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Feihe Yankee Gulch sodium FIG. 1
L minerals project (YGP) is a UL IUR R R R R R S S e Y e
'_ solution mining project oper-  Site map of the Yankee Gulch sodium minerals project. The lower plant site is

ated by American Soda. The mine located at a former oil shale upgrade facility. The pipeline between the upper
aperates on a federal lease adminis-  and lower plants is about 71 km (44 miles) long.

tered by the 1LS. Bureau of Land

Management (BLM). Commercial
operations  began in November
20001,

In 1964, Irv Nielsen discoverad

nahcolite mincralization where the

Y G pilot plant is now localed near
the Piceance Creek in Rio Blanco
County, Colorado {Nielsen, 1969},
Development of the priject scecler-
ated after Williams Corp.. of Tulsa,
OK, joined with American Alkali in
1996 Lo form American Soda. Pilot
testing by American Soda led to /
commercial permitting, plant design, :

o 1 Project

& Pipeline Route
- RIOBLANCO CObNTY
GARFIELD CONine 3

comstruction and startup, Figure 1 Bl ok
shows the localion of the Yankce T e
Gulch leases and the location of the It Wit s
upper and lower plant sites. J s

Arei Dasrvar - —
Geologic setting and resource t Beated

The geologic setting of the || st Do fii |

naheolite resouree of Lhe Piceance P i i
Basin is documented by Beard el al. Colorado '
(1974}, Dyni (19745, and Cole et al. o i
(1982, The naheolite s co-mingled L ey Mk rhidarn

with oil shale. Colorado has a large
oil shale resource that has been extensively studied be-
cunse ol s polential 1o supply il o the nation,

Adjacent to the federal leases held by American
Soda is another nahcolite producer. White River
Mihcolite Minerals was recently acquired by AmerAlia
and 1s now known as Natural Soda. 1 solulion mines
nahcolite from the Boise Bed, The Boise Bed is a high-
prade naheolite (<80 pereent) bed that is not present in
cote holes drilled in the Yunkee Guleh lease. MNatural
Soda solution mines from horizontal holes (Day, 1994 )
that are dircetionally drilled along the bottom of the
Boise Bed, Liguor is injected into the holes at less than
L= E 250 By

Natural Soda’s leases were dreilled in the early L9505
by MultiMinerals Lo conlitm the naheolite and ol shale
resources. On the Yankee Gulch leases, two holes were
cored in the 1960 and 1970s and an additional six heles
were cored in 1997, Additional holes that were drilled
for resource, gas or hvdrology characterization surround
the leases and conlirm resource continuity.

The naheolite Tesource in the center of the Piceance
Basin is prasent in beds of high-grade crystalline nah-

colite. It is also present as disseminated nahcolite in ol
shales of the Saline Zone of the Parachute Creek Mem-
ber, Green River Formation. [s thickness ranges up o
330 m (100 £t). Figure 2 shows the isopach map ol the
Suline Aone below the Dissolution Swrface at the Ameri-
can Sodu lease. The Saline Zone conlains Lhe naheolitic
ail shale from which American Soda solution mines
nahcolite.
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Michael Hardy, memher SME iz presidant o Agapita Associates, 115 Horizon Orive,
Suite 340, Grand Juncrion, C0 §1508, &-mail mbardy&2aganito.com. Max Ramey and
Charlie Yates are Ficence Dnerations Manager and General Manager with American
Soda, 2117 County Road 215, Parachute, C0 81635, e-mails
mramey & amencansoda.com, cyates<camenicansodz.com. Kurt Nielsen is presi-
dentt of American Alkali, 1713 Grand e, Glenwond Springs, £0 81601, e-mail
Knielsenicamericansada.com.
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Isopach map of the Saline Zone with core hole locations.
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Figure 3 shows a north-south cross section through
the Yankee Gulch lease with general stratigraphy, Indi-
vidual beds of high-grade nahcolite (<80 percent) are
present, with thicknesses of up to @ m (30 ft) in the
Lower Sall Zone cast of the Yankee Gulch lease, In
some parts of the Yankee Gulch lease, halite is present in
the lower salt beds. The naheolite is leached and breceia-
tion has oceurred above Lhe Dissolution Surlace, The
brecciation above the Dissolution Surtace is presumably
a result of collapse and consalidation of the oil shales fol-
lovaing leaching of the naheolile {(Gulliver, 1985). Owver
the full column of the Saline Zone in lhe center of the
basin, the average nahcolite grade ranges from 20 per-
cent Lo 30 pereent.

Solution mining at the Y GP uses vertieal wells and
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solution mines strata below the Lower Salt Bed or 43 to
fll m (1350 1o 200 1) below the Dissolulion Surface. The
Lower Sall Bed is halite rich in portions of the American
Soda lease. In other portions, it is rich in nahcolite and
devoid of halite. The target rone Tor solution mining 4l
American Soda has a thickness of 150 to 200 m (300 to
6501 fry with 23 percent nahcolite and less than 1 percent
halite.

The north-south cross section. shown in Figure 3.
traverses the lease area and includes data from seven
holes. Core hole Niclsen 2041 15 the nsheolite discovery
well located on the Yankee Gulch lease, The figure
shows the Lower Salt Zone, the stratification of the rich
and lean oil shale beds, and the Love, Greeno and ']
naheolite beds. The Upper Salt Bed and the Boise Bed



are not evident in this cross section. The richest oil shale
in the area 1s in the Mahogany Zone beiween the A and
B Groove beds (Fig, 3) some 120 to 150 m (0 Lo 500 1)
above the Dissolution Surface. The Mahogany Zone can
averase mote Lhan 120 170 (35 palist) oil content. The oil
shale contains kerogen that when retoried will vield
more than 120 Lit (35 galfst). Individual thin beds of oil
shale can vield more than 206 Li (60 galist). Tn the Sa-
line Zone below the Dissolution Surlace, Lhe wil yicld
from the oil shale is below 835 Lit (25 galist), again with
thin lavers hizher than 83 L (23 paldst).

The nahcolite-rich oil shale in the Saline Zone below
the Dissolution Surface is generally devoid of open
joints or fractures and faults. The nahcolite-rich oil shale
is impermeable and can maintain high Muid pressures
with minimal bleed off. Above the Dissolution Surlace,
the oil shales are fractured and brecciated and are water
bearing. The ground water quality is below Under-
ground Source of Drinking Water (USDW) standards,
Total dissolved solids (tds) higher than 10,000 can be
pertahle at higher stratigraphic elevations,

The nahcolite resource estimale [or the Yankee
Gulch lease is based on the two original core holes, the
six core holes completed in 1997 and surrounding core
holes for stratigraphic continuity, The tolal resoutee 15
about 1.7 Gt (1.% billion st}), The nahcolite reserve esti-

FIG. 3
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Morth-south cross section through the American Soda Lease.
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mated within a 380-m {1.250-ft} radius from assayed
cored holes is about 227 Mt (230 million st). This esti-
miskis abser lietored in the mine height, well spacing, sur-
tace topography, possible archeological site. and geologic
and hydrologic anomalies.

Solution mining concept

The solution mining concept proposed by American
Soda was bascd on Tield Lests condueted by Shell Ol in
the early 1970s and reported in Prats et al, {1977). Shell
undertook field testing of a concept to recover oil by in-
jecting high-temperature steam into (the naheolite-rich
oil shale below the Dissolution Surtace in the Saline
Zone near the southeast corner of the Yankee Gulch
lease, As part ol that feld west, Shell injeeted steam at
1495 C (3007 F)in a verlical well and produced signilh
cant quantities of nahcolite. Shell Oil then increased the
steamn temperature to 313° C (6007 T') in an attempt to
produce oil, The oil production did not mect the
company’s expectations, so the field test was abandoned.

American Soda proposed to inject pressurized water
al high temperatures sulficient o fracture the rock and
to produce high-concentration sodium bicarbonate 1i-
quor. The hiph-temperature injection fluid was needed
[or lwo reasoms, The sl was o Iracture the oil shale
and provide access for the fluid to contact the dissemi-

LA
o E A R e E E O A O R E s A EEEE e

L s Sall fﬂvc
E EL’-E.L;E

b Langimdinal North-Sauth Section B-H Lovkmg Fast ;
H-I.I.I Em "-—‘ __L. pim, 1‘-&?: -
i [ rlllll 1203 = -_—\\- ‘ L7SEM-1
Ll ) : Iy A B e
o e PR [
- o Gl e o] Llinia F:!v.r:-mmm
i |
! o RS -
i) PR~ = el
70 I-L s hr"l | | A Groove
€| T
=1 | I || B Groove  Mahog
21| imchet T !
=5} 1 Poww _&_.‘iﬁll |
s | N 1 17 IR S e
45 B | Dissolution Surface

25

MINING ENGINEERING @ OCTOBER 2003



FIG. 4 F). The erowth rate of the cavern, which depends on the
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anETRTeEERe® paheolite gprade and the extent of the thermally induced

E & = -
Photo of the Yankee Guich pilot plant area. cracking, is accclerated at higher temperatures,
: Issues of concern in the design of the well [eld in-
cluded:
* I'he maximum extent of the cavern and the Tesource

recovery per well, cssentially the size and shape of
the cavern.
The impact of solution mining on overlying agquifers.
The pedential for subsidence and the impact of sub
sidence on the overlying ayquilers and on the mining
of overlying oil shale resources,

¢ The impacl of solution mining on the oil shale re-
sources within the solution miming intervals.

= The hydraulic conductivity ol the host rock and the
ability of the host rock to contain the high Muid pres-
sures within the cavern without leakage.

= Well design to minimize drilling and completion
costs while satisfving the operational regquirements
ol the well.

*  The location of the injection and production strings
to optimize recovery withoul producing adverse

nated nahcolite. The sceond was to raise the solubility of contaminants such as halite.

nahcolite. The saturation of nahcolile in water is tem- = Selection of injection temperatures and target flow
perature dependent. The saturation concentration of rates to establish the number of wells to meet the
nahcolite in waler 15 more than 35 percent at tempera- production targets.

tures of more than 1767 € {350% F), whereas the satura-

tion concentration is less than 20 percent al Y3° C (2000 Laboratory testing, analysis and pilot testing were
FIG. 5
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Summary of the American Soda lease ground water monitoring wells.

Primary Secondary
Moni- Well Borehole Location position position Completion Aquifar
toring 1D 1D relative ralative to ralative to zane monitored
No. to 0-5 panel’” 0-5 panel™? 0-5 panel™*
1 19-2 182 Out of panel Cross-gradient Up-gradient & Groove Upper
2 19-3 19-3 Qut of panel Daown-gradient Alluvium Alluvial
% 20-44 20-4A In pansl Cross-gradient p-gradient A Groove Upper
4 20-4B 20-4B In panel Cross-gradiant Up-gradient B Groove Lower
5 20-5 20-5 In panel Down-gradient Llinta Upper
5] 20-8 20-8 In panel Down-gradient Uinta (water
supply well) Upper
T 20-9 20-9 In panel Down-gradient E Groove Lower
a 2010 20-10 Qut of panel Cross-gradieant LJinta Upper
& 21-2 21-2 Dut of panel Down-gradient Alluvium Aluwvial
10 21-3U 21-3 Out of panel Down-gradient Winta Upper
1 21-3A 2.2 A Groove Uppar
12 21-38 21-3 B Groove Lower
13 21-3D 21-3 Dizsolution
Surfaca Lowar
14 27-44 21-4 In panel Down-gradient A Groove Upper
15 21-4B 21-4 B Groove Lower
16 21-4D 21-4 Dissolution
Surface Lower
17 21-41 27-41 Linta Upper
18 21-5 21-5 Out of panel Down-gradient Alluvium Alluvial
19 2B8-1 28-1 Out of panel Cross-gradient  Down-gradient Alluvium Alluvial
20 29-2B 29-2B Out of panel Up-gradient B Groove Lower
21 2493 29-3 In panel Cross-gradient  Down-gradient A Groove Upper
22 29-41 29-4 Out of panel Lp-gradient Llinta Upper
23 28-44 29-4 A Groove pper
24 28-40 29-4 Diszolution
Surface Lowar
25 29-4B 29-4B B Groove Lower
26 34-1% 34-1 MA-Parachute MA-Parachute MA-Parachute Alluvium Alluvial

site

TAssumes ground water flow direction is NE5°E.

site

Up-, down- and cross-gradient are with respect to the potentiometric surfaces for respective aquifers.

undertaken to provide answers to these and other ques-
tions related 1o the design and permitting of the pro-
posed solulion-mining coneepl, The process of collecting
data, pilot well testing and permitting the project was
completed between 1996 and 2000,

As a lirst step in establishing leasibility of the high-
pressure, high-temperature solution mining technique,
the core holes drilled in 1997 were pressure tested over
the interval of interest Tor solution mining. These tests
evaluated the hyvdraulic conductivity of the formation
and would confirm that the formation would contain
prossuriccd (Tuid withowt leakapge. Five of the six core
holes completed the pressure test. The sixth core hole
encountered difficulties with the packer seating and the
test was abandoned. The hydraulic conductivity indi-
caled from these tests was in the 1077 to 1078 em/sce
range. This indicated tight conditions with minimal leak-
age al the planned operating pressurcs.

Laboratory testing and analysis

Core recovered [tom the 1997 coring program was
assayed und lested for thermomechanical propertics.
Tests were completed to determine the influence of tem-

perature on strength, deformation properties and ther-
mal expansion cocllicient of the cored oil shale, nah-
colite and nahcolitic oil shale sumples, The thermal
conductivity of selected samples trom the core was de-
termined as a function of temperature. This data was
used lo predict the temperature feld around the cavern,
the projected heat losses from the cavern and the extent
of lracturing around the cavern. These analysis were also
uscd Lo asscss the polential interaction belween caverns
and to select the spacing between coverns

Thermal cracking is induced bacause of the high
thermally induced stresses developed around the cavern
and the reduction in strength of the naheolitic ol shales
at elevated temperature. The reduction of strength of oil
shale is well documenicd (Miller et al. 1979).

Tests on core [rom Lhe Yankee Guleh leuse con-
tirmed the reduction in strength of the nahcolitic oil
shale at elevated wemperatures. Ol shale also has a high
thermal expunsion coellicient, in the Tunge of 6 1o 200
microstrains/”F. The combination of reduced strength
and increased thermally indueced stress results in crack-
ing. fracturing, and/or yielding of the rock al the perim-
cler of the cavern. And it allows fluid to penetrate the

MINING ENGINEERING # OCTOBER 2003 27



FIG. 6
Well field layout.
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fractured rock and dissolve the disscrminated nahcolite.
This process is conhined to a local area adjacent to the
cavern,

The low thermal conductivity of the naheolitic oil
shale results in relatively high temperature pradients
around the cavern and limits the heat loss Lo Lhe host
rock, Temperatures within the caverns are less than -
jection temperaturcs. They are restricied to minimize
the impact of solution mining on the residual oil shale.

Pilot testing

‘I'his mining method had not been demonsirated on
a commereial scale. So American Soda recognized hal
a pilat test of solution mining would be required betore
designing the commerciul well feld and plant. [ssues to
be resolved in the pilot testing phase were to verify plant
teed coneentration. chemical quality and production
rate. Associated issucs, such as energy consumption and
cavern growth rate, could be demonstrated and well
completions could be tested,

The pilot plant was built in early 1997, The first test
well (20-3) came onstream in late July 1997, Fipure 4
shows the pilot test area. the well pad, the plant and the
ponds in the background. The plant included a gas-fired
hailer Lo heat the injection liguor and pumps. In all,
three solution mining test wells were developed (20-3,
20-2 and 20-14), ‘They produced brine that was dis-
charged to a pond or o an underground disposal well
completed above the Dissolution Surface.

Figure 5 shows the layout ol the pilot tests wells. the

28 OCTOBER 2003 = MINING ENGINEERING

& Groundwater Monitoring Location

o Production Hole

plant, disposal well, and water supply well (20-8). Teated
pressurized water at temperatures up to 2047 C (4K T)
was injected for over two-and-a-hall years. lojection
rates of up to 6.3 Lisce (100 gpm) were achicved. But,
because of water supply and plant boiler limitations. the
injection rale was typically 3.1 Lo 4.7 Lisec (50 10 75
epm ), The water supply, from a well (20-8) completed in
ithe Uinta Formation, wis augmented by recirculated,
cooled, sodium-cnriched liguor Itom the ponds.

During the pilot plant’s two-and-a-hall years of op-
eration, about 22.7 kt (25000 st) of sodium bicarbonate
was produced and caverns {or leached zones) of equiva
lent diameter to 10 and 1006 m (33 and 35 1) were devel-
oped, based on an assumed cylindrical cavern shape and
produced tonnage of naheolite. "The pilot test confirmed
product quality and cavern growth rates. The well
completion design was refined to minimize heat losses to
the lormation and the fnal well completion design se-
lected for the commercial well lield demonstrated in the
third pilot well (Well 20-14). Injection into the pilot
wells was terminated in carly 2000 when the upper plant
was in construction. Two of the pilot test wells (20-2 and
20-14) were reactivated in November 2000 and have con-
tinued to produce feed liguor Lo the commercial plant.

Commercial mine plan

The well field proposcd by American Soda was
based on a well spacing of 9 m (300 ). This would al
low growlh of the caverns to up to 6l-m- (200-ft-) diam,
leaving sufficient, unleached material between caverns



FIG. 7
" A e, W e

Schematic three-diménsin.nal sketch of the well field.
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tor fluid centainment and subsidence protection, The
caverns are cach abowl 157 m {515 1) high, with the roof
al i depth of about 330 m (1800 ft). Tigure & shows Lhe
producticon well locations, the location of the pilol plant,
the upper plant site, the exploration core holes and the
sround water monitoring wells. Tuture wells will be Lo
cated between the existing wells to fully populate the
area with wells on g Wlan (300-01) spacing,

A poal for economic planning was for cach cavern Lo
develop to the equivalent diameter of 400 m {135 (1), Fig-
ure 7 shows o sehemaltie, three-dimensional sketch of the
mature well field. The well field is designed for long-
lerm stability by spacing the wells so that the remaining
undisturbed nahceolitic vil shale belween “caverns™ s
able 1o supporl the overlying strata. The term “cavern”
15 o misnomer, as the solution-mined volume 15 maore conr
rectly described as a leached vone,

Aller solution mining, the caverns {or leached
rones ) will contain the residual undissolved oil shale,
which will resist delormation of the walls and immediale
rool ol the cavern, The impact to the overlving aquifers
is expected to be undetectable and no impact W the
averlying Mahogany Zonc is expected, Several ground
waler moniloring wells are part of the mine plan.

The residual oil shale in the “cavern™is cnriched be-
cause of the removal of the naheolite and is permeable,

Greene Nahcealite Bed
BT Mahcolite Bed

'This enhaneed permeability may later be used in in-situ
recovery of the oil shale or other mincrals such as daw-
sonite.

T'he mine plan included initial development of 26
wells to suppaort a plant capable of prodocing 813 kifa
(B9E.000 stpy ) of soda ash equivalenl. The processing
plant is designed to produce soda ash (726 kt/a or
B00,000 stpy) and sodium bicarbonate {136 kifa or
150.000 stpy)d. Alter the st year of solution mining, it
was anlicipaled that production could be sustained from
tewer wells, possibly as few as 12 wells. The larper, ma-
ture caverns are capable of producing higher tomnages of
nahcalite because the production rate is proportional to
Lhe surface area of the cavern,

Eeplacement of wells was scheduled at 15 wells per
vear. A well lile of three years was anticipated. Each
wellhead is instrumented to monitor temperature, pres-
sure and mass flow rate for the injection stream and Lhe
production stream. Figures 8a and 8b shows a typical
wellhead and the skid containing the instrumentation
and the valving., The instrumentation was designed 1o
detect leakage from s cavern and to determine the ton-
nage of naheolite produced from each well.

Pressurized nitrogen is provided atl cach wellhead
for injection and development of 4 gas cap at the top of
cach producing cavern. The gas cap inhibits upward cay-
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ern growth and it can be used 1o (ocus solution mining lo
specific homizons, Surface features of the well field in-
clude roads. well pads and piping. The aceess roads and
pipeline routings were selected to minimize surface dis-
turbance. Some potential well locations were avoided o
protect tree slands. archeological sites or raptor habitat.

The commercial plan included an upper plant and a
lower plant, shown in Figs. 9 and 1, respectively, and
sited in Fig. 1. 'The upper plant is localed near the center

FIG. BA (TOP) AND B {BELOW] .

— .
LR "a s LY, RN e W

Typical wellhead and instrumentation skid.

FIG. 9
Bl
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Upper plant located on the Yankee Gulch Iease‘s. T1SRITW.
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of the lease (Fig. 6}, The lower plant, located near the
town of Parachute. is sited on land purchased from
Unocal at the former site of an oil shale upprade facility.
Two insulated pipelines — one for produet liguor and
the other lor return water — connect the two plants,

The upper plant receives high-temperature, pressur-
ized liquor from the well ficld. Tt strips the liquor 1o pro-
duce a sodium carbonate brinc. In the stripping process,
the lquor is depressurized and cooled. Carbon dioxide
and water. in addition Lo sodinm carbonale, arc pro-
duced from the stripping of the sodium bicarbonate.
Some carbon dioxide is collected and trucked to the
lower plant for use in reconstituting sodium bicarbonate.

The buried. insulated pipeline delivers an intermedi-
ate brine of sodium carbonate (o the lower plant where
sodium carbonate is erystallized and up o 137 kt/a
{150,000 stpy) of sodium bicarbonate is produced. Con-
struction of the pipeline across the Roan Platcau is
shown in Fig. 11. The pipeline route is about 70 km (44
miles) long (Fig. 1).

The solubility of sodium carbonate is insensitive Lo
temperature and can be piped lomg distances in insulated
pipe. The pipeline was constructed to aviid a potential
problem in trucking product out of the Piceance Basin.
The teturn pipeline provides a source of water for the
upper plant [tom the Colorado River with water rights
secured from Unocal, Product is shipped from the lower
plant by rail and truck,

Permitting and ground water monitoring

The primary permits for the project invelved appli-
cation for Underground Tnjection Conlral Permits from
the US. Environmenial Protection Agency (EPA) and
an environmental impacl statement (EIS) by the BLM.
Additional permits were required [Tom the local coun-
ties and the Colorado Division of Minerals and Geology,
‘The permitting issues of coneern for the design of the
well leld included:

s Leakage from the selution mined caverns and the
potential for contamination of the overlyving agui-
ters.

»  Subsidence of the overlving strata.

«  Mining of the oil shale and associated generation of
organics in the production stream,

¢ Minimizing surluce disturbances.

The [irst comcern was fundamental to the design and
layout of the well lield. The baseline ground water qual-
ity had to be established by monitoring. The ground wa-
ter regime in the Piceance Basin had been regionally
characterized during the oil shale boom of the 1970k and
carly 1980s (Weeks ct al.. 1974; Robson and Saulnicr,
1931).

The ground water monitoring program required
monitoring the Dissolution Surface, the A Groove, the B
Groove. the Ulnta Formation and the alluviom, These
aquifers were monitored upstream, downstream and in
the well field, And the alluvium was monitored down-
siream Mrom surface slorage pond locations. Tn addition,
American Soda agreed to monitor domeslic water wells
in the immediate area of the leases. This monitonng pro-
gram. and associated dala acquisition system, had to be
in place for five quarters before startup ol commereial
aperations.






The resulling program included 18 holes monitoring
25 locations. Some boreholes were completed with up to
four menitoring horizons. Table 1 Hsts the monitloring
wells and borcholes, their localion relative to the well
licld and the completion zone, The location of the wells
s shown in Fig. 6. The wells were completed with S(-mm
(2-in.) liberglass tubulars o a depth up to 439 m (1,442
1) below ground level,

Early observations from the monitoring wells during
pilot testing indicated that the ground water quality in
the A and B Groove aquifers at the Yankee Creek tast
site were not similar to the expected water quality ndi-
cated from repional data {Weeks et al. 1974} and data lo-
cal 1o the Natural Soda lease area (Welder and Saulnier,
1978). Specifically, the water quality near the pilot plant
test area deteriorated in the A and B Groove aquifiers
{with tds of HLINK ppm}. Bul regional and Natural Soda
dala indicated generally good guality water in the A
Groove and USDW guality water down 1o near the Dis-
salution Surface,

This anomaly at the American Soda site caused con-
cern and triggered studies to identily the causes of the
anomaly (Sauknicr, 1999, The first potential cause of the
anomaly was contamination during completion of the
monitoring wells.

This cause wis dismissed aller extensive pumping
Irom euch monitoring well did not result in significant
improvement in water quality. Chher possible causes in-
cluded natural ground water upllow in the vicinity of the
Piccance Creek; contamination from the Torse Draw
shaft located upstream of the Yankee Guleh leases (Fig,
21 contamination from carlier ofl-site drilling, testing
and underground injection (pilot testing completed by
Prals ¢l al., 1977); and, possibly, contamination is Trom
old core holes drilled in the 19605 within the properly —
for example, the core hole Neilsen 20-1,

subsidence above the solution mined caverns was a
concern regarding the disturbance of the overlyving agqui-
fers, the disturbance ol the minahility of the oil shale re-
source and potential damage to the casings and tubulars
in the injectionrecovery wells. The cavern™s sive and
spacing wore designed (o allow ample undisturbed mate-
rial surrounding each cavern to form a seal for cach cav-
ern and to support the overlying sirata. The rool of the
cavern is at lcast 45 m (150 [1) below the Dissolution
Surlace. This crown pillar provides adequate protection
against leakage from the cavern to the Dissolulion Sur-
face.

Surlace subsidence is not expected with the ap-
proved mine plan. The cavern spacing results inog low
areal extraction and the residual material in the cavern
will stabilize the cavern walls. However, a subsidence
moniloring plan was developed. This plan includes sur-
face subsidence monitoring, cavern shape delermination,
subsurface monitoring using time domain reflectometry
technology (Dowding et al. 1988) and geophysical log-
ging to monitor the upward arowth ol the cavern.

Current status

The well field has operated Tor more than o years
with production inereasing each vear. Startup difficulties
associaled with the plant and well field have been aver-
come and production in 2002 was aboul 70 percenl planl
design capacily at 544 ki {600,000 st) of soda ash equiva-
lent,

FiG. 10

Yankee Gulch's lower plant near Faracltlute, C
e T s

FIG. 11
l'l.}-l-.-d‘-.-'-.. L ‘.l'i'q'-rplp‘-—.‘.‘
Construction photo of the 71-km- {44-mile-) long pipeline
connecting the upper and lower plants.

Cavern growth has been near whal was projected,
Caverns of more than 50-m- (160-ft-) equivalent diam-
eter were developed as of January 2003, The equivalent
diameter is caleulated from the tons of naheolite pro
duced., the in-situ naheolite grade and the height of the
cavern, assuming Lhat 80 percent of the nahcolite in the
cavern is recovered and that the shape of the caverniis 4
right cylinder.

Production from each well has been variable, reflect-
ing differing injection flow histories and local geologmc
variability. Some ol the best producing wells in terms of
production (lons per day) and product concentration
were from the largest caverns. This sugpeests Lhiat thesc
wells may be able to produce up (o and beyvond the 60-
m- (200-f1-) diam design limit, Four production wells
were drilled in late 2002 and additional wells were
planned for 2003, Currently, 28 wells are in production,
B (References are available from the authors.)
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