
  

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Appendix A 
 

 
 

PERMIT APPLICATION FORM 
 

 
 

The following permit application form is designed to assist potential 
applicants in submitting a Ground Water Discharge Permit Application.  
This format is not mandatory but only guidance.  Applicants are free to use 
the format they deem appropriate as long as the requirements of R317-6-6.3 
of the Ground Water Quality Protection Rules are met.
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MAIL TO: 
Division of Water Quality        Application No.:______________________ 
Utah Department of Environmental Quality      Date Received:_______________________ 
Salt Lake City, Utah 84114-4870         (leave both lines blank) 
 

UTAH GROUND WATER DISCHARGE PERMIT APPLICATION 
Part A - General Facility Information 
Please read and follow carefully the instructions on this application form.  Please type or print, except for 
signatures.  This application is to be submitted by the owner or operator of a facility having one or more 
discharges to groundwater.  The application must be signed by an official facility representative who is:  the owner, 
sole proprietor for a sole proprietorship, a general partner, an executive officer of at least the level of vice 
president for a corporation, or an authorized representative of such executive officer having overall responsibility 
for the operation of the facility. 

 
1. Administrative Information. Enter the information requested in the space provided below, including the name, title 

and telephone number of an agent at the facility who can answer questions regarding this application. 
  Facility Name:  MCW Energy Group – Temple Mountain Mine  
 
  Mail Address: 18653 Ventura Blvd Ste. 158, Tarzana, Ca 91356 
 
  Facility Legal Location*    County: Uintah County, Utah 
  T.__________, R.___________, Sec._________, __________1/4 of_________1/4,  
  Lat.___________°___________’__________”N.Long.__________°__________’_________”W     

SW1/4, W1/2 SE1/4 Section 31, T5S, R22E SLB&M; E1/2 SE1/4 S36, T5S, R21E SLB&M   
 

*Note:  A topographic map or detailed aerial photograph should be used in conjunction with a written description 
to depict the location of the facility, points of ground water discharge, and other relevant features/objects. 
 
Contact’s Name: Donald Clark Phone No.:(718) 868-3763 
Title:  Chief Geologist – MCW Energy Group 

 
2. Owner/Operator Information.  Enter the information requested below, including the name, title, and phone number 

of the official representative signing the application. 
Owner 

Name: Vladimir Podlipskiy, Chief Technology Officer – MCW Energy Group      
Phone No.:(323) 356 - 4768 

 
 Mail Address: 10366 Roselle St. Suite B, San Diego, Ca 92121 
    (Number & Street, Box and/or Route, City, State, Zip Code) 
Operator 
 Name:___________________________Phone No.:(____)_________________________ 
  (If different than Owner’s above) 
 
 Mail Address:____________________________________________________________ 
        (Number & Street, Box and/or Route, City, State, Zip Code) 
 
Official Representative 
 Name: Donald Clark Phone No.:(718) 868-3763 

Title:  Chief Geologist – MCW Energy Group 
 

3. Facility Classification (check one) 
 

[ ]  New Facility 
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[ ] Existing Facility 
[X] Modification of Existing Facility 

4. Type of Facility (check one) 
 

[] Industrial 
[X] Mining 
[ ] Municipal  
[ ] Agricultural Operation 
[ ] Other, please describe:________________________________________________________ 

 
5. SIC/NAICS Codes: SIC/NAICS code 13 1103 03 Tar Sands Mining   
6. Enter Principal 3 Digit Code Numbers Used in Census & Other Government Reports 

 
7. Projected Facility Life: 20+ years 
 
8. Identify principal processes used, or services preformed by the facility.  Include the principal 

products produced, and raw materials used by the facility: 
____________________________________________________________________________________________________ 
 
See attached 

 
 
9. List all existing or pending Federal, State, and Local government environmental permits:  
 
                     Permit Number 
 
 [ ] NPDES or UPDES (discharges to surface water)    ____________________ 

[ ] CAFO (concentrated animal feeding operation)    ____________________ 
 [ ] UIC (underground injection of fluids)     ____________________ 
 [ ] RCRA (hazardous waste)      ____________________ 
 [] PDS (air emissions from proposed sources)     ____________________ 

[ ] Construction Permit (wastewater treatment)    
[ ] Solid Waste Permit (sanitary landfills, incinerators)   ____________________ 
[ ] Septic Tank/Drainfield      ____________________  
[X] Other, specify__________________     DOGM, LMO Permit  

 
 

9. Name, location (Lat._____°______’______”N,Long.______°______’______”W) and description of: 
each well/spring (existing, abandoned, or proposed), water usage(past, present, or future); water bodies; 
drainages; well-head protection areas; drinking water source protection zones according to UAC 309-
600; topography; and man-made structures within one mile radius of the point(s) of discharge site. 
Provide existing well logs (include total depth and variations in water depths). 

 
     Name   Location   Description  Status   Usage  
       
    See Attached 
 
     ____________________________________________________________________________________________________ 
 
     ____________________________________________________________________________________________________ 

 
The above information must be included on a plat map and attached to the application. 
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Part B - General Discharge Information 
Complete the following information for each point of discharge to ground water.  If more than one discharge point 
exists, photocopy and complete this Part B form for each discharge point. 

 
1. Location (if different than Facility Location in Part A ): 

County:______________________________________________ 
           T.___________, R.___________, Sec.___________, ___________1/4 of ___________1/4, 
     Lat.___________°___________’__________”N.Long.___________°___________’___________”W 
 

2. Type of fluid to be Discharged or Potentially Discharged 
(check as applicable) 

 
     Discharges (fluids discharged to the ground)  None – See attached 
 
     [ ] Sanitary Wastewater:  wastewater from restrooms, toilets, showers and the like 
     [ ] Cooling Water:  non-contact cooling water, non contact of raw materials, intermediate,  
                                   final, or waste products 
     [ ] Process Wastewater:  wastewater used in or generated by an industrial process 
     [ ] Mine Water:  water from dewatering operations at mines 
         [ ] Other, specify:____________________________________________________________ 
 
     Potential Discharges (leachates or other fluids that may discharge to the ground) – Post processed oil sands will be 
returned to the Temple Mountain mine for backfill and mine remediation – see attached 
 
     [ ] Solid Waste Leachates: leachates from solid waste impoundments or landfills 
     [ ] Milling/Mining Leachates: tailings impoundments, mine leaching operations, etc. 
     [ ] Storage Pile Leachates: leachates from storage piles of raw materials, product,  
  or wastes 
     [ ]  Potential Underground Tank Leakage: tanks not regulated by UST or RCRA only 
     [X] Other, specify:____________________________________________________________ 
 

3. Discharge Volumes 
For each type of discharge checked in #2 above, list the volumes of wastewater discharged to the 
ground or ground water.  Volumes of wastewater should be measured or calculated from water 
usage.  If it is necessary to estimate volumes, enclose the number in parentheses.  Average daily 
volume means the average per operating day: ex. For a discharge of 1,000,000 gallons per year 
from a facility operating 200 days, the average daily volume is 5,000 gallons. 

 
  Discharge Type:   Daily Discharge Volume all in units of 

(Average)   (Maximum)  
  _______________   ___________ ___________ __________  

Not Applicable – see attached 
  _______________   ___________ ___________ __________  
 

4. Potential Discharge Volumes 
For each type of potential discharge checked in #2 above, list the maximum volume of fluid that 
could be discharged to the ground considering such factors as:  liner hydraulic conductivity and 
operating head conditions, leak detection system sensitivity, leachate collection system 
efficiency, etc.  Attach calculation and raw data used to determine said potential discharge. 
 
Discharge Type:   Daily Discharge Volume all in units of 

(Average)   (Maximum)  
  _______________   ___________ ___________ __________  
 
  Not Applicable – see attached 
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5. Means of Discharge or Potential Discharge (check one or more as applicable) 

 
[ ]  lagoon, pit, or surface impoundment (fluids)   [ ]  industrial drainfield 
[ ]  land application or land treatment     [ ]  underground storage tank 
[ ]  discharge to an ephemeral drainage     [ ]  percolation/infiltration basin 
          (dry wash, etc.)  
[X]  storage pile       [ ]  mine heap or dump leach 
[ ]  landfill (industrial or solid wastes)    [ ]  mine tailings pond 
[ ]  other, specify________________________ 

 
6. Flows, Sources of Pollution, and Treatment Technologies 

Flows.  Attach a line drawing showing:  1) water flow through the facility to the ground water discharge point, and 2) sources 
of fluids, wastes, or solids which accumulate at the potential ground water discharge point.  Indicate sources of intake 
materials or water, operations contributing wastes or wastewater to the effluent, and wastewater treatment units.  Construct a 
water balance on the line drawing by showing average flows between intakes, operations, treatment units, and wastewater 
outfalls.  If a water balance cannot be determined, provide a pictorial description of the nature and amount of any sources of 
water and any collection or treatment measures.  See the following example. 

See flow diagram in Appendix B of the attached  
 

           

                                                     BLUE RIVER                                          MUNICIPAL               BLUE RIVER 
                                                               90,000GPD                                             WATER SUPPLY                      10,000 GPD 
                           RAW                                                                                                                             COOLING 
                         MATERIAL               45,000 GPD                                 45,000GPD                                   30,000GPD                              WATER 
 
 
                         
                                10,000 GPD                            15,000 GPD                                     20,000 GPD                                10,000 GPD                       10,000 GPD 
                                                               40,000 GPD                                   40,000GPD 
                                                                                                                         40,000 GPD                 5,000 GPD 
                                                                                                                                                                                                                          TO                                                                                                                                                                         
                                                                                                                                                                                                                          ATMOSPHERE 
 
 
 
                                                                     30,000 GPD                               40,000 GPD                                                                     50,000 GPD 
                             SOLID 
                             WASTE 
                             4,000 GPD 
 
 
                                                           STORMWATER 
                                                           MAX 20,000 GPD 
                                                                                                      STORM  WATER 140,000 GPD                                                              TO PRODUCT 

                                                                                                                                                                                                          

5,000 GPD                                                                                                                            

 
          
 
 
 

 
7. Discharge Effluent Characteristics 

Established and Proposed Ground Water Quality Standards - Identify wastewater or leachate characteristics by providing the 
type, source, chemical, physical, radiological, and toxic characteristics of wastewater or leachate to be discharged or 

FIBER 
PREPARATION 

    
     DYEING 

 
    WASHING 

 
      DRYING 

GRIT 
SEPARATOR 

NEUTRALIZATION 
TANK 

     WASTE 
TREATMENT 
      PLANT 

WASTE 
IMPOUNDMENT 
(DISCHARGE 2 GDP) 
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potentially discharged to ground water (with lab analytical data if possible).  This should include the discharge rate or 
combination of discharges, and the expected concentrations of any pollutant (mg/l).  If more than one discharge point is used, 
information for each point must be provided.  See attached.  
 
Hazardous Substances - Review the present hazardous substances found in the Clean Water Act, if applicable.  List those 
substances found or believed present in the discharge or potential discharge.  See attached.   
 

 
Part C - Accompanying Reports and Plans 
 

The following reports and plans should be prepared by or under the direction of a professional engineer or 
other ground water professional.  Since ground water permits cover a large variety of discharge activities, 
the appropriate details and requirements of the following reports and plans will be covered in the pre-design 
meeting(s).  For further instruction refer to the Ground Water Permit Application Guidance Document. 
 
8. Hydrogeologic Report 
 

Provide a Geologic Description, with references used, that includes as appropriate: 
 
Structural Geology – regional and local, particularly faults, fractures, joints and bedding plane joints; 
Stratigraphy – geologic formations and thickness, soil types and thickness, depth to bedrock; 
Topography – provide a USGS MAP (7 ½ minute series) which clearly identifies legal site location 
boundaries, indicated 100 year flood plain area and applicable flood control or drainage barriers and 
surrounding land uses. 

 
 Provide a Hydrologic Description, with references used, that includes: 

Ground water – depths, flow directions and gradients.  Well logs should be included if available.  
Include name of aquifer, saturated thickness, flow directions, porosity, hydraulic conductivity, and other 
flow characteristics, hydraulic connection with other aquifers or surface sources, recharge information, 
water in storage, usage, and the projected aerial extent of the aquifer.  Should include projected ground 
water area of influence affected by the discharge.  Provide hydraulic gradient map indicating equal 
potential head contours and ground water flow lines.  Obtain water elevations of nearby wells at the time 
of the hydrologic investigation.  Collect and analyze ground water samples from the uppermost aquifer 
which underlies the discharge point(s).  Historic data can be used if the applicant can demonstrate it 
meets the requirements contained within this section.  Collection points should be hydraulically up and 
downgradient and within a one-mile radius of the discharge point(s).  Ground water analysis should 
include each element listed in Ground Water Discharge Permit Application, Part B7. 
NOTE  Failure to analyze for background concentrations of any contaminant of concern in the discharge or potential 
discharge may result in the Executive Secretary’s presumptive determination that zero concentration exist in the background 
ground water quality.  
Sample Collection and Analysis Quality assurance – sample collection and Preservation must meet the 
requirements of the EPA RCRA Technical Enforcement Guidance Document, OSWER-9959.1, 1986 
[UAC R317-6-6.3(I,6)].  Sample analysis must be performed by State of Utah certified laboratories and 
be certified for each of the parameters of concern.  Analytical methods should be selected from the 
following sources [UAC R317-6-6.3L]: (Standard Methods for the Examination of Water and 
Wastewater, 20th Ed.,1998; EPA, Methods for Chemical Analysis of Water and Wastes,  1983; 
Techniques of Water Resources Investigation of the U.S. Geological Survey, 1998, Book 9; EPA 
Methods published pursuant to 40 CFR Parts 141, 142, 264 (including Appendix IX), and 270.  
Analytical methods selected should also include minimum detection limits below both the Ground 
Water Quality Standards and the anticipated ground water protection levels.  Data shall be presented in 
accordance of accepted hydrogeologic standards and practice. 
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Provide Agricultural Description, with references used, that includes: 
If agricultural crops are grown within legal boundaries of the site the discussion must include: types of 
crops produced; soil types present; irrigation system; location of livestock confinement areas (existing or 
abandoned). 

 
 
 
Note on Protection Levels: 
 
After the applicant has defined the quality of the fluid to be discharged (Ground Water Discharge Permit 
Application, Part B), characterized by the local hydrogeologic conditions and determined background ground 
water quality (Hydrogeologic Report), the Executive Secretary will determine the applicable ground water 
class, based on: 1) the location of the discharge point within an area of formally classified ground water, or the 
background value of total dissolved solids.  Accordingly, the Executive Secretary will determine applicable 
protection levels for each pollutant of concern, based on background concentrations and in accordance with 
UAC R317-6-4. 
 

 
9. Ground Water Discharge Control Plan: 

Select a compliance monitoring method and demonstrate an adequate discharge control system.  Listed 
are some of the Discharge Control Options available.  We believe the project qualifies for Permit by 
Rule under R317-6-6.2. Please see Attached.  
 
No Discharge – prevent any discharge of fluids to the ground water by lining the discharge point with 
multiple synthetic and clay liners.  Such a system would be designed, constructed, and operated to 
prevent any release of fluids during both the active life and any post-closure period required. 
 
Earthen Liner – control the volume and rate of effluent seepage by lining the discharge point with a 
low permeability earthen liner (e.g. clay).  Then demonstrate that the receiving ground water, at a point 
as close as practical to the discharge point, does not or will not exceed the applicable class TDS limits 
and protection levels* set by the Executive Secretary.  This demonstration should also be based on 
numerical or analytical saturated or unsaturated ground water flow and contaminant transport 
simulations. 
 
Effluent Pretreatment – demonstrate that the quality of the raw or treated effluent at the point of 
discharge or potential discharge does not or will not exceed the applicable ground water class TDS 
limits and protection levels* set by the Executive Secretary. 
 
Contaminant Transport/Attenuation – demonstrate that due to subsurface contaminant transport 
mechanisms at the site, raw or treated effluent does not or will not cause the receiving ground water, at a 
point as close as possible to the discharge point, to exceed the applicable class TDS limits and protection 
levels* set by the Executive Secretary. 
 
Other Methods – demonstrate by some other method, acceptable to the Executive Secretary, that the 
ground water class TDS limits and protection levels* will be met by the receiving ground water at a 
point as close as practical to the discharge point. 
 
*If the applicant has or will apply for an alternate concentration limit (ACL), the ACL may apply instead of the class TDS 
limits and protection levels. 
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Submit a complete set of engineering plans and specifications relating to the construction, modification, 
and operation of the discharge point or system.  Construction Permits for the following types of facilities 
will satisfy these requirements.  They include:  municipal waste lagoons; municipal sludge storage and 
on-site sludge disposal; land application of wastewater effluent; heap leach facilities; other process 
wastewater treatment equipment or systems. 
 
Facilities such as storage piles, surface impoundments and landfills must submit engineering plans and 
specifications for the initial construction or any modification of the facility.  This will include the design 
data and description of the leachate detection, collection and removal system design and construction.  
Provide provisions for run on and run-off control. 

  
10. Compliance Monitoring Plan: 

The applicant should demonstrate that the method of compliance monitoring selected meets the 
following requirements:  We believe the project qualifies for Permit by Rule under R317-6-6.2.   A 
collection lysimeter will be constructed as part of mine remediation.  Please see Attached.  

 
Ground Water Monitoring – that the monitoring wells, springs, drains, etc., meet all of the following 
criteria:  is completed exclusively in the same uppermost aquifer that underlies the discharge point(s) 
and is intercepted by the upgradient background monitoring well; is located hydraulically downgradient 
of the discharge point(s); designed, constructed, and operated for optimal detection (this will require a 
hydrogeologic characterization of the area circumscribed by the background sampling point, discharge 
point and compliance monitoring points); is not located within the radius of influence of any beneficial 
use public or private water supply; sampling parameters, collection, preservation, and analysis should be 
the same as background sampling point; ground water flow direction and gradient, background quality at 
the site, and the quality of the ground water at the compliance monitoring point. 
 
Source Monitoring – must provide early warning of a potential violation of ground water protection 
levels, and/or class TDS limits and be as or more reliable, effective, and determinate than a viable 
ground water monitoring network. 
 
Vadose Zone Monitoring Requirements – Should be:  used in conjunction with source monitoring; 
include sampling for all the parameters required for background ground water quality monitoring; the 
application, design, construction, operation, and maintenance of the monitoring system should conform 
with the guidelines found in:  Vadose Zone Monitoring for Hazardous Waste Sites; June 1983, KT-82-
018(R). 
 
Leak Detection Monitoring Requirements – Should not allow any leakage to escape undetected that 
may cause the receiving ground water the exceed applicable ground water protection levels during the 
active life and any required post-closure care period of the discharge point.  This demonstration may be 
accomplished through the use of numeric or analytic, saturated or unsaturated, ground water flow or 
contaminant transport simulations, using actual filed data or conservative assumptions.  Provide plans 
for daily observation or continuous monitoring of the observation sump or other monitoring point and 
for the reporting of any fluid detected and chemical analysis thereof. 
 
Specific Requirements for Other Methods – Demonstrate that:  the method is as or more reliable, 
effective, and determinate than a viable ground water monitoring well network at detecting any violation 
of ground water protection levels or class TDS limits, that may be caused by the discharge or potential 
discharge; the method will provide early warning of a potential violation of ground water protection 
levels or class TDS limits and meets or exceeds the requirements for vadose zone or leak detection 
monitoring. 
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Monitoring well construction and ground water sampling should conform to A Guide to the Selection of 
Materials for Monitoring Well Construction.  Sample collection and preservation, should conform to the 
EPA RCRA Technical Enforcement Guidance Document, OSWER-9950.1, September, 1986.  Sample 
analysis must be performed by State-certified laboratories by methods outlined in UAC R317-6-6.3L.  
Analytical methods used should have minimum detection levels which meet or are less than both the 
ground water quality standards and the anticipated protection levels.   
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Introduction  

TM Capital LLC, a wholly owned subsidiary of MCW CA, has acquired the Temple 

Mountain Mine (TMM) from Temple Mountain Energy, Inc. mineral lease and operations south 

of Vernal, Utah (Fig. 1).  The lease, or leases, is composed of approximately 1,300 acres along 

Asphalt Ridge and operates under a Large Mining Operations permit (LMO).  TMC plans to mine 

the oil sands veins near and at the ground’s surface using traditional surface-mining techniques to 

extract raw oil sands ore that is 6 to 15 percent oil by weight, with the balance being sand, clay 

and rocks. The mine is located at the southeast end of Asphalt Ridge where the ridge meets Ashley 

Valley. The tract is in the following parcels (Fig. 2):  

Township 5 South (T5S), Range 22 East (R22E), Salt Lake Base & Meridian (SLB&M), 
Section 31: NE¼ of SW¼; SE¼ of SW¼; SW¼ of SW¼; NW¼ of SW¼; NW¼ of SE¼; 
SW¼ of SE¼. 

T5S, R21E; Section 36, NE¼ of SE¼. 

Once mined, TMM’s oil sands ore can be used in the following ways (Fig. 3):  

• Sold “as-is” for road construction asphalt, without any further processing (screening 
optional);  

• Processed on-site into road asphalt binder (bitumen), a value-added product in high 
demand;  

• Upgraded to light (42o – 46o API) sweet crude for sale to oil refiners; 

• Sold as clean, high-quality sand (a byproduct of the oil extraction process) for applications 
such as hydraulic fracturing (for oil & gas production) and other industrial or construction 
uses. 
The Asphalt Ridge project is expected to have a total lifetime of 20 to 30 years after 

expanded production occurs (early 2018 – estimated expansion completion).  

This report has been prepared to provide the detailed background required to complete the 

Utah Ground Water Discharge Permit Application.  It will also demonstrate that the design and 

location of the TMM facility ensures a very low probability that any contaminants would impact 

groundwater as a result of planned operations. 
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Figure 1 – Location of the TMM mine along Asphalt Ridge, Utah. 
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Figure 2 – Project Area & Water Wells within a One Mile Buffer. 
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Figure 3. Process Flow Diagram 

Operational Plans - Identify principal processes used, or services performed by the facility 

Initially, the TMM will be used to supply oil sands ore to MCW Energy Group’s (MCW) 

oil sands extraction facility located in Maeser, Utah.  This facility is a pilot plant designed to further 

optimize MCW’s proprietary oil sands extraction technology.  This technology has already been 

tested and proven at a pilot plant in Russia in 2009.  During this phase of testing, over 99% of the 

oil and bitumen contained in the oil sands were extracted.  The results of the 2009 pilot plant 

testing were independently verified by a third party, certified engineering firm, Kvadra Energo 

Intellect. 

MCW’s proprietary technology uses a solvent, but absolutely no water, to extract the oil 

from the oil sands.  This patented solvent is composed of multiple individual components (multiple 

light hydrocarbons and alcohols). Absolutely no chlorinated compounds, or dense non aqueous 

phase liquids (DNAPL) are added to the solvent.  When used in MCW’s patented oil sands 

extraction facility, these solvents are capable of dissolving and recovering over 99% of the heavy 

bitumen, heavy oil and other lighter hydrocarbons that are found in the naturally occurring oil 

sands.  The extraction process takes place in a completely closed loop system that continuously 

recirculates the solvent.  The closed loop system is capable of recovering over 99% of the solvents 

from the processed oil sands, making this technology very environmentally friendly.  The use of a 
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solvent, as opposed to heat as is used in Alberta, Canada, guarantees an extremely high level of 

energy efficiency during the oil extraction process.  The energy efficiency of MCW’s technology 

makes it extremely economical to operate.  This energy efficiency also means that MCW’s 

technology does not emit excessive levels of greenhouse gases in the form of carbon dioxide 

(CO2). MCW’s technology is explained in greater detail in an attached document labeled “MCW 

- Technology Overview”.   

MCW plans on constructing a 5,000 barrel per day oil sands extraction facility at TMM 

using the same closed loop, solvent based extraction technology that is currently being used at the 

pilot plant in Maeser, Utah (Fig. 4).  This facility shall be constructed in two phases, the first phase 

will be a single 2,500 barrel per day facility.  The second phase will be a second, identical 2,500 

barrel per day facility.  The second phase will be constructed after the first phase is operational.  

Mining operations at TMM will expand to meet the demands of this facility.  Construction of both 

phases is contingent upon receiving financing (in progress).  The completion of the first phase is 

anticipated to be in early 2018. 

The processed sands that are not sold from the MCW processing facility in Maeser will be 

trucked back to the TMM for permanent storage and mine remediation. These processed sands will 

be capped in a manner that will prevent precipitation from leaching through the material and 

potentially percolating into the subsurface.  Greater details of the permanent storage plan can be 

found in an attached document labeled “Processed Sand Storage and Monitoring Program for the 

Temple Mountain Mine Site”. 

TMM/MCW Environmental Footprint - Overview of Operations 

MCW’s oil sands extraction technology is a closed loop system that relies on the use of 

natural solvents, rather than heat in the form of hot water, or steam, to extract the oil and bitumen 

from the oil sands.  This means that water use at the facility is very minimal (mainly used to create 

steam for transmitting heat and for dust control) and more importantly, no tailings ponds are 

needed, or created when using MCW’s technology.  Tailings ponds are a major environmental 

problem in Alberta, Canada where hot water extraction technologies are used for oil sands 

extraction.  It must be emphasized that MCW’s technology does not bare any resemblance to the 

hot water extraction technology used to process oil sands in Alberta, Canada. 
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Figure 4 - Site plan showing proposed location (gray box) of oil sands extraction facility using 
MCW’s solvent based extraction technology. 
 

Source – TME Asphalt Ridge, LLC. NOI, 2013, (Permit # M0470089, UDOGM Task 1749#) 
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 The processed sands from MCW's technology are benign, consisting almost entirely of 

clean sand or a mixture of clean sand and clay, plus a small amount of water (for dust control).  The 

sand can be sold as a marketable product for use in construction, or can be used in mine 

remediation.  Processed sands from MCW’s plant in Maeser, Utah have been independently tested 

by American West Analytical Laboratory (AWAL) in Salt Lake City, Utah using both the 

Synthetic Precipitation Leaching Procedure (SPLP) and dry analysis (mg/kg).  The results of both 

the SPLP and dry analyses indicate that the processed sands have minimal amounts of detectable 

hydrocarbons.  These residual hydrocarbon levels from the SPLP analysis are well below the Utah 

and EPA standards (Table 1 and Appendix A). 

The majority of any greenhouse gas (GHG) emissions produced at TMM will be from the 

diesel fuel consumed by TMM’s surface-mining equipment (e.g., earthmoving vehicles) and 

transportation vehicles.  As a result, TMM’s Asphalt Ridge operation has a relatively low carbon 

footprint, or a carbon footprint similar in magnitude to other surface-mining activities for any other 

natural resource.  It is important to note that the energy content of the oil sands extracted through 

mining activities and MCW’s extraction activities is far greater than the energy consumed to 

produce it, thus greatly reducing the total carbon impact of the activities at the TMM.  The EROEI 

(energy recovered over energy invested) for MCW’s technology has been independently verified 

at over 22:1 by Chapman Petroleum Engineering.  This compares quite favorably to EROEI values 

of 4:1 to 6:1 for hot water and steam assisted methods of oil sands extraction as seen in Alberta, 

Canada.  This energy efficiency is a direct result of using solvents, as opposed to heat, to extract 

the oil and bitumen from the sands.  Low carbon emissions and a small carbon footprint are an 

important benefit of this energy efficiency.   

Vegetative Diversity  

An Ecological Baseline Report was performed and included in the Notice of Intention to 

Commence Large Mining Operations (NOI – Permit # M0470089 UDOGM Task 1749#) 

submitted by the previous lease holder.  The Ecological Baseline Report noted that vegetation was 

sparse, due to the arid conditions of the area and that the plant community was dominated by 

drought tolerant species.  The report also noted that the area where the mining operations will take 

place does not have a highly diverse vegetative population. 
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Table 1. Analytical Results for Overburden and MCW Processed Sands 

Compound 

Native 
Overburden 
Analytical 
Results (mg/L) 

MCW Processed 
Sands - SPLP 
Analytical 
Result (mg/L) 

Numeric 
Standard 
(mg/L) 1 

Arsenic <0.050  0.05 
Barium <0.050  2.0 
Cadmium <0.010  0.005 
Calcium 90 4.90  
Chromium (total) <0.010  0.1 
Lead <0.050  0.015 
Magnesium 16 <1.00  
Mercury <0.0010  0.002 
Potassium 3.8 <1.00  
Selenium <0.050  0.05 
Silver <0.010  0.1 
Sodium 28 1.94  
Alkalinity (as CaCO3) 68 12.9  
Bicarbonate (as CaCO3)  <10.0  
Carbonate (as CaCO3)  <10.0  
Chloride 1.5 0.580  
Oil & Grease  <5.00  
Conductivity (µmhos/cm) 1300   
pH @ 25oC (reported in Standard Units) 7.96 10.0 6.5-8.5 
SGT-HEM/Non-Polar Material  <5.00  
Sulfate 280 4.77  
Total Dissolved Solids (TDS) 440 84.0 12002 

Total Recoverable Petroleum 
Hydrocarbon 

3.9  103 

Total Organic Carbon (TOC)  31.4  
Diesel Range Organics (DRO)  0.898  
Gasoline Range Organics (GRO)  0.149  
SVOA SPLP by GC/MS Method 
8270D/1312/3510C (19 compounds 
reported, all below detection limit) 

 <0.0100  

Benzene  <0.00100 0.005 

C5&C6 Aliphatic hydrocarbons4  0.00778  
C7&C8 Aliphatic hydrocarbons4  <0.0200  
C9&C10 Aliphatic hydrocarbons4  <0.0200  
C9&C10 Alkyl Benzenes  0.0286  
Ethylbenzene  0.00522 0.7 
Naphthalene  0.00472  
Toluene  0.0378 1 
Xylenes, Total  0.0554 10 

1 Source: R317-6-2, Ground Water Quality Standards,  2 R317-2-14, Numeric Criteria 
3 Utah Tier 1,   4 EPA and Utah do not have standards for aliphatic hydrocarbons; for comparison, 
Massachusetts has a maximum contaminant level (MCL) for aliphatic hydrocarbons of 0.3 mg/L 
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Threatened or Endangered Species.  

The Ecological Baseline Report included in the Notice of Intention to Commence Large 

Mining Operations (NOI – Permit # M0470089 UDOGM Task 1749#) indicated that no threatened 

or endangered species, or potential habitats of protected or endangered species were identified on 

the lease property. 

The low vegetative diversity on the lease, the absence of threatened or endangered species 

on the lease, the absence of threatened or endangered species habitat on the lease, the lack of need 

for tailings ponds on the lease coupled with the relatively low carbon footprint of the planned 

operations strongly suggest that the overall environmental footprint of the TMM/MCW operation 

will be relatively small. 

Name and description of each well/spring; water body; drainage; well-head protection area; 

drinking water source protection zones; topography; and man-made structures within one mile 

radius of the point(s) of discharge. 

There will be no points of water discharge and no water discharged to the groundwater 

from TMM or MCW’s planned operations.  Processed sands from TMM and MCW’s operations 

will be returned to the mine pit as back fill and will be capped with low (<10-7 cm/sec) compacted 

clays to prevent infiltration and the formation of leachate from precipitation or snowmelt.   

The only man-made structures within one mile of the project area are State Route 45 and 

the subject project facilities (Figure 2).   

Several small springs, approximately 0.6 miles north of the permit boundary, are the source 

of the head waters for the perennial/intermittent stream running through the permit area. There is 

only one well within one mile of the project area (Utah Division of Water Resources [UDWR] 

well database, 2015).  Please see Part C, below, for more complete report on the hydrology of the 

project area.  

A separate and supplemental seep and spring survey was performed at the request of the 

Division of Water Quality and is attached as a separate document labeled “TMM Seep and Spring 

Survey – June 2015”.   
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The stream on the east side of the lease property that was identified as an intermittent 

stream in the Ecological Baseline Report that was performed and included in the Notice of 

Intention to Commence Large Mining Operations (NOI – Permit # M0470089 UDOGM Task 

1749#).  This steam was also identified in the “TMM Seep and Spring Survey – June 2015”.   It 

should be noted that the quality of the water flowing in this stream was very poor and characterized 

by low pH, high levels of cadmium, sulfate and total dissolved solids (Table 2, Appendix B, TMM 

Seep and Spring Survey – June 2015).   It should also be noted that there was no flowing water 

contact with the Green River in September 2008, when the Ecological Baseline Report field work 

was conducted, or in June 2015, when the Seep and Spring Survey field work was conducted.  

Part B – General Discharge Information 

1.  Locations of discharges.   

Not Applicable 

2.  Type of fluid to be discharged or potentially discharged. 

There will be no discharges to ground water. MCW’s technology is a waterless technology 

that does not emit any form of liquid discharges.  Processed sands that aren’t sold will be used for 

mine remediation work and capped or covered to prevent precipitation from infiltrating and 

leaching through the material. Overburden and material that has only been processed mechanically 

will be used as backfill and will contain only native material. 

3. Discharge Volumes 

Not applicable 

4. Potential Discharge Volumes 

Not Applicable 

5. Flows, Sources of Pollution, and Treatment Technologies 

Not Applicable.  

6. Discharge Effluent Characteristics 

Not applicable. However, Synthetic Precipitation Leachate Procedure (SPLP) was 

performed on native overburden from the mine (Table 1 and Appendix A).  The table also provides 

SPLP analytical results for MCW processed sands, which will be returned to the mine pit as back 
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fill, but capped with low permeable clays (<10-7 cm/sec) to prevent any leachate from infiltrating 

to ground water.  

Part C – Accompanying Reports and Plans 

Hydrogeological Report 

In general, the study area is typical of the Colorado Plateau Region with a terrain 

characterized by broad plateaus and deeply dissected valleys. The topography of the project site 

(Figure 2) is transitional between Asphalt Ridge to the west and the Ashley Valley to the east, 

sloping generally towards the Green River, which is a little more than a mile to the south. Most of 

the site has been disturbed as a result of historic and current mining. 

The site is dissected by several ephemeral channels and one spring-fed channel which is 

termed perennial in a hydrology report prepared for an amended Notice of Intent (NOI) (PSOMAS, 

2012) but classed as intermittent in the USGS National Hydrography Dataset (NHD); the spring 

is not shown on USGS topographic maps or in the NHD and originates well north of the mine site. 

As discussed above and in the TMM Seep and Spring Survey – June 2015, the stream water is of 

poor quality with low pH and high levels of cadmium, sulfate and TDS (Appendix B, TMM Seep 

and Spring Survey – June 2015).   

Because this area is semi-arid, the vegetation is sparse and, in most cases, the plant 

communities are dominated by drought-tolerant species. The PSOMAS storm water report 

includes a topographic map outlining the sub-basins affected by the project (Appendix C). The 

vegetation in the area is dominated by ricegrass, rabbitbrush, and cheatgrass. Temperatures range 

from average highs of 89.1°F in July to average lows of 5.0°F in January.  Precipitation averages 

8.42 inches annually, including 18.5 inches of snowfall (WRCC, 2015), for the period of 

11/01/1894 to 12/31/2010 as reported for the Vernal Airport approximately seven miles north of 

the site.  Elevation at the project site ranges from approximately 4,965 feet to 5,317 feet above 

mean sea level. State Route 45 runs north south through the east side of the project area.   

Geology 

As noted above, the project site is on the southeast edge of Asphalt Ridge, in a transition 

area between Asphalt Ridge and the Ashley Valley. Asphalt Ridge is a 15-mile-long northwest 

trending cuesta (hogback), with the Duchesne River Formation lying over the Mesaverde Group 
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(Kohler, 2011). A geologic map of the project area clearly shows the transitional nature of the 

geology at the project site from the Duchesne River Formation of Asphalt Ridge (Tdb) in the 

project area and to the west, through the Mesa Verde Formation upper and lower units (Kmvu and 

Kmvl) moving east, and into the Mancos Shale (Kms) in Ashley Valley (Fig. 5). Figure 6 shows a 

stratigraphic section through Asphalt Ridge. Figure 7 shows Uintah Basin tar sands deposits, 

including Asphalt Ridge. Figure 8 shows a general cross-section through Asphalt Ridge. 

Two series of core logs have been taken in the project area (Fig. 9).  The six cores marked 

F-1, F-2, F-3, F-4, CF-1, and CG-1 were drilled in 1957 by Sohio Petroleum Company (Appendix 

D).  The remaining cores, all in the NW ¼ of the SW ¼ of Section 31, T5S, R22E, were drilled in 

1975 for Burmah Oil and Gas (Appendix D).  The maximum drilling depth of the 1975 series was 

173 feet below ground surface (BGS).  No water was recorded in the well logs. The shallowest of 

the 1957 cores was drilled to 210 feet BGS (F-2) and the deepest was drilled to 441 feet BGS (F-

1).  

Both sets of cores confirm that the underlying strata consist of numerous layers of 

conglomerate, shale, and sandstone. Many of the conglomerates and sandstones layers are noted 

to contain oil (bitumen).  Cores CF-1 and F-4 have relatively shallow surface layers of alluvium. 

Otherwise, with the exception of core CG-1, they are in the Duchesne River Formation for their 

entire depth. CG-1 is in the Duchesne River Formation to 214 feet and the Mesaverde Formation 

from 214 feet to 300 feet. 

Howells et al (1987) describe the Duchesne River Formation as follows:  
A mostly fluvial facies. Shale, mainly red, but including green and other pale colors, 
siltstone, sandstone, and conglomerate, unconformably underlying younger rocks from 
near the Colorado State line to near Strawberry Reservoir. Coarsest grain sizes are near 
basin margins where the formation interfingers with other formations. In central part of 
basin, formation grades up from underlying Uinta Formation and consists of interbedded 
sandstone and shale. Sandstone is most abundant in lower part and, with conglomerate, in 
upper part. Sandstones are of two basic types--a light-colored (commonly yellow) channel 
deposit and a darker, more compacted, better cemented interchannel (?) lenticular deposit. 
In most of its extent the formation is slightly to strongly fractured. Fractures are locally re-
cemented with calcium sulfate. Maximum thickness is more than 3,000 ft (910 m). 

 



16 

 

 

 

 

 PROJECT AREA 

Qac MIXED ALLUVIUM AND COLLUVIUM (HOLOCENE) - Unconsolidated mud, silt, sand, and gravel in 
intermittent stream drainages and in areas of low topographic relief; less than 10m thick. 

Qe EOLIAN DEPOSITS (HOLOCENE) - Unconsolidated, well-sorted, fine-grained, windblown sand and silt; 
less than 10 m thick. 

Qag 
ALLUVIAL-GRAVEL DEPOSITS (HOLOCENE AND PLEISTOCENE) – Unconsolidated to moderately 
consolidated, poorly sorted sand, gravel, cobbles, and boulders deposited on near-planar bedrock 
surfaces; 220-600 m thick. 

Tdb 
BRENNAN BASIN MEMBER OF DUCHESNE RIVER FORMATION (EOCENE) -  fine- to medium-grained 
lithic sandstone and siltstone with minor amounts of mudstone and conglomerate; the basal part of 
the Brennan Basin Member, as much as 60 m, intertongues with the underlying Uinta Formation 
throughout most of the quadrangle 

Kmvu UPPER UNIT OF MESAVERDE GROUP (UPPER CRETACEOUS) – Moderately resistant, fine-grained, 
lenticular cross-bedded sandstone with carbonaceous shale and thick coal beds; 425-550 m thick. 

Kmvl 
LOWER UNIT OF MESAVERDE GROUP (UPPER CRETACEOUS) - Resistant,  cross-bedded sandstone with 
subordinate carbonaceous shale and minor coal; likely includes beds of the Sego Sandstone, Buck 
Tongue of the Mancos Shale, and Castlegate Sandstone; locally defined by Walton (1944) as the 
Rim Rock Formation;  200-250 m thick. 

Kms MANCOS SHALE (UPPER CRETACEOUS) - Dark-gray, soft, slope-forming calcareous shale containing 
beds of siltstone and bentonitic clay; 1,500-4,900 m thick. 

Figure 5.  Geologic Map of the Project Area (Adapted from Sprinkel, 2006) 
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Figure 6. Stratigraphic Section of the NW Asphalt Ridge Area (from Sinks, 1985) 
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Figure 7. Uintah Basin Tar Sands Deposits (Kohler, 2011) 
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Figure 8. Generalized Cross Section of Asphalt Ridge (Blackett, 1996; after Campbell and Ritzma, 
1979) 
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Figure 9. Core Hole Locations at the project site. 

 

The same publication describes the “hydrologic significance” of the formation as follows (Howells 
et al, 1987): 

Very low to very high permeability. The horizontal intergranular permeability of 19 
sandstone samples ranged from 0.000033 to 3.28 feet/day (ft/d). Total porosity ranged from 
7 to 32 percent. Aquifer permeability is enhanced by fracturing. Yields to wells and springs 
range from less than 1 to more than 300 gallons/minute (gal/min), usually with large 
drawdowns in wells. The most permeable rocks seem to be near edges of outcrops west of 
Roosevelt in the central basin; the least permeable seem to be in areas north and east of 
Fort Duchesne. Water movement may be impeded locally by gilsonite dikes. Near recharge 
areas, or where the formation is fractured or moderately permeable, the water usually is 
fresh. At greater depths where the formation is of very low permeability, the water is 
slightly saline to briny. Confined conditions are common. In the lower parts of the basin, 
such as near Roosevelt, artesian heads may be more than 100 feet above land surface, but 
in higher areas of the basin, water levels are below land surface. 

The core logs frequently describe the shale layers as “calcareous”, suggesting that fractures within 

the rock have been cemented to some degree. See the Groundwater section, below, for additional, 

site-specific discussion.   
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Hydrology 

Surface Water 

The unnamed channel that parallels State Route 45 has been discussed above. The USGS 

describes the channel as intermittent; an independent hydrology consultant, PSOMAS, described 

the channel as perennial. Figure 9 shows that there is a distinct riparian area along the channel, 

which suggests the channel and/or its substrate (hyporheic zone) contains water a high percentage 

of the year. Figure 4 shows how the project facilities have been designed around this unnamed 

stream to minimize impacts. The second amendment to the TME NOI (2013) provides the 

following: 

The head waters for the perennial stream running through the permit area are approximately 
0.6 miles north of the permit boundary. The head waters are at approximately 5,073 feet 
above mean sea level, approximately 63 feet above the ground surface elevation of the 
upper end of phase 1 open pit. 

The amendment goes on to say the following: 

The intermittent stream runs on the naturally occurring exposed tar sand/asphalt and clay 
zone surfaces in the confined drainage channel. Observations have shown the stream is 
confined to the near surface narrow channel system. Past and historic open pit mining 
operations have been conducted within 20 linear feet of the stream bed with mining some 
40 feet below the stream channel elevation. During mining no seepage of water from the 
stream was observed in the pit high walls. With this fact it is highly unlikely that the 
intermittent stream will be affected by the planned open pit mining. The surface water is 
constrained by the low permeable clays and oil sands. In addition the open pit moves further 
away from the stream channel as the pit progress to the northwest. There is also a major 
ridge line separating the open pit and the existing stream channel. 

The above quote strongly suggests that 1) mining within a short distance of the channel in the 

past has not breached the hyporheic zone and 2) the hyporheic zone must not be connected to a 

very large saturated zone.  

A storm water plan was prepared for the project area, which includes berms to route run-

on around the mine and other facilities, and back to existing channels downgradient (Appendix C). 

The storm water study also contains a topographic map showing the basin and sub-basins that are 

wholly or partly within the project area.  

No gauging stations are in or near the project area and no discharge data has been found 

for the perennial/intermittent stream that runs through the project area.  A water sample was taken 
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upstream of the project area from the perennial/intermittent stream in 2008 (Table 2 Appendix B).  

Levels of cadmium exceeded the standard and pH was outside (below) the acceptable range. 

Additional water quality analyses were performed in 2015 (TMM Seep and Spring Survey – June 

2015) 

Table 2. Upstream Water Sample Analytical Results 

Compound Units 
Upstream Water 
Quality Sample 

Numeric Standard 
(mg/L) 1 

Arsenic mg/L 0.0012 0.01 
Barium mg/L 0.0092 1.0 
Cadmium mg/L 0.014 0.01 
Calcium mg/L 180  
Chromium (total) mg/L <0.010 0.05 
Lead mg/L 0.00039 0.015 
Magnesium mg/L 66  
Mercury mg/L <0.00020 0.002 
Potassium mg/L 7.2  
Selenium mg/L 0.023 0.05 
Silver mg/L <0.00040 0.05 
Sodium mg/L 21  
Alkalinity (as CaCO3) mg/L <10  
Chloride mg/L 8.7  
Conductivity  µmhos/cm 1500  
pH @ 25 oC  Standard Units 3.13 6.5-9.0 
Sulfate mg/L 1100  
Total Suspended Solids (TSS) mg/L <3.0  

Total Recoverable Petroleum 
Hydrocarbon 

mg/L <3.0  

1 R317-2-14 Domestic Source 

Ground water 

The State of Utah defines an aquifer as “a geologic formation, group of geologic formations or 

part of a geologic formation that contains sufficiently saturated permeable material to yield 

usable quantities of water to wells and springs” (R317-6-1).  

Of the 17 wells that were drilled in the project area, only four contained intervals that were 

described in well logs as “water wet” (Table 3, Fig. 9 and Appendix D).  Core F-1, drilled to a 

depth of 441 feet BGS, only encountered “water wet” conditions between 259.1 feet BGS and 

260.2 feet BGS (1.1 feet total). It is unlikely that a saturated layer so thin would carry enough 

water to be considered an aquifer under Utah regulations. Given that the maximum depth of the 

mine pit would be 200 feet BGS, we can infer that there is no aquifer within 241 feet of the bottom 
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of the pit at that location.  Additionally, the well log between 200 and 250 feet shows sandstones 

and conglomerates that are “well saturated” with oil.   This interval may negatively affect any 

water in the 259.1 – 260.2 foot interval. 

 

Table 3. Summary of Well Logs in the Project area (Appendix D). 

Feature F-1 F-2 CG-1 CF-1 F-3 F-4 Oct 2015 

Maximum 
Depth of core 
(feet BGS) 

441 210 296 378 382 358 
 
275 

Saturated 
Interval  
(feet BGS) 

259.1-
260.2  244.7-

248.7 58.1-60.7  337.7-
349.7 

 

Saturated 
Interval 
 (feet BGS) 

  252.0-
258.1 

215.5-
217.0   

 

Saturated 
Interval 
 (feet BGS) 

  276.1-
296.0 

218.5-
237.3   

 

Saturated 
Interval 
 (feet BGS) 

   240.0-
242.1   

 

Saturated 
Interval  
(feet BGS) 

   244.2-
247.5   

 

Saturated 
Interval  
(feet BGS) 

   248.5-
256.4   

 

Saturated 
Interval  
(feet BGS) 

   260.0-
263.9   

 

Saturated 
Interval  
(feet BGS) 

   266.4-
271.4   

 

Saturated 
Interval  
(feet BGS) 

   272.9-
285.8   

 

Maximum 
Thickness of 
Contiguous 
Saturated 
Intervals (feet)* 

1.1 0.0 19.9 58.0 0.0 12.0 

 
 
0.0 

* <10 feet separating saturated intervals 
BGS – below ground surface 
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Cores F-2 and F-3 were drilled east of the proposed mine pit and within 124 and 330 feet 

of the stream, respectively (Table 3, Fig. 9). They were drilled to depths of 210 and 382 feet BGS, 

respectively. Neither core encountered water-saturated conditions. Cores CG-1 and F-4 are well 

east of the mine pit and had only minor saturated zones. 

Core CF-1 was at the very southern end of the proposed mine pit. A shallow saturated layer 

was encountered between 58.1 and 60.7 feet BGS. As with Core F-1, this is likely an isolated 

pocket rather than an aquifer. Beneath this near-surface “water wet” interval was a series of eight 

intervals described as “water wet”, ranging from 1.5 feet thick to 18.8 feet thick, and separated by 

unsaturated material up to 3.6 feet thick; the top of this series of saturated layers was at 215.5 feet 

BGS. It is noteworthy that all of the layers described as “water wet” are also described as having 

light to fair oil saturation; this suggests that the water may be of limited quality.  

On October 1 and 2, 2015, a ground water monitoring well was drilled approximately 100 

feet to the east of the location where well CF-1 was drilled (Fig. 9) (Table 3).  The well first 

targeted the interval described as “water wet” in the CF-1 well log that was at a depth of 58.1 - 

60.7 feet.  This interval was dry.  The intervals between 215 and 285 feet below ground surface 

that were described in the CF-1 well log as “water wet” were then targeted.   The well was drilled 

to a depth of 275 feet and no “water wet” intervals were encountered.  The well was drilled using 

an air rotary drill rig.  All the cutting that came to the surface were exceptionally dry, no traces of 

moisture were encountered.  It should be remembered that well CF-1 was drilled in 1957 and is 

not a good indicator of current subsurface conditions, which clearly are water free at this time. 

There is only one water well within one-mile of the project area. This is the well associated 

with water right #49-2078 (Fig. 2). There is no well log for this well, which was drilled in 1951 

by QEP Energy, and had a maximum flow rate of 0.2 cfs (~90 GPM).  The water right is for 

domestic and irrigation use. 

Surface and Ground Water Quality  

As described above and in the TMM Seep and Spring Survey – June 2015, the quality of 

the surface stream water is very poor (Table 2).  Table 1, Part B, shows the results of SPLP leachate 

tests run on the two materials that would be used as backfill in the pit. The SPLP analysis was 
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performed on the sands immediately after processing. The native overburden is material removed 

from the pit to access the oil sands, temporarily stockpiled, then returned to the pit as backfill.  

Processed sand from MCW is comprised of oil sands from TMM that have been processed using 

a solvent extraction method and returned to TMM for use as backfill. A liner will be placed below 

and a cap will be placed over the processed sands to prevent any precipitation from leaching 

through the processed sands and infiltrating into the ground.  Abundant gray clay in the mine pit 

has been permeability tested at less than 10-7 cm/sec making it an ideal material to cap the 

processed sands (Appendix E). 

No historic water quality samples for groundwater were found, essentially due to the fact 

that there is little to no ground water beneath the project area.  No water samples were or could be 

taken from the well that was drilled on October 1 and 2, 2015, since no water was encountered in 

that well. 

Summary and Conclusion 

In the project area, no groundwater that might meet the state definition of an aquifer was 

found within 300 to 400 feet of the ground surface. Within a mile of the project area only one 

water well is in the state database, and there is very little information about the well (no well depth, 

well log, or water quality).  

MCW’s proprietary technology uses a light hydrocarbon and alcohol based solvent in a 

closed loop system, but does not use any water in the extraction process. Processed sands will be 

used for mine backfill, but this material will be capped to prevent any precipitation or other water 

from leaching through and possibly infiltrating to groundwater. Overburden will also be returned 

to the mine pit for use as backfill and to cover the capped processed sands to further encapsulate 

them. 

In summary, TMC believes that its oil sands extraction operations pose a de minimis risk of 

contaminating groundwater for the following reasons: 

• Scarcity of groundwater within the one-mile buffer area indicates there is little groundwater 
at risk in this area 
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• Thin lenses of groundwater recorded in historic well logs have a relatively low risk of 
contamination from mining and remediation activities based on the underlying geology and 
the distance (depth) to groundwater. 

• The thin “water wet” sandstone layers beneath the mine pit described in historic well logs 
are also described as having light to heavy oil saturation, strongly suggesting that any water 
in these thin layers may already be poor in quality. 

• The potential groundwater monitoring well drilled adjacent to well CF-1 in October 2015 
targeted the intervals that were described as “water wet” in the CF-1 well log.  This 
suggests that the thin “water wet” intervals have lost any water that was in them 60 years 
ago when the original wells were drilled. 

• Water quality analyses of the stream that runs through the property indicates that it is 
already a poor source of water in the area. 

• TMC is taking all appropriate measures to protect the environment, including extensive 
storm water management and isolation of tailings that may contain residual bitumen. 
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MEMORANDUM

To: Mr. Lennie Boteilho, Ames Construction

From: Leslie Morton, P.E.

Date: February 25, 2008

Subject: TME AR Mine #1 Stormwater System Analysis

This memo is intended to provide a summary of the procedure and findings for existing
stormwater flows into the TME AR Mine #1 located approximately 10 miles south of Vernal,
Utah. HEC-HMS v3.1.0, developed by the US Army Corps of Engineers, was used to model the
overall impacts to the mine. Peak flows and volumes generated by the model were used to
determine minimum stormwater mitigation measures such as interceptor channel sizing. The
stormwater management measures were divided into four main mitigation activities as follows:

1. Intercept off-site drainage from the north of the proposed pit site and convey them to
a proposed stilling basin.

2. Intercept off-site drainage from the north of the proposed ore stock pile and divert the
runoff to an adjacent existing ephemeral drainage path.

3. Intercept off-site drainage from the west of the proposed pit site and divert the runoff
to an adjacent existing ephemeral drainage path.

4. Install V- ditches along side the overburden and surface stock pile such that runoff
may be conveyed off the pile without significant erosion and sediment loading
downstream.

Model Parameters and Assumptions

To accommodate runoff, earthen channels and v-ditches have been sized and routed to carry
runoff around the mining area and the processing plant. A detention pond and a sedimentation
pond have also been designed to manage stormwater runoff.

This hydrology study has been developed in accordance with Utah Administrative Code (UAC)
R645-301. As required, temporary sedimentation ponds, detention ponds, and channels are
designed for the 10-year, 24-hour storm event.

Drainage Basin Delineations and Concentration Points

For the purposes of this study the existing topography was used to delineate drainage basins.
Concentration points, or nodes, were located in the hydrologic model to represent outlet locations
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for the purpose of analyzing peak discharge values. These nodes (labeled as J1, J2, J3 etc.) with
their associated drainage basin can be seen in Exhibit 1.

Watershed Description and Assumptions

The watershed characteristics that dictate the amount and rate of runoff were determined using
standard methods such as those outlined by United States Department of Agricultural’s (USDA)
Technical Release 55 (TR-55). Time of concentration (and therefore lag time) and each
watershed’s Composite Curve Number (CCN) are examples of such characteristics. An SCS
Type II temporal distribution was used for all drainage basins and storms. Table 1 below shows
the size and CCN for each watershed basin.

Table 1: Basin Area and CCN Schedule

Basin Name
Area

(acres)
CCN

1 43.82 89
2 5.89 89
3 5.46 89
4 6.43 71
5 289.48 84
6 9.78 85
7 28.35 78
8 4.28 84

The CCN value is a watershed parameter that predicts the amount of rainfall lost to soil
infiltration and therefore the amount of direct runoff from precipitation. This CCN value is
dependant on the watershed’s land use and hydrologic soil group. Based on available GIS data
and the provided aerial photography, it was determined that any given area of the site’s watershed
may be one of four possible different land uses as follows:

1. Pinyon-Juniper – Consistent with pinyon, juniper, or both; grass understory.
Declared as in fair condition (from 30% to 70% ground cover).

2. Herbaceous – Consistent with mixture of grass, weeds, and low-growing brush, with
brush the minor element. Declared as in fair condition (from 30% to 70% ground
cover).

3. Herbaceous – Consistent with mixture of grass, weeds, and low-growing brush, with
brush the minor element. Declared as in poor condition (less that 30% ground cover).

4. Newly Graded Areas – Consistent with pervious areas with no vegetation.

5. Asphalt –Impervious, paved , open ditches
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Based on a soil survey from the USDA’s Natural Resource Conservation Service (NRCS), the
hydrologic soil group for the site’s watershed varies from soil group B, C, and D.

Rainfall data for the site was obtained from the National Oceanic and Atmospheric
Administration (NOAA) Atlas 14 for the location of 40o18’54” latitude 109o32’35” at elevation
5,022’. The rainfall data was used for the 100 and 10-year, 24 and 6-hour storms. These are the
design storm events referenced in the hydrology section of UAC R645-301, Division of Oil, Gas,
and Mining. The precipitation data for these storms are shown in the appendix.

Results

A summary of the flows for the specific points of concentration are summarized below in Table
2. A summary of the stormwater management designs are described by task as seen below.

Table 2: Estimated Peak Runoff (cfs)

LOCATION 100-YR 24-HR 100-YR 6-HR 10-YR 24HR
J1 39.74 23.95 21.56
J2 10.6 6.65 5.19
J3 8.8 5.49 4.43
J4 2.9 4.1 0.4
J5 252.9 264.1 96.6
J6 15.1 16.1 6.4
J7 21.2 25.1 6.5
J8 5.7 6.2 2.3

Stormwater Mitigation Activity 1

The runoff entering the mine site from the north was quantified at nodes J4 and J5 as shown in
Exhibit 1. The estimated peak discharge from the 10-yr 24-hr storm event for these two drainage
areas is 97 cfs. This flow is intercepted by Channel 1 (see Exhibits 2, 3 and 3a) with a base width
of 8.5 feet and a minimum depth of 3 feet. The proposed channel is lined with riprap where
slopes exceed 0.5% slope in order to minimize erosion and overburdening downstream systems.
Channel 1 terminates in a 1.5 ac-ft sedimentation pond (see Exhibit 8) to allow sediment to settle
before being discharged into the existing perennial stream. Sediment removal from this pond
must be maintained regularly.
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Stormwater Mitigation Activity 2

Off-site drainage that would normally continue through the proposed pit is mitigated by means of
one interceptor ditch along the western side of the permit boundary. Runoff intercepted by this
channel (Channel 2) is diverted to a downstream ephemeral drainage path. Channel 2 intercepts
drainages from nodes J6, J7 and J8. For the 10-yr 24-hr storm event these nodes add up to an
estimated flow of 15.2 cfs. Like Channel 1’s design, Channel 2 (see Exhibits 4 and 5) is armored
with riprap where slopes exceed 0.5% slope. This channel is trapezoidal with a base width of 4
feet and a flow minimum depth of 2 feet.

Based on the contour data provided, an existing depression was found upstream of the western
edge of the permit boundary and between basins 6 and 7 as shown in Exhibit 1. This depression
has a storage capacity of approximately 3.1 ac-ft. The total estimated runoff volume produced by
the existing depression’s contributing basin for the 100-year, 24-hour storm event is only 0.8 ac-
ft. Because the storage capacity of the existing depression is larger than the total runoff volume
of its contributing watershed, no runoff volume from this basin contributes to the proposed
mining site.

Stormwater Mitigation Activity 3

The total flow coming into the Processing plant site from a 10-year, 24-hour storm event is 31.18
cubic feet per second (cfs). This flow is the combination of flow from nodes 1, 2, and 3 as shown
in Exhibit 1. This flow is diverted around the plant site through an earthen/riprap trapezoidal
channel with a base width of 4 feet and minimum depth of 2 foot. The flow from this channel is
released into an existing drainage channel located along State Route (SR) 45 (see Exhibit 6).

Stormwater Mitigation Activity 4

Stormwater management and sediment mitigation for the stockpile and overburden area was
considered. V-ditches are proposed along the sides of the piles in a tiered fashion to reduce
stormwater erosion and sediment loading downstream (see Exhibit 7).

Feel free to contact us with any questions or concerns.

PSOMAS

Appendix

NOAA Altas 14 Precipitation Data
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Utah 40.315 N 109.543 W 5022 feet  
from "Precipitation-Frequency Atlas of the United States" NOAA Atlas 14, Volume 1, Version 4 

G.M. Bonnin, D. Martin, B. Lin, T. Parzybok, M.Yekta, and D. Riley 
NOAA, National Weather Service, Silver Spring, Maryland, 2006 

Extracted: Thu Sep 20 2007  

 

 

POINT PRECIPITATION 
FREQUENCY ESTIMATES 
FROM NOAA ATLAS 14 

Confidence Limits Seasonality Location Maps Other Info. GIS data Maps Help Docs U.S. Map

Precipitation Frequency Estimates (inches)

ARI* 
(years)

5 
min

10 
min

15 
min

30 
min

60 
min

120 
min

3 
hr

6 
hr

12 
hr

24 
hr

48 
hr

4 
day

7 
day

10 
day

20 
day

30 
day

45 
day

60 
day

1 0.10 0.15 0.18 0.25 0.30 0.37 0.41 0.53 0.67 0.80 0.90 1.01 1.14 1.27 1.57 1.88 2.24 2.60

2 0.12 0.19 0.23 0.32 0.39 0.46 0.52 0.66 0.83 1.00 1.12 1.25 1.40 1.57 1.95 2.32 2.77 3.20

5 0.17 0.26 0.33 0.44 0.54 0.62 0.68 0.85 1.03 1.24 1.39 1.54 1.71 1.92 2.37 2.78 3.31 3.79

10 0.22 0.33 0.41 0.56 0.69 0.77 0.83 1.01 1.21 1.45 1.61 1.77 1.97 2.20 2.69 3.14 3.72 4.22

25 0.29 0.44 0.55 0.74 0.92 1.01 1.07 1.24 1.46 1.74 1.91 2.09 2.31 2.57 3.12 3.59 4.22 4.75

50 0.36 0.55 0.68 0.91 1.13 1.24 1.28 1.44 1.67 1.97 2.15 2.34 2.58 2.85 3.43 3.92 4.57 5.11

100 0.44 0.67 0.83 1.11 1.38 1.50 1.53 1.67 1.90 2.22 2.41 2.60 2.86 3.13 3.73 4.23 4.89 5.43

200 0.53 0.81 1.00 1.34 1.66 1.82 1.83 1.95 2.15 2.48 2.67 2.86 3.15 3.42 4.03 4.53 5.18 5.71

500 0.67 1.03 1.27 1.71 2.12 2.33 2.33 2.44 2.60 2.86 3.04 3.22 3.53 3.79 4.41 4.89 5.53 6.03

1000 0.80 1.22 1.51 2.04 2.52 2.79 2.79 2.90 3.03 3.16 3.33 3.49 3.82 4.07 4.69 5.16 5.75 6.22

 Text version of table
* These precipitation frequency estimates are based on a partial duration series. ARI is the Average Recurrence Interval. 
Please refer to the documentation for more information. NOTE: Formatting forces estimates near zero to appear as zero.
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Confidence Limits -  

* The upper bound of the confidence interval at 90% confidence level is the value which 5% of the simulated quantile values for a given frequency are greater than.  
** These precipitation frequency estimates are based on a partial duration series. ARI is the Average Recurrence Interval. 
Please refer to the documentation for more information. NOTE: Formatting prevents estimates near zero to appear as zero. 

* Upper bound of the 90% confidence interval 
Precipitation Frequency Estimates (inches)

ARI** 

(years)

5 

min

10 

min

15 

min

30 

min

60 

min

120 

min

3 

hr

6 

hr

12 

hr

24 

hr

48 

hr

4 

day

7 

day

10 

day

20 

day

30 

day

45 

day

60 

day

1 0.12 0.18 0.22 0.29 0.36 0.43 0.48 0.61 0.75 0.87 0.98 1.09 1.22 1.37 1.70 2.01 2.40 2.76

2 0.15 0.23 0.28 0.38 0.47 0.55 0.60 0.76 0.93 1.08 1.22 1.35 1.51 1.70 2.10 2.48 2.96 3.41

5 0.21 0.32 0.39 0.53 0.66 0.73 0.80 0.97 1.16 1.34 1.50 1.66 1.83 2.07 2.55 2.98 3.54 4.03

10 0.26 0.40 0.50 0.67 0.83 0.91 0.97 1.15 1.36 1.56 1.73 1.91 2.10 2.36 2.90 3.35 3.96 4.48

25 0.35 0.54 0.66 0.89 1.10 1.20 1.25 1.43 1.65 1.87 2.06 2.24 2.47 2.75 3.34 3.83 4.48 5.03

50 0.43 0.66 0.82 1.10 1.36 1.46 1.50 1.66 1.90 2.12 2.32 2.50 2.75 3.05 3.68 4.18 4.85 5.40

100 0.53 0.81 1.00 1.35 1.67 1.80 1.83 1.94 2.19 2.39 2.59 2.78 3.05 3.36 4.01 4.51 5.19 5.74

200 0.65 0.99 1.23 1.66 2.05 2.20 2.21 2.29 2.50 2.68 2.88 3.06 3.36 3.67 4.33 4.83 5.51 6.04

500 0.84 1.28 1.59 2.14 2.65 2.88 2.91 2.93 3.09 3.12 3.28 3.45 3.77 4.08 4.76 5.24 5.87 6.38

1000 1.02 1.55 1.93 2.59 3.21 3.52 3.56 3.60 3.65 3.69 3.73 3.76 4.09 4.38 5.07 5.52 6.11 6.58

* Lower bound of the 90% confidence interval 
Precipitation Frequency Estimates (inches)

ARI** 
(years)

5 
min

10 
min

15 
min

30 
min

60 
min

120 
min

3 
hr

6 
hr

12 
hr

24 
hr

48 
hr

4 
day

7 
day

10 
day

20 
day

30 
day

45 
day

60 
day

1 0.08 0.13 0.16 0.21 0.26 0.32 0.36 0.47 0.60 0.74 0.83 0.94 1.05 1.18 1.46 1.75 2.09 2.43

2 0.11 0.16 0.20 0.27 0.34 0.40 0.45 0.59 0.75 0.92 1.03 1.16 1.30 1.46 1.81 2.16 2.59 3.00

5 0.15 0.23 0.28 0.38 0.46 0.54 0.59 0.75 0.93 1.14 1.28 1.43 1.59 1.79 2.20 2.60 3.10 3.56

10 0.18 0.28 0.35 0.47 0.58 0.66 0.72 0.88 1.08 1.33 1.48 1.64 1.83 2.04 2.50 2.92 3.47 3.96

25 0.24 0.37 0.45 0.61 0.76 0.84 0.90 1.07 1.29 1.59 1.75 1.93 2.15 2.38 2.89 3.35 3.94 4.46
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* The lower bound of the confidence interval at 90% confidence level is the value which 5% of the simulated quantile values for a given frequency are less than.  
** These precipitation frequency estimates are based on a partial duration maxima series. ARI is the Average Recurrence Interval. 

Please refer to the documentation for more information. NOTE: Formatting prevents estimates near zero to appear as zero.  

Maps -  

 

Other Maps/Photographs -  

View USGS digital orthophoto quadrangle (DOQ) covering this location from TerraServer; USGS Aerial Photograph may also be available 
from this site. A DOQ is a computer-generated image of an aerial photograph in which image displacement caused by terrain relief and camera tilts 
has been removed. It combines the image characteristics of a photograph with the geometric qualities of a map. Visit the USGS for more 
information. 

Watershed/Stream Flow Information -  

Find the Watershed for this location using the U.S. Environmental Protection Agency's site. 

Climate Data Sources -  

Precipitation frequency results are based on data from a variety of sources, but largely NCDC. The following links provide general information 

about observing sites in the area, regardless of if their data was used in this study. For detailed information about the stations used in this study, 

50 0.29 0.44 0.54 0.73 0.91 1.00 1.05 1.22 1.45 1.79 1.97 2.15 2.39 2.63 3.17 3.64 4.27 4.80

100 0.34 0.52 0.65 0.87 1.08 1.18 1.23 1.39 1.62 2.01 2.19 2.38 2.64 2.88 3.44 3.92 4.57 5.10

200 0.40 0.61 0.75 1.01 1.26 1.37 1.43 1.58 1.79 2.23 2.41 2.60 2.88 3.13 3.71 4.19 4.84 5.37

500 0.48 0.74 0.91 1.23 1.52 1.67 1.74 1.92 2.10 2.54 2.71 2.90 3.21 3.45 4.04 4.52 5.17 5.67

1000 0.56 0.84 1.05 1.41 1.75 1.93 2.00 2.21 2.38 2.78 2.95 3.13 3.45 3.69 4.28 4.74 5.37 5.85

 

These maps were produced using a direct map request from the 
U.S. Census Bureau Mapping and Cartographic Resources 
Tiger Map Server. 
 
Please read disclaimer for more information. 
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please refer to our documentation. 
 
Using the National Climatic Data Center's (NCDC) station search engine, locate other climate stations within: 

 ...OR...       of this location (40.315/-109.543). Digital ASCII data can be obtained directly from NCDC. 

Find Natural Resources Conservation Service (NRCS) SNOTEL (SNOwpack TELemetry) stations by visiting the 
Western Regional Climate Center's state-specific SNOTEL station maps.  

Hydrometeorological Design Studies Center 
DOC/NOAA/National Weather Service 

1325 East-West Highway 
Silver Spring, MD 20910 

(301) 713-1669  
Questions?: HDSC.Questions@noaa.gov 
 
Disclaimer 

+/-30 minutes +/-1 degree
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1.0 Introduction:  In early 2015, MCW Energy Group filed a Utah Ground Water Discharge 

Permit Application with the Utah Department of Environmental Quality - Division of Water 

Quality, for operating an oil sands processing facility in Maeser, Utah and an oil sands mining 

operation (Temple Mountain Mine) south of Vernal, Utah.  On May 6, 2015, members of the 

Division of Water Quality (DWQ) performed a site visit and inspection to both the oil sands 

processing facility and the Temple Mountain Mine site, which will be used to supply oil sands ore 

to the existing oil sands processing facility.  As a result of this site visit, the DWQ requested that 

a seep and spring inventory be performed at the Temple Mountain Mine site and that further water 

quality analyses be performed on the intermittent stream that is located to the east of the mine pit 

area. 

The following seep and spring inventory and stream water quality analyses is the result of 

this request and will be part of a Ground Water Discharge Permit application that will be submitted 

to the state of Utah for the Temple Mountain Mine site. 

2.0 Site Description:   

2.1 Location: The Temple Mountain Mine site is located within Township 5 South, Range 22 East, 

Section 31 approximately 7 miles south of Vernal, Utah (Fig. 1).  The site is located directly on 

Asphalt Ridge, just west of Route 45, approximately two miles north of the Green River.  The 

entrance to the mine site is on Route 45.  

2.2 Overall Site Description: The Temple Mountain Mine site is located in a semi-arid region 

that receives approximately 8.78 inches of precipitation annually (Table 1).  The overall landscape 

is consistent with this low amount of precipitation and is composed of sparsely vegetated rolling 

hills with both rock outcrops and deeply cut dry stream beds.     

2.3 Geology: Asphalt Ridge is an exposed hogback ridge, approximately 15 miles long, with a 

northwest-southeast orientation (Blackett, 1996).  The major bitumen bearing formations along the 

ridge are the Rim Rock Sandstone of the Cretaceous Mesaverde Group, the Eocene Uinta 

Formation and the Oligocene Duchesne River Formation (Fig. 2).  The Rim Rock Sandstone is a 

marine sandstone. The Uinta Formation is a fluvial formation and is composed of interbedded 

sandstones, mudstones and shale, with lenses of conglomerates. The Duchesne River Formation is 

also fluvial in origin and composed of interbedded sandstones, shales and conglomerates. The 



 

 
4 

 

conglomerates and sandstones are channel deposits whereas the shales are floodplain deposits.  An 

angular unconformity separates the Uinta and Duchesne River formations from the underlying 

Rim Rock Sandstone.  The oil that is found in the oil bearing formations is thought to have 

originated from the Green River Formation and migrated upward along the Tertiary-Cretaceous 

angular unconformity and into the reservoir rocks.  The Rim Rock Sandstone dips from 8 to 30 

degrees to the south-southwest, whereas the Duchesne River Formation dips 9 to 20 degrees to the 

south-southwest. Bitumen saturation within clastic beds of the Duchesne River and Uinta 

Formations varies both laterally and vertically due to lithology which affects both permeability 

and porosity.  The most permeable and therefore the most saturated lithologies tend to be medium 

to coarse grained sandstones.   

 

 

 
Figure 1.  The red box marks the location of the Temple Mountain Mine site on Asphalt Ridge.  
The surface geology is composed primarily of the Oligocene Duchesne River formation and recent 
alluvial material. 

Source:  Stantec, 2015. 
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Table 1: Average monthly precipitation (inches) for Vernal, Utah. 

Month Jan Feb Mar Apr May Jun 

Avg. precipitation: 0.43 0.51 0.67 0.87 1.06 0.67 

 Month Jul Aug Sep Oct Nov Dec 

Avg. precipitation: 0.63 0.75 0.91 1.26 0.55 0.47 

Average annual precipitation - rainfall: 8.78  

Source http://www.usclimatedata.com/climate/vernal/utah/united-states/usut0261   

 

 

Figure 2. Generalized Cross Section of Asphalt Ridge. 

Source:  (Blackett, 1996) 

 

http://www.usclimatedata.com/climate/vernal/utah/united-states/usut0261
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3 Inventory Methodology:   

3.1 Inventory Boundary: The boundary for the seep and spring survey covered the entire mine 

area of the Temple Mountain Mine site and was approximately the same as the boundary of the 

2008 Ecological Baseline Report compiled by the URS Corporation (Figs. 3 and 4) (URS 

Corporation, 2008). 

 

Figure 3. The boundary of the June 2015 Seep and Spring Survey.  The yellow pins indicate the 
location of pictures that were taking during the survey and the locations where the water samples 
were taken from the intermittent stream that runs through the Temple Mountain Mine site. 

Source:  Google Earth, 2012.  

3.2 Preliminary Recognizance: Prior to engaging in actual field work, previous 

hydrological/geological/environmental reports were read and both topographic maps and satellite 

imagery were examined to determine the locations of erosional features and concentrations of 

vegetation that may indicate the possible presence of seeps and springs within the boundary area.   

Recent precipitation records were also examined to determine if rainfall prior to the survey was 

within, or outside the normal range for this time of year.  Recent rainfall below, or above the 

monthly average may decrease or increase, respectively, the number of seeps or springs 

encountered during the survey. 
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Figure 4.  The intermittent stream (1) and ephemeral streams (2) and (3) (in blue) on the Temple 
Mountain Mine Site as identified in the 2008 Ecological Baseline Report compiled by the URS 
Corporation.  The ephemeral tributaries (1-A, 1-B, 1-C, 2-A, 3-A) were identified in the current 
seep and spring test (in red).    

Source: Modified from URS Corporation, 2008. 

 

3.3 Field Work: Dry stream beds and erosional features were traced by foot to determine is any 

springs or seeps were present, but not visible in satellite imagery.  Stands of vegetation were also 

examined to determine if the vegetation was hydrophytic and if there was a seep or spring 
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associated with the vegetation.  A hand held GPS and topographic map were brought into the field 

to mark the location of any seeps or springs that were discovered during the course of the field 

work.  A hand held water testing probe (Hach – Pocket Pro Tester) was used to determine the field 

pH, Conductivity, TDS, Salinity and Temperature of any water encountered during field work.  

American West Analytical Services (AWAL) supplied pretreated sample bottles, coolers and the 

Chain of Custody documentation for any water samples taken during the survey.  All water samples 

were stored at 4oc, or less prior to laboratory analysis.  A one gallon and five gallon bucket and a 

stop watch were also brought into the field to measure stream flow rate.  Pictures were taken of 

the stream beds and erosional features to record whether seeps and springs were present, or absent 

at these locations.  Field work was conducted from June, 23rd through June 25th, 2015. 

 

4 Inventory Results: 

4.1 Preliminary Recognizance:  An Ecological Baseline Report was submitted to the State of 

Utah as part of the TME Asphalt Ridge LLC NOI (application #M0470089) in 2008 (URS 

Corporation, 2008).  This report indicated that this site had one intermittent and two ephemeral 

streams on the property (Fig. 4). The intermittent steam is located just to the east of the open pit 

mining area and has a wet land associated with it that is filled with hydrophytic vegetation, 

primarily Reed Canary Grass (Phalaris arundinacea), Broadleaf Cattail (Typha latifolia), Salt 

Cedar (Tamarix ramosissima), and Russian Olive (Elaeagnus angustifolia).  This stream continues 

to and flows into the Green River.  The 2008 URS report noted that the stream did not have a 

flowing water connection with the Green River during the time that the field work for the report 

was done, which was in September of 2007.   

The source of the water for the intermittent stream is from an underground spring located 

north of the Temple Mountain Mine site (Figs.  4 and 5).  No springs were identified on the Temple 

Mountain Mine site that contributed to the flow of water in the intermittent stream. 
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Figure 5.  Satellite imagery of the headwaters of the intermittent stream that flows through the 
Temple Mountain Mine site.  The springs feeding the stream flow out of the earth just south of 
P24 and P25.  This area is to the north of the survey boundary. 

Source:  Google Earth, 2012.  

 

An ephemeral stream, identified as stream (2) in the 2008 Ecological Baseline Report, is 

located near the center of the Temple Mountain Mine site (URS Corporation, 2008) (Fig. 4).  URS 

Corporation (2008) defined this stream as having the following characteristics “Portions of the 

stream consist of a shallow, well established channel cut in the soil and rock while other sections 

of the stream tend to disperse and flow overland and not within a defined channel.  The broad 

overland flow typically begins just downgradient of an historically disturbed area or dirt road that 

has diverted the stream flow in the past. The channel is established again when the overland flow 

is concentrated and directed into a small valley.” 

URS Corporation (2008) observed and concluded the following about this ephemeral 

stream when they were performing their field work in September of 2007, “During fieldwork this 

channel was dry and most likely will only carry water during heavy rain events or during the spring 

melt and runoff.”  
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A second ephemeral stream, identified as stream (3) by URS Corporation (2008), is located 

on the west side of the site (Fig. 4).  The URS Corporation (2008) description of stream (3) was 

very similar to their description of stream (2).   “Some sections of this stream do not have a well-

defined channel, particularly the northern section. This portion of the stream is not well defined, 

however, as it flows to the south the channel becomes more apparent.  This stream was dry during 

the time of the site visit and most likely only carries water during heavy rain events or during the 

spring melt and runoff.”  

The intermittent stream (stream 1), identified by URS Corporation (2008), and the 

ephemeral stream in the middle of the property (stream 2) join together just south of the survey 

area and continue to the Green River.  The ephemeral stream on the west side of the property 

(stream 3) and the intermittent stream (stream 1) join together just before emptying into the Green 

River approximately two miles to the south of the mine site.  It should be noted that during the 

time that URS did its field work, September 2007, there was no flowing water contact between the 

intermittent stream and the Green River.  This is significant since URS Corporation (2008) noted 

that a significant amount of rain fell in this area the weekend before their fieldwork.  This may 

indicate that the intermittent stream turns into an ephemeral stream before reaching the Green 

River and that flowing water does not reach the Green River except under conditions of excessive 

rain. 

 Satellite imagery showed thick vegetation along the entire length of the intermittent stream 

to the east of the open pit mine and relatively closely spaced individual shrubs/small trees on the 

southwest corner of the survey boundary area (Fig. 3).  The remainder of the survey boundary area 

was largely devoid of significant vegetation.   

The only standing water seen in satellite imagery was to the east of the intermittent stream 

at 40o20’3.77” N 109o29’16.09 W (Fig. 6).  This standing water appeared, in satellite imagery, to 

be contained by a man made earthen dam. 

 Precipitation records for the three months prior to the survey indicated that rainfall during 

the months of April and June was approximately half the normal average for these months, whereas 

the rainfall during the month of May was approximately three times the monthly average (Tables 

1 and 2).  Given the fact that meteoric water percolating into the ground surface at higher elevations 

may form seeps and springs at lower elevations, the total rainfall during these three months may 
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be more important than individual monthly rainfall amounts due to the time (lag time) it takes for 

water to flow through the ground.   The higher total rainfall for these three months combined (4.14 

inches in 2015 versus 2.60 inches for a normal year) would increase the likelihood of detecting a 

seep or spring during the survey, if one existed on the Temple Mountain Mine site.   

 

Figure 6.  Satellite imagery of standing water east of the intermittent stream that flows through the 
Temple Mountain Mine site.  The water appears to be contained by a man made dam that blocks 
the downstream flow of water from the north and northeast to the southwest.  The mine access 
road is to the right. 

Source:  Google Earth, 2012.  

 

Table 2: Monthly precipitation for Vernal, Utah, 2015. 

Month Apr May Jun 

  

Precipitation (inches): 0.41 3.37 0.36    

Source:  http://weather-
warehouse.com/WeatherHistory/PastWeatherData_VernalArpt_Vernal_UT_April.html 

http://weather-warehouse.com/WeatherHistory/PastWeatherData_VernalArpt_Vernal_UT_April.html
http://weather-warehouse.com/WeatherHistory/PastWeatherData_VernalArpt_Vernal_UT_April.html
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Stantec (2015) reported that only four of seventeen test wells that were drilled on the 

Temple Mountain Mine site recorded any water.  Of these four wells only one, well CF-1 in the 

south western portion of the lease area, recorded any water close to the surface.  Well CF-1 

recorded a water saturated zone between 58.1 and 60.7 feet.  The lack of groundwater close to the 

surface in these seventeen well logs strongly suggests that there is a low probability that there will 

be seeps, or springs on the Temple Mountain Mine site. 

4.2 Field Work:  No seeps or springs were identified within the survey boundary of the Temple 

Mountain Mine site (Fig. 3).   

The intermittent stream that runs to the east of the open pit mine is fed by at least four 

individual springs to the north of the survey boundary (Fig. 5).  Two tributaries come together to 

form a west branch of the intermittent stream and two tributaries come together to form an east 

branch of the stream.  The west branch and the east branch come together to form the intermittent 

stream north of the survey boundary.  Thick hydrophytic vegetation, especially near the northern 

portion of the boundary, may hide additional springs (Photograph P18, Appendix A).  

The only hydrophytic vegetation encountered during the inventory was the hydrophytic 

vegetation associated with the intermittent stream, primarily Reed Canary Grass (Phalaris 

arundinacea), Broadleaf Cattail (Typha latifolia), Salt Cedar (Tamarix ramosissima), and Russian 

Olive (Elaeagnus angustifolia) and the hydrophytic vegetation associated with the standing water 

in the ephemeral tributary (1-B) that flows into the intermittent stream, primarily Reed Canary 

Grass (Phalaris arundinacea) and Broadleaf cattail (Typha latifolia) (Fig 4, Photographs P26a and 

b - Appendix A).   

The standing water identified in satellite imagery was a pond that formed due to the 

construction of an earthen dam over a section of the ephemeral tributary (1-B) that flows into the 

intermittent stream on the eastern portion of the Temple Mountain Mine site (Figs. 4 and 6 and 

Photographs P26a and b - Appendix A).  The water was several feet below its high water mark and 

a delta, that formed where the ephemeral stream entered the pond, was subaerially exposed.  The 

low current water level, the exposure of a normally subaqueous delta and the lack of any springs 

feeding the pond indicates that this pond was filled by meteoric water from the ephemeral stream 

and not spring water.  
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The intermittent steam on the property is in direct contact with and cuts through the oil 

sands bedrock for a considerable distance just east of the open pit mining area (photographs P6 

and P16a – Appendix A).  The surface exposure of the oil sands bedrock on the Temple Mountain 

Mine site prevents the water from infiltrating into the ground.  The steep dip (approximately 9o - 

20o SSW) of the oil sands, relative to the southerly dip of the ground surface, causes them to dip 

below the ground surface south of the Temple Mountain Mine site which allows for the infiltration 

of the stream water into the ground.  This causes the connection between the stream and the Green 

River to be lost, except under conditions of prolonged and excessive rain or snow melt.  During 

this survey, the intermittent stream bed was dry starting approximately half way to the Green River 

and all the way to the Green River (Fig. 7 and photographs P22 and P23 – Appendix A). 

In addition to the intermittent and ephemeral streams identified by the URS Corporation 

(2008), this survey identified several additional ephemeral streams that are tributaries to the three 

streams identified by URS (Fig. 4).  The intermittent stream has three ephemeral tributaries 

associated with it that had no flowing water at the time the survey was conducted, from June 23rd 

to June 25th.  The ephemeral tributary stream channels had no springs or seeps associated with 

them indicating that they were formed due to snow runoff and rainfall.   The tributary identified 

as 1 – B was dammed and had the standing water identified in satellite imagery and was discussed 

above.   

5 Intermittent Stream Analysis 
5.1 Water Quality:  Field measurements of various water quality parameters (pH, 

Conductivity, TDS, Salinity and Temperature) were taken from both upstream and downstream 

locations on June 23rd (Fig. 3 and Tables 3 and 4).   

Stantec (2015) reported that levels of cadmium in the stream water exceeded the numerical 

standard (Table 5).  In addition to high levels of cadmium, high levels of calcium and sulfate were 

detected as well as high conductivity and low pH.   

Additional water samples were taken for laboratory analysis from both the upstream and 

downstream locations where the field measurements were taken on the evening of June 25th and 

delivered to American West Analytical Laboratory the morning of June 26th (Fig. 3). 
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Table 3. Field measurements of various water quality parameters from the upstream reach 
of the intermittent stream in the survey area. 
Parameter Value Temperature Numeric Standard 

pH 3.30 25.1oc 6.5 – 9.0(1) 

Salinity 820 mg/L 24.9oc  

Conductivity 1660 uS/cm 24.6oc  

TDS 1170 mg/L 24.8oc 1200 mg/L(2) 

500 mg/L(3) 

(1) – R317-6-2, Utah Administrative Code – Groundwater Quality Standards 
(2) – R317-2-14, Utah Administrative Code – Numerical Criteria 
(3) – US EPA National Secondary Drinking Water Regulations 
 
 
Table 4. Field measurements of various water quality parameters from the downstream 
reach of the intermittent stream in the survey area. 
Parameter Value Temperature Numeric Standard 

pH 3.41 25.9oc 6.5 – 9.0(1) 

Salinity 790 mg/L 26.6oc  

Conductivity 1560 uS/cm 26.4oc  

TDS 1110 mg/L 26.5oc 1200 mg/L(2) 

500 mg/L(3) 

(1) – R317-6-2, Utah Administrative Code – Groundwater Quality Standards 
(2) – R317-2-14, Utah Administrative Code – Numerical Criteria 
(3) – US EPA National Secondary Drinking Water Regulations 
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Table 5.  Selected compounds from an upstream water analysis from the intermittent stream 
in the survey area. 
Compound Upstream Sample 

 
Numeric Standard 

Cadmium 0.014 mg/L 0.010 mg/L(1) 

0.005 mg/L(2) 

Calcium 180 mg/L  
Magnesium 66 mg/L  
Sodium 21 mg/L  
Sulfate 1,100 mg/L 250 mg/L(3) 
Conductivity 1500 umhos/cm  
pH@25oc 3.13 6.5 – 9.0(1) 

(1) – R317-6-2, Utah Administrative Code – Groundwater Quality Standards 
(2) – US EPA National Primary Drinking Water Regulations 
(3) – US EPA National Secondary Drinking Water Regulations 

Source: Stantec, 2015 
   

The intermittent stream water has very low levels of hydrocarbons and organic material 

associated with hydrocarbons despite being in direct contact with the oil sands (Table 6 and 

Appendix B and C).  The analytical testing showed virtually no difference in the levels of 

hydrocarbons and organic material associated with hydrocarbons in the water from the sample 

taken upstream versus the sample taken downstream. 

The low pH of the intermittent stream water, combined with the high levels of iron is most 

likely the result of the weathering of pyrite (FeS2) and the resultant acid mine drainage (AMD).  

There are several basic chemical reactions for the weathering of pyrite, all of which lead to low 

pH and elevated levels of sulfate and iron in the water (Lehigh University, 2015; Thorsten, 2013). 

The overall reaction is … 

4 FeS2 + 15 O2 + 14 H2O => 4 Fe(OH)3 + 8 H2SO4 

The reaction for the oxidation of pyrite by oxygen is… 

2 FeS2 + 7 O2 + 2 H2O => 2 Fe2+ + 4 SO4
2- + 4 H+  

The reaction for the oxidation of pyrite by ferric iron is… 

FeS2 + 14 Fe3+ + 8 H2O => 15 Fe2+ + 2 SO4
2- + 16 H+   
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Table 6.  Analytical results from both upstream and downstream water samples from the 
intermittent stream running through the Temple Mountain Mine site. 
Compound 
 

Upstream Sample Downstream 
Sample 

Numeric Standard 

Calcium 175 mg/L 212 mg/L  
Magnesium 57.1 mg/L 64.2 mg/L  
Iron 7.21 mg/L 2.36 mg/L 0.3 mg/L(3) 
Potassium 5.56 mg/L 15.7 mg/L  
Sodium 18.3 mg/L 29.8 mg/L  
Chloride 7.05 mg/L 7.02 mg/L  
Oil & Grease < 6.40 mg/L < 6.37 mg/L  
pH @ 25° C 3.04 pH units 3.52 pH units 6.5 – 9.0(1) 
Sulfate 893 mg/L 960 mg/L 250 mg/L(3) 
Total Dissolved 
Solids 

1,220 mg/L 1,410 mg/L 1200 mg/L(2) 

500 mg/L(3) 
Total Organic Carbon 6.75 mg/L 6.67 mg/L  
Benzene < 2.00 μg/L < 2.00 μg/L  
C5&C6 Aliphatic 
hydrocarbons 

< 20.0 μg/L < 20.0 μg/L  

C7&C8 Aliphatic 
hydrocarbons 

< 20.0 μg/L < 20.0 μg/L  

C9&C10 Aliphatic 
hydrocarbons 

< 20.0 μg/L < 20.0 μg/L  

C9&C10 Alkyl 
Benzenes 

< 20.0 μg/L < 20.0 μg/L  

Ethylbenzene < 2.00 μg/L < 2.00 μg/L  
Naphthalene < 2.00 μg/L < 2.00 μg/L  
Toluene < 2.00 μg/L < 2.00 μg/L  
TPH C6-C10 (GRO) < 20.0 μg/L < 20.0 μg/L  
Xylenes, Total < 2.00 μg/L < 2.00 μg/L  
Diesel Range 
Organics (DRO) 
(C10-C28) 

< 0.625 mg/L < 0.556 mg/L  

(1) – R317-6-2, Utah Administrative Code – Groundwater Quality Standards 
(2) – R317-2-14, Utah Administrative Code – Numerical Criteria 
(3) – US EPA National Secondary Drinking Water Regulations 
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Fig. 7.  Satellite imagery of the intermittent stream south of the Temple Mountain Mine site. P22 
is approximately half way between the lease and the Green River.  P23 is just before the Green 
River.  There was no flowing water between P22 and P23 at the time of the survey. 

Source:  Google Earth 2012. 

    

A particularly strong qualitative indicator of AMD is the yellowish brown precipitation of 

ferric hydroxide or yellowboy (Fe(OH)3) on rocks and vegetation in streams with AMD.  Several 

sections of the stream had such a yellowish brown precipitate (photographs P6b, P24a and P25 – 

Appendix A).   

The precipitation of ferric hydroxide is pH dependent water (Lehigh University, 2015; 

Thorsten, 2013).  Ferric hydroxide precipitates out of the water if the pH is ~3.5 and above.  Below 

pH ~3.5, little or no ferric hydroxide will precipitate.  The pH of the stream water increased from 

3.04 upstream to 3.5 downstream (Table 6).  Iron content also decreased from upstream to 

downstream, strongly suggesting that ferric hydroxide is precipitating out of the stream water as it 

flows downstream where the pH of the water rises.  The rise in pH is due to the increased amount 

of alkaline compounds that the stream water absorbs from the surface sediments as it moves 

downstream.      

The stream originates from springs just north of the mine site.  This area of Utah has an 

annual rainfall of about 8 inches with monthly precipitation rarely exceeding an inch (Table 1).  
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This is a small stream with flowrates of approximately 67 gallons/minute and increases in stream 

water pH, due to the dilutive effects of precipitation and the addition of increased amounts of 

alkaline compounds from overland flow, are very likely during periods of rain or snow melt.  If 

the increase in pH is significantly above 3.5, higher quantities of ferric hydroxide will precipitate 

out of the stream water during periods of rain or snow melt.  

 Several significant areas of pyrite weathering were seen in the Duchesne River Formation 

just above the headwaters of the intermittent stream where the springs are located (photograph 

P24b and P24c – Appendix A).  Similar lenses of pyrite rich sediments beneath the surface may 

be responsible for the high concentrations of sulfate and iron in the stream water and the low pH 

of the stream water. 

 The elevated levels of cadmium in the water may be due to the presence of phosphate 

bearing rocks in northeastern Utah (Hyatt and Budd, 2003).  Cadmium is present in elevated levels 

in phosphate rocks and is often found in phosphate fertilizers.  Hyatt and Budd (2003) reported 

that samples of the Permian Phosphoria Rock Complex taken from the Vernal – Bush Creek 

section had cadmium levels that ranged from 1 to 4 ppm and averaged 2.6 ppm (from 49 samples).  

This may be the source of the cadmium in the stream water. 

5.2 Stream Flow Rate: A small water fall allowed the stream flow to be measured using the bucket 

method (Fig. 3 and photograph P15 – Appendix A).  The stream flow was measured at 67.11 

gallons per minute (average of 6 measurements).   

Summary and Conclusions: Multiple factors contribute to the absence of any seeps or springs on 

the Temple Mountain Mine sight.  This is an arid area with approximately 8 inches of rain per year.  

This low amount of rainfall and the high evaporation rates doesn’t allow for a significant buildup 

of groundwater which would lead to the formation of seeps and springs.  Adding to the low 

amounts of groundwater are the surface exposures of oil sands, which act as very effective barriers 

to the downward infiltration of water, as evidenced by the presence of the intermittent stream along 

the east side of the mine site, but its disappearance south of the mine site due to the relatively steep 

dip of the oil sands to the south, versus the dip of the topography of the land.  Further evidence of 

insufficient groundwater to form seeps and seeps and springs is the low number of wells in the 

boundary area with any groundwater close to the surface.   Higher than average total rainfall during 

three months prior to the survey failed to produce any seeps or springs, adding to the conclusion 
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that this area does not have any perennial seeps and springs and is not prone to having seasonal 

seeps or springs.  The only springs and seeps are to the north of the property, which is the source 

of the water for the intermittent stream that runs through the survey area.   

 The AMD from Asphalt Ridge is not as severe as the AMD that is produced from 

abandoned mines and tailings piles, especially the coal mines in the Appalachian Mountain region.  

It should be remembered though, that the AMD from abandoned mines and tailings and overburden 

piles is worse due to the fact that the water is passing through material that has been mined and 

crushed, dramatically increasing the surface area for the chemical reactions that breakdown the 

sulfate minerals that cause AMD.  The AMD from Asphalt Ridge, although not as severe as that 

found in other locations, still deteriorates the stream water quality, so that it does not pass the 

EPA’s National Secondary Drinking Water Regulations.  The National Secondary Drinking Water 

Regulations are non-enforceable guidelines regulating contaminants that may cause negative 

cosmetic effects (skin or tooth discoloration) to the water user or produce unpleasant aesthetics in 

drinking water, such as an unpleasant taste, odor, or color.     

Cadmium concentrations in drinking water are regulated by the EPA’s National Primary 

Drinking Water Regulations. National Primary Drinking Water Regulations are legally 

enforceable standards that apply to public water systems.  Cadmium concentrations in groundwater 

are regulated by the Utah Administrative Code.   Cadmium is regulated due to the fact that 

ingesting excessive levels can cause kidney damage.  The cadmium in the intermittent steam is 

three times higher than the Maximum Contaminant Level (MCL) set by the EPA for drinking water 

and just above the level set for groundwater by the State of Utah.  Considering the fact that the 

cadmium in the stream water is most likely sourced from the phosphate rock in the area, it will 

undoubtedly always be found in the intermittent steam water.  Whether this level continues to stay 

above the EPA’s and Utah’s maximum levels can only be determined with continued testing.    Due 

to the fact that the cadmium levels in the intermittent stream are not associated with oil sands, 

mining activity at the Temple Mountain Mine site will have no effect on these levels 

  The absence of seeps and springs on the Temple Mountain Mine site means that future 

mining activity will have no effect on the quantity or quality of the water emanating from seeps 

and springs in this area. 
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Appendix A 

Photographs of the Temple Mountain Mine Site  

 

Photograph P1.  Intermittent stream near the southern boundary of the survey area.  355o 

orientation.  The hydrophytic vegetation is primarily Reed canary grass (Phalaris arundinacea), 

Broadleaf cattail (Typha latifolia), Salt Cedar (Tamarix ramosissima), and Russian Olive 

(Elaeagnus angustifolia).   Elevation – 4989 feet.  See figure 3 for location of picture.   
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Photograph P2a.  Ephemeral tributary stream 2 - A near the southern boundary of the survey area.  

160o orientation.  This ephemeral stream is a tributary of ephemeral stream 2 (identified by the 

URS Corporation (2008) in figure 4).  Elevation 4991 feet.  See figure 3 for location of picture.   
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Photograph P2b.  Ephemeral tributary stream 2 - A near the southern boundary of the survey area.  

355o orientation.  This ephemeral stream is a tributary of ephemeral stream 2 (identified by the 

URS Corporation (2008) in figure 4).  Elevation 4991 feet.  See figure 3 for location of picture. 
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Photograph P3a.  Ephemeral stream 2 (identified by the URS Corporation (2008) in figure 4) near 

the southern boundary of the survey area.  147o orientation.  No seeps or springs were seen beneath 

the prominent ledges along the stream bank.   Elevation 4980 feet.  See figure 3 for location of 

picture.   
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Photograph P3b.  Ephemeral stream 2 (identified by the URS Corporation (2008) in figure 4) near 

the southern boundary of the survey area.  312o orientation.   No seeps or springs were seen along 

the steep erosion cuts of the stream bank.   Elevation 4984 feet.  See figure 3 for location of picture.   
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Photograph P4.  Ephemeral stream 2 (identified by the URS Corporation (2008) in figure 4) near 

the southern boundary of the survey area.  350o orientation.  No seeps or springs were seen along 

this reach of stream.  The pile to the right is a waste pile of mining overburden.   Elevation 4998 

feet.  See figure 3 for location of picture.   
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Photograph P5.  Ephemeral stream 2 (identified by the URS Corporation (2008) in figure 4) near 

the lower middle section of the survey area.  350o orientation.  No seeps or springs were seen along 

this reach of stream.  The waste pile of mining overburden is to the immediate right of this picture 

location.   Elevation 5006 feet.  See figure 3 for location of picture.   
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Photograph P6a.  Intermittent stream 1 (identified by the URS Corporation (2008) in figure 4) near 

the middle section of the survey area.  170o orientation.  The stream cuts directly into oil sands 

bedrock.  No springs or seeps were seen next to, or feeding the stream bed.  The vegetation was 

very close to the stream along this reach, strongly suggesting that the stream was the only source 

of water at this location. Elevation 5042 feet.   See figure 3 for location of picture.   
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Photograph P6b.  Intermittent stream 1 (identified by the URS Corporation (2008) in figure 4) near 

the middle section of the survey area.  The rocks and vegetation were colored yellowish brown at 

this location suggesting that iron oxide or ferric hydroxide was the cause of this coloration. 

Elevation 5042 feet.  See figure 3 for location of picture.   
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Photograph P7.  Ephemeral stream 2 (identified by the URS Corporation (2008) in figure 4) near 

the middle section of the survey area.  180o orientation.  No seeps or springs were seen along this 

reach of stream.  The steam along this reach had a less defined channel and had more of an overland 

flow character.   Elevation 5035 feet.  See figure 3 for location of picture. 
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Photograph P8.  Ephemeral stream 2 (identified by the URS Corporation (2008) in figure 4) near 

the upper middle section of the survey area.  336o orientation.  This picture shows where two cut 

banks are in the process of forming a dry oxbow lake.   Elevation 5050 feet.  See figure 3 for 

location of picture. 
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Photograph P9.  Ephemeral stream 2 (identified by the URS Corporation (2008) in figure 4) near 

the upper section of the survey area.  316o orientation.  No seeps or springs were seen along the 

steep uphill slopes to the east of this stream and the steep erosional cut was completely dry.  Steep 

sided erosional features are characteristics of desert environments where short and intense rain 

events lead to rapid erosion with little erosion occurring at other times due to low amounts of 

rainfall and/or water flow from natural springs.   Elevation 5085 feet.  See figure 3 for location of 

picture. 
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Photograph P10a.  Ephemeral stream 3 (identified by the URS Corporation (2008) in figure 4) near 

the western most border of the survey area.  276o orientation.  No seeps or springs were visible 

along the base of the steep slope to the right of the photograph.  Elevation 5050 feet.  See figure 3 

for location of picture. 
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Photograph P10b.  Ephemeral stream 3 (identified by the URS Corporation (2008) in figure 4) 

near the western most border of the survey area.  130o orientation.  No seeps or springs were visible 

beneath the ledges along this reach of the ephemeral stream.  Elevation 4980 feet.  See figure 3 for 

location of picture. 
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Photograph P11.  Ephemeral stream 3 (identified by the URS Corporation (2008) in figure 4) near 

the western most border of the survey area.  130o orientation.  No seeps or springs were visible 

beneath the ledges along this reach of the ephemeral stream.  Elevation 5027 feet.  See figure 3 for 

location of picture. 
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Photograph P12.  Ephemeral stream 3 (identified by the URS Corporation (2008) in figure 4) near 

the southwestern most border of the survey area.  33o orientation.  No seeps or springs were visible 

uphill of the location from where this photo was taken.  Elevation 4969 feet.  See figure 3 for 

location of picture. 
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Photograph P13.  Ephemeral stream 3 (identified by the URS Corporation (2008) in figure 4) near 

the southwestern most border of the survey area.  145o orientation.  No seeps or springs were 

visible at the base of the steep slope to the left in this picture.  This picture was taken just 

downstream of where ephemeral tributary 3 – A intersects ephemeral stream 3.  Elevation 4960 

feet.  See figure 3 for location of picture. 
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Photograph P14.  Ephemeral tributary stream 1-B where it intersects intermittent stream 1 

(identified by the URS Corporation (2008) in figure 4) near the eastern border of the survey area.  

33o orientation.  No seeps or springs were visible beneath the ledges seen along this tributary.  

Elevation 5014 feet.  See figure 3 for location of picture. 
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Photograph P15.  Intermittent stream 1 (identified by the URS Corporation (2008) in figure 4) near 

the eastern border of the survey area.  Stream flow was measured using the bucket method at this 

location.  Elevation 5020 feet.  See figure 3 for location of picture. 
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Photograph P16a.  Intermittent stream 1 (identified by the URS Corporation (2008) in figure 4) 

near the eastern border of the survey area.  95o orientation.  The stream cuts into and is directly on 

top of oil sands bedrock at this location.  Elevation 5079 feet.  See figure 3 for location of picture. 
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Photograph P16b.  Intermittent stream 1 (identified by the URS Corporation (2008) in figure 4) 

near the eastern border of the survey area.  The rust coloring is iron hydroxide from the weathering 

of pyrite nodules in the oil sands bedrock at this location. The overall equation of this reaction is… 

FeS2 (solid)  +  15O2  +  14H2O  >  16H+ (aqueous)  +  8SO4
2- (aqueous)  +  4Fe(OH)3 (s) 

(Thorsten, 2013). 

Elevation 5079 feet.  See figure 3 for location of picture. 
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Photograph P18.  Ephemeral stream 1 (identified by the URS Corporation (2008) in figure 4) near 

the northern border of the survey area.  33o orientation.  Thick vegetation prevented the 

identification of any seeps or springs in this area.  The continuation of the vegetation up two 

separate tributaries strongly suggests that the majority of the stream water originated upstream of 

this location. Elevation 5120 feet.   See figure 3 for location of picture. 
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Photograph P19.  Ephemeral tributary stream 1-C at the intersection of intermittent stream 1 

(identified by the URS Corporation (2008) in figure 4) near the northern border of the survey area.  

240o orientation.  No seeps or springs were seen along the steep sided slopes of this ephemeral 

tributary stream.  Elevation 5137 feet.   See figure 3 for location of picture. 
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Photo P21.  Side wall of the open pit mine showing exposed oil sands ore.  No seeps or springs 

were evident on the sidewalls or floor of the mine despite being approximately 500 feet from the 

intermittent stream and at a lower elevation (approximately 5000 feet as opposed to the 5080 feet 

elevation of the stream).   
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Photo P22.  The intermittent stream bed is dry approximately halfway between the Temple 

Mountain Mine site and the Green River.  The stream runs dry due to the fact that the steeply 

dipping oil sands beds dip below the water which allows the stream water to infiltrate the soil. 
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Photo P23.  The intermittent stream bed is dry where it meets the Green River.  350o orientation 
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Photograph P24a. Western headwaters of intermittent stream 1 (identified by the URS Corporation 

(2008) in figure 4) north of the border of the survey area.  225o orientation.  The springs appeared 

to flow from the base of the steep sided slopes surrounding the stream. A red to yellowish red 

staining was clearly evident around the perimeter of the head of the stream which may be the result 

of ferric hydroxide precipitation from the weathering of pyrite within the Duchesne River 

Formation.  Elevation 5225 feet.   See figure 5 for location of picture. 
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Photograph 24b.  Heavily weathered pyrite containing sediments of the Duchesne River Formation 

just above the headwaters in Photograph 24a.  A similar lens of pyrite rich sediments beneath the 

surface may be responsible for the high concentrations of sulfate and iron in the water and the low 

pH of the water. 
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Photograph 24c.  Heavily weathered pyrite containing sediments of the Duchesne River Formation 

just above the headwaters in Photograph 24a.   
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Photograph P25. Eastern headwaters of intermittent stream 1 (identified by the URS Corporation 

(2008) in figure 4) north of the border of the survey area.  225o orientation.  The single spring 

appeared to flow from the base of the steep sided slope surrounding the stream. A black to dark 

reddish brown staining was clearly evident along the upper reach of this stream which may be the 

result of ferric hydroxide precipitation.  Significantly, there is no vegetation growing along the 

upper reach of this stream which strongly suggests that the water chemistry is prohibiting the 

growth of vegetation.  It also suggests that there is a second spring supplying additional water to 

this stream, just below this reach, that allows vegetation to grow. Elevation 5240 feet. See figure 

5 for location of picture. 
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Photograph P26a and b.  Standing water in ephemeral tributary stream 1-B (see figures 3, 4 and 

6).  Standing water was due to a manmade earthen dam.  Hydrophytic vegetation (cattails and reed 

canary grass) present.  The high-water mark around the perimeter of the pond and the subaerially 

exposed delta indicate that the water level is down approximately 2 feet.  Below average rainfall 

during June resulted in the lowering of the water level due to evaporation exceeding precipitation.   
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Introduction:  As a non-convention hydrocarbon resource, oil sands hold billions of barrels of oil 

all over the world.  The world’s largest oil sands deposits are found in western Canada, where over 

170 billion barrels of bitumen are found close to the surface.  The oil sands of western Canada are 

being developed using hot water (Clark hot water extraction) and steam (Steam Assisted Gravity 

Drainage - SAGD).  Both of these technologies consume tremendous amounts of water and energy 

(natural gas for heating water and producing steam), emit excessive amounts of greenhouse gases 

and, in the case of hot water extraction, produce huge tailings ponds that are polluted with the oil 

that is not fully extracted from the sands. In addition to multiple environmental issues, the 

shortcomings and inefficiencies of these technologies result in exceptionally poor economics on a 

per barrel production basis. 

MCW Energy Group recognized the inherent shortcomings of the hot water and steam 

based oil extraction technologies and developed a new technology to overcome these shortcomings 

that uses solvents, instead of water, to recover the oil from the oil sands.  

1.1 MCW Energy Group Technology Overview:  MCW Energy Group’s (MCW) proprietary 

technology uses a chemical solvent, instead of water, to extract the oil from oil sands.  MCW’s 

solvent is composed of multiple individual components (multiple light hydrocarbons and alcohols) 

which, when combined, are capable of dissolving and recovering over 99% of the bitumen, heavy 

oil and other lighter hydrocarbons that are found in oil sands.  This solvent contains no chlorinated 

compounds, or dense non aqueous phase liquids (DNAPL).  MCW’s technology is able to extract 

the oil at much lower operating temperatures (50oc to 60oc) than either the Clark hot water 

extraction, or SAGD processes.  The components of MCW Energy Group’s unique solvent form 

an azeotropic mixture that boils at a relatively low temperature (70oc – 75oc).  This guarantees a 

high level of energy efficiency during the oil extraction process.  MCW’s proprietary design also 

includes exceptionally efficient heat exchange systems and distillation/rectification systems.   This 

energy efficiency makes MCW’s extraction facilities extremely economical to operate.  By 

comparison, the Clark hot water extraction and SAGD technologies are far less energy efficient 

and ultimately far less economical to operate than MCW’s oil extraction facilities.   

MCW’s oil extraction process takes place in a completely closed loop system that 

continuously recirculates the solvent after it has separated the bitumen and heavy oils from the oil 

sands.  As mentioned above, the closed loop system is capable of recovering over 99% of the 
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bitumen and oil from the oil sands making this technology very environmentally friendly.  Unlike 

the tailings pond sands produced by the Clark hot water extraction technology, the processed sands 

from MCW’s technology are virtually solvent and hydrocarbon free, which enables it to be either 

used in mine remediation operations, or sold for use as a construction aggregate.  Independent 

laboratory analysis of the synthetic leachate produced from the MCW processed sands show 

extremely low levels of hydrocarbons (Appendix A).  

1.2 How MCW’s Technology Works. During the first stage of the oil extraction process, crushed 

oil sands ore is premixed with MCW’s solvent in a special mixing vessel located at the top of the 

facility tower (Fig. 1).  The resultant slurry then passes vertically downward through a pug mill 

that further crushes any clumps of oil sands ore allowing greater contact area between the solvent 

and the oil sands which helps make the recovery operation more efficient.  The slurry is then fed 

into the primary oil recovery vessel located at the base of the facility tower, where more solvent is 

added to the slurry and the majority of the oil is recovered from the oil sands.  The slurry is then 

pumped into MCW’s patented, pseudo-boiling layer fluidized bed extraction column (Fig. 2). The 

patented design of the extraction column is a key reason for the exceptionally high rate of oil 

extraction, over 99%.  The solids (mainly clean sand and clay) settle to the bottom of the extraction 

column while the solvent/oil mixture leaves the top of the extraction column and is deposited into 

a surge tank.   

 The solvent/oil mixture is then pumped from the surge tank to the distillation column (Fig. 

2).  As mentioned above, the solvent/oil mixture is heated under relatively low heat conditions and 

the light hydrocarbon and alcohol solvent is separated from the oil by distillation.  The distillation 

process is designed to allow some of the lighter hydrocarbons in the solvent to remain in the 

solvent/oil mixture in order to give the customer an oil with the specific API to meet their needs.  

This can range from light API oil (>31.1o) medium API oil (22.3o – 31.1o), to heavy API oil 

(<22.3o), depending upon the needs of the end user (purchaser).  After separating the solvents from 

the oil, the oil is pumped into the onsite storage tanks and/or delivery trucks and shipped to the 

customer.  All the solvent vapors produced by the distillation process are collected and then 

condensed in a chiller and returned to the closed-loop system where they are used to recover more 

oil from incoming oil sands ore (Fig. 1).  
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During the final stage of the operation, the clean sand is transferred from the extraction 

column into the drying vessel to begin the drying process (Fig. 3).  The sand is heated by steam 

lines within the drying vessel in order to vaporize any remaining solvent in the sand.  The vaporized 

solvent is recovered from the drying vessel, condensed in the chiller and recycled in the closed 

loop system.  Over 99% of the solvent is recovered and recycled from the processed sand.  The 

clean, dry sand can then be sold as a construction aggregate or used in mine remediation.    

 
Figure 1.  Conveyor belt loading oil sands ore into the premixing vessel at the top of MCW’s oil 
sands extraction facility in Maeser, Utah, USA.  The gray, horizontal structure immediately below 
the conveyor belt is the chiller used to condense all the vaporized solvent that is collected from the 
sand drying vessel.  The condensed solvent is recycled through the closed loop system and reused. 
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Figure 2.  MCW patented, pseudo-boiling fluidized bed extraction column in the foreground.  The 
extraction column increases oil recovery to over 99%.  The distillation column used for separating 
the solvent from the oil is in the background.  All vaporized solvent is collected, condensed (see 
chiller in figure 1) and recycled in the closed loop system. 

 

It is important to note that MCW has tested its technology on oil sands from different 

locations around the world that have very different hydrocarbon chemical compositions.  MCW 

has found that the efficiency and consistency of their technology is not affected by differences in 

the chemical composition of the oil/bitumen in the oil sands.  An example of the technology’s 

efficiency and consistency, despite dramatic differences in oil/bitumen chemistry, are the results 

of extensive testing on oil sands samples sourced from both Utah and China (Table 1, Appendix 

B and C).  In both cases, MCW’s recovery efficiency exceeded 99%. 
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Figure 3.  MCW oil sands drying vessel in Maeser, Utah.  The post processed sands are heated 
with steam to vaporize any remaining solvent in the sand.  All vaporized solvent is collected, 
condensed and returned to the closed loop system to start the process over again.  This process 
recovers over 99% of the solvent for reuse. 

   

1.3 Energy Returned Over Energy Invested:  By using solvents instead of hot water or steam, 

MCW’s technology immediately realizes a dramatic reduction in the energy required to produce a 

barrel of oil from oil sands.  MCW’s process also employs multiple energy saving technologies to 

reduce energy requirements even further.  A third party consultant, Chapman Petroleum 

Engineering, performed an extensive energy analysis of MCW’s technology and determined that 

the combined effect of all the energy saving features of MCW’s technology is a 45:1 EROEI 

(energy returned over energy invested) ratio (Chapman, 2011 – Appendix D).  To be conservative, 

Chapman reduced this ratio to 22:1 to account for any unforeseen energy losses.  A 22:1 EROEI 

compares very favorably to EROEI values of 4:1 for SAGD and 6:1 for Clark hot water extraction. 
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Table 1. Chemical comparison between oil sands samples sourced from Utah, USA and China 

Location Saturated Hydrocarbons Aromatic Hydrocarbons 

Utah (Asphalt Ridge)1 29.3% 28.4% 

China2 61.06% 5.34% 

China3 78.87% 4.43% 

1 - Oblad, et al. (1975)   
2 - Zhi-Nong Gao, Li-Bo Zeng and Fei Niu (2005) - 5 sample average 
3 - MCW testing (Appendix B) - 3 sample average 
 

2.0 MCW Extraction Costs:  Based upon conservative and reasonable assumptions, the Monte 

Carlo simulations performed by Chapman (2011- Appendix D) determined, with a 90% confidence 

level, that MCW’s technology processing costs will range from $22.84 to $38.87 per barrel.  A 

second study performed by Chapman Petroleum Engineering (2012 - Appendix E) again estimated 

that the production costs for MCW’s solvent based extraction process would range between $24.51 

and $34.04 per barrel.   

A recent, confidential third party analysis of MCW’s technology, including a multi-day 

site visit at the company’s 250 barrel per day plant in Maeser, Utah, confirmed that production 

costs for a light-sweet crude oil are $33.40 per barrel and $31.30 per barrel for oil sands having 

4.75% and a 10% (weight percent) oil, respectively.   A follow up report from the same third party 

estimated that production costs for a larger plant (2500 barrels per day) would be in the mid $20 

per barrel range with significant room to reduce those costs further. 

In response to the falling price of oil, Scotiabank published a comparison of the per barrel 

breakeven costs between various conventional Canadian light and heavy  oil plays, US based tight 

shale plays and Canadian oil sands projects (Fig. 4) (Scotiabank, 2014).  The mid-cycle breakeven 

costs for legacy oil sands projects are approximately $53 per barrel, $40 to $80 per barrel for 

SAGD and $90 per barrel for mining and upgrading new projects.  In comparison to these 

production costs, MCW’s production costs are very competitive. 
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Figure 4.  Comparison of breakeven costs for various tight shale plays and Canadian oil sands 
projects. 

Source: Scotiabank Commodity Price Index, November 28, 2014. 

  

Direct evidence of the poor economics of both the hot water and SAGD technologies comes 

in the form of the multiple oil sands operations that have shut down in Canada due to poor 

economic returns.  For example, Total and partners Suncor and Occidental Petroleum shut down 

the Joslyn oil sands project in Canada in 2014 after spending $11 billion on the project (Globe and 

Mail, May 29, 2014).  Mr. Andre Goffart, head of Total’s Canadian division, stressed that the 

“Joslyn decision is due to the project’s costs, saying its technology and execution plans must 

improve”.  The Joslyn operation first used SAGD before switching to hot water extraction.  Clearly 

this is an acknowledgement by three major oil companies that hot water and SAGD technologies 

are not economically competitive in the current oil price environment.    
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3.0 Summary and Conclusion:  The inherent shortcomings of both the Clark hot water and SAGD 

technologies cannot be overcome, no matter how they are modified.  Their reliance on using energy 

in the form of heat to create hot water and steam will always have a very strong negative affect on 

the economics of extracting oil from oil sands.  No better evidence of this is the closing of the 

Joslyn oil sands operation by Total, Suncor and Occidental petroleum after spending a total of $11 

billion dollars on the project.   Andre Goffart’s public statement that the “Joslyn decision is due to 

the project’s costs, saying its technology and execution plans must improve” certainly confirms 

the fact that new technology is needed for oil sands extraction.   

By abandoning the conventional energy based methods of oil sands extraction and 

developing a new, proprietary solvent based technology, MCW has simultaneously addressed both 

the environmental problems (excessive water use, water pollution from tailings ponds, excessive 

energy consumption and excessive greenhouse gas emissions) and poor economics associated with 

hot water and SAGD extraction technologies and in doing so, has developed the “new technology” 

that Andre Goffart was referring to.  

Recent third party analysis of MCW’s technology and plant operations confirm that oil can 

be produced in the low $30 per barrel range and lower still if a larger plant is built, due to the 

efficiencies of economies of scale.  This production cost is very competitive in the present oil price 

environment. 

Additionally, the solvents used in MCW’s technology (light hydrocarbons found in 

naturally occurring natural gas condensate liquids and alcohols) and the trace quantities of 

hydrocarbon compounds found in the SPLP leachate test are light non-aqueous phase liquids 

(LNAPL).  LNAPLs are much less harmful to the ground water (they float on water due to their 

lower density) and the environment in general than dense non-aqueous phase liquids (DNAPL).  

DNAPLs are significantly more damaging to the environment, are more difficult and much more 

expensive to clean up if groundwater remediation is required, not only because they sink in the 

water column and impact deeper and larger volumes of water, but also because they are generally 

non-petroleum and more likely chlorinated compounds.  Most chlorinated compounds are listed 

as hazardous wastes. 
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Email: info@mcwenergygroup.com 

 

TEST REPORT 
 

DATE: September 29, 2013 

Sample Origin:         Asphalt Ridge, Utah                              

Contact:                                       Rob Cowley/435-671-2430 

Project: Analysis of the bitumen extracted from the Asphalt Ridge native oil sands 

ore using MCW patented extraction technology and solvent composition. 

Product:        Asphalt Ridge oil sands sample.  

MCW Reference Number :    CA-CU-092913/ES 

 
Experimental Design Summary: 

 

25 Lbs native oil sands ore sample has been received in MCW laboratory from Asphalt Ridge oil 

sands mine in Utah. Testing was performed by extracting bitumen from the oil sands sample 

using MCW proprietary/patented oil from oil sands extraction method. Saturation of the oil sands 

with bitumen has been determined by weight. Afforded bitumen/hydrocarbons were tested on 

API gravity and were analyzed using MS-GC and FTIR analysis methods. Every test has been 

repeated 3 times. 

 

Table 1:  Observations 

Original Sample  Sticky solid  black oil sands sample, with specific 

hydrocarbon odor  

Processed Bitumen Thick dark viscous heavy oil with strong 

hydrocarbon odor   

Processed solid phase Clean off white sand  

 
Table 2 Solid phase saturation with hydrocarbons analysis before processing 

Test Number Bitumen (% by weight) API Gravity 

               1                12.22          11.6 

               2                12.37          11.8 

               3                12.28          11.7 
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Table 3 Solid phase saturation with hydrocarbons analysis after processing 

Test Number Bitumen (% by weight) API Gravity 

               1             Less than 0.1          N/A 

               2             Less than 0.1          N/A 

               3             Less than 0.1          N/A 

 

Table 4  Analysis of the Hydrocarbons/Bitumen afforded from the oil sands  

Test 

Number 

Viscosity, CP 

225 F 

Viscosity, CP 

320 F 

Pour point, F S (Sulfur), wt% 

               1 448 75 111 0.37 

               2 445 76 109 0.33 

               3 446 76 112 0.34 

 

 

CONCLUSIONS 

 

1. MCW oil from oil sands extraction technology process can be successfully applied to 

produce bitumen/heavy oil from the native oil sands ore with efficiency of 99.9%. 

 

2. Analyzed samples of the Asphalt Ridge, Utah oil sands have hydrocarbon saturation in 

the range of 12.2% to 12.4% 

 

3. Analyzed samples of the tailing sands afforded after hydrocarbons extraction from the 

native oil sands of Asphalt Ridge, Utah have shown residual bitumen/hydrocarbons 

content less than 0.1% by weight. 

 

4. Asphalt Ridge bitumen has API gravity in the range of 11.6 to 11.8 and it is flow able 

at the temperatures higher than 120 F. It is comparable to the oil sands from Athabasca 

oil sands region in Alberta, Canada  

 

5. Asphalt Ridge oil sands contains between 0.34% to 0.37% of sulfure that is a 

significantly less sulfur compare to the Athabasca oil sands reserves in Alberta, Canada. 

 

 

 

 

 

 

 

  

                   Chief Technology Officer ______Signed_____________ Date:    September  29, 2013 

                                 Vladimir Podlipskiy,  
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344 Mira Loma Avenue, 

Glendale, CA 91204. Telephone: 1 (800) 979-1897 
Fax: 1 (866) 571-9613 

Email: info@mcwenergygroup.com 

 

 

 REPORT ON OIL SANDS SAMPLE #1 FROM CHINA 
 

 

DATE:    June 23, 2014 

Sample Origin:       KYD, China                              

Contact:                                     Elton Zeng 

 

Project:  Analysis of the oil sands samples from China on 

the oil content and applicability of MCW oil from 

oil sands extraction process for commercial oil 

production in China  
 

Product:      Oil sands from China. Sample #1.  

MCW Reference Number:  CA-CU-06142014/ES1 

 

 

Experimental Design Summary: 
 
34 Lbs native oil sands ore sample has been received in MCW laboratory from 

China. Part of the sample # 1 has been grinded and treated with MCW patented 

solvent composition used in oil from oil sands extraction process in MCW 

production plant built in Utah, USA. Heavy oil/bitumen has been extracted, 

separated on different fractions and analyzed on the hydrocarbon content, type, and 

distribution.  Saturation of the native oil sands ore with the hydrocarbons (% 

weight) has been determined. Afforded oil/bitumen (hydrocarbons) were analyzed 

using GC and FTIR/IR analysis methods. Density/API Gravity and viscosity of the 

afforded hydrocarbons have been determined. Combustion elemental analysis has 

been performed to determine the content of carbon, hydrogen, nitrogen and sulfur 
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in the afforded hydrocarbons.  ICPMS tests have been performed to determine the 

heavy metal content/distribution in the afforded hydrocarbon materials.  Additional 

testing has been performed to determine the BTU value/energy per pound for the 

hydrocarbon material extracted from the native oil sands ore. Processed solid 

tailings after the extraction were analyzed on the hydrocarbons content. Every test 

has been repeated 3 times. The following results have been obtained and analyzed. 
 

 

 

Table 1:  Observations 

Original Sample # 1 of the oil 

sands from China 

Large sticky solid  black oil sands rocks with 

specific hydrocarbon odor  

 

Extracted hydrocarbons (Heavy 

Oil/Bitumen) afforded from 

original oil sands from China, 

sample # 1 using MCW process 

and solvent composition 

Thick black viscous heavy/gummy liquid with 

strong hydrocarbon odor  

  

Asphaltene/Asphalt afforded 

from the hydrocarbon mixture 

extracted from the native oil 

sands ore of the sample # 1 from 

China 

Solid powder with the specific asphalt odor 

 
Clean sand after hydrocarbon 

extraction from original oil sands 

from China, sample # 1 

Clean dry sand after extraction.  Rocks of the 

original oil sands before extraction have 

shown for the comparison.  

 

 

 

Total hydrocarbons content in the native oil sands ore has been determined before 

and after the extraction process with MCW solvent composition. The following 

data have been obtained. 
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Table 2 Total hydrocarbons content in the sample # 1 prior to the extraction  

Test Number Hydrocarbons (% by weight) 

               1                30.5% 

               2                28.6% 

               3                29.2% 

 

 
Table 3 Total hydrocarbons content in the sample # 1 tailing after the   extraction  

Test Number Hydrocarbons (% by weight) 

               1             Less than 0.1 

               2             Less than 0.1 

               3             Less than 0.1 
 

 

Total hydrocarbons extracted from the native oil sands ore have been separated on 

two main fractions/compositions Asphaltene and Maltenes. The following data 

have been obtained. 

 
Table 4 Hydrocarbons composition in the sample # 1 after the extraction  

Test Number Maltenes (% by weight) Asphaltene (% by weight) 

               1 70.82 29.28 

               2 70.16 29.84 

               3 69.78 30.22 
 

 

Additional analysis of the Maltenes hydrocarbon types have been performed and 

the following data have been obtained. 

 
Table 5 Maltenes analysis results by hydrocarbon types (%wt) 

Test  

No 

Saturated 

Hydrocarbons 

Unsaturated 

Hydrocarbons 

Aromatic 

Hydrocarbons 

Other 

Hydrocarbons 

1 78.6 6.8 4.2 10.4 

2 79.1 6.7 4.5 9.7 

3 78.9 7.2 4.6 9.3 
 

 

Viscosity and API Gravity/Density of the total hydrocarbons fraction extracted 

from the native oil sands ore have been determined and the following results have 

been obtained. 
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Viscosity @ 98 C   49.52 CsT 

Density     1.06 g/ml 

API Gravity            1.99 

 

 
Heavy metal elemental analysis (ICPMS) has been performed on the total 

hydrocarbons fraction extracted from the native oil sands ore. The following data 

have been obtained.  

 

 
Barium         14.35    PPM 

Iron          109.00    PPM 

Lead   0.19      PPM 

Molybdenum  7.40      PPM 

Nickel  15 .00   PPM 

Strontium   1.50    PPM  

 

 

 

Combustion elemental analysis has been performed on the  total hydrocarbons 

fraction extracted from the native oil sands ore. The following data have been 

obtained (% wt).  
 

Carbon      84.75 

Hydrogen  10.12 

Nitrogen    0.84 

Sulfur        4.05 

 

 

 

 

The heating value/energy of the total hydrocarbons fraction extracted from the 

native oil sands ore has been determined in the closed bomb colorimeter. The 

following result has been obtained: 17,900 BTU/Lbs 
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CONCLUSIONS 

 

 

1. Oil sands # 1 sample from China has  extremely  high  concentrations of  the 

hydrocarbons averaging almost 30% by weight. 
 

2. The majority of the hydrocarbons are Maltenes with straight saturated 

hydrocarbon chains. Unsaturated and aromatic  hydrocarbons are  present  in  

moderate rates and significant amount of Asphaltene is present.   
 

3. MCW solvent composition and oil from oil sands extraction process are very 

effective when applied to produce hydrocarbons from the oil sands ore 

(sample # 1) from China.  The efficiency of the extraction process has been 

99.9% of total hydrocarbons obtained/extracted. Very high concentrations of 

the hydrocarbons in the native ore are making the process even more energy 

efficient compare to the oil sands production in Utah, USA. Expected energy 

return can be as high as 1 to 45 times energy invested vs. energy obtained. 

 

4. In addition due to the very high level of the saturated hydrocarbons and 

Asphaltene in the hydrocarbons extracted from the sample # 1, this material 

is a very attractive source for the commercial hydrocarbon production. 

Afforded Maltenes and Asphaltene can be utilized in both oil refinery and 

high quality asphalt manufacturing processes. In addition the testing results 

have shown that with slight modification of MCW production process there 

is a possibility of obtaining both Maltenes and Asphaltene as two separate 

products of the extraction without additional separation. This approach 

allows using Maltenes for the oil refinery business and using the Asphaltene 

straight for the high quality asphalt manufacturing.  MCW technology is 

fully compatible with Chinese sample #1 oil sands type and composition.  

Commercial development of this reserves would be very effective, energy 

efficient and economically viable. . 
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          Vladimir Podlipskiy, 

        Chief technology Officer 

June 23, 2014 
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1.0 Introduction: As a result of a site visit on May 6, 2015, the Division of Water Quality (DWQ) 

requested the following from MCW “A plan to monitor tailings quality should be included with 

MCW’s permit application.  MCW should also conduct dry analyses on the tailings material 

(reported in mg/kg) for Total Organic Carbon and the petroleum parameters which were 

detected in the SPLP analysis” and to “have a monitor well immediately downgradient of the 

tailings disposal area to both define background water quality and demonstrate that water 

quality is not being degraded by the tailings disposal operation.”  This report addresses these 

requests and concerns. 

Several factors need to be considered when designing a cap and liner system for the 

disposal and subsequent monitoring of oils sands after the oil has been extracted from it to ensure 

that the processed sands do not have a negative impact on the environment.  These include...  

• the efficiency of the oil recovery process;  

• the permeability of the underlying bedrock;  

• the quality and quantity of the groundwater beneath the mine area;  

• the average monthly rainfall and evaporation and annual rainfall in the area;  

• the water storage capacity of the processed sands and  

• the residual hydrocarbon content of the processed sands and the hydrocarbon 

content of the leachate produced from the processed sands 

Each of these factors will be evaluated individually below. 

1.1 Efficiency of the oil recovery process: MCW’s technology has been proven to recover over 

99% of the oil/bitumen from the oil sands and over 99% of the light hydrocarbon and alcohol 

solvents used to extract the oil from the oil sands (Appendix A and  B).  This high extraction 

efficiency is an essential component to MCW’s technology and compares very favorably to the 

85% to 90% extraction efficiency of the hot water extraction technologies used for oil sands 

development in Alberta, Canada.   This high recovery efficiency will produce a sand with an 

exceptionally low volume of potential ground water contaminates. 

1.2 Permeability of underlying bedrock:  Well logs from exploration wells drilled in the mine 

area reveal that the Duchesne River formation is composed predominantly of interbedded oil sands 
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and shales (Temple Mountain Energy, 2013).  The low permeability of the shale and oil sands will 

form a very effective barrier preventing any surface water, due to rainfall or snow melt, from 

percolating into the ground.  It should be noted that the presence of the intermittent stream that 

flows from north to south on the property is due to the surface exposure of oil sands on the property, 

which prevents the stream water from percolating into the ground.  The streams becomes an 

ephemeral stream just south of the mine site due to the steep dip of the oil sands relative to the 

topography of the land, which allows the water to percolate into the ground.   

1.3 Quality and quantity of groundwater beneath the mine area:  Stantec (2015) reported that, 

according to the State of Utah’s definition of an aquifer (geologic formation, group of geologic 

formations or part of a geologic formation that contains sufficiently saturated permeable material 

to yield usable quantities of water to wells and springs (R317-6-1)), that no aquifer has been 

identified within 311 vertical feet of the bottom of the pit, near the center of the mine where Well 

F-1 was drilled (Fig. 1).  Of the 17 wells that were drilled at the Temple Mountain Mine site, only 

4 contained intervals that were described as “water wet” in well logs (Table 1).  Many of these 

intervals were relatively thin intervals, between 1 and 8 feet, suggesting that these were isolated 

fluvial sandstone lenses as opposed to wide spread sand stone bodies. Thin sandstone lenses would 

have a low probability of yielding usable quantities of water to wells and springs.  For well CF-1, 

the well with the highest number of intervals described as “water wet”, the intervals between 215 

and 285 feet below ground surface were also described as having light to fair oil saturation (SOHIO 

Petroleum Company, 1957) (Appendix C).  This description suggests that the quality of any water 

from these intervals may not be suitable for domestic or agricultural use.    

The lack of any seeps and/or springs on the property is also a very strong indication that 

this area has very little groundwater near the ground surface (Clark, 2015). 

The water in the intermittent stream that flows through the property has high levels of 

sulfates, iron, cadmium and total dissolved solids (TDS) and a very low pH (3.04 - 3.5) (Clark, 

2015).   The cadmium level in the stream water (0.014 mg/L) is nearly three times higher than the 

Maximum Contaminant Level (0.005 mg/L) set by the EPA for drinking water and above the level 

set for groundwater by the State of Utah (0.010 mg/L).   As noted above, just south of the mine 

area the water from the intermittent stream percolates into the ground and may be a source of 

groundwater south of the property.  This stream water is clearly not a source of good quality ground 

water and will not create, or recharge an aquifer as defined by the state of Utah. 
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Figure 1.  Map of core wells drilled at the Temple Mountain Mine Site.   

Source: Stantec, 2015. 
 
1.4 Average rainfall in the area: Historic rainfall records indicate that rainfall in this area of Utah 

is particularly low, both on a monthly and annual basis (Table 2).  The low amount of precipitation 

combined with the impermeable nature of the geology of the area is the primary reason why so 

few well logs in this area recorded significant amounts of “water wet” internals, as discussed above.  

More importantly, the low amount of precipitation will dramatically minimize the chance that any 

leachate will be produced from the processed oil sands.  

1.5 Water storage capacity of the tailings sand:  It should be noted that the processed sands 

themselves have the capacity to hold a considerable amount of water, since they will be coming 

out of the sand dryer with just enough moisture to control dust.  The capillary forces within the 

processed sands will be quite strong and hold a significant amount of water after a rain storm.   If 

a standard water holding capacity chart is used as a measure of the storage capacity of the 

processed sands (using fine sand as the category of soil that the processed sands are equivalent to) 

then each vertical foot of processed sands should be able to hold 1.8 inches of rainwater via 

capillary forces (Table 3).  
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Table 1.  Well log summary of wells drilled at the mine site with respect to ground water.  
Feature F-1 F-2 CG-1 CF-1 F-3 F-4 

Maximum Depth 
of 
core (feet BGS1) 

441 210 296 378 382 358 

Saturated Interval 
(feet BGS) 

259.1 -
260.2 

 244.7 - 
248.7 

58.1 -    
60.7 

 337.7 - 
349.7 

Saturated Interval 
(feet BGS) 

  252.0 - 
258.1 

215.5 - 
217.0 

  

Saturated Interval 
(feet BGS) 

  276.1 - 
296.0 

218.5 - 
237.3 

  

Saturated Interval 
(feet BGS) 

   240.0 - 
242.1 

  

Saturated Interval 
(feet BGS) 

   244.2- 
247.5 

  

Saturated Interval 
(feet BGS) 

   248.5- 
256.4 

  

Saturated Interval 
(feet BGS) 

   260.0- 
263.9 

  

Saturated Interval 
(feet BGS) 

   266.4- 
271.4 

  

Saturated Interval 
(feet BGS) 

   272.9- 
285.8 

  

Maximum 
Thickness of 
Contiguous 
Saturated 
Intervals (feet)2 
 

1.1 0.0 19.9 58.0 0.0 12.0 

 

(1) BGS – below ground surface       (2) <10 feet separating saturated intervals 
Source: Stantec, 2015 

 

Table 2: Average monthly precipitation (inches) for Vernal, Utah. 

Month January February March April May June 
Avg. 
Precipitation 

0.43 0.51 0.67 0.87 1.06 0.67 

Month July August September October November December 
Avg. 
Precipitation 

0.63 0.75 0.91 1.26 0.55 0.47 

Average annual precipitation (rainfall):  8.78 

Source: US Climate Data, 2015 	
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Table 3. Water holding capacity measured in inches of water per foot of soil.  

Soil Type Total Available Water, in/ft 

coarse sand 0.6 

fine sand 1.8 

loamy sand 2.0 

sandy loam 2.4 

sandy clay loam 1.9 

loam 3.8 

silt loam 4.2 

silty clay loam 2.4 

clay loam 2.2 

silty clay 2.6 

clay 2.4 

peat 6.0 

 

Source: Cornell University, 2015 - http://nrcca.cals.cornell.edu/soil/CA2/CA0212.1-3.php 
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Twenty feet of processed sands have the capability of holding 36 inches of water due to 

capillary attraction, this is significantly more than the 100-year 24-hour rain event in this area, 2.3 

inches of rain (Western Regional Climate Center, 2015a) and significantly more than the annual 

average rainfall in this area, 8.87 inches (Table 2). 

Precipitation is, of course, balanced with evaporation and the pan evaporation for Vernal, 

Utah is significantly higher than the precipitation both on an annual basis and during the months 

of April through October (Tables 2 and 4) (Western Regional Climate Center, 2015b).  The high 

rate of evaporation, especially during the April through October time frame, will result in the net 

loss of any water held by capillary forces in the processed sands as they are used for mine 

remediation work and dramatically reduce the chance that any leachate will be created. 

Table 4.  Pan evaporation for Vernal Utah, average values from 1928-2005 (in inches).  

Month January February March April May June 

Pan 

Evaporation 

0.00   0.00   0.00   5.07   6.41 7.48 

Month July  August September October November December 

Pan 

Evaporation 

6.64 6.34   4.89   2.92 0.00   0.00 

Annual average - 39.75 inches 

Source: Western Region Climate Center, 2015b 

1.6 Prior testing of the processed sands:  Prior analysis of the leachate from the processed sands 

produced by the Synthetic Precipitation Leaching Procedure (SPLP) revealed slightly elevated 

levels of TOC, but very low levels of other organic chemicals associated with oil/bitumen (Table 

5 and Appendix D).  Interestingly, the leachate from the processed sands had lower levels of Total 

Dissolved Solids (TDS) and lower levels of sulfate than the leachate produced from the overburden 

material at the mine site and had much lower levels of TDS and sulfate than the intermittent stream 

that flows through the eastern part of the mine site (Clark, 2015).  The sulfate levels of the leachate 

produced from the overburden and the sulfate levels of the intermittent steam are in excess of the 

250 mg/L level set by the US EPA National Secondary Drinking Water Regulations (US EPA, 

2015).  The TDS levels of the stream are in excess of the 500 mg/L level set by the US EPA 

National Secondary Drinking Water Regulations.  The processed sands will not contribute to the 
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high TDS, sulfate or cadmium levels that are naturally found in the water at the Temple Mountain 

Mine area.  Additionally, the solvents used in MCW’s technology (light hydrocarbon compounds 

and alcohols) and the trace quantities of hydrocarbon compounds found in the SPLP leachate test 

are light non-aqueous phase liquids (LNAPL) (Table 5).  LNAPLs have far less potential to harm 

the ground water (they float on water due to their lower density) and the environment in general 

than dense non-aqueous phase liquids (DNAPL).  DNAPLs are significantly more damaging to 

the environment, more difficult and much more expensive to clean up if groundwater remediation 

is required, not only because they sink in the water column and impact deeper and larger volumes 

of water, but also because they are generally non-petroleum and more likely chlorinated 

compounds.  Most chlorinated compounds are listed as hazardous wastes.   Absolutely no 

DNAPLs are used in MCW’s solvent. 

Blackett (1996) reported that the oil/bitumen in the Asphalt Ridge area all originated from 

the lacustrine rocks of the Green River formation, the API ranged from 8.2 to 12.9 and that the 

bitumen had a low sulfur content that ranged between 0.19 and 0.76.  This is consistent with the 

results of MCW’s extraction technology (Appendix A).   All of the raw oil sands ore mined at the 

Temple Mountain Mine site will come from the Duchesne River formation.  As noted above, the 

bitumen from this formation has been reported to be fairly consistent along Asphalt Ridge.  This 

strongly suggests that the chemistry of the leachate produced from the processed sands by the 

SPLP analysis is a fairly good representative sample for the remaining oil sands that will be mined 

and processed from the Temple Mountain Mine (Table 5 and Appendix D).  

It is important to note that MCW has tested its technology on oil sands from different 

locations with very different bitumen chemical compositions.  MCW has found that the efficiency 

and consistency of the technology is not affected by differences in the chemical composition of 

the bitumen.  An example of the technology’s efficiency and consistency, despite major differences 

in bitumen chemistry, is the result of testing on oil sands samples from Utah and China (Table 6, 

Appendix A and B).  MCW’s recovery efficiency in both cases exceeded 99%.    

The efficiency and consistency of MCW’s technology, despite differences in bitumen 

chemistry, will ensure that the chemistry of the processed sands from the Temple Mountain Mine 

will be consistent, even if there are minor changes in bitumen chemistry from one area of the mine 

to the other.  If the consistency of the chemistry of the tailings is confirmed by the results of the 

dry analyses on a quarterly basis, semiannual analyses should be sufficient thereafter. 
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Table 5.  Analytical Results for Overburden and MCW Processed Sands 

Compound 

Native 
Overburden 
Analytical 
Results (mg/L) 

MCW Processed 
Sands 
Analytical Result 
(mg/L) 

Numeric 
Standard 
(mg/L) 1 

Arsenic <0.050  0.05 
Barium <0.050  2.0 
Cadmium <0.010  0.005 
Calcium 90 4.90  
Chromium (total) <0.010  0.1 
Lead <0.050  0.015 
Magnesium 16 <1.00  
Mercury <0.0010  0.002 
Potassium 3.8 <1.00  
Selenium <0.050  0.05 
Silver <0.010  0.1 
Sodium 28 1.94  
Alkalinity (as CaCO3) 68 12.9  
Bicarbonate (as CaCO3)  <10.0  
Carbonate (as CaCO3)  <10.0  
Chloride 1.5 0.580  
Oil & Grease  <5.00  
Conductivity (µmhos/cm) 1300   
pH @ 25 oC (reported in Standard Units) 7.96 10.0 6.5-8.5 
SGT-HEM/Non-Polar Material  <5.00  
Sulfate 280 4.77  
Total Dissolved Solids (TDS) 440 84.0 12002 

Total Recoverable Petroleum 
Hydrocarbon 

3.9  103 

Total Organic Carbon (TOC)  31.4  
Diesel Range Organics (DRO)  0.898  
Gasoline Range Organics (GRO)  0.149  
SVOA SPLP by GC/MS Method 
8270D/1312/3510C (19 compounds 
reported, all below detection limit) 

 <0.0100  

Benzene  <0.00100 0.005 

C5&C6 Aliphatic hydrocarbons4  0.00778  
C7&C8 Aliphatic hydrocarbons4  <0.0200  
C9&C10 Aliphatic hydrocarbons4  <0.0200  
C9&C10 Alkyl Benzenes  0.0286  
Ethylbenzene  0.00522 0.7 
Naphthalene  0.00472  
Toluene  0.0378 1 
Xylenes, Total  0.0554 10 

1	Source:	R317-6-2,	Ground	Water	Quality	Standards,	2	R317-2-14,	Numeric	Criteria,	3	Utah	Tier	1,	4	EPA	and	Utah	
do	not	have	standards	for	Aliphatic	hydrocarbons;	for	comparison,	Massachusetts	has	a	maximum	contaminant	
level	(MCL)	for	aliphatic	hydrocarbons	of	0.3	mg/L 

Source: Stantec, 2015 
      



-	11	-	
	

Table 6. Comparison between oil sands samples sourced from Utah, USA and China 

Location Saturated 
Hydrocarbons 

Aromatic 
Hydrocarbons 

Recovery 
Efficiency 

Utah(Asphalt Ridge)1 29.3% 28.4% 99.9% 

China2 61.06% 5.34%  

China3 78.87% 4.43% 99.9% 

1 - Oblad, et al. (1975)  MCW testing (Appendix A) - 3 sample average 
2 - Zhi-Nong Gao, Li-Bo Zeng and Fei Niu (2005) - 5 sample average 
3 - MCW testing (Appendix B) - 3 sample average 
 
1.7 Dry analyses of processed sands: In accordance with the DWQ’s request, MCW has 

conducted a dry analysis of the processed sands and will continue to do so on a quarterly basis for 

the first year of operation and semiannually thereafter (Table 7 and Appendix E).  The levels of 

hydrocarbon compounds found in the processed sands are small fractions of the levels of these 

same compounds found in the bitumen (Appendix F).  It should be noted that the hydrocarbon 

levels found in the processed sands are below Utah’s Tier 1 screening levels (maximum 

contamination levels) for petroleum hydrocarbons from leaking underground storage tanks.  In the 

case of leaking underground storage tanks, if the Tier 1 criteria are met (contamination levels for 

all constituents are found to be below the screening levels) the Utah Division of Environmental 

Response and Remediation (DERR) may deem that no further action is needed.  The fact that the 

trace levels of hydrocarbons found in the processed sands are below Tier 1 screening levels 

combined with the fact that these processed sands will be encapsulated in low permeability clays 

and oil sands strongly suggests that using the processed sands for mine remediation poses an 

extremely low risk to the environment.  Processing the oil sands using MCW’s technology and 

recovering the hydrocarbons within them is essentially a remediation of these oil sands.  

2.0 Processed sands disposal and monitoring program: During the initial stage of 

mining operations, the processed sands will be temporarily stored on a large, flat topped stockpile 

of oil sands ore before being used for mine remediation (outlined in red in Fig. 2).  This ore pile 

will be processed once permanent storage of the processed sands commences.  The permanent 

processed sand disposal area will be the mine floor, starting at the eastern most portion of the 

active mining area.  An asphalt pad, adjacent to the mine, shall be used as a staging area for 

processed sands waiting to be disposed of on the mine floor (Appendix G and H).   
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Active mining will continue in a radial pattern to the west and south of the present disturbed 

mining area designated as Pit 1 (Figs. 3a to 3e).  Mining activity in Pit 1 is anticipated to range 

from four years (for a 5000 barrel per day operation) to 8 years (for a 2500 barrel per day operation).  

The processed sands disposal area will follow the same direction as the mining area.  Natural clay, 

or native oil sands found at the mine site, will be used both as a liner below the processed sands 

and as a component of the cap above the processed sands.  Permeability tests were performed on 

five samples of the clay.  In all tests, the permeability of the clay was lower than 3.5 x 10-7 cm/sec, 

the 5 sample average was 4.2 x 10-7 cm/sec (Appendix I).  After mining activities in Pit 1 are 

completed, a continuation of mining activity in Pits 3 and 4 will be evaluated. 

Table 7. Dry analyses of the hydrocarbon compounds found in the bitumen compared to the 
hydrocarbon compounds found in the processed sands from the mine site.  All hydrocarbon 
compounds detected in the processed sands are below Utah’s Tier 1 screening levels (maximum 
contamination levels) for petroleum hydrocarbons from leaking underground storage tanks.  
Compound Bitumen  Processed Sands Tier 1 screening levels 

Diesel Range Organics  
(DRO) (C10-C28) 

    4,750 mg/kg       5,000 mg/kg (1) 

TPH (GRO) (C6-C10) 20,300,000 µg/kg  20,500 µg/kg 1,500,000 µg/kg (1) 

C5&C6 Aliphatic 
hydrocarbons 

     472,000 µg/kg < 1,000 µg/kg   

C7&C8 Aliphatic 
hydrocarbons 

  3,320,000 µg/kg < 1,000 µg/kg   

C9&C10 Aliphatic 
hydrocarbons 

  6,810,000 µg/kg < 1,000 µg/kg   

C9&C10 Alkyl 
Benzenes 

     354,000 µg/kg  20,300 µg/kg  

Ethylbenzene      248,000 µg/kg    < 100 µg/kg     23,000 µg/kg (1) 

Naphthalene        33,400 µg/kg    < 100 µg/kg     51,000 µg/kg (1) 

Toluene   6,680,000 µg/kg       132 µg/kg     25,000 µg/kg (1) 

Benzene        45,700 µg/kg    < 100 µg/kg          900 µg/kg (1) 

Xylenes, Total   2,370,000 µg/kg    < 100 µg/kg   142,000 µg/kg (1) 

(1) – Source - Table 1-3: Tier 1 Screening Criteria - Guidelines for Utah's Corrective Action 
Process for Leaking Underground Storage Tank Sites - 
http://www.deq.utah.gov/ProgramsServices/programs/tanks/ust/releases/docs/2010/11Nov/correc
tiveActionProcessGuide.pdf 
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Figure 2.  Aerial view of the active open pit and processed sand staging area (square box) and area 
where processed sands will start to be used for mine remediation (oval).  Temporary storage of 
processed sands will be on a large flat topped oil sands stockpile (red box).  A raised berm 
surrounds the perimeter of the temporary storage pad.  The temporary storage area will be used 
until mine remediation activity starts. 
 

2.1 Processed sands cap design:  Despite the fact that the dry analysis of the processed 

oil sands indicated extremely low levels of remaining hydrocarbons, as an addition level of 

environmental protection the design of the cap will be based upon the recommendations of the 

EPA for covering hazardous waste landfills (Fig. 4) (EPA, 1989).   This design includes the 

following features… 

• A 30 cm (12 in.) minimum thickness gas vent layer composed of a coarse-grained, 
porous material (sand or gravel) located between the low-permeability soil liner 
and the underlying waste layer. Horizontal, perforated pipes will be connected to 
vertical risers located at high points to minimize water infiltration.  The standpipes 
will be 30 cm (12 in.) or more in diameter.  

• A 60 cm (24 in.) minimum thickness compacted soil component with a maximum 
in-place saturated hydraulic conductivity of 1 x 10-7

 cm/ sec.  The natural clays 
found at the mine site will be used for this layer.  As expanded upon below, native 
oil sands may be used for this layer as well. 
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• A 40 mil thickness HDPE flexible membrane liner (FML) component installed 
directly over the compacted soil component.    

• A 30 cm (12 in.) minimum thickness soil drainage (and FML protective bedding) 
layer with a minimum hydraulic conductivity of 1 x 10-2 cm/sec.  The EPA 
indicated that this layer may not be necessary in arid regions, so this layer will not 
be used at this location.  

• A 60 cm (24 in.) minimum thickness fill soil component above the drainage layer.  
Stockpiled original overburden and interburden material from the mining operation 
will be used for this layer.  This fill layer shall be covered by a top layer composed 
of either a vegetated, or armored surface component to minimize erosion and, to 
the extent possible, promote drainage off the cover.  Stockpiled top soil and gravel 
will be used for this layer.  The top surface shall have a slope of at least 3 percent, 
but not more than 5 percent, to promote runoff while reducing erosion.   

• Overburden material and surface soils will be temporarily stored to the south of the 
active mining area, or on the other side of Route 45 (in the area designated as Pit 3) 
before being used to cover the capped processed sands during mine remediation 
activities (Fig. 3a). 

 
Figure 3a.  Schematic of anticipated mining activity, beginning in area designated as Pit 1. The oil 
sands processing facility will be constructed in the northern portion of the area designated as Pit 
2.  Overburden material and surface soils will be stockpiled in the area marked external dump 
before being used to cover the processed sands.  If additional room is needed to stockpile the 
overburden material, the area designated as Pit 3, across Route 45, will be used.   
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Fig. 3b.  Anticipated open pit mining activity during 2018 (5000 barrel per day operation).  Contour 
lines are estimates for the floor of the active mining area. 
 
A – Raw oil sands ore stockpile 
B – Oil sands processing facility 
C – Solvent storage tanks 
D – Solvent storage tanks 
E – Bitumen storage tanks 
F – Tanker truck loading area 
G – Parking area, offices, work shop 
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Fig. 3c.  Anticipated open pit mining activity during 2019 (5000 barrel per day operation).  Contour 
lines are estimates for the floor of the active mining area.  Contour lines over the 2018 mining area 
are surface estimates after mine remediation activities are completed. 
 
A – Raw oil sands ore stockpile 
B – Oil sands processing facility 
C – Solvent storage tanks 
D – Solvent storage tanks 
E – Bitumen storage tanks 
F – Tanker truck loading area 
G – Parking area, offices, work shop 
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Fig. 3d.  Anticipated open pit mining activity during 2020 (5000 barrel per day operation).  Contour 
lines are estimates for the floor of the active mining area.  Contour lines over the 2018 - 2019 
mining area are surface estimates after mine remediation activities are completed. 
 
A – Raw oil sands ore stockpile 
B – Oil sands processing facility 
C – Solvent storage tanks 
D – Solvent storage tanks 
E – Bitumen storage tanks 
F – Tanker truck loading area 
G – Parking area, offices, work shop 
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Fig. 3e.  Anticipated open pit mining activity during 2021 (5000 barrel per day operation).  Contour 
lines are estimates for the floor of the active mining area.  Contour lines over the 2018 - 2020 
mining area are surface estimates after mine remediation activities are completed. 
 
A – Raw oil sands ore stockpile 
B – Oil sands processing facility 
C – Solvent storage tanks 
D – Solvent storage tanks 
E – Bitumen storage tanks 
F – Tanker truck loading area 
G – Parking area, offices, work shop 
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Fig 4.  Schematic of the cap design for hazardous waste landfills. See body of text for detailed 
description of each layer. 
Source: EPA, 1989. 

 

As stated above, in addition to the natural clays found at the mine site, the oil sands mined 

at Temple Mountain can be used as a component of both the cap and the base.   

Bowders, et al (2000) reviewed the benefits of using an asphalt barrier as a hydraulic 

barrier/cap for both hazardous waste and municipal landfills (Appendix H).  Several of the benefits 

include very long life (>1,000 years), especially when buried with cover soils, and extremely low 

hydraulic conductivities when the proper weight percent of bitumen is used.  Recommendations 

for using asphalt as a hydraulic cap include the following...  

• bitumen weight percent of 7% or higher should be used to achieve a hydraulic 
conductivity of 10-7 cm/s or lower.  

• the use of two layers of asphalt with a minimum thickness of 5 cm (~2 inches) each. 
• an asphalt cement tack coat should be sprayed between the layers.  
• the seams of the layers should be staggered.  
• the fines content should be between 8% and 15% to ensure a dense graded mixture. 
• the asphalt should be compacted so that the percentage of air is below 4%. 

The presence of multiple shale and oil sands layers, recorded in SOHIO well logs below 

the proposed 200 foot maximum depth of the open pit, will act as a very effective natural seal 

below the processed sands (Temple Mountain Energy, 2013).  Impermeable oil sands and shales 

extend downward for several thousand feet below the mine site. 
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2.2 Processed sands liner design:  The liner shall be constructed of compacted clay and 

asphalt.  The fine grained native clay found at the mine site has previously been tested and has a 

permeability of less than 10-7 cm/sec and is an excellent material for use as the main component 

of the compacted clay liner (Appendix I).  The compacted clay liner shall include the following 

features based on the recommendations of US EPA (1989) and USDA/NRCS/Wisconsin, 2015. 

• a minimum thickness of one foot. 
• a maximum hydraulic conductivity of 1 x 10-7 cm/sec. 
• soil plasticity indices ranging from 10% to 30%.  
• shall containing at least 30 percent fines and up to 50 percent gravel, by weight.  
• the moisture content shall be above the optimum moisture as determined by the 

standard proctor test or modified proctor test. 
• loose lift (layer) thicknesses shall be 6 inches. 
• compactors, weighing 25,000 or more pounds, with feet long enough to penetrate a 

loose lift of soil will be used to compact each lift. 
• 5 to 20 passes will be made to ensure that clods are broken up (less than ½ inch in 

diameter) and that the clay is compacted properly. 
• the clay liner shall be compacted to a minimum of 95% of standard proctor dry 

density or to a minimum of 90% of modified proctor dry density.  
• Foundation surfaces shall be graded to remove surface irregularities and shall be 

scarified or otherwise acceptably scored or loosened to a minimum depth of 2 
inches.  

 
Six inches of compacted native asphalt will be used to cover the compacted clay.  Although 

the compacted asphalt will provide a high degree of impermeability on its own, as indicated above, 

the main purpose of the asphalt will be to protect the integrity of the clay liner during remediation 

activities and to protect it from desiccation.  It should be noted that the rock formations below the 

floor of the mine are composed of interbedded shale and oil sands, which naturally form a very 

impermeable barrier to water flow.  It should also be noted that no aquifers were identified beneath 

the mine floor, or in the vicinity of this mine. 

2.3. Quality control during the installation of the compacted clay low permeability 

layer: Quality control during the installation of the compacted clay layer are based on the 

guidelines of the US EPA (1989) and USDA/NRCS/Wisconsin, 2015 (Table 8). Clay liner 

construction shall be tested and documented by a third party engineering or testing firm at the 

specified minimum frequency shown in Table 8.  



-	21	-	
	

Table 8: Quality control testing performed during compacted clay installation.   

Test Frequency 
Standard proctor test (ASTM D-698), or 
Modified Proctor Test (ASTM D-1557)  

1 per 5,000 cubic yards of clay liner 

Field density tests (ASTM D-2922, or D-2937, 
or D-2167, or D-1556)   

1 test per 100 foot grid per1 foot thickness of 
clay liner 

Atterberg Limit tests (ASTM D-4318) 1 per 5,000 cubic yards of clay liner 
Grain size distribution (ASTM-D422) 1 per 5,000 cubic yards of clay liner 
Permeability (ASTM D-5084)   1 per 5,000 cubic yards of clay liner 

 
Source:  USDA/NRCS/Wisconsin, 2015 Section IV, Technical Guide 300. Clay liner 
US EPA, 1989. 

   
2.4 Potential groundwater monitoring well location:  Historical records indicate that 17 

wells were drilled in this area as exploration wells for oil sands within the Duchesne River 

Formation (Fig. 1) (Stantec 2015).  Well logs indicated that only four of these wells encountered 

intervals that were described as “water wet” (Table 1).   Wells CG-1 and F-4 had thin intervals 

described as “water wet”, but these wells are east of the mine site, so are not appropriate locations 

for a monitoring well since ground water will tend to travel in the down dip direction, which is 9o 

to 20o to the SSW in this area (Blackett, 1996).  Well F-1 also had a very thin interval described 

as “water wet”, but this core was taken from within the proposed open pit area, so is not an 

appropriate monitoring well location (Figs. 1).  Well CF-1 is both down dip of the mine site (and 

therefore the processed sands that will be used for mine remediation) and also had the most 

intervals described as “water wet”, so appears to be the most appropriate location for a monitoring 

well based upon currently available information and understanding of the geology of the area 

(Fig.1, Appendix C).   

Stantec (2015) indicated that the interval described as “water wet” in well CF-1, at a depth 

of 58.1 - 60.7 feet, is likely an isolated sand lens as opposed to an aquifer of any areal extent.   

Drilling the proposed monitoring well, slightly offset to the original CF-1, will help to establish 

whether this shallow sandstone body extends over a larger area than just the immediate area where 

the original well was drilled.     The intervals between 215 and 285 feet below ground surface that 

were described in the well log as “water wet” were also described as having light to fair oil 

saturation (SOHIO Petroleum Company, 1957 – Appendix C).  This description suggests that the 
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quality of any water from these intervals may not be suitable for either domestic or agricultural 

use.   

2.5 Results from drilling the groundwater monitoring well:  On October 1 and 2, 2015, the 

ground water monitoring well was drilled approximately 100 feet to the east of the location where 

well CF-1 was drilled (Fig. 2).  The well first targeted the interval described as “water wet” in the 

CF-1 well log that was at a depth of 58.1 - 60.7 feet.  This zone was dry.  The intervals between 

215 and 285 feet below ground surface that were described in the CF-1 well log as “water wet” 

were then targeted.   The well was drilled to a depth of 275 feet and no “water wet” zones were 

encountered.  The well was drilled using an air rotary drill rig.  All the cutting that came to the 

surface were exceptionally dry, no traces of moisture were encountered (Fig. 5).  It should be 

remembered that well CF-1 was drilled in 1957 and is not a good indicator of current subsurface 

conditions.  

2.6 Collection lysimeter for monitoring water associated with disposal of processed sands: 

Due the fact there are no detectable amounts of groundwater beneath the mine site, the Division 

of Water Quality requested that a water collection lysimeter be designed and used to monitor the 

quality of any water/leachate that may form during mine remediation operations using processed 

sands as a backfill material (Appendix J).  The collection lysimeter will be constructed beneath 

area mined in 2018 and will be constructed as soon as an appropriately sized area is free of active 

mining operations. The lysimeter will be monitored for the presence of any water/leachate on a 

regular basis.  Any water/leachate that collects in the lysimeter will be sent to a state certified 

environmental laboratory for analysis. 
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Figure 5.  Cutting from the ground water monitoring well that was drilled approximately 100 feet 
to the east of well CF-1.  Air rotary drilling produced cuttings that were exceptionally dry and easy 
to identify.  The majority of cuttings were from interbedded red and gray shales.  The black cuttings 
near the center of the picture are oil sands.  No water was encountered at the two target zones at 
58.1 - 60.7 feet and 215+ feet.   

 

3.0 Summary and Conclusion:  With the present knowledge of both surface and subsurface 

conditions including... 

• the absence of an aquifer beneath the mine site;  

• the absence of water in the potential ground water monitoring well that was drilled adjacent 

to well CF-1; 

• the extensive thickness of impermeable beds (shale and oil sands) beneath the planned 

mine floor (>1,000 feet thick);  

• the low volume of precipitation in this area of Utah;  
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• the high evaporation rates in this area of Utah;  

• the poor quality of the intermittent stream water as a potential source of groundwater south 

of the mine site;  

• the absence of any natural seeps or springs in the mine area;   

• the low historical occurrence of groundwater in 17 well logs in the immediate mine area; 

• encapsulating the processed sands in low permeability clay and/or native oil sands (for both 

the liner and cap); 

• the construction of a collection lysimeter to monitor any leachate created from the 

processed sands; 

• the low residual levels of hydrocarbons in the processed sands (below Utah’s Tier 1 

screening levels); 

• conducting dry analyses of the processed sands on a regular basis; 

 

The use of processed oil sands in mine remediation will have a de minimis effect on 

groundwater quality in this area. 
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Glendale, CA 91204. Telephone: 1 (800) 979-1897 
Fax: 1 (866) 571-9613 

Email: info@mcwenergygroup.com 

 

TEST REPORT 
 

DATE: September 29, 2013 

Sample Origin:         Asphalt Ridge, Utah                              

Contact:                                       Rob Cowley/435-671-2430 

Project: Analysis of the bitumen extracted from the Asphalt Ridge native oil sands 

ore using MCW patented extraction technology and solvent composition. 

Product:        Asphalt Ridge oil sands sample.  

MCW Reference Number :    CA-CU-092913/ES 

 
Experimental Design Summary: 

 

25 Lbs native oil sands ore sample has been received in MCW laboratory from Asphalt Ridge oil 

sands mine in Utah. Testing was performed by extracting bitumen from the oil sands sample 

using MCW proprietary/patented oil from oil sands extraction method. Saturation of the oil sands 

with bitumen has been determined by weight. Afforded bitumen/hydrocarbons were tested on 

API gravity and were analyzed using MS-GC and FTIR analysis methods. Every test has been 

repeated 3 times. 

 

Table 1:  Observations 

Original Sample  Sticky solid  black oil sands sample, with specific 

hydrocarbon odor  

Processed Bitumen Thick dark viscous heavy oil with strong 

hydrocarbon odor   

Processed solid phase Clean off white sand  

 
Table 2 Solid phase saturation with hydrocarbons analysis before processing 

Test Number Bitumen (% by weight) API Gravity 

               1                12.22          11.6 

               2                12.37          11.8 

               3                12.28          11.7 
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Table 3 Solid phase saturation with hydrocarbons analysis after processing 

Test Number Bitumen (% by weight) API Gravity 

               1             Less than 0.1          N/A 

               2             Less than 0.1          N/A 

               3             Less than 0.1          N/A 

 

Table 4  Analysis of the Hydrocarbons/Bitumen afforded from the oil sands  

Test 

Number 

Viscosity, CP 

225 F 

Viscosity, CP 

320 F 

Pour point, F S (Sulfur), wt% 

               1 448 75 111 0.37 

               2 445 76 109 0.33 

               3 446 76 112 0.34 

 

 

CONCLUSIONS 

 

1. MCW oil from oil sands extraction technology process can be successfully applied to 

produce bitumen/heavy oil from the native oil sands ore with efficiency of 99.9%. 

 

2. Analyzed samples of the Asphalt Ridge, Utah oil sands have hydrocarbon saturation in 

the range of 12.2% to 12.4% 

 

3. Analyzed samples of the tailing sands afforded after hydrocarbons extraction from the 

native oil sands of Asphalt Ridge, Utah have shown residual bitumen/hydrocarbons 

content less than 0.1% by weight. 

 

4. Asphalt Ridge bitumen has API gravity in the range of 11.6 to 11.8 and it is flow able 

at the temperatures higher than 120 F. It is comparable to the oil sands from Athabasca 

oil sands region in Alberta, Canada  

 

5. Asphalt Ridge oil sands contains between 0.34% to 0.37% of sulfure that is a 

significantly less sulfur compare to the Athabasca oil sands reserves in Alberta, Canada. 

 

 

 

 

 

 

 

  

                   Chief Technology Officer ______Signed_____________ Date:    September  29, 2013 

                                 Vladimir Podlipskiy,  
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344 Mira Loma Avenue, 

Glendale, CA 91204. Telephone: 1 (800) 979-1897 
Fax: 1 (866) 571-9613 

Email: info@mcwenergygroup.com 

 

 

 REPORT ON OIL SANDS SAMPLE #1 FROM CHINA 
 

 

DATE:    June 23, 2014 

Sample Origin:       KYD, China                              

Contact:                                     Elton Zeng 

 

Project:  Analysis of the oil sands samples from China on 

the oil content and applicability of MCW oil from 

oil sands extraction process for commercial oil 

production in China  
 

Product:      Oil sands from China. Sample #1.  

MCW Reference Number:  CA-CU-06142014/ES1 

 

 

Experimental Design Summary: 
 
34 Lbs native oil sands ore sample has been received in MCW laboratory from 

China. Part of the sample # 1 has been grinded and treated with MCW patented 

solvent composition used in oil from oil sands extraction process in MCW 

production plant built in Utah, USA. Heavy oil/bitumen has been extracted, 

separated on different fractions and analyzed on the hydrocarbon content, type, and 

distribution.  Saturation of the native oil sands ore with the hydrocarbons (% 

weight) has been determined. Afforded oil/bitumen (hydrocarbons) were analyzed 

using GC and FTIR/IR analysis methods. Density/API Gravity and viscosity of the 

afforded hydrocarbons have been determined. Combustion elemental analysis has 

been performed to determine the content of carbon, hydrogen, nitrogen and sulfur 
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in the afforded hydrocarbons.  ICPMS tests have been performed to determine the 

heavy metal content/distribution in the afforded hydrocarbon materials.  Additional 

testing has been performed to determine the BTU value/energy per pound for the 

hydrocarbon material extracted from the native oil sands ore. Processed solid 

tailings after the extraction were analyzed on the hydrocarbons content. Every test 

has been repeated 3 times. The following results have been obtained and analyzed. 
 

 

 

Table 1:  Observations 

Original Sample # 1 of the oil 

sands from China 

Large sticky solid  black oil sands rocks with 

specific hydrocarbon odor  

 

Extracted hydrocarbons (Heavy 

Oil/Bitumen) afforded from 

original oil sands from China, 

sample # 1 using MCW process 

and solvent composition 

Thick black viscous heavy/gummy liquid with 

strong hydrocarbon odor  

  

Asphaltene/Asphalt afforded 

from the hydrocarbon mixture 

extracted from the native oil 

sands ore of the sample # 1 from 

China 

Solid powder with the specific asphalt odor 

 
Clean sand after hydrocarbon 

extraction from original oil sands 

from China, sample # 1 

Clean dry sand after extraction.  Rocks of the 

original oil sands before extraction have 

shown for the comparison.  

 

 

 

Total hydrocarbons content in the native oil sands ore has been determined before 

and after the extraction process with MCW solvent composition. The following 

data have been obtained. 
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Table 2 Total hydrocarbons content in the sample # 1 prior to the extraction  

Test Number Hydrocarbons (% by weight) 

               1                30.5% 

               2                28.6% 

               3                29.2% 

 

 
Table 3 Total hydrocarbons content in the sample # 1 tailing after the   extraction  

Test Number Hydrocarbons (% by weight) 

               1             Less than 0.1 

               2             Less than 0.1 

               3             Less than 0.1 
 

 

Total hydrocarbons extracted from the native oil sands ore have been separated on 

two main fractions/compositions Asphaltene and Maltenes. The following data 

have been obtained. 

 
Table 4 Hydrocarbons composition in the sample # 1 after the extraction  

Test Number Maltenes (% by weight) Asphaltene (% by weight) 

               1 70.82 29.28 

               2 70.16 29.84 

               3 69.78 30.22 
 

 

Additional analysis of the Maltenes hydrocarbon types have been performed and 

the following data have been obtained. 

 
Table 5 Maltenes analysis results by hydrocarbon types (%wt) 

Test  

No 

Saturated 

Hydrocarbons 

Unsaturated 

Hydrocarbons 

Aromatic 

Hydrocarbons 

Other 

Hydrocarbons 

1 78.6 6.8 4.2 10.4 

2 79.1 6.7 4.5 9.7 

3 78.9 7.2 4.6 9.3 
 

 

Viscosity and API Gravity/Density of the total hydrocarbons fraction extracted 

from the native oil sands ore have been determined and the following results have 

been obtained. 
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Viscosity @ 98 C   49.52 CsT 

Density     1.06 g/ml 

API Gravity            1.99 

 

 
Heavy metal elemental analysis (ICPMS) has been performed on the total 

hydrocarbons fraction extracted from the native oil sands ore. The following data 

have been obtained.  

 

 
Barium         14.35    PPM 

Iron          109.00    PPM 

Lead   0.19      PPM 

Molybdenum  7.40      PPM 

Nickel  15 .00   PPM 

Strontium   1.50    PPM  

 

 

 

Combustion elemental analysis has been performed on the  total hydrocarbons 

fraction extracted from the native oil sands ore. The following data have been 

obtained (% wt).  
 

Carbon      84.75 

Hydrogen  10.12 

Nitrogen    0.84 

Sulfur        4.05 

 

 

 

 

The heating value/energy of the total hydrocarbons fraction extracted from the 

native oil sands ore has been determined in the closed bomb colorimeter. The 

following result has been obtained: 17,900 BTU/Lbs 
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CONCLUSIONS 

 

 

1. Oil sands # 1 sample from China has  extremely  high  concentrations of  the 

hydrocarbons averaging almost 30% by weight. 
 

2. The majority of the hydrocarbons are Maltenes with straight saturated 

hydrocarbon chains. Unsaturated and aromatic  hydrocarbons are  present  in  

moderate rates and significant amount of Asphaltene is present.   
 

3. MCW solvent composition and oil from oil sands extraction process are very 

effective when applied to produce hydrocarbons from the oil sands ore 

(sample # 1) from China.  The efficiency of the extraction process has been 

99.9% of total hydrocarbons obtained/extracted. Very high concentrations of 

the hydrocarbons in the native ore are making the process even more energy 

efficient compare to the oil sands production in Utah, USA. Expected energy 

return can be as high as 1 to 45 times energy invested vs. energy obtained. 

 

4. In addition due to the very high level of the saturated hydrocarbons and 

Asphaltene in the hydrocarbons extracted from the sample # 1, this material 

is a very attractive source for the commercial hydrocarbon production. 

Afforded Maltenes and Asphaltene can be utilized in both oil refinery and 

high quality asphalt manufacturing processes. In addition the testing results 

have shown that with slight modification of MCW production process there 

is a possibility of obtaining both Maltenes and Asphaltene as two separate 

products of the extraction without additional separation. This approach 

allows using Maltenes for the oil refinery business and using the Asphaltene 

straight for the high quality asphalt manufacturing.  MCW technology is 

fully compatible with Chinese sample #1 oil sands type and composition.  

Commercial development of this reserves would be very effective, energy 

efficient and economically viable. . 
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New temporary pad dimensions and storm water catchment solution 

At full production the plant will process 7 to 10 cubic yards an hour.   

9 yd3 x 24 hours x 27 ft3/yd3 = 5,832 ft3 per day x 7 days = 40,824 ft3 per week 

The current temporary tailing pad was designed for 17,460 ft3, just over 2 days of tailings at full 
production.  If we take the tailings back to the mine site after each load of ore is delivered, this 
should not be a problem, but since we are resubmitting the application, we should enlarge the 
pad to accommodate some additional material so that we are not on such a tight schedule taking 
tailings back to the mine site. 

If we increase the dimensions of the temporary tailings pile to the following… 

Perimeter Length (b1) - 65 ft (assume a square base)  

Height - h1 - 32.5 ft  

Volume V1 = b12 (h1/3) = 652 (32.5/3) = 45,771 ft3 

 

Width of flat top (b2) - 25 ft  

Height - h2 - 12.5 ft.  

Volume V2 = b22 (h2/3) = 252 (12.5/3) = 2,604 ft3 

Volume of stockpile = V1 – V2 = 45,771 ft3 - 2,604 ft3 = 43,167 ft3, which is a full week’s 
storage at 9 cubic yards per hour.   

Source: Permit presently on file with DWQ 



Bulk Density - 125 lbs/ft3  

Tailings in Stockpile - 43,167 ft3 x 125 lbs/ft3 = 5,395,875 lbs = 2,698 tons  

Stockpile Height - 20 ft  

Ideally, two trips per week would prevent the tailings pile from reaching maximum capacity, but 
if one trip per week was done, there would be enough storage capacity. 

______________________________________________________________________________ 

Concerning storm water capacity - the original temporary tailings holding pad had the capacity 
to hold 480 ft3 of water in the base 10 inches of clean sand with 25% porosity. 

48 ft x 48 ft x (10/12) x 0.25 = 480 ft3 of pore space. 

A 100-year 24-hour rain event in eastern Utah will yield 2.3 inches of rain. 

48 x 48 x (2.3/12) = 441.6 ft3 of storm water. 

 

The new dimensions will also accommodate a 100-year 24-hour rain event… 

65 ft x 65 ft x (10/12) x 0.25 = 880 ft3 of pore space. 

A 100-year 24-hour rain event in eastern Utah will yield 2.3 inches of rain. 

65 x 65 x (2.3/12) = 809 ft3 of storm water. 

 

We can cheaply and easily modify the design of the base of the pad to accommodate even more 
water.  If the berm surrounding the pad is 2 feet high, we get a total of 2,112 ft3 of storm water 
storage capacity with a flat bottom.  With an asphalt base, this should be more than adequate to 
prevent any storm water from contaminating the ground water with leachate. 

Total volume = 65 x 65 x 2 x 0.25 = 2,112 ft3 of total storm water storage space.  

 http://www.wrcc.dri.edu/pcpnfreq/ut100y24.gif 

We can have two 100-year 24-hour rain events in the same week and still have the capacity to 
store all the storm water within the temporary tailings holding pad without any storm water 
runoff.   

______________________________________________________________________________ 

It should be noted that the tailings themselves have the capacity to hold even more water since 
they will be coming out of the dryer virtually free of any moisture.  The capillary forces within 
the tailings after a rain storm will be quite strong and hold a significant amount of water.  This 
was not considered in the original application since the saturated storage was adequate to hold a 



100-year 24-hour rain event.  It may be beneficial for us to include this information in the new 
application.    

If we use a water holding capacity chart as a measure of the storage capacity of the tailings and 
use fine sand as the category of soil that the tailings are equivalent to, then each vertical foot of 
tailings should be able to hold 1.8 inches of rainwater via capillary forces (Table 1).  Two feet of 
tailings will hold 3.6 inches of rain, this is more than the 100-year 24-hour rain event without 
taking into consideration the saturated storage capacity of the sand. 

Table 1. Water holding capacity measured in inches of water per foot of soil. 

Soil Type Total Available Water, in/ft 

coarse sand 0.6 

fine sand 1.8 

loamy sand 2.0 

sandy loam 2.4 

sandy clay loam 1.9 

loam 3.8 

silt loam 4.2 

silty clay loam 2.4 

clay loam 2.2 

silty clay 2.6 

clay 2.4 

peat 6.0 

Source: http://nrcca.cals.cornell.edu/soil/CA2/CA0212.1-3.php 



Lastly, we should also include the fact that the temporary storage pad will also be temporary 
since we will be going to a system of having the dry tailings loaded directly onto trailers right 
from the conveyor belt in the short term future.  
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ASPHALT BARRIERS FOR WASTE ISOLATION

John J. Bowders1, J. Erik Loehr2, D. Todd Mooney3 and Abdelmalek Bouazza4

ABSTRACT

Prior to the mid 1980s, asphalt barriers were primarily used to control water seepage from facilities
such as ponds, impoundments and earth dams. Asphalt was applied as hot-sprayed buried asphalt membranes
and as asphalt concrete for the barrier layers. The establishment of rules for hazardous and solid waste
landfill designs focused the industry toward composite liners consisting of geomembranes and compacted
soil.  However, in the mid-1980s, resurgence into the use of asphalt concrete for waste isolation was initiated
by the US Department of Energy in their quest for very-long-term (1000+ years) hydraulic barriers for
radioactive and mixed waste sites.  Existing data demonstrate that asphalt concrete barriers and fluid-applied
asphalt layers can provide extremely low hydraulic conductivities (<1x10-11 cm/s).  On-going research
results show that asphalt may have the robust properties for a service life approaching 1000 years. Field
demonstration of the attributes of asphalt concrete barriers through test pads and monitored prototypes can
answer the question of equivalency or superiority of asphalt concrete barriers for waste isolation.

INTRODUCTION

Asphalt containing materials have been used for hydraulic barriers for ages, possibly more than 5000
years (Freeman et al. 1994, Kays 1977, Asphalt Institute 1976).  Hot-sprayed buried asphalt membranes
have been used for lining water containment structures and controlling seepage through dams for about the
last 60 years (Creegan and Monismith 1996, Hickey and Jones 1968, Smith 1962).  Over the last 30 years,
asphalt concrete has been used for hydraulic barriers and in some cases for liners for waste containment
facilities (Asphalt Institute 1976).  However, with the initiation of landfill composite (geomembrane +
compacted soil) liner systems for waste disposal have dominated new and expanded facilities.

Most regulations allow for site-specific or alternative liner designs provided they meet
environmental performance criteria set forth in the rules.  Typical regulations provide performance criteria
that alternative liners must meet such as the concentrations of specific constituents not be exceeded in the
uppermost aquifer at a specific point of compliance.  Given these possibilities for alternative liner (and
cover) designs, it is worthwhile to examine the state of knowledge regarding asphalt barriers.

Asphalt concrete consists of asphalt and aggregate that are heated, mixed and typically placed in a
hot condition, e.g., paving highways.  It can also be used for hydraulic barriers.  Typical mix ratios for
pavements and hydraulic barrier applications are shown in Table 1.  The main difference between the paving
and hydraulic barrier applications is the percentage of asphalt in the mix; however, mixes for hydraulic
applications also include dense graded aggregates and higher fines contents.  For the barrier applications, the
asphalt content is increased from about 5 percent (total weight basis) to 6 to 9 percent.  The increased asphalt
content decreases the volume of air voids in the asphalt concrete and thereby reduces the hydraulic
conductivity.

Motivations for using asphalt concrete in hydraulic barrier applications include: asphalt tends to
have an extremely low hydraulic conductivity, it resists desiccation and cracking, and displays some ability
for “cold flow” or creep which may lead to “self-healing” of cracks or construction-formed voids (Kim et. al
1994).  Asphalt also has been documented to provide a very long service life especially when buried.
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Table 1 – Comparison of Typical Mixes for Asphalt Concrete in Hydraulic Barrier (Asphalt Institute 1991)

and Pavement Applications (Asphalt Institute 1996).
Constituent Hydraulic Barrier Pavements

Weight (%) Volume (%) Weight(%) Volume (%)
Asphalt 6.5 to 9.5 14 5 13

Coarse Aggregate (>No. 4) 20 to 30 33 50 44
Fine Aggregate (<No. 4) 70-80 44 39 34
Mineral Dust (<No. 200) 8 to 15 5 6 5

Air ** <4 ** >4

CASES FROM THE LITERATURE

There are numerous citations for the use of asphalt in hydraulic containment structures (Creegan and
Monismith 1996).  Most of the citations, beginning around the 1940s, refer to the use of hot-sprayed buried
asphalt membranes (HSBAM) for controlling seepage of water.  In many instances the HSBAM were used
for potable water supplies.  Asphalt concrete has also been used for hydraulic barriers and in at least one case
was used for the low hydraulic conductivity liner for a municipal waste landfill (Asphalt Institute 1976).
The literature cases with specific application to waste isolation are summarized in Table 2 and briefly
discussed in the following.

Liner Systems
In 1972, the Winnebago County Land Reclamation Site an abandoned gravel pit located in

Rockford, Illinois was lined with 5 cm (2 in.) of asphalt concrete.  The asphalt was covered with a tar
emulsion to isolate the asphalt from naptha and other potentially disruptive solvents that might possibly
leach from the waste.  A 15-cm (6 in.) sand leachate collection layer was placed on top of the tar emulsion.
This is the only municipal solid waste bottom liner of asphalt concrete documented in the surveyed
literature.  At the time, 1976, the liner apparently was working satisfactorily.

The US EPA’s Lining of Waste Impoundment and Disposal Facilities (US EPA 1980) discusses
asphalt concrete liners in section 3. Haxo and White (1976) measured laboratory conductivity of 3x10-9 cm/s
on asphalt concrete with 9% asphalt cement.  A test liner, exposed for 4.6 years was in good condition.  The
properties had not changed from those recorded initially.  Haxo and White (1976) recommended the liner
thickness be greater than 10 cm (4 in.).

Styron and Fry (1977) investigated the compatibility of an asphalt concrete liner and leachate from
flue gas cleaning sludge (a high pH solution).  They found that an 11%-asphalt content in a 5-cm (2-in.) liner
met the conductivity requirement.

Cover Systems
The largest use of asphalt concrete barriers in waste containment applications has been for cover or

capping systems.  In these applications, the principal agent being contained is water from precipitation
events.  Typically, chemical compatibility with the water is not a primary issue since data show that water
does not have any appreciable negative impact on the hydraulic conductivity of asphalt.  There are however,
lessons to be learned from this application that are directly applicable to asphalt concrete bottom liners.

In 1985, University of Texas at Austin (UT) labs tested asphalt concrete specimens prepared by a
designer (Bowders 1999).  Specimens prepared at 7.5% asphalt had conductivities averaging 2x10-6 cm/s
while those containing 8% asphalt had conductivities less than 1x10-7 cm/s.  The designer then proceeded
with the project, a cover system for a superfund site in Montana and recovered cores from the completed
asphalt concrete cover.  The cores were tested in the UT labs.  The conductivity ranged from 1x10-6 cm/s to
9x10-8 cm/s.

An asphalt concrete cap was placed over the Western Processing Co. superfund site in Kent,
Washington in the mid-1980’s (Repa et al. 1987).  Eighteen asphalt concrete core samples were exhumed
from the cap and tested in the laboratory.  The resulting conductivities ranged from 3x10-1 cm/s to 1x10-2

cm/s.  The conductivities exceeded the desired 1x10-7 cm/s by 5 to 6 orders of magnitude.  The percentage of
air voids in the cores ranged from 12 to 17 percent.  This is 3 to 4 times greater than that recommended air
voids for hydraulic barrier asphalt concrete (Asphalt Institute 1976, Creegan and Monismith 1996).  Factors
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Table 2 - Asphalt Concrete Hydraulic Barriers for Waste Isolation

Project/Location Application Hydraulic
Conductivity

Status Reference

Winnebago County
Landfill, Rockford
Illinois, 1972

-MSW liner
-5 cm asphalt
concrete
-Tar emulsion
surface
-15 cm sand layer
LCS

None reported -1972 receiving 500
metric tons of
waste/day
-Current status
unknown.

The Asphalt Institute
(1976)

Liner Exposed to
Simulated Landfill
Leachate, 1976

-9% asphalt cement
-6 cm asphalt
concrete

-Water – 3x10-9 cm/s
-Use >10 cm thick.
For leachates

-Liner in good
condition after 4.6
years of exposure

US EPA (1980)

Flue Gas Sludge
Leachate/Liner
Compatibility, 1977

-11% wt basis
asphalt cement
-5-cm asphalt
concrete liner

None reported -Met hydr. cond.
requirements

US EPA (1980)

Superfund site,
Montana, 1985

-Cover for former
surface
impoundment

-Lab: 7.5% asphalt –
2x10-6 cm/s
-Lab: 8% asphalt
cement- <10-10 cm/s
-Field cores: 1x10-6

to 9x10-8 cm/s

-Poor construction
quality control

Bowders (1999)

Western Processing
Company, Kent
Washington, 1987

-Cover for waste site
-6% asphalt cement
-Hi-way paving mix

-3x10-1 to 1x10-2

cm/s
cores from cover

-12 to 17% air voids
-Insufficient
compaction

Repa et al (1987)

Landfill Cover,
Oregon, 1990

-Cover and roadway -Field test: <1x10-7

cm/s (SDRI)
-Sealed double ring
infiltr. field test

Bowders (1999)

Hanford Permanent
Isolation Barrier
Program, Hanford,
Washington, 1994

-Prototype cap
-7.5% asphalt
cement
-Two 15-cm layers
of asphalt concrete
-FAA on surface

Asphalt concrete:
-Field cores: 1.3x10-

9 to 1.2x10-10 cm/s
-Field SRIs: 1.1x10-7

to1.9x10-9

FAA: 1.8x10-11 cm/s

-Variation in single
ring k values likely
due to measurement
technique (SRI)

Freeman at al (1994)
Mancini at al (1995)

Rocky Flats, Denver,
Colorado, 1997

-Fluid applied
asphalt above the
asphalt concrete

-FAA: 1.0x10-11

cm/s or lower
-Lower limit of k
test device.
-No effect on k of
gravel embedment.

 Glade and Nixon
(1997)

Industrial waste,
pulp & paper ash
landfill, British
Columbia, Canada
1998

-Cover for landfill
-Asphalt cement
included petroleum
contaminated soils
-15-cm of AC

None reported -1999, cover
performing well.

Kilback and Barrett
(1998)
Kilback (1999)

Port of Tacoma,
Washington, 1999

-Cover for a slag
dump

<1x10-7 cm/s -Cover serves as a
parking lot

Richardson (1999)

believed contributing to the high conductivities include: a standard highway paving mix was used with the
specification for at least 6 percent asphalt but no other specification regarding hydraulic conductivity. Also,
field compaction may have been insufficient due to light weight equipment and inclement weather.

The evaluators of the Western Processing cap made the following recommendations for achieving
low conductivity asphalt concrete caps in the field:

• Asphalt content at 6 to 9.5%,
• Mineral filler content from 8 to 13%,
• Aggregate should be sized so as not to bridge coarse aggregate,
• Test under lab and field conditions,
• Subgrade must be adequately drained and be stable,
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• Slope joint edges to ensure good compaction,
• Apply tack coat to joint edges to ensure bonding,
• Compact asphalt concrete to <4% air voids, and
• Apply an asphalt sealer to the surface.

In the early 1990’s a portion of a cover system around a municipal solid waste landfill in Oregon
was also required to serve as a roadway.  An asphalt concrete was used for the roadway and doubled as the
cover for that section of the landfill cover.  The in situ conductivity was less than 1x10-7 cm/s as measured
using a sealed double-ring infiltrometer.  The final conductivity was likely to be lower but the test was
discontinued since the liner met the required conductivity (Bowders 1999).

The US Department of Energy (US DOE) initiated the Hanford Site Permanent Isolation Barrier
Development Program  (HPIB) in 1985 to develop engineered barriers to isolate waste for long terms (Wing
and Gee 1994).  The objective of the design is to use natural materials to develop maintenance-free surface
barriers that isolate the waste for 1,000 years.  The barriers must limit the infiltration of water through the
barrier and into the waste to 0.05 mm of water per year (infiltration rate) which corresponds to a hydraulic
conductivity of 1.6x10-9 cm/s.  A composite asphalt barrier has been identified and field-tested.  The barrier
consists of a fluid-applied asphalt and an asphalt concrete layer (Figure 1).  The asphalt composite is being
presented as the alternative to compacted clay/geomembrane barrier.

The asphalt concrete (AC) and fluid-applied asphalt
(FAA) coating make up the hydraulic barrier.  The overlying
layers constitute drainage and protection layers. A prototype
barrier 0.65 hectares (1.6 acres) was constructed in 1994.
The asphalt barrier was placed on a 2-degree slope with the
joints staggered and layers terraced down slope.  The asphalt
barrier consists of two 7.5-cm (3-in.) courses of compacted
hot mix asphalt concrete containing 7.5 wt% asphalt.  Core
samples were taken and laboratory hydraulic conductivity
tests were performed on them.  In addition, a field falling-
head permeability test was developed and used on the
prototype to measure in situ hydraulic conductivity of the
asphalt barrier.

Field measurements of the hydraulic conductivity of
the prototype barrier showed hydraulic conductivity
decreased with time over a period of 5 days.  Eighteen
measurements were made over the five days in five locations
on the prototype barrier.  Two of the measurements exceeded

the 1x10-7 cm/s criterion but these were attributed to leakage of the test apparatus.  The remaining
conductivities were in the range from 1x10-8 to 1x10-9 cm/s.  These conductivities are assumed to be
conservative (higher than actual) since the bentonite used for sealing the test apparatus to the asphalt was
still absorbing water and the test rings only penetrated 5 cm into the asphalt thus allowing lateral flow in
addition to vertical flow of water.

Laboratory measured hydraulic conductivity on five asphalt concrete cores averaged 4.7x10-10 cm/s.
This is well below the goal of 1.6x10-9 cm/s.  Conductivity tests on the FAA yielded an average  hydraulic
conductivity of 1.9x10-11 cm/s. This was the lower limit of measurement for the testing procedure used.

The DOE is also considering an AC + FAA cover system the Rocky Flats facility near Denver
Colorado.  In tests on the FAA, Glade and Nixon (1997) found the conductivity to be less than 1x10-11 cm/s.
In related work, Glade et al (1997), found no detrimental effect on the conductivity due to aggregate
embedment into the FAA layer.  They also found that thickness of the FAA should be greater than 1.5 mm
for conductivity requirements and less than 3 mm for long term creep considerations.  Creep rate of the FAA
tends to increase with increasing thickness of FAA.

Kilback and Barrett (1998) reported on the use of an asphalt concrete in the cover for a
industrial waste, pulp and paper ash landfill located in British Columbia.  The asphalt concrete was designed
to have a low hydraulic conductivity and to incorporate hydrocarbon contaminated soil into the mix as a

1.0 m Silt Loam/Gravel Admix

1.0 m Silt Loam

0.15 m Sand FIlter
0.30 m Gravel FIlter

1.5 m Fractured Basalt Riprap

0.3 m Drainage Gravel/Cushion
0.15 m Asphaltic Concrete Coated
with Fluid-Applied Asphalt
0.10 m Top Course
Compacted Soil Foundation

In Situ Soil

Ground Surface

Figure 1 – Cross-Section of Hanford
Prototype Permanent
Isolation Surface Barrier
(Freeman et al. 1994)
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method of stabilizing the contaminated soils.  The site was preloaded for 12 months prior to asphalt
placement to reduce settlements once the asphalt cover was in place. Although 7.5 cm (3 in.) of asphalt
concrete was sufficient to meet the hydraulic conductivity requirement, a 15-cm (6-in.) thickness was placed.
The asphalt concrete barrier is performing well to date (Kilback 1999).  No information is available on how
the issue of asphalt solubility in hydrocarbons in the contaminated soil was addressed or on settlement
tolerance limits for the asphalt concrete cover.

A 0.4 m (16-in.) thick asphalt concrete cap was used to cover a slag dump at the Port of Tacoma,
Washington (Richardson 1999).  The cap serves as a parking area.  The low hydraulic conductivity layer was
an asphalt-coated geotextile placed in the asphalt concrete section.  The hydraulic conductivity was less than
1x10-7 cm/s.

OTHER CONSIDERATIONS FOR USING ASPHALT BARRIERS

Asphalt liners are generally not resistant to organic solvents and chemicals, in particular
hydrocarbons, so they may not be acceptable liners for petroleum derived wastes or oils, fats, aromatic
solvents or hydrogen halide vapors (Kays 1977).  Asphalt has shown good resistance to inorganic chemicals
and corrosive gases such as hydrogen sulfide and sulfur dioxide. Test results indicated a low permeability of
the asphalt materials to radon (Nixon et al 1994). Carbonate-containing aggregates should be avoided if the
waste stream or resulting leachates might be acidic (Kays 1977).

In regard to performance lifetimes, if the aggregate in the asphalt concrete mixture is inert, then our
attention is focused on the asphalt itself.  What is the effective lifetime of asphalt?  In their quest for a 1000+
year barrier, the US DOE has performed several evaluations of the effective lifetime for asphalt (Freeman
and Romine 1994).   Accelerated aging tests on asphalts were performed and the resulting aged specimens
evaluated.  In addition, testing was performed on asphalt artifacts.  Buried asphalt artifacts are analogous to
the buried asphalt concrete barrier.  Artifacts provide information on the long-term aging behavior of
asphalt, which can be used to assess the effect on asphalt concrete barriers.

Mullen (1967) reported on the results of hydraulic conductivity and beam flexure tests for asphaltic
concrete samples from pavements in Maryland.  The pavements ranged from new to 17 years old.  Asphalt
cement content ranged from 5 to 6 percent.  Samples with less than 6% voids had hydraulic conductivities of
less than 1x10-7 cm/s and limited aging of the asphalt cement. The low-void samples tended to retain ductile
load-deflection behavior after years of service.  High void samples tended to be dried out and exhibit brittle
load-deflection behavior. High asphalt cement content coupled with low void compaction yields low
hydraulic conductivity, high ductility, extended life asphalt concrete.

Kays (1977) discusses asphalt concrete liners in general and more specifically as seepage and
erosion barriers for earth dams.  He stresses analysis of the total design including the nature of the
subsurface below the intended liner and the risks associated with leakage from the facility.  Kays was ahead
of the regulatory agencies in suggesting that performance standards might be more appropriate for design of
a liner than simply requiring a prescribed design. Kays (1977) and Creegan and Monismith (1996) provide
general design guidance for asphalt concrete hydraulic barriers.

LESSONS LEARNED

Results of laboratory and field efforts with asphalt concrete and fluid applied asphalt illustrate low
hydraulic conductivities can be achieved with these barriers given proper design and high level construction
quality control. Several lessons to be learned from the existing data include:

ß The percentage of air voids must be below 4% (vol. basis) to achieve low hydraulic conductivity,
ß Asphalt cement content must be above 6% (wt basis) to achieve low hydraulic conductivity,
ß Increase fines content (fraction less than 0.02 mm) to 8% - 15% to insure a dense graded mixture,
ß Use at least two layers of asphalt concrete, minimum thickness of 5 cm/layer,
ß Apply an asphalt cement tack coat between layers, stagger the joints, and slope them for good compaction,
ß The fluid asphalt applied layer should be between 1 and 3 mm thick, and
ß The subgrade must be stable and adequately drained.
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AREAS REQUIRING FURTHER RESEARCH AND DEVELOPMENT

Results of past laboratory and field efforts indicate several areas in need of further research and
development prior to wide acceptance of asphalt barriers for waste isolation. Most of the issues below can be
solved through the introduction of instrumented test pads and prototypes.  These issues include:

1. Compatibility
ß Liquids (or gases) that might chemically interact with the asphalt or aggregate.
ß Strain possibly causing cracking or distress in the barrier.

2. Construction
ß Procedures for attaining desired compaction and air voids content.
ß Procedures for placing and compacting asphalt on slopes.
ß Standard procedures for Construction Quality Control and Quality Assurance.

3. Performance Monitoring
ß In situ hydraulic conductivity measurements.
ß In situ deformation measurements.
ß Long-term monitoring to assess effective design lifetimes.

CONCLUSIONS

Asphalt materials are being chosen over conventional compacted soil/geomembrane barriers for high
level waste isolation because of their low conductivity and promise for long term performance. Similar
consideration should be given for all waste isolation applications.  Asphalt barriers may be a better long-term
solution than currently accepted designs for many situations, in particular, covers for all types of facilities
and liners for non-hazardous and inert waste facilities. The challenge to our community is to take on the
development of asphalt barriers – a long-term solution for many waste isolation situations.
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ABSTRACT

High-resolution geochemical data from phosphorites and associated lithofacies of the
Permian Phosphoria Rock Complex suggest that organic matter deposition and phospho-
genesis occurred in fundamentally different oceanographic conditions than those of modern
oceanic upwelling systems. Unlike modern phosphorites, those of the Phosphoria accumu-
lated in a shallow marginal sea within a semi-restricted epicontinental embayment that
extended landward into proximal environments bordered by evaporative lagoons. The Phos-
phoria Rock Complex phosphorites formed in outer ramp (<200 m water depth), organically
productive mid-ramp, and very shallow and restricted inner-ramp environments.
Chemostratigraphic data (total organic carbon, sulfur, phosphate, δ13CPO4–CO3

, Ni, Cr, and
Cd) indicate that this wide range of paleoenvironments was largely dysoxic or anoxic; euxinic
conditions developed sporadically. High cadmium and nickel concentrations suggest maxi-
mum paleoproductivity (preserved total organic carbon up to 15 wt%) was associated with
anoxic and euxinic conditions. Water column oxygen and trophic levels are interpreted to
have been the primary controls over macrofaunal distribution in the Phosphoria, not cold-
water temperatures as has been previously inferred.

These findings, augmented by recent Permian paleoclimate and ocean circulation
models, suggest that an oxygen-poor, nutrient-rich intermediate water mass flowed into
the Phosphoria embayment and impinged on the mid-ramp area. Seasonal coastal
upwelling brought this water to the surface, where it mixed with warm waters flowing sea-
ward from the restricted shallow lagoons in west-central Wyoming, resulting in high paleo-
productivity and organic matter accumulation and oxygen depletion in the water column.
Warming of the waters on the broad, shallow ramp, coupled with seasonal attenuation of
the coastal upwelling system, is predicted to have led to a positive feedback between pro-
ductivity and phosphogenesis through a wide range of environments. This new model and
our findings illustrate that paleoceanographic setting and paleoenvironment must be taken
into account to fully understand the geochemical variation seen in ancient phosphorites.

Keywords: Phosphoria, upwelling, chemostratigraphy, chemofacies, phosphorite,
paleoceanography.
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INTRODUCTION

The Phosphoria Rock Complex contains one of the largest
sedimentary phosphate deposits in the geologic record (e.g.,
Cook and McElhinny, 1979). This series of phosphorite-siltstone-
chert-carbonate-evaporite successions was deposited in the
“Phosporia Sea” on the western margin of North America during
the Permian (Fig. 1). The Phosphoria Rock Complex contains
more than five times the total mass of phosphorus in today’s
oceans (McKelvey et al., 1953); an estimated 1.7 × 1012 metric
tons of P2O5 were originally deposited (Cathcart et al., 1984).
Organic carbon concentrations can exceed 15 wt% (Maughan,
1994; Hiatt, 1997), and 31 × 109 metric tons of petroleum have
been generated (Claypool et al., 1978). The Phosphoria Rock
Complex is truly an example of an extreme sedimentary system.

The Phosphoria Rock Complex also spans one of the most
extraordinary global climate transitions in earth history (Fig. 2).
The Early Permian was marked by widespread glaciation in the
southern hemisphere (Pennsylvanian to Early Permian), low CO2
levels, and probably widespread sea ice at the North Pole (Barron
and Fawcett, 1995). In contrast, the Late Permian marks the onset
of hot and dry climates over most of the middle and low-latitude
continents, rapidly increasing CO2 levels (two to five times mod-
ern values; Berner, 1994), widespread desert environments with
vast areas of evaporite deposition (Ziegler, 1990; Zarkov, 1984),
and widespread anoxic deep-water conditions in the world’s
oceans (Wignall and Twitchett, 1996; Knoll et al., 1995). In con-
trast to Early Permian glaciation, the southern continents in the
Late Permian were marked by warm, high-latitude climates that
brought boreal forests, coal swamps, and reptiles within 10° of
the South Pole (Taylor et al., 1992; Dickins, 1984, 1996; Rees et
al., 1999).

The abundance of phosphate, organic matter, and chert in the
Phosphoria Rock Complex has long been cited as evidence for a
coastal upwelling system in the Phosphoria Sea (e.g., McKelvey et
al., 1959; Sheldon, 1989). Upwelling is also predicted by phos-
phate and elemental mass balance calculations (Piper and Link,
2002), atmospheric circulation models (Parrish, 1982; Kutzbach
and Ziegler, 1994), and paleowind directions that suggest a net off-
shore movement of surface waters by Ekman transport (Sheldon et
al., 1967; Parrish and Peterson, 1988). There is no doubt that
upwelling-associated biological productivity led to the deposition
of organic matter and phosphate in the Phosphoria Rock Complex.

Although the existence of an oceanic upwelling system in
the Phosphoria Sea is considered a certainty, many unanswered
questions remain concerning the oceanographic conditions that
led to these extreme sedimentary deposits. As Boyd (1993,
p. 183) pointed out, “A completely satisfying explanation for the
origin of the phosphatic members has yet to appear.” Key unan-
swered questions are: What was the nature (oxygen and nutrient
levels, primarily) of the upwelled water? Under what oceano-
graphic conditions did sedimentary phosphate form? And, what
role did the semi-restricted nature of this embayment play in the
oceanography of the Phosphoria Sea?

We believe that answers to these questions have been hin-
dered by attempts to make the Phosphoria Rock Complex “fit”
a model based on the modern Peru margin—a model that
involves upwelling of cold (0–10 °C), nutrient-rich deep water
onto a steep and narrow continental shelf (e.g., McKelvey et al.,
1953, 1959; Sheldon, 1963, 1984; Parrish, 1982; Wardlaw and
Collinson, 1984). The applicability of this interpretation to the
Phosphoria Rock Complex has been bolstered by the presence
of faunal elements that are interpreted as representing cold-
water, “Arctic” conditions in the Phosphoria Sea (Wardlaw,
1980; Wardlaw et al., 1995).

In the last 20 years, research on the modern ocean and the
Phosphoria Rock Complex has resulted in a somewhat different
view of these enigmatic rocks. It now appears that the Phosphoria
Sea was a relatively shallow (<200 m), semi-isolated epiconti-
nental basin (Ketner, 1977; Scotese and Langford, 1995). Paleo-
climate models suggest mean summer air temperatures over the
shallow, marginal Phosphoria Sea were as high as 30–45 °C
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Figure 1. Position of Phosphoria Sea in context of Late Permian plate
tectonic reconstruction of western North American continent and eastern
Panthalassa Ocean. Position of paleoshoreline represents sea-level high-
stand. Paleowind vectors are based on Kutzbach and Ziegler (1994);
wind strengths (inset box) are 5.0 and 1.8 m/s for summer and winter,
respectively. Approximate positions of paleohighs on the Wyoming pale-
oshelf are from Skipp and Hall (1980) and Wardlaw (1977). Map is
modified from Scotese and Langford (1995).



(Kutzbach and Ziegler, 1994; Barron and Fawcett, 1995). Phos-
phogenesis, which is the precipitation of phosphate from seawa-
ter at or just below the sediment-water interface, occurred not
only in the deeper portions of the basin, but also in shallower,
inner-shelf settings (Sheldon, 1984; Peterson, 1984; Hiatt, 1997;
Trappe, 1998; Stephens and Carroll, 1999; Hendrix and Byers,
2000). Paleotemperatures ranged from temperate (14–26 °C;
mean of 21 °C) at sites of maximum phosphogenesis to warm
(34–37 °C) across the shallow paleoshelf (Hiatt and Budd, 2001).
Elevated salinities and stratification of the water column have
also been proposed (Hite, 1978; Dahl et al., 1993; Stephens and
Carroll, 1999). Piper and Link (2002), however, argued for tem-
perature rather than salinity stratification. Based on the lower,
phosphorite-rich portion of the Meade Peak member and mass
balance calculations, Piper and Link (2002) determined that the
Phosphoria Sea was “sediment-starved” and that, based on analo-
gies with modern ocean basins, biological productivity was only
moderately high. Piper (2001) used concentrations of Cd, Mo,
Zn, Cu, and perhaps Ni as further evidence of elevated biological
productivity in the Meade Peak member, and he coupled these
with other trace elements, such as Cr, V, and U to further suggest
that the Phosphoria Sea was marked by anoxic, denitrifying, but
not sulfate-reducing bottom waters during deposition of this
lower Meade Peak interval. Piper (2001) and Piper and Link
(2002), however, did not analyze their data in a stratigraphic and
regional framework. This leads to the question: How did oceano-
graphic conditions vary regionally or temporally (stratigraphi-
cally) during the life of the upwelling system? In addition, no one

has directly studied the relationship between paleoecology and
chemostratigraphy of the Meade Peak to test whether the paleon-
tologic data support either the salinity or temperature stratifica-
tion model.

All of these recent findings and the fundamental unanswered
questions that remain suggest it is time to reassess the nature of
the original upwelling model of the Phosphoria Sea. Here, the
geochemical and macrofaunal data from the Meade Peak mem-
ber of the Phosphoria Formation are presented in a stratigraphic
and regional framework that further clarifies the relationship
between paleoproductivity, chemofacies, phosphogenesis, and
oceanographic setting.

THE PHOSPHORIA ROCK COMPLEX

Deposition of the Phosphoria Rock Complex occurred in the
“Phosphoria Sea” (Fig. 1), which formed in a shallow marginal
foreland basin on the western margin of North America at a pale-
olatitude of about 20°N (Scotese and Langford, 1995). The Phos-
phoria Sea was partially separated from the Panthalassa Ocean
by an island arc system (e.g., Scotese and Langford, 1995). The
Phosphoria Rock Complex is composed of three unconformity-
bounded stratigraphic sequences (Fig. 3). Phosphate (as francolite;
Ca10-a-b-cNaa,Mgb,(PO4)6-x,(CO3)x-y-z(CO3,F)y,(SO4)zF2, where x
= y + a + 2c and c = the number of Ca vacancies; Nathan, 1984)
occurs throughout all three sequences, but phosphorites (beds
with >10% francolite) are concentrated in the Meade Peak and
Retort members of the Phosphoria Formation in the upper two
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Figure 2. Permian Series and Stage
names for southwestern United
States and global eustasy curve;
eustasy curve records sea-level vari-
ations with amplitudes of ~200 m
(modified from Ross and Ross,
1994). Shaded zone on eustasy
curve represents Phosphoria Rock
Complex, and darkly shaded zones
represent intervals of phosphate-
rich Meade Peak (lower zone) and
Retort (upper zone) deposition. Rel-
ative extents of Permian glacial
events are shown in middle right
column (width of black area pro-
vides an estimate of possible ice
sheet extent; evidence for ice sheets
extending to the earliest Sakmarian
from González-Bonorino and Eyles
(1995) and Dickins (1996); evi-
dence for ice sheets in South Africa
in Artinskian from Visser, 1996; evi-
dence for ice-rafted debris from
Frakes et al. (1992). Extent of
global evaporite deposits as sulfate
minerals (anhydrite and gypsum) is
shown by bar graph at right (data
from Zharkov, 1984).



sequences. In subtidal to peritidal deposits, phosphate occurs pri-
marily as phosphatic peloids, with phosphatic ooids, intraclasts,
and phosphatized skeletal grains being less common. Phospho-
rites are often marked by grain-supported textures, grading, and
contain mechanically abraded grains, all of which suggest
mechanical reworking (McKelvey et al., 1959; Trappe, 1998;
Hiatt and Budd, 2001). These attributes also suggest that these
beds represent relatively shallow-water deposition.

Herein, our focus is the Meade Peak member, which is the
larger of the two high-productivity deposits in the Phosphoria.
Meade Peak deposition was initiated in the Late Leonardian and
extended through the Roadian stage of the Guadalupian (Fig. 4).
Sedimentation and phosphogenesis occurred on a nearly flat ramp
with an estimated shelf depositional angle of only 0.04–0.22°
between the Meade Peak depocenter and the paleoshoreline (Hiatt,
1997). The Meade Peak is a seaward-thickening wedge of sedi-
ments whose depocenter was in southeastern Idaho (Maughan,
1984). Palinspastic reconstructions and regional facies patterns in
the entire Phosphoria Rock Complex have been interpreted to sug-
gest a shelf margin just to the east of that depocenter (e.g., McK-
elvey et al., 1959; Peterson, 1984), but no distinctive shelf-margin
facies in the Meade Peak has ever been described, which is further
evidence for the ramp profile. Outer- and mid-ramp deposits
include thinly bedded, finely laminated fine- to medium-grained
sandstone, dolomitic siltstone, and carbonate mudstone that previ-
ous workers refer to as “shales.” Petrographic studies reveal, how-
ever, that shales are rare (Hiatt, 1997; Carroll et al., 1998). To the

east, the Meade Peak pinches out into green siltstones and carbon-
ates, which, in turn, grade into red beds and eventually interbedded
red siltstones and evaporites in central Wyoming (Fig. 4; Maughan,
1984; Peterson, 1984).

METHODS

Proxies for paleoceanographic conditions during Phosphoria
Rock Complex deposition were derived from high-resolution
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Figure 3. Stratigraphic relationships in Phosphoria Rock Complex. Ver-
tical ruled areas denote hiatuses; arrows denote tops of unconformity-
bounded sequences (modified from Maughan, 1984).

Figure 4. Generalized stratigraphic section of Meade Peak member (sec-
tion D from southeastern Idaho; Fig. 5) that shows approximate position
of important biostratigraphic boundary between conodonts Mesogondo-
lella idahoensis and M. serrata (Wardlaw and Collinson, 1984), which is
the accepted global boundary between Leonardian (Early Permian) and
Guadalupian (Late Permian) series (Glenister et al., 1992). Series and
stage names from Ross and Ross (1994). Sequence stratigraphic systems
tracts from Hiatt (1997; LST—lowstand system tract, TST—transgres-
sive system tract, HST—highstand system tract).



lithostratigraphy and chemostratigraphy. Four stratigraphic sec-
tions that form an offshore outer ramp to nearshore inner ramp
transect through the Meade Peak member (Fig. 5) were utilized;
they were chosen for their stratigraphic completeness and lack of
visible chemical or textural alteration. Thin sections from all
lithologies were examined to refine lithologic and textural classi-
fications made during hand-sample examination. Bulk mineral-
ogy was done by powder X-ray diffraction on a Scintag PAD-5
diffractometer. Total organic carbon (TOC) and total sulfur (TS)
were determined using a Leco combustion-spectrometric device.

Phosphate grains for geochemical analyses were isolated
by first disaggregating the granular phosphorite rock, sieving
the resultant material into size fractions, and then passing the
sand fractions through a magnetic susceptibility separator to
remove glauconitic and pyritic grains. A heavy liquid separa-
tion (undiluted acetylene tetrabromide, density = 2.96 at 25 °C)
was then used to remove carbonate and silicate grains. The
remaining sample was washed multiple times with acetone and
deionized water and dried in an oven at 80 °C for 12 hours. At
this point, each size fraction was approximately 100% phos-
phate (francolite), as confirmed by X-ray diffraction analysis.
Individual phosphatic peloids were handpicked from these con-
centrated and washed splits and used for the trace-element and
isotopic analyses. Cadmium (Cd) concentrations were deter-
mined using X-ray fluorescence analysis; Ni and Cr concentra-
tions were determined using instrumental neutron activation
analysis. Details are given in Hiatt (1997).

Carbon isotopic values of the carbonate in the francolite
crystal structure (δ13CPO4–CO3

) were measured in the stable iso-
tope laboratory of the U.S. Geological Survey (USGS) in Den-
ver. Powdered samples, averaging 100 mg in size, of isolated
phosphorite peloids were reacted for 3 hours at 50 °C in individ-
ual reaction vessels with 4 ml of 100% anhydrous phosphoric
acid. Evolved CO2 was purified and isolated using two water
traps maintained at –75 °C, and its isotopic composition was ana-
lyzed on a Finnigan MAT 252 mass spectrometer. Analytical pre-
cision on multiple runs (n = 35) of an internal calcite standard
(CU-2) was ±0.04 for δ18O and ±0.02 for δ13C.

All of the mineralogy, total organic carbon, total sulfur, trace
element, and isotopic data generated can be found in Hiatt (1997)
and is also available in tabular format from the GSA Data Repos-
itory1. Summary tables and figures are presented herein.

RESULTS

Meade Peak Lithofacies and Biofacies

Four general lithofacies dominate the Meade Peak member
in the four stratigraphic sections analyzed. These are peloidal
phosphorite packstone/grainstone, peloidal phosphorite

wackestone, siltstone/sandstone, and carbonate mudstone
(Fig. 6). From most seaward (section D) to most landward (sec-
tion V), these four sections represent outer ramp, mid ramp, inner
ramp, and nearshore paleoenvironmental settings (Fig. 7).

Sediments at the Dry Ridge (52 m thick), Astoria Hot
Springs (11.6 m thick) and Crystal Creek (8.1 m thick) locations
(sections D, A, and C, respectively) are dark gray to black, with
phosphorites comprising about 25% of each section. All the
phosphorites in these sections are planar bedded; none show any
visible evidence of cross bedding. Medium- to coarse-grained
phosphatic peloids predominate. Intercalated with the phospho-
rites at Crystal Creek and Astoria Hot Springs are thin-bedded,
non-fossiliferous, organic carbon–rich silty dolomite mudstones
and siltstones. Intercalated facies at the Dry Ridge locality consist
of bioturbated siltstone, silty carbonate mudstone, and fine- to
medium-grained sandstone with hummocky cross-stratification.
In contrast, in the more landward Vernal-Brush Creek section
(7 m thick), all rocks are gray to tan with decimeter-thick phos-
phorite beds comprising 60% of the section. None of the latter
phosphorites show any visible evidence of cross bedding or fin-
ing-upward textures; all are planar bedded and consist of either
well-sorted fine- to medium-grained phosphatic peloids or mix-
tures of peloids and small intraclasts. Intercalated lithologies are
thin to very thin beds of dolomitic phosphatic wackestone and
silty dolomite. Further details of the sedimentology at each sec-
tion are summarized by Hiatt (1997) and Hiatt and Budd (2001).
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Figure 5. Map of study area showing extent of Phosphoria Sea during
deposition of Meade Peak member. Isopach contours of Meade Peak
member (in meters, from Maughan, 1994) and position of four strati-
graphic sections utilized in this study (D—Dry Ridge; A—Astoria Hot
Springs, C—Crystal Creek; V—Vernal-Brush Creek). See Hiatt (1997)
for detailed locality information. Paleolatitude and base map orientation
are from Scotese and Langford (1995).

1GSA Data Repository item 2003097, Meade Peak member samples and inter-
preted chemofacies, is available on request from Documents Secretary, GSA, P.O.
Box 9140, Boulder, CO 80301-9140, USA, editing@geosociety.org, or at
www.geosociety.org/pubs/ft2003.htm.
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Figure 6. Stratigraphic plots of the Meade Peak member showing fauna, lithofacies, and abundance of sedimentary phos-
phate (as francolite).

Figure 7. Diagram showing representative lithofacies associated with each Meade Peak depositional setting. See Figure 5 for
section locations. Vertical exaggeration is extreme; regional slope on Wyoming paleoshelf was <0.25°. MSL—mean sea
level; FWWB—fair-weather wave base; SWB—storm wave base; PC—pycnocline.



Individual phosphorite units are not randomly distributed in
the Phosphoria Rock Complex. In all four sections, phosphorite
beds form the grain-rich portion of individual depositional cycles
(Fig. 8). Each phosphorite usually overlies a sharp basal diastem
surface. About one-fifth of those surfaces are clearly erosional as
they scour into the underlying bed. Exclusive of the Vernal-Brush
Creek section, about half of the phosphorites exhibit a coarse sand
or pebble lag (lithoclasts up to 8 cm long) and a poorly defined
fining-upward texture, which suggests deposition and winnowing
in the waning phase of a high-energy storm event (cf., Föllmi,
1990). The phosphorite beds grade upward into overlying finer-
grained lithofacies (siltstone, sandstone, and carbonate mudstone/
wackestone) that typically contain small, in situ phosphate
peloids. These finer-grained units are separated from the next
phosphorite by another diastem surface (Fig. 8). The beds below
the upper diastem may be bioturbated, but shelly macrofauna are
not common. These relationships are consistent with Föllmi’s
(1990) model of alternating periods of phosphogenesis, rework-
ing, and condensation. The basic sedimentation unit is consistent
across the shelf; only the scale changes, with a general decrease in
diastem-to-diastem thickness from centimeters to meters at Dry
Ridge to centimeters to decimeters in the other settings.

In the outer ramp Dry Ridge section, located near the
depocenter of the Meade Peak (locality D), a few beds of
dolomitic mudstone contain phosphatic orbiculid inarticulate bra-
chiopods, and the articulate brachiopods Leiorhynchoidea weeksi
and Lissochonetes ostiolatus, rare benthic foraminifers, and
molds of disarticulated bivalves (Figs. 6 and 7). This inarticulate
and articulate brachiopod assemblage characterizes dysoxic con-
ditions in Late Paleozoic sections worldwide (Allison et al.,
1995). No macrofossils were observed in the mid ramp section
(Astoria Hot Springs, section A; Figs. 6 and 7). In the inner ramp
section (Crystal Creek, section C; Figs. 6 and 7), the only macro-
fossils observed were fish teeth (order Palaeoniscoidea) and
mechanically reworked orbiculid brachiopod fragments in the
lowermost phosphorite packstone/grainstone lag. A faunal
assemblage consisting of orbiculid inarticulate brachiopods,
phosphatized nuculoid bivalves, and pleurotomarid gastropods
was found in bioturbated wackestones and abraded phosphorite
lags in the nearshore section (Vernal-Brush Creek, section V;
Figs. 6 and 7). These mollusks are typical of nearshore, shallow-
water settings in the Late Paleozoic (Stevens, 1966).

Meade Peak Chemostratigraphy

Organic Carbon, Sulfur, and Trace Elements
The stratigraphic and regional variation of phosphate (as

francolite), total organic carbon, total sulfur, Cd, and carbon iso-
tope values from phosphate peloids (δ13CPO4–CO3

) for the outer-
to innermost-ramp transect are shown in Figure 9 and summa-
rized in Table 1. Sedimentary phosphate is abundant throughout
the Meade Peak member. The outer ramp section (locality D) is
characterized by high francolite, high total organic carbon, and
some high total sulfur beds. There are also two Cd-rich intervals

in the outer-ramp section that also exhibit high total organic car-
bon and high phosphate concentrations. The concurrence of these
phosphate-, TOC-, and Cd-rich intervals suggests paleoproduc-
tivity peaks with low water-column oxygen levels. Throughout
the mid-ramp section (locality A), there is a similar pattern of
high phosphate, high total organic carbon, high total sulfur, and
high Cd concentrations. Some of the highest Cd (>300 ppm), the
highest total organic carbon concentrations (>10 wt%), the high-
est total sulfur values, and lowest TOC:TS ratios are observed in
this section. The inner ramp and nearshore sections (localities C
and V) are also pervasively enriched in phosphate with thin silt-
stone and mudstone beds separating many of the phosphorite
beds in the nearshore section (too thin to be shown in Fig. 9).
These two sections, however, exhibit low total organic carbon (<1
wt%) and low total sulfur (<0.4 wt%) values, and low Cd con-
centrations in francolite (<5 ppm).

The number of analyses of Ni and Cr is not as large as that
for Cd; thus, the distribution of these elements is not shown on
Figure 9, but it is summarized in Table 1. The regional trends for
Ni are the same as those affecting Cd, with highest values occur-
ring in the outer and mid-ramp sections (D and A), which are rich
in organic matter. Lower values of Ni occur in the landward sec-
tions (C and V), although Ni concentrations do not decrease to
the same degree abruptly as those of Cd. In contrast, Cr values
are relatively high in all sections.

Carbon Isotope Data
Table 1 and Figure 9E show the stratigraphic and regional

patterns of francolite δ13CPO4–CO3
values in each of the four

Meade Peak sections. Francolite δ13CPO4–CO3
values average
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Figure 8. Generalized diagram of complete phosphorite depositional cycle
in Meade Peak member of Phosphoria Rock Complex. Cycle starts with a
diastem that is often erosional and bioturbated. Coarse, poorly sorted
peloidal to intraclastic phosphorite is found just above diastem surface and
grades into finer-grained peloidal phosphorite, followed by gradational
contact with overlying organic carbon- and sulfide-rich sandstone to mud-
stone facies. Small, in situ phosphatic peloids are found in latter facies.



<–8.0‰ Peedee belemnite in all but the nearshore section (local-
ity V), where the mean is –2.7. The most negative individual val-
ues occur in the outer and mid ramp sections (localities D and A).
There is a great deal of stratigraphic variability in these two sec-
tions as well, with more negative values (nearly –12‰) near the
base and a trend toward less negative values (–8 to –6‰) strati-
graphically upward (Fig. 9E).

Chemofacies

A chemofacies classification was developed based on the
total organic carbon content of the rocks and their total organic
carbon to total sulfur ratio. These parameters have been used to
estimate paleoceanographic conditions under which fine-grained
siliciclastic rocks were deposited (Berner and Raiswell, 1983;
Raiswell and Berner, 1986; Allison et al., 1995) and are a result

of the interplay of organic paleoproductivity, oxygen levels both
in the water column and in the sediments, and in some cases, the
availability of reduced iron species. This approach can present
problems when used to interpret analyses of typical organic mat-
ter-bearing siliciclastics, but those shortcomings are insufficient
to prevent discrimination of major geochemical facies in the
Meade Peak. For example, TOC:TS ratios alone are not always
able to discriminate differences in paleo-oxygen levels in
organic-rich “normal marine shales” formed by typical surface
productivity that have undergone significant organic burial dia-
genesis (Jones and Manning, 1994). However, factors such as
these are not likely to generate the large, systematic, bed-by-bed
differences in total organic carbon (0.1–15.7 wt%) and TOC:TS
ratios (0.3–36.4) that occur in the Meade Peak (e.g., location D;
Fig. 9); these are not the subtle shifts seen in “normal marine
shales.” Therefore, although other methods of discriminating
paleoenvironmental oxygen levels are sometimes more appropri-
ate (e.g., degree of pyritization, Raiswell et al., 1988; indicator of
anoxicity, Raiswell et al., 2001), total organic carbon values and
TOC:TS ratios are sufficient to discriminate between major
paleo-oceanographic differences in the Meade Peak.

Based on published total organic carbon and total sulfur val-
ues for modern and ancient environments (Berner, 1981, 1984;
Berner and Raiswell, 1983; Raiswell and Berner, 1986), and
allowing for diagenesis to have lowered total organic carbon val-
ues, we used these two proxies to define three broad chemofacies
(Fig. 10): dysoxic, anoxic, and euxinic. The dysoxic chemofacies
was simply defined as stratigraphic units with less than 1.5 wt%
total organic carbon. The anoxic chemofacies occurs in beds with
greater than 1.5 wt% total organic carbon and TOC:TS ratios
greater than 2.0. The euxinic chemofacies is defined by total
organic carbon values greater than 1.5 wt% and TOC:TS ratios
less than 2.0. Figure 10A shows the range of total organic carbon
and total sulfur data for all lithologies in the phosphate- and
organic carbon-rich members of the Phosphoria Formation
(Meade Peak data of this study plus data from the Retort member
of the Phosphoria Formation; Hiatt, 1997), as well as how these
values relate to published values from modern environments and
to interpreted paleoenvironments. Figure 10B shows total organic
carbon and total sulfur data for just the phosphorites of the Meade
Peak member and the resultant chemofacies defined herein.

The average values and ranges of bulk rock total organic car-
bon and total sulfur values, TOC:TS ratios; Cd, Ni, and Cr con-
centrations; and the δ13CPO4–CO3

of phosphatic peloids in each of
the three chemofacies is summarized in Table 2. Combined, these
data show that the dysoxic facies is characterized by low total
organic carbon (by definition), low total sulfur, high TOC:TS, the
least negative δ13CPO4–CO3

values, and the minimum and lowest
average Cd, Ni, and Cr concentrations. Of the three, only Cr has
a mean concentration above 40 ppm (mean = 395 ppm) in the
phosphate peloids of the dysoxic facies.

The anoxic chemofacies (Table 2) is characterized by high
total organic carbon (by definition), moderate total sulfur, high
TOC:TS (by definition), very negative δ13CPO4–CO3

, and high
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Figure 9. Regional and stratigraphic plots showing trends in (A) sedi-
mentary phosphate (as francolite), (B) total organic carbon, (C) total sul-
fur, (D) Cd, and (E) δ13CPO4–CO3

for Meade Peak sections in a seaward to
landward transect. Francolite values are in counts per second (CPS) and
are from X-ray diffraction analysis and are interpreted as semi-quantita-
tive concentrations of francolite in rock.



spe370-14 9 of 20

Figure 10. A: Phosphoria Rock Complex total organic carbon (TOC) and total sulfur data from all lithofacies, including non-Meade Peak rocks
(additional data from Hiatt, 1997). Line 1 is trend defined by modern “normal” marine shales, and line 2 is trend for marine shales believed to have
been deposited in euxinic environments (based on Berner and Raiswell, 1983). B: Total organic carbon and total sulfur data for all Meade Peak phos-
phorites with dysoxic, anoxic, and euxinic facies field interpretations added.



average Cd and Ni values. The euxinic chemofacies, which is the
least common (n = 5), is characterized by high total organic car-
bon, very high total sulfur, low TOC:TS ratios (by definition), the
most negative e δ13CPO4–CO3

values, and the highest average Cr
and Cd concentrations.

Figure 11 depicts the lateral arrangement of these chemofa-
cies and their relationship to lithofacies and macrofauna in the
Meade Peak member. The sections show varying degrees of
chemofacies intercalation. The one exception is the inner ramp
section (locality V), which is marked exclusively by the dysoxic
chemofacies. In general, the dysoxic facies dominates the
nearshore Meade Peak section (locality V), whereas the anoxic
chemofacies dominates both the outer ramp section and the mid
ramp sections (localities D and A). The euxinic facies is found
only in a few beds of the mid ramp section (Fig. 11).

DISCUSSION

Meade Peak Chemofacies and Paleoproductivity

Phosphorites are formed through chemical processes that
occur independently of lithofacies. Therefore, a chemofacies
approach is more indicative of the environments of phosphogen-
esis and a more informative paleoceanographic and paleoproduc-
tivity tool. We defined the three broad chemofacies largely on
both total organic carbon values and TOC:TS ratios. The cause
of high levels of organic carbon and sulfide mineral concentra-
tion and preservation has been vigorously debated. Although high
concentrations of organic matter have been interpreted as simply
an indicator of water column anoxia (e.g., Demaison and Moore,
1980), they are likely a complex function of biological produc-
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tivity in the water column as well as sedimentation rate (e.g., Ped-
ersen and Calvert, 1990; Canfield, 1994). Preservation of organic
matter, however, is certainly enhanced under anoxic conditions
(e.g., Demaison and Moore, 1980; Canfield, 1994; Ingall and
Jahnke, 1997).

The important interrelationships between these factors are
often lost in the debate regarding whether anoxia (e.g., Demai-
son and Moore, 1980) or organic productivity (e.g., Pedersen and
Calvert, 1990) cause enhanced organic carbon preservation. As it
falls through the water column, organic matter produced near the
sea surface is broken down due to bacterial respiration (e.g.,
Froelich, et al., 1979; Schlesinger, 1997). Nutrients, such as phos-
phorus and nitrogen, are released to the water column, and oxy-
gen is consumed in the process; if productivity is sufficient, then
all water column oxygen can be consumed (e.g., Canfield, 1994).
Continued breakdown of organic matter occurs after deposition
leading to the release of additional phosphorus, nitrogen, and
bioreactive trace elements (Froelich et al., 1979). Ingall and
Jahnke (1997) pointed out that these processes are particularly
important where upwelling-induced marine productivity occurs,
because once nutrients are added (P, N, and sometimes Fe),
increased biological productivity can quickly result in consump-
tion of all oxygen in the water column below. Ingall and Jahnke
showed that a positive feedback can develop, in which break-
down of organic matter leads to anoxic conditions that, in turn,

increase phosphorus regeneration and enhance organic matter
preservation. The regenerated phosphorus is released to the intra-
sediment porewater, where it can be fixed as sedimentary phos-
phate (francolite), and to the water column, where it contributes
to further enhancement of productivity (Ingall and Jahnke, 1997).

Concentrations of Cd, Ni, and Cr in the phosphatic peloids
augment the chemofacies approach because these elements are
known to exhibit nutrient-like distributions in the modern oceans
(e.g., Broecker and Peng, 1982; Calvert and Pedersen, 1993;
Nathan et al., 1997; Schlesinger, 1997) and are concentrated in
sediments under low-oxygen conditions (e.g., Calvert and Peder-
sen, 1993). Furthermore, Cd, and possibly Ni, is fixed as sulfides
in sediments under sulfate reducing conditions, but Cr becomes
concentrated in sediments under the less-reducing conditions of
denitrification (Piper, 2001). In sediments and sedimentary rocks,
these elements can be used to track past nutrient levels and pale-
oceanographic conditions because they are incorporated into the
preserved sediments, whereas the actual nutrients (e.g., P and N)
are largely recycled and remobilized in the depositional environ-
ment. These elements have been linked to biological processes
and are characteristic of sediments deposited in highly produc-
tive oceanic areas today (e.g., Broecker and Peng, 1982;
Schlesinger, 1997). In particular, phytoplankton concentrate Cd,
and although concentrations are high, Piper et al. (2000) showed
that Cd/Zn ratios in the Meade Peak member are similar to those
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Figure 11. Meade Peak member chemofacies (left columns), lithofacies (right columns), and macrofauna (See Fig. 6 for lithofacies symbols and Fig. 5
for location information). Note that macrofossils only occur in dysoxic chemofacies. LST—lowstand systems tract; TST—transgressive systems tract.



found in modern plankton. With subsequent bacterial breakdown
of organic matter, Cd can become highly concentrated in the
organic residue (Gauthier et al., 1986). Ni, a micro-nutrient to
many organisms, is associated with high marine productivity, and
it promotes the growth of anaerobic bacteria (Cox, 1995).

The low total organic carbon and total sulfur values and low
Cd, Ni, and Cr concentrations of the dysoxic Meade Peak chemo-
facies are all compatible with the presence of O2 in the deposi-
tional environment and, thus, compatible with the recycling
rather than burial of organic-carbon and nutrients. The low con-
centrations of the nutrient proxies (Cd, Ni, and Cr) suggest either
low nutrient levels and/or aerobic conditions. We believe the lat-
ter to be the appropriate interpretation, because Cr exhibits a rel-
atively high mean concentration (395 ppm). Unlike the other
trace-element proxies for nutrients, Cr has multiple oxidation
states and can be concentrated in sediments associated with high
productivity under dysoxic conditions (Murray et al., 1983;
Calvert and Pedersen, 1993). The fact that Cr concentrations in
the phosphatic peloids of the dysoxic facies are not as low as the
concentrations of the other trace elements suggests that nutrients
were not limited, just effectively recycled by bacterial respiration
of organic matter under denitrifying conditions (Piper, 2001). The
oxygen present in the water, however, prevented sulfate reduction
either in the water column or in the sediment that would have
formed sulfide and trapped Cd and Ni, making their concentra-
tions generally low.

In contrast, the high total organic carbon, high TOC:TS, and
high average Cd and Ni values of the Meade Peak anoxic facies is
compatible with an absence of O2 in the water column and sedi-
ments. Free hydrogen sulfide in the water column must also have
been absent; otherwise, total sulfur values would be higher and
TOC:TS values would not be as great.

The very high concentrations of Cd in the anoxic chemofa-
cies are probably indicative of high nutrient levels and a greater
flux of organic matter to the seafloor. In the modern ocean, Cd
concentrations are highest where sulfide is present in the sedi-
ment because it is incorporated into iron sulfide phases (Van
Geen et al., 1994). The lack of covariance, however, between Cd
and total sulfur (Fig. 9) indicates that Cd concentrations are not
linked directly to pyrite content, but Cd is instead high because of
extreme surface productivity and was incorporated into the fran-
colite crystal structure under low oxygen conditions (cf., Nathan
et al., 1997). The absence of O2 suggested by this chemofacies
points to ineffective recycling of organic matter and nutrients,
thus the high total organic carbon values in the sediments and
high trace-element concentrations in the francolite. However, the
fact that such conditions persisted and dominated the outer and
mid ramp settings (Fig. 11) means that the nutrient influx to these
settings must have been maintained; otherwise, nutrients would
have become limited, and paleoproductivity would have slowed
or ceased. This, in turn, suggests that the anoxic chemofacies
marks the sites of intense and persistent upwelling.

Finally, the high total organic carbon, very high total sulfur,
and low TOC:TS values, and high Cd and Cr concentrations of

the euxinic Meade Peak chemofacies are all compatible with an
absence of O2 and the presence of free hydrogen sulfide in the
water column and sediments. Total organic carbon levels are sim-
ilar to those of anoxic facies (Table 1), indicating that high pro-
ductivity prevailed in the water column, coupled with effective
preservation. Extremely high pyrite concentrations suggest that
iron was readily available and was probably sourced from terrig-
enous clastic sediments supplied by wind (cf. Carroll et al., 1998)
or as shown for euxinic conditions in the Black Sea (Canfield et
al., 1996), from breakdown of particulate organic matter in the
water column. Hypereutrophic, sulfate-reducing conditions prob-
ably existed, and productivity was restricted to phytoplankton.
Indeed, biomarker studies (Dahl et al., 1993; and Stephens and
Carroll, 1999) indicate that phytoplankton and bacteria were
abundant in the water column over the mid-ramp euxinic chemo-
facies. The average trace element concentrations are much higher
than the dysoxic facies, and thus are compatible with high nutri-
ent levels and reducing conditions. As with the anoxic facies, the
euxinic chemofacies must also mark the site of intense and per-
sistent upwelling.

The intercalation of anoxic and dysoxic chemofacies in the
outer and inner ramp settings (Fig. 11) does suggest either tem-
poral and/or spatial shifts in upwelling intensity away from the
mid-ramp locus of upwelling and paleoproductivity. Movement
in time and space of upwelling farther onto the paleoramp would
generate changes in the location of maximum surface productiv-
ity and thus cause a switch from anoxic to dysoxic in the outer
ramp and a concurrent switch from dysoxic to anoxic in the inner
ramp. The converse, movement off the paleoramp, would gener-
ate the opposite effects in both settings. Assuming depositional
rates measured in millimeters per 1000 yr or less, the thickness of
the intercalated chemofacies (centimeters to meters) indicates a
forcing factor with a frequency measured in 105 or more years.
What such factors might have been is unclear to us, although
fluctuations in global ocean circulation patterns are certainly fea-
sible. A link between extreme paleoproductivity and southern-
hemisphere glaciation has been suggested by prior workers (e.g.,
Pardee, 1917; Sheldon, 1984; Piper and Kolodny, 1987), and
glacio-eustacy has also been implied in the interpretation of
cyclicity in other Phosphoria Rock Complex units (e.g., Hendrix
and Byers, 2000; Trappe, 2000). However, a glacio-eustatic cli-
mate and/or sea-level driver must be considered unlikely, given
that recent biostratigraphic constraints establish that widespread
glaciation in Gondwanaland ended millions of years before dep-
osition of the Meade Peak phosphate and organic, carbon-rich
units (Fig. 2).

Carbon Isotopic Variation

In general, the primary δ13CPO4–CO3
values of phosphorites

represent a largely benthic signal derived as francolite forms
and recrystallizes due to microbial-mediated reactions within
centimeters of the sediment-water interface (e.g., Jarvis, 1992;
Jarvis et al., 1994). Burial diagenesis can lower δ13CPO4–CO3
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values; the Phosphoria phosphorites are widely perceived to
represent an advanced diagenetic end member (McArthur et al.,
1986; Jarvis et al., 1994). Interpretation of the Meade Peak
δ13CPO4–CO3

data thus requires that we first evaluate the possi-
bility of burial alteration.

The burial alteration hypothesis, as articulated by McArthur
et al. (1986) and Jarvis et al. (1994) assumes that Miocene and
younger phosphorites define the primary isotopic composition of
francolites regardless of geologic age. Implicit in this assumption
is the idea that all sedimentary francolites have formed under
similar environmental conditions, which ignores secular changes
in ocean-water chemistry and the diverse paleoenvironmental set-
tings in which ancient phosphorites are known to have formed
(e.g., Cook et al., 1990; Glenn et al., 1994). In fact, it is becoming
clear that the Meade Peak phosphorites did not form under envi-
ronmental conditions like any Neogene or Quaternary phospho-
genetic environment (Dahl et al., 1993; Hiatt, 1997; Stephens and
Carroll, 1999; Hiatt and Budd, 2001; Piper and Link, 2002).
Thus, the diagenetically unaltered young phosphorites are not
reasonable analogs for the initial δ13CPO4–CO3

of the Meade Peak
phosphorites.

The burial alteration hypothesis also ignores the fact that
some geochemical proxies are much less likely to alter than oth-
ers. Shemesh et al. (1988) concluded that δ18OPO4–CO3

(isotopic
value isolated from the structural carbonate site within the fran-
colite crystal lattice) values were altered in many phosphorites,
but that δ13CPO4–CO3

and δ18OPO4
(isotopic value isolated from the

structural phosphate site within the francolite crystal lattice) val-
ues were extremely resistant to diagenetic alteration. Because
modern and ancient phosphorites show ranges of similar magni-
tude in their carbon isotopic values, the δ13CPO4–CO3

values in
francolite may be better preserved over geologic time than the
simple burial alteration hypothesis presumes (Shemesh et al.,
1988; Kolodny and Luz, 1992).

The Meade Peak δ13CPO4–CO3
values reported herein do

show some covariance with burial depth. The most negative val-
ues occur in the outer ramp section (Fig. 9E), which experienced
the greatest burial depths (5.5 km, Hiatt and Budd, 2001). The
least negative values occur in the nearshore section (Fig. 9E),
which experienced the least burial depths (3 km, Hiatt and Budd,
2001). A least-square linear regression between δ13CPO4–CO3

val-
ues and the maximum burial depth of the four localities yields an
R-value of 0.69. However, this apparent covariance may just be a
coincidence, as the deepest buried sections (D and A) are also the
most organic-rich sections. A linear regression between
δ13CPO4–CO3

and total organic carbon in the same rock samples
yields an R-value of 0.66, which is statistically indistinguishable
from the value derived from the regression against maximum bur-
ial depth. The δ13CPO4–CO3

of the Meade Peak phosphorites is
thus just as likely to be a function of the total organic carbon of
the rock as it is to be one of burial alteration. Of course, total
organic carbon values have probably also been reduced by
organic diagenesis; however, the analysis of chemofacies sug-
gests that the main control on total organic carbon variation is

changes in paleoproductivity. By analogy, we thus conclude that
the primary depositional conditions across the ramp are also
recorded in the δ13CPO4–CO3

signal, although some diagenetic
alteration cannot be completely ruled out.

As a proxy of primary depositional conditions across the
Meade Peak ramp, the interpretation of the δ13CPO4–CO3

values
must include consideration of the chemofacies. The least nega-
tive δ13CPO4–CO3

values reflect the least influence of organic 12C.
Such values occur in the dysoxic facies (Table 2), which is com-
patible with the more complete recycling of organic matter before
burial below the sediment-water interface. As the francolite
formed below that interface, it thus did not incorporate as much
organic 12C as francolite formed in the other chemofacies. The
anoxic and euxinic facies would represent the opposite situation.
High burial rates of organic matter due to inefficient recycling in
the water column would have meant pore waters enriched in
organic 12C, and thus the more negative δ13CPO4–CO3

values for
the francolites formed in those chemofacies (Table 2). Indeed,
McArthur et al. (1986) predicted that the carbon isotopic signa-
ture of francolite precipitated in dysoxic porewater should have a
δ13CPO4–CO3

value of –2‰ to –6‰, and those precipitated in
anoxic porewater should have δ13CPO4–CO3

values of –6‰ to
–15‰ (PDB). These ranges are similar to those observed in the
Meade Peak phosphorites (Tables 1 and 2). The lateral and verti-
cal variations in δ13CPO4–CO3

values (Fig. 9E) are thus further evi-
dence that the process of phosphogenesis in the Meade Peak
occurred across a broad spatial and temporal range of paleo-
ceanographic conditions.

Phosphogenesis in the Phosphoria Sea

In mid and outer ramp settings where total organic carbon
and total sulfur values, nutrient trace-element proxies, and phos-
phorite percentages are all high, phosphogenesis likely occurred
much as it does in the modern ocean, albeit in much shallower
waters. That is, large amounts of organic matter accumulated on
the seafloor where primary productivity was extreme. Anoxic con-
ditions within the sediments and bacterial breakdown of the
organic matter (Froelich et al., 1979) released organic-bound
phosphorous into the sediments (Filippelli and Delaney, 1996;
Ingall and Jahnke, 1997). This process lead to phosphogenesis,
while attendant anoxic conditions led to high amounts of sulfide
and organic matter, and the efficient “trapping” of the nutrient-like
cations in the sediments (Westerlund et al., 1986; Nathan et al.,
1997). Continued influx of upwelled waters provided a source of
new nutrients; thus, high productivity, high burial rates of organic
carbon, and phosphogenetic processes can be long lasting.

Conditions on the inner ramp appear to have been much dif-
ferent. Abundant phosphorite yet low total organic carbon and
total sulfur values and low nutrient-like trace-element concentra-
tions indicate that phosphogenesis in the shallow nearshore envi-
ronments must have either differed in some way from that
described above, or all nearshore phosphorites were derived by
long distance transport from mid-ramp settings. Although some
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of those nearshore phosphorites may be allochthonous, others
clearly are not. In particular, the presence of small, phosphatized
peloids in the intercalated carbonate muds is suggestive of in situ
phosphogenesis in this setting. The phosphatization of the infau-
nal bivalves, many of which are still articulated and in their orig-
inal burrows (Hiatt and Budd, 2001), also argues for
autochthonous phosphogenesis on the inner ramp. A variation on
the standard phosphogenesis model is thus needed to account for
the phosphorites of the inner ramp setting.

The abundance of nearshore phosphorite formation indicates
that there must have been a significant influx of phosphorous,
which in turn means an influx of nutrient-rich waters to the
innermost part of the ramp. Although riverine inputs have been
documented for some nearshore phosphorites (e.g., Föllmi,
1996), we do not consider that a likely source for the Meade Peak
phosphorites. The adjacent coastal landmass was characterized
by evaporite deposits (Maughan, 1984; Peterson, 1984), and there
is no published evidence for fluvial inputs to the Phosphoria Sea
during Meade Peak deposition. A major source of detrital mate-
rial to the sediments that make up the Meade Peak was derived by
eolian influx (Carroll et al., 1998). Thus, the only viable source of
nutrients was the water that upwelled farther seaward in the area
of maximum upwelling (mid-ramp position) and eventually
flowed into the inner ramp.

Ingall and Jahnke (1997) showed that phosphorus is more
efficiently regenerated to the water column relative to organic
matter under anoxic conditions. The corollary to this scenario is
that where organic matter breaks down in dysoxic settings, such
as the inner ramp, phosphorus is more likely to be fixed as fran-
colite at the same time organic matter is consumed (Van Cap-
pellen and Ingall, 1994). Therefore, phosphorus released to
waters flowing from the anoxic environments in the mid-ramp
could have fed productivity in the inner ramp. Oxygen supplied
by air-sea exchange in these shallow-water settings, however,
seems to have prevented the seawater, seafloor, and sediments
from becoming anoxic, which in turn suppressed sulfide forma-
tion. Organic matter must have been efficiently recycled at and
just below the sediment-water interface, resulting in low pre-
served total organic carbon. Over time, a net flux of phosphorous
into phosphorites would occur, but because of the winnowing
effect of storm-generated waves and the addition of oxygen
through exchange with the atmosphere, there would be little
preservation of organic carbon. Reasonably high productivity,
coupled with high water temperatures on the inner ramp (Hiatt
and Budd, 2001), may have resulted in a stable, possibly ther-
mally (Piper and Link, 2002) or salinity (Dahl et al., 1993;
Stephens and Carroll, 1999) stratified dysoxic water column that
limited benthic dissolved oxygen levels and was supplied with
enough nutrients to maintain phosphogenesis. Phosphogenesis in
such a setting is distinctly different than any modern environment
of phosphogenesis.

The low Cd and Ni concentrations of the inner ramp phos-
phorites also imply efficient recycling of these nutrient-like
cations, and/or their depletion in the nearshore organic matter and

the presence of oxygen in the water. Depletion is plausible if a
significant percentage of the mass of these cations that was
brought onto the Phosphoria ramp with upwelling waters was
“trapped” in the anoxic outer- and mid-ramp sediment as sulfides.
Anoxic marine basins are known to efficiently trap Cd and other
metals in their sediments (Westerlund et al., 1986). Because of
the superb textural preservation of all Meade Peak phosphorites,
and the fact that the highest cation concentrations are found in the
most deeply buried sections (localities D and A), we do not
believe the low Cd, Ni, and Cr concentrations of the inner-ramp
phosphorites are due to diagenetic mobilization.

Reassessment of the Paleoecology of the Phosphoria Rock
Complex Biota

It has long been noted that the faunas of the Phosphoria and
equivalent rocks exhibit low faunal diversity and abundance rela-
tive to age-equivalent lower-latitude sections (Yochelson, 1968;
Wardlaw and Collinson, 1984; Boyd, 1993). Yochelson (1968),
in the most comprehensive study of Phosphoria Rock Complex
paleontology, interpreted this low diversity to be the result of low
water temperatures. Wardlaw (1980) and Wardlaw et al. (1995)
furthered the general acceptance of a cold-water “Arctic” fauna.
The only dissenting voice to date has been that of Peterson (1980,
1984), who noted that maximum faunal diversity in the Phospho-
ria Rock Complex occurred in the carbonate bioherms of the Rex
Chert member (Fig. 3) near the western border of Wyoming,
where upwelling is predicted to have been most intense. As a
result, Peterson reasoned that cool water was unlikely to have
caused the low faunal diversity in the Phosphoria Rock Complex
because diversity was apparently greatest where the water would
have been the coldest.

We concur with Peterson (1980, 1984) that cool water was
not the major biolimiting agent in the Meade Peak member and
probably in the entire Phosphoria Rock Complex. Instead, the
data described herein shows that macrofossils in the Meade Peak
member occur almost exclusively in beds of the dysoxic chemo-
facies (Fig. 11). Bioturbation, described in detail by Hendrix and
Byers (2000), is probably also limited to beds that would fall into
our dysoxic chemofacies category. The anoxic chemofacies
rarely contains macrofossils, and when present, the macrofossils
always show signs of mechanical reworking. The euxinic chemo-
facies never contains any macrofauna or bioturbation. Where the
latter two chemofacies prevailed, seafloor oxygen levels must
have been so low as to exclude even the low diversity dysaerobic
communities that characterize portions of the dysoxic facies.

Elevated salinity levels and possible salinity stratification
caused by brines flowing westward from evaporative basins to
the east of the Phosphoria Sea (Hite, 1978, Dahl et al., 1993;
Stephens and Carroll, 1999) could also be a factor in explaining
the faunal distribution, but Piper and Link (2002) determined that
the Phosphoria Sea was probably temperature-stratified, not
salinity-stratified. The absence of macrofauna in the highly pro-
ductive mid-ramp section (Fig. 7A), where upwelling and influx
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of normal salinity ocean water from the west would have been
greatest, further suggests that salinity was not the major biolimit-
ing agent. Our data clearly suggest that the low faunal diversity
and abundance of the Meade Peak member is related first and
foremost to low oxygen levels.

Although we believe oxygen levels to be the foremost
biolimiting factor in the Meade Peak, temperature probably did
play a role. However, that role was primarily related to warm
temperatures, not cold. This is evidenced by a comparison of the
macrofauna in the dysoxic outer ramp facies (section D) with the
macrofauna in the most landward sections (section V). Hiatt and
Budd (2001) showed the outer ramp section was the site of cool,
but not cold, paleotemperatures. As noted previously, the macro-
fauna in that section is composed of small chonetid and
leiorhynchid articulate brachiopods, a few small bivalves, and
orbiculid inarticulate brachiopods. This is the only Meade Peak
member assemblage that closely approximates a “normal,” albeit
dysoxic Late Paleozoic marine fauna (Allison et al., 1995). In
contrast, the faunal assemblage of the inner ramp and nearshore
sections consists only of orbiculid inarticulate brachiopods, nucu-
loid bivalves, and pleurotomarid gastropods (Figs. 6 and 13),
which is indicative of restricted shallow water, dysaerobic condi-
tions of variable salinity (Stevens, 1966; Kammer et al., 1986).
Restriction, shallow water, and the broad nature of the ramp set-
ting all resulted in mean paleotemperatures in excess of 30 °C
(Hiatt and Budd, 2001), which may have raised salinities due to
evaporation and limited the biota. In this setting, oxygen levels
are the primary control on the fauna, but warm temperature is a
secondary factor due to the lower solubility of oxygen at higher
water temperatures and the greater consumption of oxygen by
bacterial respiration.

The argument for oxygen as the dominant biolimiting factor
in the paleoecology of the Meade Peak is also strengthened by a
critical reanalysis of the arguments for an “Arctic” fauna. In par-
ticular, the cold water “Arctic” fauna interpretation, which is
based on ammonites and one species each of conodont and
brachipod (Wardlaw, 1980; Wardlaw et al., 1995), is weakened
when the distribution of all Phosphoria Rock Complex fauna is
considered in the context of recent plate tectonic reconstructions.

The conodont Mesogondolella phosphoriensis (= Mesogon-
dolella rosenkrantzi; Wardlaw et al., 1995) is cited as one line of
evidence for an “Arctic” fauna (Wardlaw, 1980). However, other
reported occurrences of M. phosphoriensis are at paleolatitude
less than or equal to 40° when plotted on the modern plate recon-
struction of Scotese and Langford (1995). Specifically, the data
of Bender and Stoppel (1965), Toula (1875), Sweet (1976), and
Szaniawski and Malkowski (1979) indicate that this conodont is
found at Permian paleolatitudes of 27°N (Greenland), 3°S
(Sicily), and 40°N (Spitsbergen). This suggests that M. phospho-
riensis may not be indicative of an “Arctic” fauna after all. Fur-
ther, it has been reported only in the upper meter or so of the
Meade Peak member (Wardlaw and Collinson, 1984), yet four
other conodont species are found throughout the Meade Peak that
are also widespread in low-latitude, Paleotethys and equatorial

sections of western North American (e.g., Mesogondolella ser-
rata , M. gracilis, M. idahoensis, and Neostreptognathodus sul-
coplicatus; Yugan et al., 1994; Behnken et al., 1986; Igo, 1981;
Szaniawski and Malkowski, 1979). The presence of these wide-
spread “warm”-water conodonts in the Meade Peak member is
not easily explained in the context of an “Arctic” fauna.

The case for a “cool water brachiopod fauna” in the Phos-
phoria Rock Complex (Wardlaw, 1980) is based on the presence
of Neospirifer striato-paradoxus, which was originally described
by Toula (1875) from Spitzbergen (Permian paleolatitude of
40°N). Specimens of N. striato-paradoxus were identified in the
Phosphoria Rock Complex in rocks of Middle Wordian age
(Wardlaw, 1980), which constrains the stratigraphic unit to either
the Franson or the Rex Chert member of the Park City Formation
(Fig. 4). Thus, this “Arctic” form is not found in the stratigraphic
units associated with maximum paleoproductivity (the Meade
Peak and Retort members) as has often been assumed (Parrish,
1982; Parrish and Peterson, 1988; Whelan, 1993; Inden and Coal-
son, 1996).

There are also several Phosphoria Rock Complex bra-
chiopods that are characteristic of low-latitude North American
and Paleotethys locations. These include Kuvelousia leptosa,
which is common in the equatorial Paleotethys region and is
found in the Rex Chert and Franson members of the Phosphoria
Rock Complex in southwestern Montana (Wardlaw, 1977). There
is also extensive overlap between the Phosphoria Rock Complex
brachiopod fauna and sections near the paleo-equator of west
Texas (Yochelson, 1968; Brittenham, 1973), Mexico (Wardlaw et
al., 1979), and south China (Xu and Grant, 1994). As with the
conodonts, the entire brachipod fauna does not present a con-
vincing argument for cold water.

Lastly, support for the “cool-water” model was also deduced
from ammonoids. Wardlaw et al. (1995; p. 36) pointed out that
specimens of the ammonoid genus Daubichites found in the
Meade Peak member have “....been reported (Spinosa and Nas-
sichuk, 1985) as having a ‘boreal’ or cool-water, high-latitude
distribution.” However, Spinosa and Nassichuk (1985) also
pointed out that Daubichites is a geographically widespread
ammonoid and, in addition to its occurrence in the Meade Peak
member, it is also found in the equatorial Paleothethys (Siberia,
Australia, China) and northern Canada. More recently, an equa-
torial Permian ammonoid (Demarezites furnishi) was reported
from the Meade Peak of southeastern Idaho (Spinosa and Nas-
sichuk, 1994); the only other reported occurrences of this
ammonoid are from west Texas and central Mexico (Spinosa and
Nassichuk, 1994), areas that were situated within 10° of the Per-
mian equator.

In summary, Phosphoria Rock Complex conodont, ammonite,
and brachiopod faunas have some affinities to high-latitude Per-
mian settings but do not provide a convincing and overwhelming
argument for widespread and persistent “cool-water” conditions
in the Phosphoria Sea. There are, in fact, just as many similarities
in the fauna assemblage to warm, tropical settings. This suggests
that other environmental factors served as the primary biolimiting
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agent. The chemofacies distributions defined herein clearly indi-
cate that oxygen availability was more likely the cause of a sparse
Phosphoria Rock Complex fauna in general and Meade Peak
fauna in particular.

NEW PALEOCEANOGRAPHIC MODEL FOR THE
PHOSPHORIA UPWELLING SYSTEM

Information from Recent Climate Models

Findings from climate models for the Permian are relevant to
any reinterpretation of phosphogenesis and paleoceanography in
the Phosphoria Rock Complex. Kutzbach and Ziegler (1994) pro-
duced a high-resolution model that included inland seas, large
lakes, and marine embayments like the Phosphoria Sea. Their
model indicates that the atmosphere over the Phosphoria Sea
would have had a mean annual surface air temperature of
30–35 °C with summer surface air temperatures rising as high as
45 °C. These temperatures are in agreement with paleotempera-
tures of phosphogenesis in the inner ramp setting determined by
Hiatt and Budd (2001). East-to-west eolian transport is also pre-
dicted from modeled wind directions, which is compatible with
an eolian source for the Meade Peak siltstones and sandstones
(Carroll et al., 1998). The modeled temperature and rainfall
results also agree with geological evidence that indicates an
extremely hot desert surrounding the Phosphoria Sea (Sheldon et
al., 1967; Ziegler, 1990). Kutzbach and Ziegler’s (1994) model
thus seems to be geologically reasonable.

Kutzbach and Ziegler’s (1994) climate model also shows a
drastic wintertime weakening of the atmospheric circulation sys-
tem and thus attendant reduction in coastal upwelling in the
Phosphoria Sea (Fig. 1). The possibility that upwelling was sea-
sonal is particularly important. Surface waters during summer
upwelling and phosphogenesis would have been subject to hot
(35–45 °C) air temperatures and would have become very warm
in the shallow inner ramp. In the winter, the cessation of coastal
upwelling would have meant that the waters in the Phosphoria
Sea became restricted, possibly stratified, and extreme warming
could have occurred in nearshore settings.

The New Paleoceanographic Model

New research and our improved understanding of the modern
ocean indicate that the modern Peru-margin analog traditionally
used to explain the Phosphoria upwelling system needs to be
reassessed. That model cannot account for the variety of paleoen-
vironments that led to phosphogenesis or the relationship between
paleoproductivity and macrofauna distribution. A new paleoceano-
graphic model for the Phosphoria upwelling system is necessary.

The new paleoceanographic model that we propose (Fig. 12)
takes into account the shallow and broad ramp setting, warm
paleotemperatures (Hiatt and Budd, 2001), seasonal upwelling
predicted by climate models (Kutzbach and Ziegler, 1994),
severe oxygen depletion, high nutrient levels, and the new

geochemical data presented herein. In this interpretation, oxy-
gen-depleted, nutrient-rich water impinged on the Wyoming
paleoramp at the mid-ramp position, where anoxia and euxinic
conditions prevailed (present-day western Wyoming). Given the
semi-restricted, shallow, marginal nature of the Phosphoria Sea,
it is unlikely that an open-ocean deep-water mass could have
been accessed by the wind-driven upwelling system. The more
probable source of this nutrient-rich, oxygen-depleted water was
a northward-flowing intermediate water mass (Jewell, 1995).
Indeed, nutrient-rich, oxygen-poor water is near the surface over
large areas between 20° N and 20° S today (Levitus, 1982), and
a much more extreme oxygen-depleted, warm, nutrient-rich
intermediate water mass is predicted for the west coast of equa-
torial Pangea during the Permian (Jewell, 1995; Hotinski et al.,
2001). This intermediate layer probably extended into the Phos-
phoria Sea and was brought to the surface during the summer-
time, when wind patterns produced coastal upwelling by Ekman
transport (Fig. 12). Upwelling may have ceased in winter, which
allowed the waters, especially in the inner-ramp setting, to warm
and approximate the overlying air temperatures.

16 E.E. Hiatt and D.A. Budd

spe370-14 16 of 20

Figure 12. Conceptual model showing distribution of chemofacies,
upwelling, and seasonal variation within Phosphoria Sea during Meade
Peak deposition. A: Summertime case in which an oxygen-depleted,
nutrient-rich water mass enters Phosphoria Sea and is driven to surface
and seaward by coastal upwelling. High biological productivity in mid-
ramp caused high organic particulate flux to seafloor, where bacterial
respiration consumed all dissolved oxygen. Regeneration of phosphorus
provided a supply of nutrients to inner ramp setting, where phosphogen-
esis occurred under dysoxic conditions. B: Wintertime case in which
wind strength decreased and direction changed (Kutzbach and Ziegler,
1994) such that it was not able to maintain significant upwelling. Possi-
ble thermal stagnation may have occurred, water temperature of inner to
mid-ramp settings would have risen, and continued bacterial respiration
of organic matter in water column and below sediment-water interface
would have consumed oxygen and resulted in expansion of anoxic and
euxinic conditions.



The water flowing into the Phosphoria embayment probably
had little or no dissolved oxygen to begin with, but as it warmed,
its oxygen-carrying capacity remained extremely low, which pre-
vented significant oxygen uptake from the atmosphere. This,
combined with bacterial respiration of organic matter in the water
column, favored development of widespread anoxia and even
euxinic conditions. Even in nearshore environments, oxygen
uptake would have been limited, and the water never became
more than dysaerobic. As a result, macrofauna were suppressed
due to low oxygen stress while phosphogenesis occurred in envi-
ronments that ranged from dysoxic shallow inner-ramp settings
to predominately anoxic mid- and outer-ramp settings. Salinity
variation between the inner ramp and outer ramp probably influ-
enced which organisms lived in which of those two settings, but
the complete absence of macrofossils in the mid ramp suggests
that elevated salinity did not play a major role in controlling the
presence/absence of macro organisms in any setting. Paleopro-
ductivity indicators suggest that maximum upwelling occurred in
the mid-ramp position, and thus there was an ample influx of
ocean water that would have prevented the elevation of salinity at
this location.

This new model and our findings have great significance for
the interpretation of other ancient phosphorites and suggest that
paleoceanographic setting and paleoenvironment must be taken
into account to fully understand the geochemical variation seen in
ancient phosphorites.

CONCLUSIONS

The late Early to Late Permian is an important transitional
time in earth history; the Phosphoria Rock Complex spans this
change in global oceanographic, climatic, and biotic regimes. The
widespread continental glaciation that marked the southern con-
tinents during the Early Permian had ended long before the phos-
phorites of the Phosphoria Rock Complex began forming.
Extreme oceanographic conditions marked the Phosphoria Sea,
and sedimentary phosphate and organic carbon were deposited
across a broad range of paleoceanographic and paleoenviron-
mental settings, a range of phosphogenetic environments not seen
today. Specifically:

1. Phosphogenesis in the Phosphoria Rock Complex
occurred in depositional environments ranging from “basinal”
outer ramp settings in <200 m water depth to very shallow,
restricted inner ramp environments.

2. The organic carbon, sulfur, trace element, and δ13CPO4–CO3
signatures vary systematically with position on the shelf, reflect-
ing diverse paleoceanographic conditions across the paleoshelf
and phosphogenesis in dysoxic to euxinic conditions.

3. Phosphogenesis in anoxic settings is strongly related to
paleoproductivity indicators and occurred much as it does in the
modern ocean, albeit in much shallower waters. Large amounts
of organic matter accumulated on the seafloor due to the anoxic
conditions and breakdown of the organic-matter-released,
organic-bound phosphorous that in turn led to phosphogenesis.

4. Abundant phosphorite, yet low total organic carbon and
total sulfur values and low, nutrient-like, trace-element concen-
trations indicate that phosphogenesis in nearshore, shallow-
water, dysoxic settings was dramatically different. Oxygen
supplied by air-sea exchange in these shallow-water settings
maintained low oxygen levels and promoted the recycling of
organic matter from the sediments. Yet, some of the liberated
phosphorous produced phosphorites. Reasonably high produc-
tivity coupled with high water temperatures resulted in a stable
dysoxic water column that was supplied with just enough nutri-
ents to maintain phosphogenesis.

5. Cations that serve as paleoproductivity indicators are in
low concentrations in the nearshore dysoxic settings due to either
their efficient recycling or their “trapping” in the anoxic outer-
and mid-ramp sediment.

6. Based on integration of lithofacies, biofacies, and chemo-
facies it is clear that the traditional cold- and deep-water
upwelling model for the Meade Peak is not tenable. A more real-
istic paleoceanographic model is one in which a northward-flow-
ing, oxygen-depleted, nutrient-rich intermediate water mass
impinged on the seafloor at the mid-ramp position where anoxic
and euxinic conditions prevailed. This shallow intermediate layer
extended into the Phosphoria Sea and was brought to the surface
during the summertime, when wind patterns produced coastal
upwelling by Ekman transport. The water probably had very little
dissolved oxygen to begin with, and as it warmed in the shallow
waters of the Phosphoria Sea, its oxygen-carrying capacity
remained extremely low. As a result, the upwelled water mass
never became more than dysaerobic in nearshore environments,
yet it was still capable of driving phosphogenesis in shallow-
water settings.

7. Macrofauna in the Meade Peak member are only found in
dysoxic facies, and their absence elsewhere (anoxic and euxinic
chemofacies) is related first and foremost to low oxygen levels.
Macrofauna also exhibit lateral variations that can be related to
warm temperatures on the paleo ramp, but these variations are
secondary to the control exerted by oxygen levels. All prior work-
ers who use the occurrence, distribution, and nature of the Phos-
phoria Rock Complex fauna to argue for a simple cold-water
upwelling model failed to recognize this point.
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