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Howard and Mitchell Counties, Texas 

The information in this report was prepared under my supervision. The information is 
accurate and correct to the best of my knowledge. The information, data, and figures 
should not be used for purposes other than as elements of this overall report. 

 

 

 

___________________ 

Richard Scadden, P.E. 

Senior Engineer 

 

This report is sealed in accordance with the provisions of the Texas Geoscience 
Practice Act.  The validity and integrity of this report, including all maps, figures, 
diagrams or boring logs, will remain intact as long as the report is reproduced in full and 
accompanied by this title page and the associated geoscientist seal(s). 

 

 

 

 

___________________ 

Noreen Baker, P.G. 
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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 been tasked with performance of an 
environmental assessment at Dugout Creek in Howard and Mitchell Counties, Texas. 
Dugout Creek is located east of Coahoma, Texas and south of Interstate 20 (Figure 1).  
The goal of the investigation is to better understand the saltwater impact in Dugout 
Creek for the purpose of determining the most effective method to reduce the salinity 
load to the Colorado River.  Best Management Practices (BMPs) are being developed 
with the assistance of Crespo Consulting Services, Incorporated (Crespo) to manage 
the impacted runoff, and the installation of surface water containment structures is being 
considered.  Data generated from the installation and sampling of the three monitoring 
wells will be used in support of any remedial design to help focus the BMP evaluation 
and development.  

1.1 Background 
INTERA has performed environmental assessments at the O’Ryan and Pharaoh 
Saltwater Seeps to delineate the extent of salt-impacted groundwater at these seeps 
and to determine the source of the saltwater contamination.  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 the August 2006 report, Environmental 
Assessment of Dugout Creek, Howard and Mitchell Counties, Texas (INTERA 2006c).  
INTERA understands that the RRC would like to determine if the flow of saltwater from 
O’Ryan and Pharaoh seeps or any other surface or subsurface seepage and drainage 
has impacted Dugout Creek, and how best to mitigate and manage any potential 
negative impact from the seeps.   

1.2 Objectives 
The objectives of this investigation and evaluation report are twofold: 1) to further 
investigate potential sources of chloride contamination, aiding in the focus of any future 
mitigation strategies, and 2) to evaluate and develop best management practices to 
mitigate and manage saltwater impacts from O’Ryan Seep, Pharaoh Seep, or any other 
source along Dugout Creek.  The overall objective is to reduce the salinity load to the 
Colorado River.  In order to achieve this goal, the RRC has requested that INTERA 
evaluate mitigation and management options and develop BMPs for the seeps.  
INTERA has achieved this through review of the existing data, collection of additional 
data and consideration of options for mitigation and control. 
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2.0 TASK 1 – MONITORING WELL INSTALLATION AND 
SAMPLING 

During a recent field event (August 15th-18th, 2007), INTERA installed three monitoring 
wells in the vicinity of the Dugout Creek and Pharaoh and O’Ryan Seeps (Figure 2).  
After installation the well locations were surveyed using a sub-meter GPS unit.  
Monitoring well MW-07-1 was installed approximately 75 feet north of the Citation 71 
production-water injection well.  In the March 2006 investigation, chloride concentrations 
in excess of 16,000 parts per million were measured in MW-21.  From the limited 
potentiometric data collected in the northwest portion of the O’Ryan Seep area, INTERA 
located MW-07-1 north of Citation 71 for the purposes of providing upgradient 
information.  This well was installed to determine if chloride contributions from sources 
other than Citation 71 exist in the area.  Refer to Appendix A and B for boring logs and 
monitoring well construction diagrams, respectively. 

Monitoring well MW-07-2 was installed approximately 730 feet up the O’Ryan Seep 
drainage channel from the confluence of the O’Ryan Seep channel and Dugout Creek 
(this well was not installed closer to the confluence due to the presence of a pipeline of 
unknown size and orientation and numerous blocks of concrete that made access 
difficult).  Monitoring well MW-07-3 was installed approximately 154 feet up the Pharaoh 
Seep drainage channel from the confluence of the Pharaoh Seep channel and Dugout 
Creek.  Both of these wells were installed to investigate groundwater in this area and to 
determine the chloride concentration immediately upgradient/up-channel of the 
confluence of each channel with Dugout Creek. 

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 just downgradient of the seeps receives 
chloride-contaminated recharge directly from the seeps.  As the groundwater moves 
downgradient through the alluvium it becomes concentrated as water is removed 
through evapotranspiration (i.e. at MW-7).  Evapotranspiration not only works to 
concentrate chloride in the groundwater, but as the process continues, the chloride-
laden groundwater is drawn to the 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 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 would migrate in slugs 
down the channel until reaching the alluvium just upstream of the confluence where it 
may be returned to groundwater in the alluvium and then move on into Dugout Creek.  If 
this hypothesis is correct, groundwater in MW-07-2 and MW-07-3 should exhibit 
elevated concentrations of chloride and will provide some indication as to the magnitude 
of the contribution of chloride from each seep to Dugout Creek. 
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The wells were developed and sampled for total dissolved solids and anion analyses, 
specifically chloride, bromide and sulfate, in accordance with the Project QAPP (RRC, 
2007).  Although a thin lens of saturated clayey sand was encountered in MW-07-2, 
groundwater did not enter the well and a sample was not obtained at this location. 

 

2.1 Analytical Results 

Groundwater analytical results from samples collected August 15th-18th, 2007 are 
presented in Table 1.  The chloride concentration in MW-07-1 is elevated at 8,840 mg/L 
but is still well below the March 2006 concentration in MW-21 of 16,200 mg/L.  The 
chloride concentration is very high in MW-07-03 at 38,800 mg/L, which supports the 
hypothesis described above and indicates that Pharaoh Seep is contributing a 
significant amount of chloride to Dugout Creek.  Despite the lack of a groundwater 
sample from the O’Ryan Seep drainage channel upgradient of Dugout Creek, it is likely 
that similar chloride concentrations also exist in the alluvium in the O’Ryan Seep 
drainage channel immediately upgradient of its confluence with Dugout Creek.  The 
laboratory data package from DHL Analytical along with a data usability review 
conducted by INTERA is included in Appendix C.  The data usability review was 
conducted in accordance with the Project QAPP (RRC, 2007). 

2.2 Waste Management 

Soil cuttings from well installation and purge water from sampling was drummed 
separately and staged adjacent to each well location. The drums were labeled with the 
contents, date, and source of the materials.  Composite soil cutting samples from each 
well location were submitted to the lab for chloride analysis.  The cuttings were 
drummed pending the results of the chloride analyses.  According to Project QAPP 
guidelines, the cuttings may be spread out at the site if they are below background 
levels; if they exceed background levels, the cuttings will need to be disposed of in a 
permitted landfill.  Refer to Table 2 for waste characterization analytical results. 

3.0 TASK 2 – OPTION EVALUATION AND BMP 
DEVELOPMENT 

Once the additional analytical data was collected from the well installation and sampling 
activities, that data was used to help focus the BMPs that may be used to manage the 
chloride impacts to Dugout Creek and downstream.  Crespo has provided INTERA with 
a BMP evaluation of the Dugout Creek project site, included in Appendix D.  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.  Meetings including Crespo, 
INTERA and RRC will be required 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 
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process for which additional data needed for the design will be collected for final BMP 
implementation. 

4.0 REFERENCES 

DE&S 2001a. Environmental Assessment Report for the Pharaoh Seep Investigation, 
Coahoma, Texas. August 2001. 

DE&S 2001b. Environmental Assessment Report for the O’Ryan Seep Investigation, 
Coahoma, Texas. August 2001. 

INTERA 2002a. Supplemental Investigation Report for the Pharaoh Seep Investigation, 
Coahoma, Texas.  August 2002. 

INTERA 2002b. Supplemental Investigation Report for the O’Ryan Seep Investigation, 
Coahoma, Texas.  August 2002. 

INTERA 2003a. Second Supplemental Investigation Report for the O’Ryan Seep 
Investigation, Coahoma, Texas.  August 2003. 

INTERA 2006a. Third Supplemental Investigation Report for the O’Ryan Seep 
Investigation, Coahoma, Texas.  August 2006. 

INTERA 2006b. Second Supplemental Investigation Report for the Pharaoh Seep 
Investigation, Coahoma, Texas.  August 2006. 

INTERA 2006c. Environmental Assessment of Dugout Creek, Howard and Mitchell 
Counties, Texas.  August 2006. 

RCC, 2007. Investigations and Abatement of Produced Water Impacts and Seeps to 
Surface Water in the Upper Colorado River Basin Upstream of Spence Reservoir 
(Segment 1411) Quality Assurance Project Plan. Prepared for the Railroad Commission 
of Texas Oil and Gas Division. Effective Period: July 2007 to May 2008. 

 



 Investigation & BMP Evaluation and Development Memo  
 for O’Ryan Seep, Pharaoh Seep, and Dugout Creek 

 
 

August 2007  

                        
 

 

 

 

 

 

 

 

 

 

Tables 

 

 

 



Table 1.  Groundwater Analytical Results

Sample ID Collection Date Bromide (mg/L) Chloride (mg/L) Sulfate (mg/L)
Total Dissolved Solids 

(TDS) (mg/L)

MW-07-1 8/18/2007 58 8840 586 19000
MW-07-2 -- dry dry dry dry
MW-07-3 8/17/2007 112 38800 3760 62800
MW-07-4 8/17/2007 114 38700 3820 63100

MW-07-4 = Replicate Sample

Investigation BMP Evaluation and Development Memo - 
August  2007



Table 2.  Waste Characterization Analytical Results for Soil Cuttings

Sample ID Collection Date
Chloride

(mg/kg-dry)
MW-07-1-S 8/17/2007 582
MW-07-2-S 8/16/2007 591
MW-07-3-S 8/15/2007 4860

Investigation BMP Evaluation and Development Memo - 
August  2007
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1. Executive Summary 

 
This scope of this project is to compile known site conditions, evaluate mitigation 
options, and develop BMPs to address the saltwater contamination at O’Ryan and 
Pharaoh Seeps and potential impacts to Dugout Creek.  Crespo compiled available 
information for O’Ryan Seep, Pharaoh Seep and Dugout Creek and performed site 
reconnaissance of the seeps and creek.  Based on the available data, the site 
reconnaissance, and discussions with INTERA staff geologists, Crespo recommends 
placement of a low-flow diversion at or very near all three of the seeps to capture the 
seep water before it combines with stormwater and route it to an evaporation pond.  In 
addition, a first-flush stormwater diversion to an evaporation pond is recommended 
downstream of the O’Ryan Seep.  Some additional surveying, engineering, and surface 
water sampling is required to develop a preliminary engineering plan for these BMPs.  
Two monitoring stations are recommended on Dugout Creek and one monitoring station 
on the O’Ryan Seep tributary, along with additional flow and quality monitoring at the 
seeps. 
 
 
2. Previous Studies 
The overall Dugout Creek area, monitoring wells, Dugout Creek and its tributaries and 
seeps are shown in Appendix A.  The O’Ryan Seep and Pharaoh Seep areas including 
seeps, wells, and monitoring wells is shown in Appendix B and Appendix C, respectively. 
 
Pharaoh Seep 
Based on INTERA staff observations, Pharaoh Seep appears to flow only after 
significant rainfall events and stops flowing within a short time (INTERA 2006a).  Flow 
was estimated at approximately 0.5 liters per minute in March 2006, the only flow 
observed between 2000 and 2006.  Subsequent observations by INTERA staff support 
the intermittent behavior of the seep (INTERA 2006b).  Information from Railroad 
Commission field staff obtained during the June 2007 site visit also supports these 
observations.   
 
A sample collected by INTERA from the seep contained chloride concentrations of 
13,800 mg/L.  INTERA concluded that the seep was impacted by produced water from 
the Saga #2 well (INTERA 2006a).  INTERA also concluded that the chloride plume in 
the Pharaoh Seep area has been flushed down gradient, presumably in the direction of 
Dugout Creek (INTERA 2006a).  INTERA investigations do not conclusively demonstrate 
that Pharaoh Seep contributes to chloride levels in Dugout Creek at this time (INTERA 
2006b). 
 
O’Ryan Seep 
Previous studies do not contain historical flow data from O’Ryan Seep.  Information 
from Railroad Commission field staff indicates that O’Ryan Seep flows only after 
significant rainfall.   

  Crespo 
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One potential source of the chloride is believed to be the Citation 71 injection well.  The 
chloride level in O’Ryan Seep (North) is 1210 mg/L (INTERA 2006c).  Chloride 
concentrations are not available for the O’Ryan South seep. 
 
Dugout Creek 
INTERA investigations do not conclusively demonstrate that Pharaoh Seep contributes 
to chloride levels in Dugout Creek (INTERA 2006b).   O’Ryan Seep appears to 
contribute chloride to the groundwater entering Dugout Creek at the Dugout/O’Ryan 
confluence.  Chloride levels of between 10,200 mg/L and 12,000 mg/L were detected in 
the segment between the confluence of the O’Ryan Seep and Pharaoh Seep tributaries 
(INTERA 2006b).   
 
 
3. Site Visit 
A June 2007 site visit by Crespo and INTERA staff took place during a period of above 
average rainfall for the region and one day after a rainfall of approximately 0.5 inches. 
 
Pharaoh Seep 
Observations were made at the SAGA #2 well and Pit #1 site, and several sites where 
the Pharaoh Seep channel crossed roadways.  The actual seep (downstream from the 
Saga #2 well) was not visited due to access limitations and time constraints.  At the 
Saga #2 site, no surface water was observed, however a very small seep to the south 
of the main drainage area was observed.  The water from this small seep made a small 
pool and appeared to soak back into the ground, or to evaporate.  There was an oily 
sheen in the water and some surface salt deposition was present in the area.  Salt 
Cedar (Tamarix) shrubs/trees were present in the overall seep drainage area, which 
was relatively flat and broad.   
 
Standing water was present in the channel at various road crossings downstream from 
the seep.  Little or no flow was observed, and no surface salt deposits were observed 
downstream from the SAGA #2 well and Pit #1 site.  The Pharaoh Seep channel was 
not distinct at the SAGA #2 well and Pit #1 site, but the channel was visible at the 
County Road 53 crossing. 
 
At the Dugout Creek/Pharaoh Seep confluence the flow appeared to fan out into a 
series of small channels.  Salt Cedars were present at the SH 821 crossing but not 
observed at any other downstream crossings. 
 
 
O’Ryan Seeps 
The North and South O’Ryan seeps were located in dense brush and difficult terrain and 
the actual seeps were not observed.  But there was a variety of plant life in the area 
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that indicated the presence of surface or subsurface water.  Salt cedar trees were 
present in the seep area. 
 
Flow was observed in the vicinity of MW-7 and MW-15, downstream from the seeps.  
Flow was also observed in a cut in a berm located just upstream from MW-15.  Flow 
was estimated to be approximately 1L/min.  Numerous surface salt deposits were 
observed in the area between MW-15 and MW-7.  Salt cedar trees were present in the 
MW-7 and MW-15 areas.  Surface salt deposits were observed in the area near SB-10A 
and SB-10B as well, although they were not as prevalent as in the MW-15 and MW-7 
areas.  
 
The O’Ryan tributary/Dugout Creek confluence is well defined.  Little or no flow was 
observed in Dugout Creek or in the O’Ryan tributary channel at the confluence. 
 
 
Dugout Creek 
Standing water was observed in Dugout Creek, but little to no flow was observed at the 
locations visited.  The only location where flow was observed was at the US81 crossing 
where a trickle was observed.  The Dugout Creek channel width and depth varies 
widely along the reach visited.  Some areas were completely dry.  Debris lines from 
recent storm events were visible in several locations. 
 
 
4. Conceptual Model 
A conceptual model of the O’Ryan Seep and the associated chloride plume was 
developed by INTERA and Crespo based on the available data and the results of the site 
visit.   
 
The two O’Ryan seeps are fed by groundwater from a disconnected section of the 
Ogallala Aquifer.  The seep transports the dissolved chlorides to the surface and to the 
alluvium in the channel formed by surface drainage and the seep. The water table in 
the area downstream of the O’Ryan Seeps is relatively high and as a result, 
evapotranspiration by phreatophytes draws the water from the alluvium to the surface 
where it evaporates forming salt deposits.  Surface water from rainfall-runoff events 
then dissolve the salt deposits and transport the salt downstream toward Dugout Creek 
in pulses. 
 
Pharaoh Seep is assumed to be the primary source of chlorides in the Pharaoh Seep 
area.  It is assumed that treating the water flowing from the seep will remove most of 
the chlorides being transported to Dugout Creek. 
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Flow Estimations 
Since there is only one flow estimate (for Pharaoh Seep), several flow estimation 
methods were utilized to estimate the range in flows at the seeps.  Even with these 
estimates, there is some significant uncertainty in the flows at the seeps. 
 
INTERA provided an estimation of seep flow for the O’Ryan Seep based on generally 
accepted parameters for the Ogallala aquifer and the limited data available from the 
monitoring wells in the area.   
 
Based on the groundwater contours upgradient of the seep there is about 3000- to 
4000-feet length of aquifer that could be considered to be converging in the direction of 
the seep.  Based on groundwater velocity, the second length dimension is estimated to 
be: 
  
Groundwater Velocity V = KI/n 
 
Where:  K = hydraulic conductivity of the Ogallala aquifer (estimated at 10 ft/day) 

I = hydraulic gradient, estimated from the groundwater elevation 
contours up gradient of the seep at 10ft/500ft = 0.02 

n = porosity, estimated at 0.2 
 
V = (10 ft/d X 10ft/500ft)/0.2 = 1ft/d, or 365 ft/year; or, in one year, the up gradient 
distance contributing to the seep is 365 ft.  
 
The area contributing recharge to the seep on an annual basis is then 3,000ft X 365ft = 
1,095,000 sq ft or 25 acres.  The flow rate at the seep by taking a 10 foot thick 
saturated thickness, the 3,000 ft as the other length dimension in the flow rate 
calculation: 
 
Flow rate Q = AKI = 3000ft X 10ft X 10ft/d X 0.02ft/d = 6,000 cu ft/d = 44,880 gal/d = 
31 gal/min (117 liters/min).  The Pharaoh Seep was expected to have similar flow 
characteristics as the O’Ryan Seep; however, this flow rate estimate is significantly 
higher than the observed rate of 0.5 Liters/min. 
 
Another method of estimating seep flow is using recharge rates.  The recharge rate as 
a percentage of precipitation can be estimated based on average annual rainfall and 
recharge estimates in inches per year: 

• Precipitation Mitchell/Howard County border = 19 inches/year (Climatic Atlas of 
Texas, 1983) 

• Recharge: Southern High Plains: estimated based on groundwater, 0.4 
inches/year (Wood and Sanford, 1995); 0.31 inches/year (Reedy et al., 2003); 
0.086 inches/year (USGS RASA model) 
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Annual recharge estimates as percent of precipitation then range from: 

• 0.4 in/19 in = 2.1% 
• 0.31 in/19 in = 1.6% 
• 0.086 in/19in = 0.45% 

 
For comparative purposes, a range of recharge rates were used to estimate seep flow 
based on average annual precipitation, recharge rates, and estimated drainage areas.  
INTERA’s recommendation of 25 acres was rounded up to 30 acres to provide a 
conservative (high) estimate of the contributing area for both O’Ryan and Pharaoh 
Seeps.  A recharge rate of 0.4 inches/year or 2.1% was also used as a conservative 
(high) estimate to determine a maximum seep flow rate.  A recharge rate based on a 
USGS RASA model recharge rate of 0.086 in/yr (low end of the RASA model) was used 
to calculate the expected low end flow rate (TWDBb).  The results were compared to 
the observed discharge rate estimate at Pharaoh Seep of 0.5 L/min.  It was assumed 
that the combined O’Ryan North and South seeps had approximately the same flow rate 
as Pharaoh Seep.  Results of this calculation are shown in Appendix F for O’Ryan Seep 
and Appendix G for Pharaoh Seep.  A summary of flow rate calculations is provided in 
Table 1. 
 

Table 1.  Estimated Seep Flow Rates 

Methods Liters/min Gallons/min Liters/min Gallons/min
Observed x x 0.50 0.13
Recharge Rate (low) 0.50 0.13 0.47 0.12
Recharge Rate (high) 2.37 0.63 2.19 0.6
Ground Water Velocity 117 31 x x

O'Ryan Seep Pharaoh Seep
Estimated Seep Flow Rate (Various Methods)

 
 
 
These estimates are provided to illustrate the range of flows to be managed and the 
degree of uncertainty in the flow estimates.  The recharge rate methods appear to 
approximate more closely the observed seep flow since these flows were utilized in the 
BMP sizing. 
 
 
5. Proposed Corrective Actions and Monitoring 
 
Rather than attempting to build a single BMP to treat the entire area, the strategy of 
utilizing two types of BMPs separates the capture of the low flow seep water and the 
higher flow rain/runoff water allowing more effective BMPs to be designed for the 
different flow regimes.  Based on the observations and calculations, a proposed general 
strategy of capturing the surface runoff at Pharaoh and O’Ryan tributaries by: 
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1) Intercepting the seep water and storing it as close to the source as possible.  This 

will require later disposal or evaporation.  The reduced transport of additional salt 
into the area will prevent the formation of surface salt deposits in the drainage area 
downstream from the seep. 

 
2) Placing a BMP downstream of the surface salt deposits to catch first flush (salt 

runoff) to store and treat (O’Ryan Seep only). 
 
 
Specific BMP Recommendations 
 
The BMPs in Table 2 were considered for use in the O’Ryan and Pharaoh Seep areas.   
 

Table 2.  BMP designs considered (Schueler 1987,  LCRA 2007) 

BMP Type Comment 
Dry Extended Detention Not effective for dissolved constituent removal 
Extended Detention with Marsh Not suited for dry areas 
Wet Extended Detention Not suited for dry areas 
Wet Pond Not suited for dry areas 
Water Quality Inlet Not effective for dissolved constituent removal 
Grassed Swale Not effective for dissolved constituent removal 
Vegetative Filter Strip Not effective for dissolved constituent removal 
Shallow Marsh Not suited for dry areas 
Sand Filtration Basins Not effective for dissolved constituent removal 
Retention Irrigation systems Not effective for dissolved constituent removal 
Porous Pavement Not applicable 
Infiltration Trench Not effective for dissolved chloride removal 
Infiltration Basin Not effective for dissolved chloride removal 
Storage and Disposal  Alternate Recommendation 
Storage and Evaporation  Recommended 

 
Most of the BMPs listed above are effective at removing suspended solids and 
particulates but are not effective at removing dissolved constituents.  They are 
designed to treat the captured water and release it back into the drainage system.  In 
the O’Ryan and Pharaoh systems the dissolved solids, in this case the chlorides would 
pass through these types of BMPs.  Wet Ponds and other BMPs that utilize permanent 
water volumes are not practical for areas with low rainfall and high evaporation rates.   
 
The infiltration BMPs typically involve return of the captured water into the groundwater 
system.  In the case of the O’Ryan and Pharaoh Seeps, infiltration techniques would 
return most of the dissolved chlorides into the alluvium. 
 
The two BMPs considered to be most effective are the Storage and Disposal, and the 
Storage and Evaporation BMPs.  The Storage and Evaporation BMP is recommended 
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because of its effectiveness at removing salts and its lower cost compared to the 
Storage and Disposal BMP.        
 
 
O’Ryan Seep - Low Flow Seep BMP.   
The recommended BMP is a sump and evaporation pond for both the O’Ryan north and 
the O’Ryan south seeps.  The evaporation ponds should be located above the O’Ryan 
seep channel.  The sumps should be located as close to each seep as possible (see 
Appendix D).  The sumps are sized to capture 1-day of the maximum estimated flow 
(60 cf), or approximately 4.5 days of the minimum flow.  The sumps are used to isolate 
the seep flow from surface runoff, collect the seep water and pump it to either a 
holding tank or an evaporation pond.  Based on the flow estimates (Appendix F), the 
sumps should be 3-feet high with a diameter of 5-feet.  Sump sizing is shown in Table 
3. 
 

Table 3.  O’Ryan Seep Low Flow BMP Sump Sizing 

Volume
 (cf)

height 
(ft)

diameter 
(ft)

1 day 13 3 2.33
2 day 25.7 3 3.30

1 week 89.8 3 6.18

Volume
 (cf)

height 
(ft)

diameter 
(ft)

1 day 60 3 5.05
2 day 120.4 3 7.15

1 week 421.4 3 13.37

Minimum Size

Maximum Size

O'Ryan Sump Sizing

 
 

The water collected in the sump is pumped to a 60-ft x 60-ft evaporation pond with a 
depth of 1-ft as shown in Table 4.  The evaporation pond was sized using the calculated 
minimum and maximum flow rates and average precipitation and evaporation data 
(TWDBb).  The evaporation pond should be lined with a corrosion and contamination 
resistant liner due to the high chloride levels in the seep water.  Based on USGS rainfall 
depth-duration frequency data, the pond will hold one month’s maximum seep flow plus 
the precipitation from the 25-year precipitation event (approximately 6-inches).    
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Table 4.  O’Ryan Seep evaporation pond and holding tank sizing 

O'Ryan Seep
1,831 cf/month 390 cf/month

Month Mean Mean
Precip (in) Evap (in) Inflow (in) Level (in) Inflow (in) Level (in)

Jan 0.92 2.67 0.51 0.00 0.11 0.00
Feb 0.98 3.18 0.51 0.00 0.11 0.00
Mar 1.15 5.36 0.51 0.00 0.11 0.00
Apr 1.6 6.7 0.51 0.00 0.11 0.00
May 2.9 6.79 0.51 0.00 0.11 0.00
Jun 2.52 8.33 0.51 0.00 0.11 0.00
Jul 2.16 9.38 0.51 0.00 0.11 0.00
Aug 2.07 8.36 0.51 0.00 0.11 0.00
Sep 2.69 6.5 0.51 0.00 0.11 0.00
Oct 2.05 5.19 0.51 0.00 0.11 0.00
Nov 1.15 3.73 0.51 0.00 0.11 0.00
Dec 1.05 2.83 0.51 0.00 0.11 0.00

Total 21.24 69.02 6.10 1.30

Evaporation Pond Dimensions Holding Tank
depth 1 ft One Month Capacity (max flow rate)
length 60 ft 55,698 cf
width 60 ft 416,646 gallons
Volume 3,600 cubic feet

4.7 months at min flow rate
0.51 max required depth from seep flow
0.11 min required depth from seep flow

Max Min

max min

 
 
A 55,698-cf (416,646 gallon) capacity tank would hold the one-month maximum flow 
and would require pumping and transport every month.  If the minimum seep flow 
occurs, a much smaller holding tank would be required.  The size of available holding 
tanks and tanker truck capacities suggests an evaporation pond approach would be 
more cost effective if the maximum seep flow estimate is accurate. 
 
Based on chloride concentration level of 1210 mg/L and the minimum and maximum 
estimated flow rates, each evaporation pond will collect from 708-lbs to 3,320-lbs of 
salt per year (see Appendix F).    
 
Based on site conditions, the following alternative designs could be considered for the 
low flow seep BMP. 

• Construct a single evaporation pond for the combined flow from both seeps. 
• Construct a single holding tank 
• Construct a single pond downstream from confluence of two seeps 
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O’Ryan Seep – First-Flush BMP   
The recommended BMP is to divert the first 0.1 inches of runoff from the area 
downstream of the seeps and downstream of the area where the surface salt deposits 
are located.  The drainage area is approximately 200 acres.  The approximate location 
of this BMP is shown in Appendix D.   
 
The BMP is designed to divert the first-flush of runoff that contains the highest load of 
chloride dissolved from the surface salt deposits and minor seeps.  The surface salt 
deposits are located far enough downstream from the seeps that several additional 
tributaries are part of the drainage area at the proposed BMP location.  The 200 acre 
drainage area does not include the relatively flat area above the escarpment.  Runoff 
from this flat area will not reach the area of surface salt deposits until the deposits have 
already been dissolved and transported to the BMP.   
 
The first flush BMP is relatively large due to the increased drainage area.  Based on 
annual rainfall and infiltration rates it is assumed that approximately 1-inch runoff per 
year flows over the drainage area.  The proposed first-flush BMP will capture half of the 
annual runoff volume with an assumed chloride concentration of 1210 mg/l (the same 
as the chloride concentration at the O’Ryan seep).  Since the chlorides are dissolved 
easily, only a small depth of capture is required.  Table 5 provides an estimated BMP 
sizing for the first flush BMP.   
 

Table 5.  First-Flush BMP Sizing 

Drainage Area (acres) 200.0
DA (sf) 8,712,000
capture (inches) 0.1
Pond Volume (cf) 72,600

height (ft) 1
length (ft) 270
width (ft) 270
total volume (cf) 72,900

Concentration (mg/L) 1210
Captured per storm (lbs) 6.8
# storms/year 10
Capture per year (lbs) 68.4

Chloride Captured

Drainage Area

Capture Volume Size

 
 
 
Due to the high concentrations of chloride in the runoff it is assumed that the BMP will 
need to be sized as an evaporation pond.  The evaporation pond should be lined with a 
corrosion resistant liner due to the high chloride levels in the seep water.   
 
Prior to beginning the detailed design and implementation of the recommended BMPs, 
additional data will be required as outlined below: 
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1. Measure the precipitation and flow rate at each seep to validate the flow rate 
estimates used to size the BMPs.  The flow rates at each seep should be 
measured after significant rainfall events.  

2. Measure the chloride concentration and conductivity at each seep to establish 
the chloride concentration and the correlation between chloride concentration 
and conductivity.  Once the correlation is established, ongoing conductivity 
measurements can be used to monitor BMP performance. 

3. Measure the precipitation and flow rate at the proposed location of the first-flush 
BMP after a significant rainfall event. 

4. Measure the chloride concentration and conductivity at the proposed first-flush 
BMP location to establish the chloride concentration and the correlation between 
chloride concentration and conductivity. 

5. Develop a more refined precipitation/evaporation runoff model in order to size 
the BMPs accurately. 

6. Perform a topographic survey of the seep areas and the proposed BMP locations 
to accurately determine the final BMP placement. 

7. Perform a geotechnical survey of the proposed BMP locations.  The survey will 
identify local geologic features that could impact the pond location and design.  

8. Develop a preliminary BMP design, including the specification for the flow 
containment/liners to be used in the BMPs 

9. Develop a cost estimate for the proposed BMPS 
10. Develop sampling plans to monitor the performance of the BMPs.  The sampling 

plan includes periodic samples from the seeps, as well as samples downstream of 
the seeps near proposed location of the first-flush BMP. 

 
 
Pharaoh Seep – Low-Flow Seep BMP.   
A sump and evaporation pond are recommended for the Pharaoh seep.  The 
evaporation pond should be located above the Pharaoh Seep channel.  The sump 
should be located as close to the seep as possible (see Appendix B).  The sump is sized 
to capture 1-day of the maximum estimated flow (120 cfs), or approximately 4.5 days 
of the minimum flow.  The sump will be used to isolate the seep flow from surface 
runoff, collect the seep water and pump it to either a holding tank or an evaporation 
pond.  Based on the flow estimates (Appendix G), the sump should be 3-feet high with 
a diameter of 7.2-feet.  Sump sizing is shown in Table 6. 
 
 
 
 
 
 
 
 

  Crespo 



Dugout Creek – Best Management Practice Development August 30, 2007 
Engineering Summary Letter Page 12 of 15 
 
Table 6.  Pharaoh Seep Low Flow BMP Sump Sizing 

Volume
 (cf)

height 
(ft)

diameter 
(ft)

1 day 26 3 3.30
2 day 51.3 3 4.67

1 week 179.7 3 8.73
Volume

 (cf)
height 

(ft)
diameter 

(ft)
1 day 120 3 7.15
2 day 240.8 3 10.11

1 week 842.8 3 18.91

Minimum Size

Maximum Size

Sump Sizing

 
 
The water collected in the sump is pumped to an 85-ft x 85-ft evaporation pond with a 
depth of 1-ft as shown in Table 7.  The evaporation pond was sized using the calculated 
minimum and maximum flow rates, and average precipitation and evaporation data 
(TWDBb).  The evaporation pond should be lined with a corrosion and contamination 
resistant liner due to the high chloride levels in the seep water.  Based on USGS rainfall 
depth-duration frequency data, the pond will hold one month’s maximum seep flow plus 
the precipitation from the 25-year precipitation event (approximately 6-inches).  
 

Table 7.  Pharaoh Seep Evaporation pond and holding tank sizing 

Pharaoh Seep
3,662 cf/month 781 cf/month

Month Mean Mean
Precip (in) Evap (in) Inflow (in) Level (in) Inflow (in) Level (in)

Jan 0.92 2.67 0.51 0.00 0.11 0.00
Feb 0.98 3.18 0.51 0.00 0.11 0.00
Mar 1.15 5.36 0.51 0.00 0.11 0.00
Apr 1.6 6.7 0.51 0.00 0.11 0.00
May 2.9 6.79 0.51 0.00 0.11 0.00
Jun 2.52 8.33 0.51 0.00 0.11 0.00
Jul 2.16 9.38 0.51 0.00 0.11 0.00
Aug 2.07 8.36 0.51 0.00 0.11 0.00
Sep 2.69 6.5 0.51 0.00 0.11 0.00
Oct 2.05 5.19 0.51 0.00 0.11 0.00
Nov 1.15 3.73 0.51 0.00 0.11 0.00
Dec 1.05 2.83 0.51 0.00 0.11 0.00

Total 21.24 69.02 6.10 1.30

Evaporation Pond Dimensions
depth 1 ft Holding Tank
length 85 ft One Month Capacity (max flow rate)
width 85 ft 111,395 cf
Volume 7,225 cubic feet 833,292 gallons

54,047 gallons
4.7 months at min flow rate

0.51 max required depth from seep flow
0.11 min required depth from seep flow

Max Min

max min
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An 111,395-cf (833,292 gallon) capacity tank would hold the one-month maximum flow 
and would require pumping and transport every month.  If the minimum seep flow 
occurs, a much smaller holding tank would be required.  The size of available holding 
tanks and tanker truck capacities suggests an evaporation pond approach would be 
more cost effective if the maximum seep flow estimate is accurate. 
 
Based on chloride concentration level of 13,800 mg/L and the minimum and maximum 
estimated flow rates, each evaporation pond will collect from 8,072-lbs to 37,862-lbs of 
salt per year (Appendix G).    
 
No data exists, and no observations were made confirming the presence of salt deposits 
downstream from the Pharaoh Seep.  Preliminary data suggests that if present, surface 
and subsurface salt deposits may be similar to those observed downstream from the O' 
Ryan Seeps.  If additional seeps and/or surface and subsurface salt deposits are 
present downstream from Pharaoh Seep, a first-flush BMP similar to that recommended 
for the O'Ryan Seeps could be developed for Pharaoh Seep at a later time. 
 
 
Prior to beginning the detailed design and implementation of the recommended BMPs, 
additional data will be required as outlined below: 
 

1. Measure the flow rate at the seep to validate the flow rate estimates used to size 
the BMPs.  The flow rates at the seep should be measured after significant 
rainfall events. 

2. Measure the chloride concentration and conductivity at the seep to establish the 
chloride concentration and the correlation between chloride concentration and 
conductivity.  Once the correlation is established, ongoing conductivity 
measurements can be used to monitor BMP performance. 

3. Develop a more refined precipitation/evaporation runoff model in order to size 
the BMPs accurately. 

4. Perform a topographic survey of the seep area to accurately determine the final 
BMP locations. 

5. Perform a geotechnical survey of the proposed BMP locations.  The survey will 
identify local geologic features that could impact the pond location and design.  

6. Develop a preliminary BMP design, including the specification for the flow 
containment/liners to be used in the BMP. 

7. Develop a cost estimate for the proposed BMP. 
8. Develop sampling plans to monitor the performance of the BMP by performing 

periodic sampling of the seep. 
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6. Proposed Permanent Monitoring Stations 
 
In order to establish baseline surface water flows and conductivity measurements, as 
well as to monitor the effectiveness of the proposed BMPs, four permanent monitoring 
stations are recommended.  A sufficient number of chloride samples at each seep 
should be taken to correlate chloride concentrations with conductivity.  Flow and 
conductivity measurements at the following locations are recommended. 
 

1. MS-1:  Dugout Creek, upstream from the O’Ryan Seep tributary/Dugout Creek 
confluence.  Monitoring data at this location will establish a baseline for flow and 
chlorides entering the O’Ryan/Pharaoh/Dugout Creek area. 

 
2. MS-2:  O’Ryan Creek tributary, slightly upstream from the O’Ryan Seep 

tributary/Dugout Creek confluence.  Monitoring this location will provide data on 
the current flow and chloride levels entering Dugout Creek from the O’Ryan Seep 
tributary. 

 
3. MS-3:  Dugout Creek, downstream from the Pharaoh Seep tributary/Dugout 

Creek confluence.  Monitoring this location will provide flow and chloride 
concentrations leaving the O’Ryan/Pharaoh/Dugout Creek area. 

 
4. Annual conductivity measurements at each seep to monitor flow and chloride 

concentrations. 
 
The proposed permanent monitoring station locations are shown in Appendix E. 
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Appendix A 

 
Dugout Creek Area Map (INTERA 2006b)



 
Appendix B 

 
O’Ryan Seep Area Map (INTERA 2006c) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Appendix C 
 

Pharaoh Seep Area Map (INTERA 2006a) 
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Appendix D 
 

Dugout Creek – Proposed BMP Locations 
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Appendix E 
 

Dugout Creek – Proposed Permanent Monitoring Stations 
 

 
 
 

 



Appendix F.  O’Ryan Seep Flow Calculations 

O'Ryan Seeps (North or South)
Chloride level (mg/l) 1,210

Minimum flow estimation based on contributing aquifer area and recharge rate from USGS RASA Model
Aquifer DA (acres) 30.0
DA (sf) 1,306,800
Avg annual rainfall (in) 21.24
Recharge Rate (in/year) 0.086
% to seep 0.405%

Seep Flow units units units
9,370 cf/year 265,329 Liters/year 70,092 gal/year 321,047,511 mg chloride/year

781 cf/month 22,111 Liters/month 5,841 gal/month 321 kg chloride/year
26 cf/day 727 Liters/day 192 gal/day 708 lbs chloride/year

0.018 cf/min 0.50 Liters/min 0.13 gal/min
0.00030 cfs 0.008 Liters/sec 0.002 gal/sec

Maximum flow estimation based on contributing aquifer area and recharge rate from INTERA
Aquifer DA (acres) 30.0
DA (sf) 1,306,800
Avg annual rainfall (in) 21.24
Recharge Rate (in/year) 0.404
% to seep 1.900%

Seep Flow units units units
43,948 cf/year 1,244,483 Liters/year 328,758 gal/year 1,505,824,818 mg chloride/year
3,662 cf/month 103,707 Liters/month 27,396 gal/month 1,506 kg chloride/year

120 cf/day 3,410 Liters/day 901 gal/day 3,320 lbs chloride/year
0.084 cf/min 2.37 Liters/min 0.63 gal/min

0.00139 cfs 0.039 Liters/sec 0.010 gal/sec

Flow estimation based on observed flow at Pharaoh seep (0.5 L/min), assumes O'Ryan North and South flow equals Pharaoh flow
(double observed flow rate to get maximum)
cf/year 10,054 Liters/year 284,700 gal/yr 75,210 344,487,000 mg chloride/year
cf/month 838 Liters/month 23725 gal/month 6267 344 kg chloride/year
cf/day 28 Liters/day 780 gal/day 206 759 lbs chloride/year
cf/min 0.019 Liters/min 0.50 gal/min 0.13
cfs 0.00032 L/s 0.008 gal/s 0.002

units

    recharge rate from INTERA calculations

Date modified:  8/30/07
    based on groundwater concentration near seeps

    recharge rate from USGS RASA Model

units

 



 

Appendix G.   Pharaoh Seep Flow Calculations 

Pharaoh Seep
Chloride level (mg/l) 13,800

Minumun flow estimation based on contributing aquifer area and recharge rate from USGS RASA Model
Aquifer DA (acres) 30.0
DA (sf) 1,306,800
Avg annual rainfall (in) 21.24
Recharge Rate (in/year) 0.086
% to seep 0.405%

Seep Flow
9,370 cf/year 265,329 Liters/year 70,092 gal/yr

781 cf/month 22,111 Liters/month 5,841 gal/month 3,661,533,593 mg chloride/year
26 cf/day 727 Liters/day 192 gal/day 3,662 kg chloride/year

0.018 cf/min 0.47 Liters/min 0.12 gal/min 8,072 lbs chloride/year
0.000 cfs 0.01 L/sec 0.002 gal/sec

Maximum flow estimation based on contributing aquifer area and recharge rate from INTERA
Aquifer DA (acres) 30.0
DA (sf) 1,306,800
Avg annual rainfall (in) 21.24
Recharge Rate (in/year) 0.404
% to seep 1.9%

Seep Flow
cf/year 43,948 Liters/year 1,244,483 gal/yr 328,758
cf/month 3,662 Liters/month 103,707 gal/month 3,945,093 17,173,869,831 mg chloride/year
cf/day 120 Liters/day 3,410 gal/day 901 17,174 kg chloride/year
cf/min 0.084 Liters/min 2.19 gal/min 0.58 37,862 lbs chloride/year
cfs 0.001 L/s 0.04 gal/s 0.010

Flow estimation based on observed flow rate at seep (0.5 L/min)
(assumes max flow rate is double the observed flow rate)
cf/year 20,108 Liters/year 569,400 gal/yr 150,420
cf/month 1,676 Liters/month 47,450 gal/month 12,535 7,857,720,000 mg chloride/year
cf/day 55 Liters/day 1,560 gal/day 412 7,858 kg chloride/year
cf/min 0.038 Liters/min 1.00 gal/min 0.26 17,323 lbs chloride/year
cfs 0.00064 L/s 0.017 gal/s 0.004

Date modified:  8/14/07

    recharge rate from USGS RASA Model

    recharge rate from INTERA calculations
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