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EXECUTIVE SUMMARY 

Natural Soda Holdings, Inc. (NSHI), in conjunction with its wholly owned subsidiary 
Natural Soda, Inc. (NSI), has successfully operated a sodium bicarbonate (nahcolite) 
mining operation in the Piceance Creek Basin in northwestern Colorado for over 18 
years.  NSI’s solution mining technique is a proven method for economically 
extracting nahcolite with minimal environmental impact.  NSHI’s strategy is to 
incorporate NSI’s expertise in solution mining with a new innovative in-situ method 
for extracting kerogen from oil shale to commercially develop the oil shale resources 
within the proposed 160 acre lease area.  Following the acceptance of NSHI’s 
nomination for an oil shale research, development and demonstration (RD&D) lease 
by the Bureau of Land Management (BLM), NSHI has developed this Plan of 
Operation which discusses details surrounding the implementation of NSHI’s oil 
shale research project.  

The NSHI proposed RD&D lease, when granted by the BLM, will consist of 160 
acres and will be situated between the Stake Springs and Ryan Gulch drainages, 
encompassing Lots 1, 2, 3, and 4 in the N ½ of the N ½ of Section 35, T1S, R98W, 
6th Principal Meridian, Rio Blanco County, Colorado.  Meeker, Colorado, lies 
approximately 41 miles to the northeast.  Surface elevation on the lease ranges from 
approximately 6,650 to 6,770 feet (Figure 1-1); topography is characterized by 
shallow alluvial valleys and broad soil-covered ridges and mesas.  Pinyon, juniper 
and sagebrush are the dominant vegetative cover.  

NSHI’s process for extracting kerogen from the Green River Formation oil shale 
utilizes high temperature water in conjunction with carbon monoxide, sodium 
bicarbonate and sodium aluminate to break the chemical bonds of kerogenaceous 
oil shale.  This process is derived from research conducted at Monash University in 
Australia to enhance the liquefaction of low rank coals, such as Victorian brown coal, 
which have similar reactive chemical bonds and structural features to those found in 
oil shale kerogens.  Research is on-going at Monash University on samples of oil 
shale from the Piceance Creek basin to guide the process development and 
includes similar work undertaken since 2010 of core samples (12H-C) from NSI’s 
ongoing sodium mining operations. 
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Figure 1–1.  General location map for the NSHI 160 acre nominated RD&D and PRL Leases.
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Naturally occurring dawsonite (NaAlCO3(OH)2) within the Saline Zone of the 
Piceance Creek Basin is chemically similar to sodium aluminate (NaAlO2) and 
nahcolite (NaHCO3, naturally occurring sodium bicarbonate).  Both sodium 
bicarbonate and sodium aluminate are known to catalyze the liquid forming reactions 
of Victorian brown coal in the presence of carbon monoxide and water.  The 
presence of fine-grained highly dispersed dawsonite, which decomposes at the 
reaction temperature in the range of kerogen decomposition together with sodium 
bicarbonate offer the opportunity to develop an in situ kerogen liquefaction reaction.  

The scale and scope of NSHI’s research and development project is largely 
dependent upon the initial success and continued success of the leaching and 
chemical conversion technology to be employed by NSHI for the recovery of shale 
oil.  NSHI intends to initially drill and complete a single Oil Shale Reactor (OSR) 
production well to test the effectiveness of their leaching and chemical conversion 
technology on a small scale.  A 40-foot (plus or minus) reactor interval at the base of 
the Saline Zone has been proposed for the initial test, which is intended to produce 
approximately 100 barrels of shale oil.  Following the initial test, additional reactor 
intervals of similar thicknesses higher up in the Saline Zone will be selected for 
subsequent testing.  This technique will utilize best management practices by testing 
multiple intervals in a single production hole.  Should the NSHI leaching and 
chemical conversion process prove successful on the RD&D production well, 
additional production and associated monitoring wells will be constructed on the 
NSHI nominated RD&D Lease for continued testing and expansion of technology 
development prior to commercial production.  

The leaching and chemical conversion process that will be used by NSHI to recover 
shale oil from oil shale will utilize the abundance of saline minerals, predominantly 
nahcolite and to a lesser extent dawsonite, for both the generation of porosity and 
permeability and to potentially catalyze, the chemical conversion reaction.  The hot 
water sodium bicarbonate leaching will not produce a cavity, but rather an interval 
with small, intermittent vugs.  Nahcolite produced during operations of the pilot well 
will be treated in NSI’s existing sodium bicarbonate processing facility.  Nahcolite 
solutions not rich enough for processing will be added to NSI’s barren liquor stream, 
reducing waste stream footprints and further utilizing resources.  The development 
activities are to take place low in the Saline Zone which is devoid of any water and 
acts as a highly confined interval, avoiding complications associated with 
groundwater and highly fractured rock.  

The goal of this program is to produce an amount of shale oil by NSHI’s process to 
define the parameters, and economics required for a commercial operation. 
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The major attributes of the NSHI in-situ plan of operation are: 

1. Improved resource utilization of the nahcolite because the nahcolite will be 
solution mined prior to extracting the shale oil. 

2. The NSHI plan results in limited surface disturbance because of the utilization 
of the NSI existing infrastructure, i.e. roads, water, electricity, natural gas, well 
pads, etc. 

3. Plan limits carbon footprint because of limited decomposition of nahcolite, and 
use of natural gas as a heating medium. 

4. The existing NSI mine plan including the comprehensive monitoring plan 
consists of processes and facilities which can be used to support the 
operations. 

5. The NSHI technology will be advanced in stages, based upon the success of 
each previous discrete stage.  This limits environmental impacts if technology 
cannot be proven successful in the intervening stages. 
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Figure 3–1.  General Stratigraphic, Lithologic and Hydrostratigraphic column of the Uinta and Upper Green River 

Formations. NSHI Nominated Lease Area.
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Thin volcanic ash (tuff) deposits are common in the uppermost five units of the 
Parachute Creek Member.  Saline minerals in saline oil shale include nahcolite 
(NaHCO3), dawsonite (NaAl(CO3)(OH)2) and halite (NaCl).  In the area of the NSHI 
nominated 160 acre Lease, saline oil shale is located only in the lower part of the 
Parachute Creek Member in the R-2, L-2, R-3, L-3, R-4, L-4, R-5 and L-5 oil shale 
stratigraphic zones.  This interval, known as the Saline Zone, ranges in thickness 
from approximately 950 to 1,000 feet in the Lease area.  Oil shale resources for the 
Saline Zone under the Lease are approximately 300 million barrels (Johnson and 
others, 2009).  At the current time, NSHI is targeting only the oil shales within the 
Saline Zone for potential commercial oil shale production. 

The Saline Zone is overlain by an approximately 600-foot thick sequence of oil shale 
known as the Leached Zone.  This interval, which usually includes part of the L-5 
Zone and all of the R-6 Zone, B-Groove, R-7 Zone, A-Groove, and part of the R-8 
Zone, once contained numerous horizons of stratiform nahcolite and halite and 
nonstratified nahcolite (in oil shale).  Circulating groundwater in the geologic past 
dissolved the saline minerals and produced numerous dissolution vugs, cavities, 
breccias and rubble, as well as the subsidence features within the Leached Zone.  
The Leached Zone is characterized by thin oil shale horizons containing numerous 
dissolution features interbedded with massive oil shales containing joints and 
partings.  

Lithologies above the Saline Zone contain numerous fractures.  Most are associated 
with the Leached Zone and were produced by a combination of local and regional 
tectonism along with the imprint of the dissolution of saline minerals.  Lithologies in 
the Saline Zone have far fewer fractures relative to the rest of the Parachute Creek 
Member and Uinta Formation.  Most open fractures in the Saline Zone have been 
healed by secondary precipitation of calcite or saline minerals, mainly white 
crystalline nahcolite.  Some fractures in the L-3 and L-2 zones have infillings of 
organic matter.  

The Garden Gulch Member of the Green River Formation underlies the Saline Zone, 
and consists of highly fissile clay-rich oil shales and claystones.  In the vicinity of the 
Lease, the Garden Gulch Member is approximately 500 feet thick.  

In summary, the NSHI nominated 160 acre RD&D Lease has the following 
geological characteristics:  

 A uniform and predictable stratigraphic framework within the Uinta Formation 
and Parachute Creek Member of the Green River Formation. 

 Abundant resources of oil shale, nahcolite and dawsonite.  Numerous 
mappable nahcolite beds exist in the Saline Zone.  

 A structure characterized by a broad, shallow basin.  Fractures and 
dissolution features are very common in rocks above the Saline Zone. 

 A gentle surface topography conducive to continual development of the 
property. 
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Figure 3–2.  Topographic Map of the NSHI nominated 160 acre RD&D Lease Area.
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Figure 3–3.  West-east geohydrologic section through the Piceance Creek Basin showing the location of the historic Aquifers with respect to the Green River 
and Uinta Formations.
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Figure 3–4.  Cross-section showing the water bearing zones in the vicinity of the NSHI nominated 160 acre RD&D Lease.
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Figure 3–5.  Aerial map of the NSHI nominated 160 acre RD&D Lease. 
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Figure 3–6.  Proposed utility map for the NSHI nominated 160 acre RD&D Lease.
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Figure 3–7.  NSHI O.S.R. Project Surface Facilities Layout.
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Figure 3–8.  Well completion diagram of the OSR during the solution mode phase.
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Figure 3–9.  Well completion diagram of the OSR during the Kerogen conversion and shale oil production 

phase.
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Table 3–1.  List of wells within a one mile perimeter of the NSHI Nominated RD&D Lease.

We l l  Na me Compa ny S t a t us Twsp Rge S e c La t i t ude Longi t ude El e v a t i on

30-4 FEDERAL Caerus Washco LLC Abandon Locat ion 1S 97W 30 39.933060997 108.319966987 6310.0

RGN-4 Ryan Gulch Nahcolit e P&A 1S 97W 30 39.941085247 108.332671669 6707.4

14-25-198 FEDERAL RGU Williams Abandon Locat ion 1S 98W 25 39.928610010 108.349139985 6730.0

11022 Williams Act ive 1S 98W 25 39.939121005 108.350513998 6608.0

11080 Williams Act ive 1S 98W 25 39.928059005 108.346293987 6684.0

10H-I NSI Act ive 1S 98W 25 39.927867829 108.349719846 6724.6

10H-R NSI Act ive 1S 98W 25 39.928400092 108.349547099 6724.6

11H-1 NSI Act ive 1S 98W 25 39.928561854 108.349538868 6724.6

11H-R NSI Act ive 1S 98W 25 39.929094334 108.349366198 6725.9

MMC-IRI-11 Mult i Mineral Corporat ion Act ive 1S 98W 25 39.931580209 108.336655596 6613.6

1-3A NSI Act ive 1S 98W 26 39.929883109 108.364430331 6687.2

2A-2V NSI P&A 1S 98W 26 39.932120175 108.363338240 6673.9

2B-3C NSI P&A 1S 98W 26 39.929482029 108.364617427 6692.6

2M-TDR NSI Act ive 1S 98W 26 39.928707694 108.363203358 6677.8

3M-TDR NSI Act ive 1S 98W 26 39.928767153 108.363197004 6677.9

4-2V NSI P&A 1S 98W 26 39.934877329 108.363276446 6680.4

4A-1V NSI Act ive 1S 98W 26 39.931226494 108.365308549 6696.6

4A-4V NSI P&A 1S 98W 26 39.931173071 108.365341698 6696.1

4A-5M NSI Act ive 1S 98W 26 39.929785709 108.366029176 6705.9

4A-6V NSI P&A 1S 98W 26 39.929911318 108.365775113 6705.0

5H NSI P&A 1S 98W 26 39.928840894 108.357872460 6688.4

5H-1V NSI P&A 1S 98W 26 39.928864592 108.361450196 6671.7

6H NSI P&A 1S 98W 26 39.928292498 108.357820351 6695.4

7HR NSI Act ive 1S 98W 26 39.927481895 108.357111106 6708.8

7H-1B NSI Inact ive 1S 98W 26 39.927687478 108.362042871 6686.0

7H-I NSI Act ive 1S 98W 26 39.927764815 108.357153701 6707.7

88-1V NSI Act ive 1S 98W 26 39.933480607 108.361461162 6650.0

89-1 NSI Act ive 1S 98W 26 39.934790190 108.360475796 6631.7

89-2 NSI Act ive 1S 98W 26 39.934743748 108.360300875 6628.9

89-3 NSI Act ive 1S 98W 26 39.934932018 108.360521524 6633.6

90-1 NSI Act ive 1S 98W 26 39.930914786 108.363431665 6671.9

90-2 NSI Act ive 1S 98W 26 39.927630175 108.363763577 6691.2

90-3 NSI Act ive 1S 98W 26 39.927631768 108.363841988 6692.3

90-4 NSI Act ive 1S 98W 26 39.927627096 108.363686352 6690.3

90-5 NSI P&A 1S 98W 26 39.929803047 108.363552063 6675.5

91-1V NSI P&A 1S 98W 26 39.933956672 108.362043212 6652.5

91-2H NSI P&A 1S 98W 26 39.930284626 108.364156020 6683.8

93-2M NSI P&A 1S 98W 26 39.933325433 108.362404676 6659.3

93-3V NSI P&A 1S 98W 26 39.934433832 108.362651825 6663.5

93-4H NSI P&A 1S 98W 26 39.930749406 108.364726349 6695.5

94-1M NSI Act ive 1S 98W 26 39.935685298 108.361915504 6661.9

BG-4 NSI Act ive 1S 98W 26 39.929250705 108.357546625 6680.4

BG-5 (12H-C) NSI Act ive 1S 98W 26 39.929110777 108.351765842 6683.4

BG-6 (2010-26-198-6C) NSI Act ive 1S 98W 26 39.931274001 108.355642983 6659.5

DS-3 NSI Act ive 1S 98W 26 39.929501272 108.360974631 6663.7

DS-4 (10H-C) NSI Act ive 1S 98W 26 39.927733902 108.351691761 6699.0

DS-5 (2010-26-198-1C) NSI Act ive 1S 98W 26 39.930307226 108.352048413 6657.1

EX-1 NSI P&A 1S 98W 26 39.935787659 108.360060221 6631.5

EX-2 NSI Act ive 1S 98W 26 39.934829690 108.360641542 6634.5

MMC-IRI-1 Mult i Mineral Corporat ion Act ive 1S 98W 26 39.927552392 108.363761241 6681.5

Skyline 1 Sinclair P&A 1S 98W 26 39.939868160 108.358653440 6607.9

WSW-2 (2010-26-198-2C) NSI Act ive 1S 98W 26 39.932885306 108.357646105 6639.9

FEDERAL RGU 432-27-198 Williams Act ive 1S 98W 27 39.936125995 108.379917016 6560.0

IRI-MW1 Indust r ial Resources, Inc. Act ive 1S 98W 27 39.938694576 108.374281584 6517.6
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Table 3-1.  List of wells within a one mile perimeter of the NSHI Nominated RD&D Lease (Continued).
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Figure 3–10.  Aerial map showing wells within a one mile perimeter of the NSHI nominated RD&D Lease.
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Figure 3–11.  Map showing the extent of the Dudley Bluffs Graben and Upper and Lower Salts in the vicinity of the NSHI Nominated RD&D Lease. 
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Figure 3–12.  R-2 Zone top structure contour map in the vicinity of the NSHI Nominated RD&D Lease.
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Table 4–1.  Prognosis stratigraphic and Hydrostratigraphic tops for the OSR well. 
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Figure 4–1.  Extent of the saline zone in the Piceance Creek Basin.
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Above the Dissolution Surface, rocks of the Parachute Creek Member are generally 
disturbed.  The intensity of disruption is directly proportional to the former 
abundance of saline minerals in the oil shale host rock.  High concentrations of 
saline minerals are now represented by dissolution features, rubble and collapse 
breccias.  Removal of the saline minerals also produced subsidence in overlying oil 
shales, thus creating numerous joints and partings.  The most intense interval of 
dissolution disturbance in the Parachute Creek Member occurs between the R-7 
(Mahogany Zone) and the R-5 Zone.  Where the Saline Zone is thick, the Leached 
Zone (Dissolution Surface to uppermost vug or dissolution feature) has a minimum 
thickness of about 600 feet.  As the Dissolution Surface penetrates further into the 
section, the Leached Zone becomes proportionally thicker.  It should be noted that 
evidence for leaching of saline minerals is also present above the Mahogany Zone.  
The lower Mahogany Zone, A-Groove and parts of the R-8 Zone all have dissolution 
features (Daub and others, 1985; Trudell and others, 1970, 1974). 

Because the Dissolution Surface represents the deepest extent of groundwater 
penetration, rocks in the Saline Zone below the Dissolution Surface are dry, 
generally very competent, and largely devoid of fractures.  Significant quantities of 
nahcolite are present below the Dissolution Surface in the form of nodules and 
aggregates, thin interbeds, and thick beds. 

The most important bedded (stratiform) nahcolite horizons in descending order are 
the Boies Bed, a 30 to 32-foot thick seam of crystalline nahcolite in the lower L-5 
Zone; the Love Bed, an interbedded series of microcrystalline nahcolite seams and 
oil shale beds (6 to 7 feet thick) in the L-4 Zone; the Greeno Bed, a 7 to 8-foot thick 
horizon in the R-3 Zone consisting of densely disseminated nahcolite crystals in an 
oil shale matrix; and the TI Bed, a 7 to 8 foot-thick bed in the L-2 Zone that closely 
resembles the Greeno Bed in texture, composition, and thickness.  Typically, the 
average nahcolite content in these high-grade beds exceeds 65 weight percent.  
These units are easily identifiable and are therefore considered good marker beds. 

Dawsonite generally becomes common within the R-5 Zone and is present in the 
stratigraphic units below the R-5 Zone.  Minor amounts of free oil and methane are 
anticipated to be encountered in the Saline Zone lithologic units, though not in 
enough quantity so as to be commercially developed.  However, any methane or 
natural gas encountered in the subsurface either by way of degassing or via the 
subsurface heating process will be captured and utilized in the production of carbon 
monoxide or hydrogen, or utilized for heating water and other processing 
constituents.  

Halite in the Saline Zone is not found below the R-5 oil shale zone.  It is primarily 
concentrated in two major horizons, one at the base of the L-5 zone, called the 
Upper Salt (containing the Boies Bed), and the second within the R-5 oil shale zone, 
the Lower Salt.  Other horizons of halite occur between the two massive salts but 
they are subordinate in thickness.  Within the Upper and Lower Salts, halite is 
usually interbedded with thin horizons of nahcolitic oil shale, nahcolite and halitic 
nahcolite.   

Though halite is present in the Boies Bed on the NSI leases immediately to the north 
of the NSHI nominated 160 acre RD&D Lease, the lateral extent of the halite facies 
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Table 5–1.  Analyte list for NSHI’s quarterly water sampling program. 
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Table 6–1.  Reclamation seed species list.  
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Table 6–2.  Interim seed species list for reclamation. 

The availability of seed will determine the ultimate seed mixture and variety of seed 
used.  If a variety of seed is not available, additional seed from one of the seeds 
listed in Table 6-2 will be substituted so that the final seeding rate is 12 to 15 lbs 
pure live seed (PLS) per acre.  

Topsoil stockpiles or other areas which require short-term vegetative stabilization, 
normally less than three years, will be seeded with this seed mixture.  Seeding will 
be conducted as soon as possible (spring or fall) following disturbance to enhance 
viability of stockpiled topsoil, to increase the stabilization of the disturbed area, and 
to reduce potential erosion problems. 

Although seeding can occur on the site nearly any time between snowmelt and 
ground freezing, the optimum time for seeding is during the fall.  Accordingly, the 
seed mixture will be seeded between the time the first killing frost occurs usually 
sometime in September and when the ground freezes usually sometime in 
November.  The scheduling of revegetation in this manner will allow the seeds to 
germinate and become established early in the spring when soil moisture is 
optimum.  However, it may be necessary to seed at other times in some instances to 
either establish a ground cover to prevent soil erosion or to re-seed an area in the 
event of failed seedling establishment.  In these events, seeding may occur during 
the spring (April-May). 

The seed mixture will be placed by either a drill seeder or by broadcast seeding.  
The use of a drill seeder necessitates having slopes less than 3:1 (33 percent).  Drill 
rows will be 20 to 25 centimeters apart.  If the seed is broadcast, the amount of seed 
indicated will be doubled. 

Following seeding, straw or native pasture hay will be applied as a mulch at a rate of 
approximately 2 tons per acres.  If hydromulch is used, the rate will be ¾ - 1 ton per 
acre.  Straw or hay mulch will be mechanically crimped using a straight running disc 
on 10-inch centers.  Normally, irrigation will not be required to establish a good stand 
of vegetation, provided that seeding occurs at appropriate timing.  Any prohibited 
noxious weeds that may appear in the reclaimed area will be controlled, as 
necessary, by chemical and/or mechanical means.  

Seeding will occur as necessary as the project progresses.  
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road pavement will be broken up and buried on-site at least three feet below final 
grade.  The natural gas and water pipelines will be disconnected and purged; they 
will be left in place because these areas will have already been reclaimed and 
revegetated.  

Surface infrastructure such as buildings, tanks, foundations and associated 
structures that cannot be used by NSI’s sodium bicarbonate facility will be removed 
from the site and the site re-contoured and revegetated.  It is estimated that the cost 
for final reclamation and abandonment would be approximately $5,400/acre based 
on bonding for the NSI facilities. 
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