works to concentrate 
chloride in the groundwater, but as the process continues, evapotranspiration also 
draws the chloride-laden groundwater to the soil surface where the water evaporates 
and chloride salts are left behind on the soil surface.  The chloride salt deposits on the 
soil surface are then available to be dissolved and carried downstream by surface water 
runoff during precipitation events.  Depending on the amount of surface water runoff, 
the chloride may be carried all the way to Dugout Creek or only down the channel until 
the surface water dries up and the process starts again.  In this way, chloride can 
migrate in slugs down the channel until reaching the alluvium just upstream of the 
confluence with Dugout Creek where it may migrate into Dugout Creek either via 
surface water flow or by groundwater flow in the alluvium.  Once in the Dugout Creek 
flow system, chloride transport may continue in a similar fashion to the Colorado River.   
The collection of analytical data during a single event along Dugout Creek and from the 
O’ Ryan and Pharaoh Seeps during a single event has helped to determine the current 
site conditions.  This information will aid in the selection of a suitable BMP for the 
mitigation of chloride impacts to the Colorado River. 

3.0 FIELD ACTIVITIES 

The objective of the sitewide monitoring event was to collect groundwater elevation data 
for monitor wells and water samples from groundwater monitor wells and from surface 
water bodies and seeps, if available, in the Dugout Creek, O’ Ryan Seep and Pharaoh 
Seep study area.  A total of 37 groundwater monitor wells are present in the Dugout 
Creek, O’ Ryan Seep and Pharaoh Seep study area.  These wells are summarized in 
Table 1 and located on Figure 1B.  The wells were gauged and sampled as planned 
with two exceptions.  MW-O-07, which was located in the drainage way downstream of 
the O’Ryan Seep, has been destroyed as a result of erosion in the drainage way.  
However, at the recommendation of Tim Prude, RRC Midland District office site 
remediation coordinator, an auger was used to dig a hole adjacent to the former well 
location so that a sample could be obtained at this location.  MW-D-03, which is located 
along Dugout Creek, was overlooked during the sampling event, and a sample was not 
collected from this well during the January 2008 field effort.  Subsequent to the 
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discovery that the sample was missing, INTERA arranged for the RRC Midland District 
office site remediation coordinator to collect a groundwater sample from MW-D-03 for 
field titration with a Hach chloride test kit so that information on the concentration of 
chloride in this well could be obtained. 
 
Surface water was not present in Dugout Creek at the time of the field effort, therefore a 
surface water sample could not be collected.  Both the O’Ryan Seep and the Pharaoh 
Seep were flowing, and surface water samples were collected from each of the seeps.  
Therefore, a total of 36 groundwater samples and two surface water samples were 
collected.   
 
Groundwater samples and surface water samples were analyzed for total dissolved 
solids (TDS) and anions (chloride, sulfate, bromide).  Based on previous results, a set of 
select wells were also analyzed for benzene, toluene, ethyl benzene and xylene plus 
methyl tert-butyl ether (BTEX/MTBE).  QA/QC samples for BTEX included a trip blank, 
an equipment rinsate and sample replicate.  QA/QC samples for TDS and chloride 
included a sample replicate only.   
 
Groundwater sampling was conducted using a bladder pump or disposable bailer 
depending on the analyses required for each well.  The bladder pump was used to 
collect samples at wells where BTEX analyses were specified, and disposable bailers 
were used to collect samples at wells where only TDS and anion analyses were 
specified.  Prior to collecting groundwater samples, the wells were purged per INTERA 
standard operating procedures as provided in the INTERA Sampling and Analysis Plan 
for the RRC (INTERA, 2003b).  Purge water was collected and contained in 55-gallon 
drums staged at each well location.  The drums were labeled with the contents, date, 
and monitor well number.  These drums will remain staged at the study areas for later 
disposal at an appropriate facility by the RRC. 

4.0 RESULTS 

4.1 Groundwater Elevation Data 

Depth to water measurements were made at all monitor wells except MW-O-07, which 
was destroyed as noted above, and groundwater elevations were calculated based on 
previously-surveyed top of PVC casing elevations, where available (Table 1).  Surveyed 
top of casing data is not available for any of the monitor wells located along Dugout 
Creek (MW-D-01 through MW-D-10), or the three wells installed during the September 
2007 field effort (MW-07-01 through MW-07-03).  Survey locations and elevations were 
not conducted by a professionally licensed surveyor for these wells due to the terrain 
and long distances between monitor wells.  RRC staff determined that a survey was 
cost prohibitive and decided to assume that groundwater flowed in the direction of the 
topographical gradient of Dugout Creek.  This is a valid assumption because the 
shallow groundwater in this area is perched on the surface of the red clay of the 
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Dockum Group that outcrops in this area and is only found along creek beds.  As such, 
groundwater elevations cannot be determined for wells in Dugout Creek.  Locations of 
the monitor wells in Dugout Creek were determined in UTM coordinates using a 
handheld GPS unit. 
Potentiometric surface maps were generated for the O’ Ryan and Pharaoh Seep study 
areas and are provided as Figures 2A and 2B.  Groundwater elevation and flow 
direction in January 2008 for the study areas are similar to those determined during the 
last monitoring event at each study area in March 2006 (refer to INTERA, 2006a and 
INTERA, 2006b).   

Groundwater flow in the area of the O’ Ryan Seep is to the southeast, east and 
northeast toward the seeps and then continues to the northeast along the drainage way 
away from the seeps and toward Dugout Creek.  Elevations in January 2008 are 
approximately one to two feet higher than those measured in August 2006; these 
differences are likely due to variations in rainfall and seasonal fluctuations.  Monitor 
wells MW-O-04 and MW-O-02 remain dry.   

Groundwater flow in the area of the Pharaoh Seep is to the southeast directed toward 
Pharaoh Seep and the associated drainage way.  Similar to the observations in the 
O’Ryan Seep area, groundwater elevations in January 2008 around the Pharaoh Seep 
area are approximately two feet higher than those measured in August 2006.  In 
addition, while MW-P-07 remains dry, groundwater is again present in MW-P-02. 

4.2 Groundwater Analytical Results 

During the January 2008 field effort, INTERA sampled 36 wells and two seeps for a total 
of 38 samples.  Groundwater and surface water analytical results are presented in 
Tables 2 through 4.  Groundwater samples were analyzed for anions (chloride, sulfate, 
bromide) and TDS, and select samples were analyzed for BTEX/MTBE.  Petroleum 
hydrocarbon-related odors were not noted during the purging and sampling of the wells.   

Chloride 

In general, chloride distribution and pattern of occurrence remains essentially 
unchanged for data obtained in January 2008 as compared to data obtained in March 
2006 and August 2007.  The lowest chloride value observed in the Dugout Creek, O’ 
Ryan Seep and Pharaoh Seep area was in MW-O-23 at 43.6 mg/L and the highest 
value was observed in MW-07-03 just upstream of the confluence of the Pharaoh Seep 
drainage with Dugout Creek at 33,500 mg/L. 

In the O’Ryan Seep study area, chloride concentrations remain highest in upgradient 
well MW-O-21 at 17,200 mg/L and in downgradient well MW-O-07 at 13,100 mg/L.  Out 
of the 15 wells with data from both time periods, 9 wells show decreases in chloride 
concentrations while 6 wells show increases.  Significant increases (increase of 40% or 
more) were noted in MW-O-03, MW-O-05 and MW-O-11 while significant decreases 



Sitewide Groundwater and Surface Water Monitoring 
Report for the Dugout Creek Area 

 
 

May 2008  

                       
 

(decrease of 40% or more) were noted in MW-O-07, MW-O-12, MW-O-13 and MW-O-
23.  Wells with increasing chloride concentrations appear confined to upgradient 
portions of the study area while wells with decreasing concentrations are located 
throughout the O’Ryan Seep area. 

As noted above in Section 3, during the January 2008 field effort, MW-O-07 was 
discovered washed away.  The well completion pad with protective steel casing was 
eroded away and was broken off from the PVC riser pipe, and therefore, in no condition 
to sample.  A sample was collected approximately fifteen feet up the channel from the 
original MW-O-07 well location.  A sample hole was dug using an auger that penetrated 
to three and a half feet, and the sample was withdrawn from the hole using a bailer. 

In the Pharaoh Seep study area, chloride concentrations remain highest in FINA-01 at 
33,300 mg/L and at downgradient well MW-P-01 at 16,900 mg/L.  Out of the 6 wells with 
data from both time periods, 3 wells show decreases in chloride concentrations while 3 
wells show increases.  Significant increases (increase of 40% or more) were noted in 
MW-P-01 and MW-P-10 while the largest decrease was noted in MW-P-09 with a 
decrease in chloride concentration of approximately 26%.  Wells with increasing 
chloride concentrations are located throughout the study area while wells with 
decreasing concentrations are located in upgradient portions of the Pharaoh Seep area. 

Along Dugout Creek, chloride concentrations remain highest at the confluences of the 
O’Ryan Seep drainage and the Pharaoh Seep drainage at 11,600 mg/L and 33,500 
mg/L, respectively.  Out of the 6 wells with data from both time periods, 2 wells show 
decreases in chloride concentrations while 4 wells show increases.  Wells with 
increases were noted throughout the length of the creek sampled and include MW-D-
01, MW-D-02, MW-D-06 and MW-D-08 while decreases in chloride concentrations were 
noted in upgradient well MW-D-10 and in MW-07-03.  Chloride concentrations in MW-D-
05 and MW-D-07, which were dry in August 2007, are very high at 11,400 mg/L and 
10,400 mg/L, respectively, and indicate that chloride impacts persist throughout the 
sampled length of Dugout Creek. 

The high chloride concentration in MW-07-03, which is located in the Pharaoh Seep 
drainage just above the confluence with Dugout Creek supports the working hypothesis 
described above in Section 2 and indicates that Pharaoh Seep is contributing a 
significant amount of chloride to Dugout Creek.  Similar results were anticipated for 
MW-07-02, which is located in the O’Ryan Seep drainage just above its confluence with 
Dugout Creek.  Chloride was detected in MW-07-02 at a concentration of 7,480 mg/L 
which is an order of magnitude lower than that in MW-07-03.  However, chloride in MW-
07-02 is still significantly elevated as is the chloride concentration in MW-D-01, which is 
located in Dugout Creek right at the confluence with the O’Ryan drainage way, both of 
which indicate that the O’Ryan Seep is also contributing significant amounts of chloride 
to Dugout Creek. 
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TDS 

TDS concentrations in the Dugout Creek, O’ Ryan Seep and Pharaoh Seep 
groundwater show a positive correlation, as expected, to the chloride concentrations.  
The TDS values are approximately twice as high as the chloride values, and also 
appear to be increasing slightly as compared to March 2006 and August 2007 data.  
The lowest TDS value observed in the Dugout Creek, O’ Ryan Seep and Pharaoh Seep 
area was in MW-D-10 at 544 mg/L and the highest value was observed in MW-07-03 
along Dugout Creek at 61,500 mg/L. 

BTEX 

Six wells were analyzed for BTEX/MTBE; three wells, MW-O-07, MW-O-21 and MW-07-
01, were in the O’Ryan Seep study area and three wells, MW-P-01, MW-P-09, and 
Fina-01, are in the Pharaoh Seep study area.  Of the six wells analyzed for 
BTEX/MTBE, four wells (MW-07-01, MW-O-21, MW-O-07 and MW-P-09) were below 
detection limits for benzene, toluene, ethylbenzene, xylenes and MTBE.  The two 
remaining wells, FINA-01 and MW-P-01 were nondetect for all constituents except 
benzene which was detected at 0.0125 mg/L and 0.0136 mg/L, respectively.  These 
values are similar to previous results at these wells and both values exceed the 
maximum contaminant level of 0.005 mg/L.  The BTEX sample for MW-O-07 was 
collected from the auger-dug hole. 

4.3 Surface Water Analytical Results 

No flow was present in Dugout Creek at any point during the field effort, therefore a 
Dugout Creek surface water sample was not collected.  However, precipitation has 
been such over the last several months that both the O’ Ryan Seep and Pharaoh Seep 
were flowing and were sampled.  Two field replicate samples were taken at O’ Ryan 
and Pharaoh Seeps by a RRC site remediation coordinator for chloride analyses to be 
conducted at the RRC District Office in Midland.  The replicate samples were analyzed 
using a Hach test kit for chloride, and were compared to chloride lab analyses for the 
same sample locations.  The analytical results from surface water samples taken at the 
two seeps are listed in Table 5.  Chloride concentration in the O’Ryan Seep surface 
water sample was detected at 1,740 mg/L chloride based on Hach kit test results as 
compared to 1,090 mg/L based on laboratory analytical results.  Chloride concentration 
in the Pharaoh Seep surface water sample was detected at 12,040 mg/L chloride based 
on Hach kit test results as compared to 13,000 mg/L based on laboratory analytical 
results.  These results are similar to those from March 2006 results at 1,210 mg/L and 
13,800 mg/L, respectively. 
The laboratory data packages from DHL Analytical along with the data review checklists 
completed by INTERA are included in Appendix A.  The data review was conducted in 
accordance with the Quality Assurance Project Plan (RRC, 2007).  Deviations from 
quality control criteria as presented in the QAPP are noted on the checklists provided in 
Appendix A.  None of the deviations caused significant effects on the data results as 
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provided by the laboratory.  The data presented herein passed data quality review and 
is considered useable for project purposes. 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

Based on analytical data from this field effort, the groundwater at Dugout Creek, O’ 
Ryan and Pharaoh Seeps continue to be impacted by chloride, likely due to reinjection 
of produced water during the oil production activities that have been underway since at 
least the 1950’s.  Chloride concentrations are elevated and exceed the TCEQ drinking 
water standard of 300 mg/L in 27 out of 33 monitor wells where a sample could be 
collected.  TDS data correlate well with chloride data, and both O’Ryan Seep and 
Pharaoh Seep contribute to chloride and total dissolved solids impacts downstream in 
the Colorado River. 

The objective of this sitewide groundwater and surface water monitoring event was to 
collect additional data that will be used to help develop the best management practices 
for the mitigation of chloride impacts from O’Ryan Seep, Pharaoh Seep or other sources 
along Dugout Creek.  The overall BMP objective is to reduce the salinity load to the 
Colorado River.  The working hypothesis proposed for the transport of chloride and 
other dissolved constituents appears to be supported in light of the newly collected data.  
Ongoing reinjection of produced water to facilitate oil production activities in Howard 
and Mitchell Counties is likely contributing to the exceedingly high chloride and TDS 
concentrations in the study areas.  Alluvial deposits located along the channels in 
Dugout Creek and O’Ryan and Pharaoh Seeps serve to retain and concentrate chloride 
loads via evaporation, precipitation and subsequent dissolution and continued 
movement downstream.  

From the previous site reconnaissance work, Crespo has provided INTERA with a BMP 
evaluation of the Dugout Creek project site.  Crespo has provided a list of possible 
BMPs that can now be used as discussion points for INTERA and RRC moving forward 
with implementation of a remedy.  Moving forward, Crespo, INTERA and RRC should 
work to determine scope of work and budgetary restraints on the project.  The team will 
work to refine the site conceptual model and to define the process needed for designing 
BMP(s). 
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Table 1. Monitor Well Summary and Groundwater Elevations
Locus Monitor Well Date Installed UTM Northing 

(NAD83 meters)
UTM Easting 

(NAD83 meters)
Total Depth 

(ft below TOC)
TOC Elevations 

(ft msl)
Depth to Water*  
(ft below TOC)

Water Level Elevation  
(ft msl)

Dugout MW-D-01 10-Mar-06 3575371 290077 19.7 NS 11.19 NA
Creek** MW-D-02 10-Mar-06 3574157 291164 22.7 NS 9.97 NA

MW-D-03 9-Mar-06 3574791 290802 18.9 NS 9.98 NA
MW-D-04 10-Mar-06 3573143 292323 17.7 NS 11.72 NA
MW-D-05 13-Mar-06 3572265 292857 24.8 NS 20.65 NA
MW-D-06 11-Mar-06 3570065 294106 17.6 NS 9.93 NA
MW-D-07 12-Mar-06 3567828 295057 27.7 NS 24.46 NA
MW-D-08 12-Mar-06 3567819 296071 37.5 NS 29.1 NA
MW-D-09 12-Mar-06 3567339 296796 19.9 NS DRY NA
MW-D-10 9-Mar-06 3575642 289778 19.6 NS 9.46 NA
MW-07-02 16-Aug-07 3575230 289926 20.0 NS 9.1 NA
MW-07-03 15-Aug-07 3574102 291181 20.0 NS 10.4 NA

O'Ryan MW-O-01 9-Feb-01 3573901 287806 29.7 2422.98 19.64 2403
MW-O-02 10-Feb-01 3574158 287981 17.7 2412.50 DRY NA
MW-O-03 11-Feb-01 3573734 287420 55.7 2449.26 43.42 2406
MW-O-04 9-Feb-01 3574321 287970 57.8 2391.44 DRY NA
MW-O-05 9-Feb-01 3573624 287756 61.7 2448.14 40.25 2408
MW-O-06 10-Feb-01 3573976 288039 23.3 2415.80 14.96 2401
MW-O-07 10-Feb-01 3574269 288657 16.8 2330.18 Well destroyed NA
MW-O-08 11-Feb-01 3573950 287403 60.1 2453.59 48.91 2405
MW-O-09 11-Feb-01 3573880 287390 58.3 2455.60 50.79 2405
MW-O-11 11-Feb-01 3574253 287510 35.7 2442.99 25.98 2417
MW-O-12 13-Jun-02 3573834 288087 22.7 2418.15 15.34 2403
MW-O-13 13-Jun-02 3573760 287968 34.7 2428.42 23.98 2404
MW-O-15 8-Jul-03 3574143 288403 17.0 2346.90 4.41 2342
MW-O-21 8-Mar-06 3574436 287480 37.8 2444.06 26.93 2417
MW-O-22 8-Mar-06 3574367 287443 36.5 2443.51 26.72 2417
MW-O-23 9-Mar-06 3574227 287348 37.9 2446.66 30.26 2416
MW-07-01 17-Aug-07 3574499 287482 34.4 NS 24.55 NA

Pharaoh MW-P-01 7-Feb-01 3573048 288378 29.7 2395.10 9.78 2385
MW-P-02 8-Feb-01 3573154 288064 28.5 2418.33 14.32 2404
MW-P-03 12-Feb-01 3573260 288074 24.6 2419.30 14.55 2405
MW-P-07 8-Feb-01 3572970 288251 52.5 2402.70 DRY NA
MW-P-08 11-Feb-01 3573325 288249 27.7 2421.41 18.33 2403
MW-P-09 10-Feb-01 3573170 288169 20.1 2413.93 10.78 2403
MW-P-10 14-Jun-02 3573226 288094 26.5 2417.52 13.29 2404
FINA-01 Unknown 3573093 288299 19.5 2402.31 7.18 2395

*All depth to water measurements were taken January 8, 2008. 
**Elevations for Dugout Creek not surveyed, xy locations determined using handheld GPS
UTM: Universal Transverse Mercator
NAD: North American Datum
TOC: top of casing
ft msl: feet above mean sea level
NS: Not Surveyed
NA: Not Available



Table 2. Groundwater Analytical Results- Dugout Creek

Analyte CAS
Anions
Bromide 24959-67-9  - 23.4 7.17 93.3 22.8 2.47 20.7 4.35
Chloride 16887-00-6 300* 11600 3480 5710 11400 1550 10400 482
Sulfate 14808-79-8 300* 1470 4620 2310 2280 1370 2130 126
Total Dissolved Solids
TDS NL 500** 20100 13300 12700 19700 4660 18400 1250

Analyte CAS
Anions
Bromide 24959-67-9  - NA < 1.0 U 14.2 116 NS
Chloride 16887-00-6 300* NA 68.9 7480 33500 8949
Sulfate 14808-79-8 300* NA 35.2 4800 3740 NS
Total Dissolved Solids
TDS NL 500** NA 544 16900 61500 NS
NL- Not listed
NS- Not sampled
NA- Not available for sampling because the well was dry.

Data Qualifiers:

Value exceeds MCL
Note: Detected values are in bold font.

* TCEQ drinking water standard based on secondary MCL criteria. 
** EPA drinking water standard based on secondary MCL critieria. 
***Data from field titration using Hach test kit

U- The analyte was analyzed for, but not detected. The associated 
numerical value is is at or below the method detection limit (MDL).

Maximum 
Contaminant 
Level (MCL)

mg/L

Maximum 
Contaminant 
Level (MCL)

mg/L  -

 -
 -

DRY

mg/L mg/L mg/L
 - Aqueous Aqueous Aqueous

DHL DHL DHL

1/10/2008
801064 801064 801064

1/10/2008 1/10/2008

MW-D-02 MW-D-04

MW-D-09 MW-D-10 MW-07-02

DHL DHL DHL

MW-D-05 MW-D-06 MW-D-07
1/10/2008 1/10/2008 1/10/2008 1/10/2008 1/10/2008 1/9/2008
MW-D-01

MW-07-03

801064 801064 801064

mg/L mg/L mg/L
Aqueous Aqueous Aqueous

mg/L mg/L mg/L
Aqueous Aqueous Aqueous

801064 801064 801064
DHL DHL DHL

MW-D-08
1/9/2008

DHL
801064

mg/L
Aqueous

Aqueous
mg/L

MW-D-03***
2/7/2008

RRC



Table 3. Groundwater Analytical Results- O'Ryan Seep

Analyte CAS
Anions
Bromide 24959-67-9  - < 1.0 U NA < 1.0 U NA < 1.0 U < 1.0 U 17.6 2.21 3.96 5.28
Chloride 16887-00-6 300* 1040 NA 1450 NA 2800 2320 13100 2510 330 3130
Sulfate 14808-79-8 300* 184 NA 291 NA 686 636 1870 440 794 455
Total Dissolved Solids
TDS NL 500** 2530 NA 3200 NA 6180 4920 25100 5520 2110 6560
Volatiles
Methyl tert-butyl ether 1634-04-4 - NS NS NS NS NS NS < 0.004 U NS NS NS
Benzene 71-43-2 0.005 NS NS NS NS NS NS < 0.002 U NS NS NS
Toluene 108-88-3 1 NS NS NS NS NS NS < 0.004 U NS NS NS
Ethylbenzene 100-41-4 0.7 NS NS NS NS NS NS < 0.004 U NS NS NS
Xylenes, Total 1330-20-7 10 NS NS NS NS NS NS < 0.004 U NS NS NS

Analyte CAS
Anions
Bromide 24959-67-9  - < 1.0 U < 1.0 U 6.76 < 10.0 U < 10.0 U 3.15 < 1.0 U < 1.0 U 67.7
Chloride 16887-00-6 300* 229 245 4600 17200 17000 336 43.6 42.7 7980
Sulfate 14808-79-8 300* 116 130 1340 2210 1610 313 124 117 727
Total Dissolved Solids
TDS NL 500** 931 1000 11200 32100 30600 1490 699 706 15400
Volatiles
Methyl tert-butyl ether 1634-04-4 - NS NS NS < 0.004 U < 0.004 U NS NS NS < 0.004 U
Benzene 71-43-2 0.005 NS NS NS < 0.002 U < 0.002 U NS NS NS < 0.002 U
Toluene 108-88-3 1 NS NS NS < 0.004 U < 0.004 U NS NS NS < 0.004 U
Ethylbenzene 100-41-4 0.7 NS NS NS < 0.004 U < 0.004 U NS NS NS < 0.004 U
Xylenes, Total 1330-20-7 10 NS NS NS < 0.004 U < 0.004 U NS NS NS < 0.004 U
NL- Not listed
NA- Not available for sampling because the well was dry.
NS- Not sampled for BTEX.

Data Qualifiers:

Value exceeds MCL  
Note: Detected values are in bold font.

* TCEQ drinking water standard based on secondary MCL criteria. 
** EPA drinking water standard based on secondary MCL critieria. 

U- The analyte was analyzed for, but not detected. The associated numerical 
value is is at or below the method detection limit (MDL).

Maximum 
Contaminant 
Level (MCL)

mg/L

Maximum 
Contaminant 
Level (MCL)

mg/L
Aqueous

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Aqueous Aqueous Aqueous AqueousAqueous Aqueous Aqueous Aqueous

801050
DHL DHL DHL DHL DHL DHL DHL DHL DHL

801064 801064 801064 801064801064 801064 801064 801064

MW-O7-01
1/9/2008 1/9/2008 1/9/2008 1/9/2008 1/9/2008 1/9/2008 1/9/2008 1/9/2008 1/8/2008

MW-0-31      
Dup MW-O-21 MW-O-22 MW-O-23

MW-1-23      
Dup MW-O-23MW-O-12 MW-O-13 MW-O-15 MW-O-21

MW-O-05 MW-O-06 MW-O-07 MW-O-08MW-O-01 MW-O-02 MW-O-03 MW-O-04 MW-O-09 MW-O-11
1/9/2008 DRY 1/9/2008 DRY 1/9/2008 1/9/2008 1/9/2008 1/9/2008 1/9/2008 1/9/2008
801064  - 801064  - 801064 801064 801064 801064 801064 801064

DHL  - DHL  - DHL DHL DHL DHL DHL DHL
Aqueous  - Aqueous  - Aqueous Aqueous Aqueous Aqueous Aqueous Aqueous

mg/L  - mg/L  - mg/L mg/L mg/L mg/L mg/L mg/L



Table 4. Groundwater Analytical Results- Pharaoh Seep

Analyte CAS
Anions
Bromide 24959-67-9  - 33.5 0.346 J 0.505 J NA < 1.0 U 1.29 3.19 73.9
Chloride 16887-00-6 300* 16900 93.7 142 NA 420 542 497 33300
Sulfate 14808-79-8 300* 2540 113 125 NA 225 152 179 1640
Total Dissolved Solids
TDS NL 500** 31500 723 836 NA 1380 1550 1410 58500
Volatiles
Methyl tert-butyl ether 1634-04-4 - < 0.004 U NS NS NS NS < 0.004 U NS < 0.004 U
Benzene 71-43-2 0.005 0.0136 NS NS NS NS < 0.002 U NS 0.0128
Toluene 108-88-3 1.0 < 0.004 U NS NS NS NS < 0.004 U NS < 0.004 U
Ethylbenzene 100-41-4 0.7 < 0.004 U NS NS NS NS < 0.004 U NS < 0.004 U
Xylenes, Total 1330-20-7 10.0 < 0.004 U NS NS NS NS < 0.004 U NS < 0.004 U
NL- Not listed
NA- Not available for sampling because the well was dry.
NS- Not sampled for BTEX.

Data Qualifiers:
J- The reported result is an estimated value.

Value exceeds MCL
Note: Detected values are in bold font.

* TCEQ drinking water standard based on secondary MCL criteria. 
** EPA drinking water standard based on secondary MCL critieria. 

U- The analyte was analyzed for, but not detected. The associated 
numerical value is is at or below the method detection limit (MDL).

Maximum 
Contaminant 
Level (MCL)

mg/L

MW-P-01 MW-P-02

801064 801050

Aqueous Aqueous

MW-P-03 MW-P-07 MW-P-08 MW-P-09 MW-P-10 FINA-01
1/9/2008 1/8/2008 1/8/2008 DRY 1/8/2008 1/9/2008 1/8/2008 1/9/2008

801050  - 801050 801064 801050 801064
DHL DHL DHL  - DHL DHL DHL DHL

Aqueous  - Aqueous Aqueous Aqueous Aqueous
mg/L mg/L mg/L  - mg/L mg/L mg/L mg/L



Table 5. Surface Water Analytical Results- O'Ryan and Pharaoh Seeps

Analyte CAS
Anions
Bromide 24959-67-9  - < 10.0 U 26.8 NS NS
Chloride 16887-00-6 300* 1090 13000 1740 12040
Sulfate 14808-79-8 300* 442 1250 NS NS
Total Dissolved Solids
TDS NL 500** 2460 24200 NS NS
Data Qualifiers:

Value exceeds MCL
Note: Detected values are in bold font.

* TCEQ drinking water standard based on secondary MCL criteria. 
** EPA drinking water standard based on secondary MCL critieria. 
***Data from field titration using Hach test kit

U- The analyte was analyzed for, but not detected. The associated 
numerical value is is at or below the method detection limit (MDL).

Maximum 
Contaminant 
Level (MCL)

mg/L
Aqueous Aqueous

mg/L mg/L

801064 801064
DHL DHL

SW-O-Seep SW-P-Seep
1/10/2008 1/10/2008

SW-O-Seep 
Rep***

SW-P-Seep 
Rep***

1/10/2008 1/10/2008

RRC RRC
Aqueous Aqueous

mg/L mg/L
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APPENDIX A  

DHL Laboratory Analytical Packages  

with Data Review Checklists 


































































































































































































































