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APPENDIX A-2

TEST ANALYSES

Pump and Constant Head Test Theories

The theory used to analyze transmissivities and hydraulic conduc-

tivities from nonpumped wells is presented first. Theories used to eva-

luate aquifer properties from the pump tests are given last.

Hydraulic conductivities (permeabilities) in wells which yield only

small amounts of water were determined by constant head injection tests.

Dry drill holes were also tested using this method after saturating the

rock unit outside the perforated casing interval. Lohman (1972, pages

23-29) presents the theory for a constant-head drawdown or injection test.

Briefly, this technique utilizes a form of Jacob's straight-line semi-log

plot method and the equation:

TI 264

A (sw/Q/A lOglO(t/rw2 )

- 264 change in I/Q for one

swA(1/Q) log cycle of loglot

where Q = discharge, in gpm

sw constant drawdown, or head, in ft

T = transmissivity, in gal/day/ft
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t = elapsed time, in min

r effective well radius, in ft

The inverse of the injection rate was plotted against elapsed time

since injection started on semi-log paper with time on the log scale. The

inverse of the injection rate should gradually increase with time and form

a straight line. The change in the injection rate from the straight line

over one log cycle is used with the above equation to compute the trans-

missivity of the unit. The hydraulic conductivity was obtained by dividing

the transmissivity by the test interval. Theis, in 1935, introduced his

equation which describes a nonleaky confined aquifer. The following is a

general definition of the Theis equation:

T = 114.6QW(u)/s

u i 2693r 2 S/Tt

where: s = drawdown, in ft

Q = discharge in gallon per minute (gpm)

W(u) - well function

T = transmissivity in gallons (gal)/day/ft

u i well function variable

r = observation well radius from pumping well,
in ft

S = storage coefficient

t - time since pumping started in minutes (min)
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Pump test data are analyzed by matching the log-log plot of draw-

down versus time to Theis' type curve (W(u) vs. 1/u) and applying the

above equations to the match. Pages 92-98 of Ferris and others (1962)

present a more thorough discussion of the Theis equation.

Theis' equation can be modified to handle recovery of a well or

multiple pumping periods by summation of the well functions. The following

equation in the solution of Theis' equation for one pumping and recovery

cycle (Recovery equation).

T - 264 Q log1 0 (t/t,)/s

or 264Q/ s'

where: t = time since pumping started, in min

t, M time since pumping stopped, in min

s - residual drawdown, in ft

S' = change in residual drawdown over one
log cycle of time on a semi-log plot,
in ft

Therefore, when residual drawdown is plotted on an arithmetic scale versus

t/t' on a logarithmic scale, the above equation can be used for the

straight line fit. Pages 100-102 of Ferris and others (1962) should be

consulted for a discussion of Theis' recovery method. Theis' recovery

equation is for a nonleaky confined aquifer also.

Theis' equation with Jacob's (1944) correction for aquifer thinning

has been used extensively to analyze unconfined aquifer tests. However,

this equation does not take into account the free surface boundary of the

water table. Theories of unconfined aquifers are more complicated than

Theis' equation with the moving boundary at the phreatic surface. Boulton
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(1954) presented an unconfined flow equation for drawdown at the free

surface. This equation has not been used very extensively, because draw-

downs at the phreatio surface and from a well which penetrates the aquifer

are considerably different. Stallman (1963, 1965) developed some type

curves for an unconfined aquifer from an electric analog, but these curves

have not been used extensively because they are for limited well condi-

tions. Dagan (1967) and Neuman (1972," 1974) have developed computer

programs which compute type curve values for unconfined aquifer conditions.

Neuman showed that unconfined aquifers have some storage from compression

of the aquifer structure and the expansion of the fluid. His equation,

therefore, has both a storage coefficient and a specific yield term.

Dagan's equation considers only the specific yield for storage. All of

these unconfined aquifer* equations produce equal type curves for the same

conditions except Neuman's curves, which depart from the other curves at

early pumping times. The confining nature of most unconfined aquifers is

only significant at early pumping times. Some of the pump tests on the 70

sand were conducted long enough to define only the early time drawdown.

Neuman's pump test theory was selected for our pump test analyses because

it defines the early drawdown also.

Development of Neuman (1971) type curves requires an execution of a

computer program for each individual pump test. Streltsova (1972, 1973)

developed an approximation of the vertical flow equation and has shown this

approximation is the same as Boulton's (1963) flow equation. Streltsova's

approximation allows Boutlon's type curves to be used to analyze an uncon-

fined aquifer with consideration of vertical flow if all wells are fully

penetrating. The following form of Steltsova's equation will be used in

this report:
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T = 114.6 Q W(u,r/D)/s

SY= Ttu/2693r 2

The relationship between this equation and Boulton's equation is as follows:

r/B r/D L3Kvkh

where: T = Transmivsivity, in gal/day/ft

Q = Discharge, in gpm

a Drawdown, in feet

W(u,r/D) = Streltsova well function

Sy =Specific yield

t Time since pumping started, in minutes

u Well function variable

r = Distance from pumping well, in feet

D = Aquifer thickness, in feet

B = V=Su/T (Boulton's equation)

3Kv/Sy/D (Boulton's equation)

Kv = Vertical hydraulic conductivity,
in ft/day

Kh = Horizontal hydraulic conductivity,
in ft/day

Test Results

The results of the permeability tests from the low yielding wells

and dry piezometers in the evaporation pond area will be presented first

with the 70 sand tests from this area given second. The permeability and

transmissivity results from the 35N area will be given last.
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Twenty-one constant head injection and three recovery tests were

conducted to determine the saturated hydraulic conductivity (permeability)

of the subsoil materials in the evaporation pond area (see Figure D-6-2)

for a schematic of lihologic units). Fifteen constant head injection tests

and two recovery tests were conducted in the 35N tailings area.

Several pump tests were conducted on the 70 and 68 sands in the

mine area. The injection rates necessary to maintain the water level at

the top of the casing were measured. Most of the injection tests were

conducted approximately three to foUr hours. The constant head used in the
4.

permeability computation was static water level for previously saturated

units, or the depth to the center of the perforations for unsaturated rock

units. These two depths were measured from the top of the well casing.

Dry piezometers were filled with water for one or two days prior to the

tests to saturate the perforated unit.

Table A-1.1 presents the basic data for the constant head test

conducted on bole P-1,9 a Lower mudstone (claystone) and E coal piezometer.

This test was conducted for a period slightly less than three hours. This

piezometer was developed by bailing and filling with water prior to the

tests. The injection rate (discharge) for piezometer P-I started at

approximately one-fourth gallon per minute and gradually decreased to 0.158

gpm at the end of the test. The inverse of the injection rate was plotted

versus time since the injection started on semi-log paper with time on the

log scale. The straight line fit of the inverse injection rate produced a

transmissivity of 3.1 gal/day/ft for the Lower mudstone and E coal near

hole P-i. A permeability of 15 ft/yr was computed from this transmissivity.
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The constant head test for piezometer P-2 is presented in Table

A-1.2 and Figure A-1.2. The test data for this.hole shows that the piezo-

meter would take only .0095 gpm at the end of the 229 minute injection

period. A permeability of 0.7 ft/yr was computed for the Lower mudstone

and E coal formations near hole P-2.

The test results for another Lower mudstone test hole, P-3, are

presented in Table A-1.3 and Figure A-1.3. This hole was saturated the day

before the test because only a small amount of water was present in the

bottom of this piezometer. A permeability of 7.7 ft/yr was computed from

this test for the Lower mudstone near hole P-3.

Piezometer P-4 is perforated in the Lower mudstone and E coal. A

constant head test on this hole was conducted on April 3, 1980. This

piezometer would take only a small injection rate of .0023 gpm after 343

minutes of injection. Transmitting properties of 0.14 gal/day/ft and .70

ft/yr were computed for the Lower mudstone and E coal near P-4 for the

transmissivity and permeability, respectively.

Piezometer P-IB was injected at a constant head while the water

level in piezometer P-4B1 was observed. Both wells are completed in the

Upper mudstone and E coal. Table A-1.5 presents the injection rate data

for hole P-4B. A gradual water level rise in piezometer P-4B1 was observed

during the injection test after approxiately 30 minutes with a total

drawdown of greater than one-tenth of a meter at 275 minutes. Well P-4B1

is approximately 5 feet from well P-4B. A permeability of 16 ft/yr was

computed from the injection test.
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An Upper mudstone piezometer, P-4CA, was tested by injecting water

to maintain a constant head at the top of the casing. Table A-1 .7 gives

the basic test data for piezometer P-4CA, which was taking .0076 gpm after

398 minutes of injection. The straight line fit of this data produced

a permeability of 4.6 ft/yr for the Upper mudstone near piezometer P-4CA.

Figure A-1.7 presents the plot of this data, which is considerably scat-

tered.

The test on piezometer P-5, an E coal well, yielded a permeability

of 6.2 ft/yr. Figure A-1.8 gives the straight line fit of this data, and

Table A-1.8 contains the test data.

Piezometer P-6 is completed in the Upper sandstone, which is

saturated only in the bottom few feet of the formation. The data plot,

which is shown in Figure A-1.9, does not follow a good straight line. The

initial partial saturation of this sandstone unit could have caused some of

the variation in the injection rate. The best fit'of the data produced a

permeability of 7.1 ft/yr for the sandstone. This test shows that the

permeability of the Upper sandstone is low at this interval in this area.

Piezometer P-8 is completed in the Lower mudstone and E coal and

was tested on April 2, 1980, with questionable results. Table A-1.11

presents the basic test data, while Figure A-1.11 gives the semi-log plot.

This plot shows a large scatter in the injection rates, indicating that

factors in addition to those assumed by theory are influencing the system.

Results from this test should not be weighted very heavily.
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An injection test on piezometer P-9 was conducted for slightly more

than five hours with an ending injection rate of .004 gpm. A permeability

of 0.38 ft/yr was obtained from this test for the Lower mudstone and E

coal.

A second piezometer was completed at the P-9 site in the Upper

mudstone. The test on this piezometer, P-9A, indicates that the Upper

mudstone at this site has a permeability of 2.5 ft/yr.

The permeability test information for piezometer P-10 is given in

Table A-i .14 and Figure A-i .14. The straight line fit produced a perme-

ability of 1.2 ft/yr for the Lower mudstone and E coal in this area.

The injection rate for the constant head test on piezometer P-11

was fairly steady for the first 200 minutes and then steadily increased

with time. The pattern of these injection rates did not follow the con-

stant head theory, and, therefore, results from this test are questionable.

The constant head test data for piezometer P-12, which is perfo-

rated in the E coal, is presented in Table A-1.16 and Figure A-1.16. The

static water level in P-12 is near the top of the E coal, which is approxi-

mately three feet thick at this location. A permeability of 6.7 ft/yr was

obtained for the E coal near piezometer P-12.

The injection test on piezometer P-13 produced a reasonable semi-

log plot for the first 40 minutes of injection. Then a steady increase in

the injection rate occurred contrary to theoretical expectation.
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The constant head test for hole P-13A produced a transmissivity and

permeability for the E coal of 1.8 gal/day/ft and 14.8 ft/yr respectively.

Figure A-1.18 gives the plot for this test.

Two piezometers were completed at the P-15 site, one in the Lower

mudstone and E coal and one in the Upper mudstone. Constant head tests

conducted on these piezometers produced permeabilities of 0.71 ft/yr and 55

ft/yr for the Lower mudstone - E coal and Upper mudstone respectively.

Well P-18, which is an alluvial well in the evaporation pond area,

produced a permeability of 470 ft/yr for the alluvium in this area. Figure

A-1.23 gives .the plot of this test.

The upper portion of the 70 sand is not saturated and was tested

for permeability at two sites in the evapotation pond area. Permeabilities

of 1.0 ft/yr and 0.65 ft/yr were determined for the unsaturated portion of

the 70 sand. The low permeabilities from these tests are reflective of the

large amount of cementation present within this sandstone above the water

table.

Recovery tests were conducted on the three 70 sand wells in the

evaporation pond area. Well P-20B was pumped but went dry very quickly.

Recovery tests after bailing wells were conducted because the wells would

not yield a sustained flow. Permeabilities of 15.8 ft/yr and 3.7 ft/yr

were calculated for wells P-7, P-20B and P-21 respectively. Figures

A-1.10, A-1.23B and A-1.23C give the recovery plots for these three

wells.
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Table A-i .24 presents the basic data for the constant head test

conducted on hole 35N-1C, an upper 70 sandstone well. This test was

conducted slightly less than five hours. This piezometer was developed by

bailing and filling with water prior to the tests. The inverse of the

injection rate was plotted versus time since injection started on semi-log

paper with time on the log scale. Figure A-1.24 shows the graphical

representation of the data. The straight line fit of the inverse injection

rate produced a transmissivity of 0.40 gal/day/ft. A permeability of 0.78

ft/yr was computed from this transmissivity.

The constant head test data for hole 35N-10 is presented in Table

A-l.Z5. The test for this hole shows that the piezometer would take 0.086

gpm at the end of the 177 minute injection period. A permeability of 7.0

ft/yr was computed for the sandstone formation near hole 35N-1D.

Table A-1.26 presents the data for the constant head test for hole

35N-1.E, a mudstone formation. This piezometer was prepared for the constant

head test by bailing the hole dry then saturating the hole the day prior to

..the test. The piezometer would take only .0045 gpm over the 242 minute

injection period. The permeability computed for this mudstone formation

was 0.9 ft/yr. Refer to Figure A-1.26 for the graphical representation of

the constant head test.

Table A-1.27 presents the data for the recovery test conducted on

hole 35N-2A. The piezometer was bailed for 34 minutes and the water level

was measured over a 133 minute period after bailing had stopped. The water

level versus the ratio of time since pumping started to time since pumping

stopped was plotted on semi-log paper with the ratio of times on the log

scale. Figure A-1.27 shows the graphical representation of the data. A
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transmissivity of 2.6 gal/day/ft was computed by using an average flow rate

of 0.35 gpm. A permeability of 8.5 ft/yr was computed from this transmis-

sivity.

The constant head test data for hole 35N-2B, which is completed in

sandstone, is shown in Table A-1.28. The hole was developed prior to the

test by bailing and then by saturating. The piezometer took .0806 gpm over

the 280 minute injection period. The transmissivity computed for this hole

was 0.82 gal/day/ft. Figure A-1.28 shows the straight line fit of the

inverse injectioi rate. A pprmeability of 7.8 ft/yr was computed from the

transmissivity.

Table A-1.29 shows the data for the constant head test for hole

35N-2C, a mudstone piezometer. The injection period was 275 minutes with

an injection rate of 0.168 gpm at the end of the test. The transmissivity

was computed to be 0.9 gal/day/ft. From this transmissivity a permeability

of 4.3 ft/yr was computed.

Table A-1.30 shows the data for the constant head test for hole

35N-3, a sandstone piezometer. The piezometer was developed by bailing and

then by saturating prior to the test. The permeability was computed to be

34.7 ft/yr.

The constant head test data for hole 35Ni-4 is presented in Table

A-1.31. The piezometer took .049 gpm over the 242 minute injection period.

The transmissivity was computed to be 1.1 gal/day/ft. Figure A-1.31. shows

a graphical representation of the constant head data. From the computed

transmissivity, a permeability of 2.7 ft/yr was computed.
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The data for the constant head test for hole 35N-5 can be found in

Table A-1 .32. The piezometer was developed prior to the test by bailing

and then by saturating. The transmissivity was computed to be 0.0025

gal/day/ft. From this transmissivity a permeability of 10.2 ft/yr was

computed.

Table A-1.33 shows the data for the constant head test for hole

35N-6, a sandstone formation. This test was conducted over a five-hour

period. The inverse of the injection rate was plotted versus time since

injection started on semi-log paper with time on the log scale. Figure

A-1 .33 shows the graphical representation of the data. The straight line

fit of the inverse injection rate produced a transmissivity of 2.1 gal/day/

ft. A permeability of 10.2 ft/yr was computed from this tranamissivity.

Table A-1 .34 presents the data for the recovery test conducted on

hole 35N-7A (70 sand well). The data shows that the recovery was measured

after two different intervals (bailing cycles). Figure A-1.34 shows the

graphical representation of the data. The permeability was computed to be

1,430 ft/yr.

The constant head test data for hole 35N-7B, an upper 70 sandstone,

is presented in Table A-1.35. The test for this hole shows that the

piezometer took 0.207 gpm at the end of the 395 minute injection period. A

permeability of 5.5 ft/yr was computed for this formation.

Table A-1 .36 presents the constant head test data for hole 35N-7C,

a sandstone formation. The hole was developed prior to the test by bailing

and then by saturating. The transmissivity was computed to be 1.7 gal/day/

ft. From this transmissivity the permeability was computed to be 8.3

ft/yr.
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Table A-1 .37 presents the constant head test data for hole 35N-7D,

an E coal piezometer. This piezometer was developed by bailing and filling

with water prior to the tests. The inverse of the injection rate was

plotted versus time since injection started on semi-log paper with time on

the log scale. Figure A-1.37 shows the graphical representation of the

data. The straight line fit of the inverse injection, rate produced a

transmissivity of 5.8 gal/day/ft. A permeability of 40.6 ft/yr was compu-

ted from this transmissivity.

The constant head test data for hole 35N-7E is presented in Table

A-1.38. This piezometer took 0.014 gpm over a 300 minute period. The

permeability was computed to be 42.1 ft/yr.

Table A-1.39 presents the constant head test data for hole 35N-7F,

a mudstone formation. The transmissivity was computed to be 0.37 gal/day/

ft. Figure A-1.39 shows a graphical representation of the data. From the

transmissivity a permeability of 3.0 ft/yr was computed.

The constant head test data for hole 35N-7G, an upper coal, is

presented in Table A-1..40. The piezometer was developed by bailing and by

saturating prior to the test. The piezometer took only 0.0025 gpm over a

275 minute injection period. The permeability was computed to be 0.09

ft/yr.

Pump tests have been conducted in each of the proposed mine pits to'

define the aquifer properties of the 70 sand aquifer. Well 885, which is

inside the limits of Pit 34, was pumped at 3.4 gpm for approximately one

day. Table A-1.41 presents the drawdown for the three obervation wells.
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Wells 885, 886 and 888 are 70 sand wells, while well 887 penetrates only

the 68 sand, which is the next sand below the 70 sand. The drawdown and

its best fit Streltsova type curve (Kv/Kh = 0.66 and S/Sy = 7 x 10-2) in

observation well 886 are shown in Figure A-1.41. This match produced a

transmissivity of 800 gal/day/ft for the 70 sand aquifer in the area of pit

34. Horizontal and vertical permeabilities of 650 ft/yr and 430 ft/yr,

respectively, were computed for the 70 sand aquifer. These values show

that the 70 sand is only slightly anisotropic in this area. Storage values

of 0.015 and 1.0 x 10-3 were computed for the specific yield and storage

coefficient respectively. The shape of the drawdown curve in well 888 is

considerably different that the shape of the curve for well 886. The match

of the drawdown data for well 888 (see Figure A-1.42)produces a much lower

transmissivity. A similar storage coefficient and anisotropic ratio

(Kv/Kh) were obtained from the analysis of the drawdown from well 888 as

well 886. The drawdown in observation well 887, which is perforated in the

68 sand, is given in Table A-1 .411. The drawdown in this well indicates

connection between the 70 and 68 sands, but this well is not analyzed

because it is questionable if the well was sealed between the two sands.

Recovery tests were also conducted on wells 886 and 887 by air

lifting 2 and 0.1 gpm respectively from these two wells. Tables A-1.42 and

43 give the recovery data, while the recovery plots are shown in Figures

A-1.43 and 44. The straight line fit of the recovery data for wells 886

and 887 produced a transmissivity of 1800 gal/day/ft and 1.9 gal/day/ft

respectively. This information indicates that the 68 sand has a low

transmitting capacity in this area.
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C A pump ,te6t was also conducted on wells in the area.,Pf Pit 35N.

Well 1 was pumped while wells 1805j, 1806 and 1807 were observed for draw-

down. Wells 1, 1805 and 1806 are 70 sand wells, while well 1807 is a 68

sand well. Tables A-1.44, 45 and 46 give the drawdown data for the threeý

Pit 35N observation wells. A Streltsova type curve of Kv/Kh = 0.6 (see

Figure A-I .45) was matched to the drawdown data to yield a transmissivity

of 910 gal/day/ft. A horizontal permeability of 560 ft/yr was computed

from the transmissivity and aquifer thickness of 80 feet, while a vertical

permeability 0-f 340 ft/yr was obtained from the anisotropic ratio. The

analysis of this test also produced a storage coefficient of 5.2 x 10-4

for the 70 sand aquifer near well 1805. The results from observation well

1806 are similar to those from well 1805 and are given in Figure A-1.46.

The completion of well 1807 has shown that a good seal was not obtained.

The drawdown in observation well 1807 (68 sand) indicates a possible

connection between the 68 and 70 sands in this area, but this test was

not conclusive on the connection between these two systems.

Well 1816 was observed while well 1814 in Pit 35S was pumped. The

match in Figure A-1.47 indicates the anisotropic ratio of the aquifer near

well 1816 is 0.4. This test was conducted long enough to obtain a specific

yield of the aquifer of 0.01. The transmissivity of 3800 gal/day/ft

indicates that the 70 sand is more permeable in the area of Pit 35S.

Pumping and recovery data for well 1823 is presented in Table

A-1.48. The well was pumped for 49 minutes. The water level of the well

was then measured at different intervals over an 80-minute period after

pumping was stopped. The water level versus the time since pumping started

divided by the time since pumping stopped was then plotted on semi-log
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paper with t'iie-'bn the log scale. Figure A-1.48 showi4.4he graphical

representiatin or-the ̀ data.' The transis ivity was computed to be 190

gal/day/ft. The permeability computed from this transmissivity was 306

ft/yr. Table A-1.49 presents the water level in well 1816 during the

pumping of well 1823. This data indicates no measurable connection between

the 68 and 70 sands in this area.

A three day pump test was conducted on 8/13-15/80. Well 181-4 was

pumped at an average discharge rate of 16.8 gpm, while wells 1815, 1816,

1817 and 1823 were observed. All of these wells are 70 sand wells except

well 1823, which is a 68 sand well. Table A-1.50 presents the pumping and

drawdown data for the pumping well 1814, while Tables A-1.51, A-1.52 and

A-1.53 present the drawdown data for observation wells 1815, 1816 and 1817,

respectively. The water level measurements for well 1823 show a typical

water level rise in the adjacent aquifer shortly after pumping starts. The

water level in the 68 sand then returns to a level close to the static

conditions. The rise at the end of the test is probably attributed to a

decrease in barometric pressure. Figure A-1.53 presents the barometric

pressure during the pump test.

The semi-log of the drawdown in the pumping well is given in Figure

A-1.49. The fit of the straight line yields a transmissivity of 2600

gal/day/ft for the transmissivity of the 70 sand near well 1814. Strelt-

sova's type curve for an anisotropic ratio (Kv/Kh) of 0.07 and storage

ratio (S/Sy) of 8 x 10-2 matched the drawdown data in observation

well 1815.,: Figure A-1.50 presents this match of the type curve to the

drawdown data. Values of 5500 gal/day/ft, 6700 ft/yr and 470 ft/yr were

calculated for the transmissivity, horizontal and vertical permeability,
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1.0 INTRODUCTION

1.1 Objectives

The primary purposes of the Sand Rock Mill erosion study were to
(i) identify and describe erosional processes actually or potentially active
in the study area, (2) provide order of magnitude estimates of past or present
erosion rates, and (3) predict future erosional conditions on the site. This
Information can be used as a basis for designing mitigation programs for
potential erosion problems that might arise.

1.2 Methods

Estimates of past and present erosion rates were based on published
geological information, analysis of existing topography and geomorphology
in the area, calculations of the Universal Soil Loss Equation, discussions
with USGS personnel, and limited field investigations. Section 5.0 provides
detailed calculations by which quantitative estimates of erosion rates were
derived. Assumptions used for each calculated rate are shown.

For the purposes of this study, three time estimates were utilized.
"Past" ranges from 100 years B.P. (before present) to 26 million years B.P.
The latter figure is the age of the Pumpkin Buttes erosional remnant (i.e.,
post-Oligocene; Sharp et al. 1964) and therefore represents a convenient
starting point for dating regional erosion. "Present" includes the interval
from 100 years B.P. to today. "Future" or "Long-term" erosion includes the
next 1,000 years (i.e., from now until about 3000 A.D.). The 1,000 year limit
was selected because it coincides with the proposed standards for long-term
disposal of hazardous uranium mill tailings required by the Environmental
Protection Agency (EPA).

Major erosional processes identified in the study area are sheet and
rill erosion, stream erosion, gully formation, and wind erosion. The past,
present, and anticipated future rates of erosion attributable to each of these
processes are discussed In Sections 2.1 - 2.4 of this report.

1.3 Site Description

The Sand Rock Mill site is located in the drainage of Ninemile Creek,
which is tributary to Antelope Creek and within the Cheyenne River basin.
Several ephemeral washes drain southward across the site toward Ninemile
Creek. This study dealt primarily with an ephemeral drainage designated as
Wash #2 by Conoco. Wash #2 is of particular interest to Conoco because it
crosses the proposed location of a tailing disposal site, Pit 35N (Section 35,
T42N, R75W).
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Wash #2 has a total drainage area of 2.42 square miles, about half of
which is above Pit 35N. Present plans call for Pit 35N to be covered with
10-30 feet of overburden material, a clay cap, and soil, and then revegeta-
tion as part of the reclamation process.

The site is dominated by gently rolling terrain, with occasional sand-
stone outcrops and blowouts. Parent material is the Tertiary Wasatch Forma-
tion; soils are predominantly sandy and have high Infiltration rates. Average
annual precipitation at the site is about 12-15 inches, mostly falling in
spring and summer rainstorms. Vegetation consists of mixed grassland and
sagebrush steppe, with fairly well developed cover. This combination of
coarse-textured soil, gentle terrain, vegetational cover, and limited rainfall
results in very low runoff (1.5 acre-feet per square mile per year) and low
erosional rates (Hadley and Schumm 1961).
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2.0 RESULTS

2.1 Sheet and Rill Erosion

Sheet erosion Is the removal of surface material by water flowing across
a surface in sheets li.e., not confined to channels). Rill erosion is the
removal of surface material by water flowing in small channels, usually only
a few inches in depth and width.

Present rates of sheet and rill erosion of the Wasatch Formation through-
out the Cheyenne River basin are low (1.0 ft/1000 yrs), based on sediment
yield studies of Hadley and Schumm (1961). This value assumes a sediment
delivery rate of 20 percent and that all sediment Is the result of sheet and
rill erosion. The Hadley and Schumm study included a small gully-plug stock
pond in Section 30, T41N, R75W, about 4 miles west-northwest of Pit 35N.
Sediment yields between 1931 and 1954 indicate an erosion rate of 0.8 ft/
1000 yrs (Table 1).

Future rates of sheet and rill erosion have been estimated for reclaimed
areas using the Universal Soil Loss Equation (Wlschmeier and Smith 1978).
Assuming slopes with an average gradient of 7 percent, an erodibility factor
of 0.3 (U.S. Forest Service 1978), an average density for sandy loam of
1.5 g/cm3 , and vegetation cover of 50 percent froughly the premining average
in a typical year), this method of analysis predicts a postmining erosion
rate of about 0.8 ft/1000 yrs (Table 1).

2.2 Stream Erosion

Stream erosion is the cyclical process of erosion and deposition In the
lower portions of a drainage basin. At present, Wash #2 appears stable,
based on the meandering pattern of the active channel and the mostly vegetated
sideslopes. Minor lateral cutting along the outside banks of meanders and
downcutting through grassy channel bottoms occurs in a few places.

Thicknesses of alluvium in the area indicates the depth of valley cutting
in Wash #2 that has occurred in the past. For example, Conoco hydrology
consultant George Hoffman (personal communIcation, 1980) reports that the
alluvium is about 7.5 ft deep in a well 500 ft west of the Pit 35N site.
The well is near the edge of the lowermost terrace, and alluvium thicknesses
probably are greater toward the middle of the channel. According to Conoco
project geologist John Barr (personal communication, 1980), the alluvium in
Wash #2 probably Is about 6-10 ft deep, based on well cuttings, lithologic
logs, and geophysical logs. The depth of stream erosion in Wash #2 might be
controlled by bedrock in the vicinity of a sandstone outcrop In Section 2,
T41N, R75W to the south.
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Table 1. Summary of erosion rates estimated for the Sand Rock Mill study area.

Process

Sheet and
Rill Erosion

Stream Erosion

Wind Erosion

Denudation

Rate
Ift/1000 yrs)

1.0

0.8

0.8

2.0

In progress

< 2.5

0.03

0.8

1.1-2.4

Method

sediment accumulation

sediment accumulation

Universal Soil Loss
Equation (IUSLE)

terrace stratigraphy

radiocarbon (C14)

soil loss tolerance

Pumpkin Buttes
erosion surface

clinker bed fission
track dating

sediment accumulation

Interval
Measured

present

1931-1954 A.D.

projected
post-reclamation

5000 yrs B.P.
to present

present

26 million years
B.P. to present

0.7 million years
B.P. to present

130-580 yrs B.P.,
2500-4000 yrs B.P.

Area Where
Calculated Source

Wasatch Formation, Hadley and
Cheyenne River Schumm (19611
Basin, Wyoming

Section 30,
T41N, R75W

site specific This Study

Ninemile Creek

site specific

site specific

South Pumpkin

Butte, Wybming

Little Thunder
Creek, Wyoming

Powder River
Basin, Wyoming

it

II

'I

Coates (1980)

Leopold and
Miller 11954)



Based on correlation of terrace stratigraphy at Ninemile Ranch (Merith
Reheis, USGS, personal communication, 1980), valley cutting of Ninemile Creek
has proceeded at an average rate of about 2 ft/1000 yrs (Table 1) during the
last 5,000 years.

An estimate of stream erosion rates in Wash #2 currently is being obtained
using a radiocarbon (C'4) dating method. The C1" age date is being calculated
for organic matter collected from a buried soil A horizon in a low terrace
adjacent to the active channel. The low terrace represents the most recent
stage of alluvial deposition in Wash #2, and the C14 date represents the
minimum age of the terrace. The height of the terrace divided by the minimum
age of the terrace will indicate the maximum rate of recent stream cutting
(Table 1).

2.3 Gully Formation

Gullies are deep, steep-sided channels, generally formed by ephemeral
streams in areas of occasionally high runoff and readily erodible substrate.
Gullies are common throughout the West, where steep slopes, sparse vegetation,
and intense thunderstorm precipitation events combine to produce short-duration
episodes of rapid downcuttlng.

At present, none of the washes in the Sand Rock Mill area shows signs of
gully formation, nor is gullying a common feature of drainages on Wasatch
Formation substrate elsewhere in the Cheyenne River basin. The scarcity of
gullies in the area probably is aftributable to the preponderance of sandy
materials, which have higher infiltration rates and typically support fairly
dense plant cover.

Because gullying does not appear to be a significant problem on the site
at present, no attempt was made to quantify rates of gully&ormation in the
region. Susceptibility of Wash #2 to future gullying probably is low. It is
possible that sandstone outcrops near the confluence of Wash #2 and Simmons
Draw will provide a bedrock control of downcutting In the area of Pit 35N.

2.4 Wind Erosion

Wind (aeolian) processes generally fall into two categories. Sand-sized
particles are moved short distances and deposited as dunes. Finer particles
are lifted to considerable heights and may be transported out of the area
entirely.

The relatively sparse vegetation and high average wind speeds character-
istic of the region have resulted in a long history of erosional and deposi-
tional aeolian processes. The Casper Distributary Current Is a wind corridor
that flows north and east from Casper across the site (Johnson and Bryant
1979). Aeolian deposits occur throughout the wind belt, often as sandy areas
on the leeward slopes of hills or, less frequently, as dune fields.
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Deflation hollows or "blowouts" are fairly common on the site, usually
less than 0.25 acres in extent and 1 to 3 feet deep. Most blowouts on the
site are located along and above stream banks on slopes facing the prevalent
wind direction (i.e., west). Hollows as much as 10 feet deep occur along the
eastern side of Wash #2.

Present wind erosion rates on the site are estimated to be less than
2.5 ft/1000 yrs, based on soil and vegetation conditions. This figure is
based on the assumption that wind erosion currently Is below 5 tons per acre per
year, the level above which the effects of soil loss would be obvious and
widespread. It must be emphasized that this value is a maximum, and that
actual rates probably are less.

Future rates of wind erosion are expected to be no greater than present,
assuming that reclamation procedures will re-establish vegetation cover

.comparable to premining conditions.
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3.0 CONCLUSIONS

Denudation is the overall lowering of a land surface and therefore
represents the total of all erosional and depositional processes active in
an area. Past rates of denudation in the Pumpkin Buttes region have been
very slow (0.03 ft/1000 yrs) (Table 1). This figure was derived by dividing
the average relief of South Pumpkin Butte (693 feetl by the maximum age of
its erosional surface (26 million years).

More recent denudation rates apparently are higher than the long-term
mean. For example, Coates (19801 estimated regional denudation at 0.8 ft/
1000 yrs for the past 0.7 million years (Table 11, based on fission track
dating of clinker (burned coal) deposits In the Little Thunder Creek area.
Hadley and Schumm (1961) arrived at similar values for sheet and rill erosion
(see Section 2.1, page 31.

Leopold and Miller (1954) calculated volumes of alluvium deposited
during the intervals 130-580 and 2500-4000 years B.P. Assuming a sediment
delivery ratio of 20 percent (Schumm 1971), erosion rates averaged 1.1 ft/
1000 yrs and 2.4 ft/1000 yrs (Table 1), respectively, during those intervals.

In summary, a number of techniques for quantifyIng erosional processes
were used to estimate past and present rates in the area, mostly ranging
from 0.8 to 2.5 feet per 1000 years. These figures may be used to extrapolate
erosion rates after decommissioning and reclamation are complete; however,
they should be considered as approximations. The reliability of these
estimates is based on thi accuracy of assumptions inherent in each calculation,
and the continuation of environmental conditions active in shaping the present
landscape.
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5.0 CALCULATIONS

Sheet and Rill Erosion

Method: Direct measurement of sediment accumulation, divided by source
area.

Assumptions: 1. Annual sediment accumulation rate calculated by Hadley and
Schumm 11961) to be 0.13 acre-feet per square mile per year
for four reservoirs in the region and 0.10 acre-feet per
square mile per year for a small pond in Section 30, T41N,
R75W.

2. Average delivery ratio is 20 percent (Schumm 1977).

3. All sediment delivered to the reservoirs comes from sheet
and rill erosion (rate therefore a maximum).

Calculation:

(0.13 ac-ft/m12 /yr)(1.56 x 10-3 mi 2 /ac)(1000 yrs) + 20 percent = 1.0 ft/1000 yrs

(0.10 ac-ft/mil/yr)ll.56 x 10-3 mi 2 /ac)(1000 yrs) ÷ 20 percent = 0.8 ft/1000 yrs

Method: Universal Soil Loss Equation (USLE).

Assumptions: 1. See Wischmeier and Smith (1975) for a discussion of assump-
tions and conditions associated with use of the USLE.

2. Erodibility factor (KI = 0.30; Gradient factor (LS, length/
slope) = 1.6; Rainfall factor (RI = 50; Crop factor (C) -

0.07, based on typical premining cover of 50 percent;
Practice factor (P) = 1, based on typical rangeland methods.
See U.S. Forest Service (1978).

3.* Average density of soil lost is 1.5 g/cm3 , the value for

sandy Ioams.

Calculation:

A = K x LS x R x C x P

A = 0.30 x 1.6 x 50 x 0.07 x 1 = 1.7 tons/acre/year

1.5 g/cm3 = (4.8 tons/acre)(907.18 kg/ton)(2.47 x 10-4 ac/mr) = 0.4 kg/M2

(0.4 kg/m 2 )(0.67 cm3 /g)(lO 3 g/kg)(10-4 m2 /cm2 ) = 0.02 cm

(0.02 cml(0.3937 in/cm)(0.08 ft/in)(1000 yrs) = 0.B ft/1000 yrs
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Stream Erosion

Method: Height of first terrace along Ninemile Creek, divided by approxi-
mate age.

Assumptions: 1. Age of first terrace is about 5000 years B.P. (Reheis,
USGS geologist, personal communication, 1980).

2. Average height of first terrace Is about 10 feet above the
active floodplain.

3. No episodes of downcuttlng below present levels have
occurred during past 5000 years.

Calculation:

10 ft 4 5000 yrs = 2 ft/1000 yrs
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Wind Erosion

Method:

Assumptions:

Maximum soil loss on vegetated hilIslopes converted to erosion
rate.

1. Owing to absence of active wind erosion features, present
soil loss is below the SCS tolerance level of 5 tons per
acre per year.

2. Average density of soils on the site is 1.5 g/cm2 .

Calculation:

(5 tons/acre)(907.18 kg/ton)(2.47 x 10-' ac/m') = 1.12 kg/mi

(1.12 kg/m 2 1 (0.67 cm3/g9)(10 g/kg)(10- m2 /cM2 l = 0.05 cm

(0.08 cm/yr)(0.3937 in/cm)(0.08 ft/in)1000 yrs) = 2.5 ft/1000 yrs*

*This value is a maximum; actual rates probably are lower.
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EXECUTIVE SUMMARY

u Energy Metals Corporation US (EMC) plans to develop and extract uranium from in-situ
recovery (ISR) wellfields within the 70 Sand of the Wasatch Formation at the Moore
Ranch Project Area. This Supplemental Hydrologic Test Report summarizes aquifer
testing conducted within the non-producing hydrostratigraphic units at Moore Ranch to
support State and Federal permit applications for this project.

Li Pump testing was performed in the 72 Sand (overlying aquifer of the Production Zone
70 Sand), in the directly underlying 68 Sand, and in the lowermost underlying 60 Sand.
Testing was conducted within each aquifer at a single location in Wellfields 1 and 2 to
evaluate aquifer transmissivity, and overlying and underlying aquifers (relative to the
pumped unit) were monitored to demonstrate isolation between units.

" Drawdown during well purging prior to groundwater sampling was monitored at a single
location at Wellfield 2 in the uppermost overlying 80 Sand to evaluate aquifer
transmissivity within this unit.

" No historical testing data were available forthe non-producing units monitored at Moore
Ranch, and multiple tests were conducted, if necessary, to obtain meaningful data.
Aquifer properties were calculated by conventional type-curve methods for the following
units and locations:

* 72 Sand at Wellfield 1 (Well OMW-3)

* 68 Sand at Wellfield 2 (Well UMW-2)
* 60 Sand at Wellfields 1 and 2 (Wells UMW-11 and UMW-10)

At several monitoring locations with relatively minimal well yields, aquifer properties
were estimated by conventional type-curve or analytical solutions, but aquifer tests did
not meet some general assumptions for validity (e.g., drawdown primarily reflects
removal from casing storage). It is noted that these data represent a semi-quantitative
estimate utilizing available data and serve to bracket aquifer properties (transmissivity)
at select locations. Aquifer properties were estimated for the following units and
locations:

* 72 Sand at Wellfield 2 (Well OMW-2)

* 68 Sand at Wellfield 1 (Well UMW-3)
* 80 Sand at Wellfield 2 (Well OMW-7B)

" Aquifer transmissivity results for the non-producing units were generally at least an
order of magnitude lower than the transmissivities reported for the previously evaluated
70 Sand Production Zone, except for the pumping test conducted in the 72 Sand in
Wellfield 1 (Well OMW-3). Results are generally variable based on location and sand
quality.
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1.0 INTRODUCTION

1.1 BACKGROUND

The Moore Ranch project is located in the central Powder River Basin of Wyoming, within
Campbell County. Energy Metals Corporation US (EMC) plans to develop and extract
uranium from in-situ recovery (ISR) wellfields within the 70 Sand of the Wasatch Formation.
This Supplemental Hydrologic Test Report provides a summary of additional testing
conducted at Moore Ranch to characterize hydrostratigraphic units that may be potentially
affected by the mining process, but are not part of the production zone. This
characterization is being conducted to support State and Federal permit applications
necessary for the project.

Hydrologic testing has already been performed to evaluate aquifer characteristics of the
production zone (70 Sand) including tests by Conoco in 1977, 1978 and 1980, and more
recently by EMC and Petrotek in 2007 and 2008. Additional hydrologic testing of the
production zone aquifer will be performed and submitted prior to mining as part of the first
Moore Ranch Wellfield Data Package.

Moore Ranch is located in all or parts of Sections 25 through 28, and 33 through 36 of
T42N, R75W, Sections 1 through 4,9 and 10 of T41 N, R75W, Sections 30 and 31 of T42N,
74W. Figure 1-1 shows Moore Ranch and its relationship to the Powder River Basin. Figure
1-2 presents a proposed permit area outline, general ore trends, and the location of the
wells that were tested.

The objectives of the hydrologic tests described in this Plan, are to:

1. Determine the hydrologic characteristics of Non-Producing Hydrostratigraphic Units
within the Permit Area, including the following.

a) 80 Sand: Shallowest occurrence of groundwater within the Permit Area

b) 72 Sand: The overlying aquifer to the production zone;

c) 68 Sand: The underlying aquifer throughout most of the Permit Area;

d) 60 Sand: The underlying aquifer in areas where the production zone (70 Sand) and
the underlying 68 sand coalesce; and

2. Demonstrate hydraulic isolation between the pumped units and overlying and
underlying hydrostratigraphic units, particularly between the 68 and 60 Sands in the
area of where the 68 and 70 Sands coalesce.

There are no operational ISR operations within ten miles of the Moore Ranch property.
COGEMA's Christensen Ranch is located approximately fifteen miles to the northwest and
PRI's Smith-Highland Ranch uranium project is located over thirty miles to the southeast.
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The primary Production Zone at Moore Ranch is the 70 Sand that occurs between depths
of 100 and 300 feet, although typically the ore bearing sand is found in the lower portion of
that stratigraphic unit at depths of 150 to 300 feet.

Local water use is largely composed of (1) limited livestock and domestic use from the
shallow Wasatch/Fort Union wells, and (2) water produced by coal bed methane producers
(primarily the Anderson/Big George coal, also called the Roland coal, at an approximate
depth of 1,000 to 1,200 feet).

Moore Ranch initially was identified as a significant uranium prospect in the 1970's by
Continental Oil Company Minerals Department (Conoco). Conoco had conducted extensive
exploratory drilling and prepared a Permit to Mine Application for the Moore Ranch Project
(Conoco, 1979). EMC has recently submitted a Permit to Mine Application for Moore Ranch
(2007, revised 2008 and 2009). Data from the Conoco and EMC Permit to Mine
Applications for the Moore Ranch Project (Appendices D-5-Geology and D-6-Hydrology in
each application) were utilized to develop the general hydrogeologic conceptual model for
this Project. Ongoing data collection from EMC and analysis by EMC and their
subcontractors has been used to refine the site hydrologic conceptual model.

1.2 REPORT ORGANIZATION

The results of the Supplemental Pump Tests conducted at Moore Ranch are included
within this report. This report includes nine sections, summarized below:

1.0 Introduction
2.0 Site Characterization
3.0 Monitor Well Locations, Installation, and Completion
4.0 Pump Test Design and Procedures
5.0 Barometric Pressure Correlations and Corrections
6.0 Test Results
7.0 Analytical Methods and Results
8.0 Summary and Conclusions
9.0 References

Field activities for the pump testing were jointly performed by EMC and Petrotek
Engineering Corporation (Petrotek) personnel. Geologic interpretations were performed by
EMC geologists. Aquifer test analyses were performed by Petrotek, and this summary
report was written by Petrotek.
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2.0 SITE CHARACTERIZATION

Details regarding site conditions including physiography, geology, and hydrogeology have
been provided in the EMC Moore Ranch Permit to Mine Application (2007, revised 2008
and 2009) and are only briefly discussed in this report.

2.1 PHYSIOGRAPHIC SETTING

The topography of the central Powder River Basin (PRB) is dominated by plains, rolling
hills, and tablelands. Topographic relief has resulted from structural deformation on the
west, east, and south edges of the Basin and historical deposition and erosional cycles
within the Basin itself. On a regional basis, the surface of the Basin sediments dips gently
(1 to 2 degrees) to the north/northwest.

The Moore Ranch site is located in the central portion of the PRB, approximately 20 miles
east of the north-flowing Powder River and approximately 50 miles north of Casper,
Wyoming. The site is part of the Great Plains Physiographic Province, which is
characterized by broad river plains and low plateaus on stratified sedimentary rocks.

Locally, the elevation in the Moore Ranch area ranges from approximately 5,240 to 5,440
feet above mean sea level (AMSL) within the proposed permit area. The area is
characterized by gently rolling hills with deeply dissected drainages.

The climate of the Moore Ranch area is semi-arid, with an average annual precipitation of
approximately 13 inches (Western Regional Climate Center; Kaycee and Midwest,
Wyoming Stations). The average minimum temperatures range from about 60 F in January
to 500 F in July and August. Average maximum temperatures range from 370 F in January
to 870 F in mid-summer.

The majority of precipitation (e.g., 60 to 70 percent) is in the form of rain that falls during the
summer months. Prevailing winds are from the west and northwest, with an average annual
wind velocity of 13 miles per hour.

2.2 GEOLOGIC SETTING

Production at Moore Ranch will be from the Eocene-age Wasatch Formation that
unconformably overlies the Fort Union Formation. The Wasatch Formation is present at the
surface throughout the Moore Ranch area, and most of the central portion of the PRB. The
Wasatch is comprised of claystone, lenticular sandstones, and minor coal deposits of fluvial
origin. Approximately 1,000 feet of Wasatch is present in the central portion of the Basin.
Due to erosion, progressively thinner Wasatch deposits are found to the south.

Sediments on the edges of the Basin typically are characterized by broad sheet-like
sandstones deposited by braided streams that have not been confined within a single
channel. These sandstones commonly are coarse-grained, poorly sorted, and contain low
concentrations of carbonaceous materials.
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Toward the interior of the Basin, channel sand deposits from meandering streams are more
common. Between the channels, siltstones and mudstones, containing high carbon
content, have been deposited by flood events.

2.3 HYDROLOGIC SETTING

The Moore Ranch permit area lies within the drainage basin of Ninemile Creek, an east
flowing tributary of Antelope Creek. Antelope Creek flows generally eastward and
eventually joins with the Cheyenne River. The divide between the Cheyenne River and
Powder River drainages is approximately one mile north of the permit area. Several small
drainages, the largest of which is Simmons Creek, are located within the permit area. Flow
within these drainages generally occurs only following a precipitation event or from
snowmelt runoff (Conoco 1979). There are no perennial surface water bodies within five
miles of the Moore Ranch permit area.

There are commonly multiple water-bearing sands within the Wasatch Formation.
Groundwater within the Wasatch aquifers is typically under confined (artesian) conditions,
although locally unconfined conditions exist (e.g., 72 and 80 Sands). On a semi-regional
scale, groundwater flow occurs to the north-northwest, and the gradient in the 70 Sand is
on the order of 0.004 to 0.006 ft/ft (Petrotek, 2007). In the vicinity of Moore Ranch, flow in
the shallow groundwater system is north to northwesterly, toward the Powder River.

2.4 SITE GEOLOGY AND HYDROLOGY

Detailed geology and hydrogeology of the Moore Ranch Project area is provided in the
EMC Permit to Mine Application (2007, revised 2008 and 2009). The Wasatch occurs at the
surface at Moore Ranch and unconformably overlies the Fort Union Formation, which
contains several coal sequences. Historic exploration companies assigned a numerical
sand sequence to identify the sands in the Wasatch, with increasing numbers from the
bottom up. For example, the 10 Sand overlies the Roland coal (or its stratigraphic
equivalent) of the Fort Union Formation. A generalized stratigraphic section of the Wasatch
formation is shown on Figure 2-1.

Primary uranium reserves identified by historical exploration at Moore Ranch are located in
the 70 Sand that occurs between 100 and 330 feet below ground surface (ft bgs). Typical
thickness of the 70 Sand ranges from 40 to 120 feet, with 5 to 25 feet of mineralized zone.
Within the area of mineralization, the top of the 70 Sand dips generally to the northwest at
approximately 40 to 50 feet per mile. The 70 Sand outcrops approximately 1 to 2 miles
southeast of the permit area where Ninemile Creek and Pine Tree Draw have eroded the
ground surface to elevations lower than 5240 feet AMSL.

The mineralized zone is within the 70 Sand. There are two primary areas of mineralization
(ore-bodies) that have been delineated from historic drilling, located within Sections 34 and
35 of T42N and 75W (Figure 1-2). EMC has proposed to develop these ore-bodies as two
separate Wellfields. The orebody in Section 34 will be Wellfield 1 and the ore-body in
Section 35 will be Wellfield 2. The ore-body in Section 35 was historically divided into two
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units by Conoco (35S and 35N) but is combined into a single proposed wellfield by EMC.

Groundwater occurs in the 70 Sand under both confined and unconfined conditions. Data
indicate that the potentiometric surface in the 70 Sand is close to the top of the sand itself
(approximately 100 to 150 feet below ground surface). Groundwater flow direction, based
on the potentiometric data, is generally to the north.

Overburden above the 70 Sand consists of a 50- to 330-foot thick sequence of clays, silts,
discontinuous sandstones, and alluvial sediments. The alluvial sediments are confined to
the low-lying areas of surface drainages. A lignite marker bed, designated the "E" coal, is
present across the site above the 70 Sand. The "E" Coal is separated from the 70 Sand by
5 to 10 feet of clay. The overlying sands above the 70 Sand are discontinuous, and when
saturated, generally represent perched water conditions.

The uppermost sand unit within the permit area is the 80 Sand. The 80 Sand is present at
the surface across portions of the site, reaching a maximum thickness of nearly 100 feet.
The 80 Sand pinches out toward the south-southeast. The extent of saturated conditions in
the 80 Sand within the permit area appears to be very limited. Three monitor wells (OMW-
5, OMW-6 and OMW-7B) were recently installed specifically targeting the 80 Sand interval
(Figure 1-2). Only one of these locations, OMW-7B (located in the north central portion of
proposed Wellfield 2), contains sufficient water to allow for water quality sampling or pump
testing.

Beneath the 80 Sand is the 72 Sand. The top of the 72 Sand occurs at depths ranging from
30 to 200 ft bgs within the permit area and the unit ranges from 5 to 90 feet thick where
present. The 72 Sand is discontinuous and unconfined across the permit area, being
eroded away to the south and southeast in Nine Mile Draw and its tributary drainages. The
72 Sand is unsaturated in the southern portion of the permit area. In areas where the 72
Sand is saturated, this hydrostratigraphic unit is considered the overlying aquifer to the
production zone aquifer. Maximum saturated thickness observed within the permit area is
approximately 60 feet. In some areas where the 72 sand is saturated, it is a perched
aquifer system.

Beneath the 70 Sand is a sequence of alternating clays, silts, and sandstones. The first
sand underlying the 70 Sand is identified as the 68 Sand. This unit is typically 40 to 60 feet
thick but can reach over 75 feet in thickness. The 68 Sand appears to be laterally extensive
across the permit area but coalesces with the 70 Sand at some locations, most importantly
within portions of proposed Wellfield 2. Water levels in the 68 Sand monitor wells indicate
this unit is under confining conditions across the site. Hydrologic testing performed in 2007
(Petrotek) indicated some hydraulic communication between the 70 and 68 Sands in the
area where the sands coalesce.

The 60 Sand underlies the 68 Sand. The 60 Sand is continuous across the permit area and
is typically 100 thick. The top of the 60 Sand is present at depths ranging from 300 to 500 ft
bgs. The 60 Sand is under confining conditions across the permit area. In areas where the
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68 and 70 Sands coalesce, the 60 Sand is the underlying aquifer to the production zone.

Beneath the 60 Sand are, in descending order, the 58 Sand, the 50 Sand, the 40 Sand, the
30 Sand, the 20 Sand and the 10 Sand. A generalized stratigraphic column is provided in
Figure 2-1. Most of the penetrations of these deeper Wasatch sands are from Coal Bed
Methane wells. The 10 Sand (overlying the Roland Coal) marks the lowermost identified
sand within the Wasatch Formation in the vicinity of the Permit Area. Beneath the 10 Sand
is the Roland Coal of the Fort Union Formation

Within and surrounding the permit area, there is active coal bed methane production from
the Powder River Basin Coal Bed Field. The producing interval is the Anderson/Big
George) coal (locally called the Roland Coal) at depths of between 1,000 and 1,200 feet
below ground surface. The Anderson/Big George Coal is within the Fort Union Formation
and is separated from the 70 Sand by over 700 feet of interbedded clays, siltstone, and
discontinuous sands. As a result, no hydrologic impacts from coalbed methane production
are expected on sandstone aquifers and clay aquitards relevant to in-situ mining at Moore
Ranch.

Oil and gas production occurs within the area. The Pine Tree Field is located within 1 mile
to the west of the Moore Ranch Permit Area. Production in that field is primarily from the
Shannon Formation at depths of 10,000 to 11,000 feet. This production is not relevant to
the shallow ISR operations due to depth.
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3.0 5UMMAKY OF FPHEVIOU TlSTINUi HESUL15

Previous pump test results were reported in the 2007 Hydrologic Test Report (Petrotek,
2007), the 2008 5-Spot Hydrologic Test Report (Petrotek, 2008) and in the Moore Ranch
Permit to Mine Application (EMC 2007, revised 2008 and 2009). A summary of the Conoco
and EMC test results at Moore Ranch is presented in Tables 3-1 and 3-2, respectively.
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4.0 TEST DESIGN, EQUIPMENT, AND MONITORING

The following section details pump test design and procedures for the Wellfields 1 and 2
pump tests of the non-production zone units conducted during August 11 - 14, 2009.
Hydrologic tests were conducted in the 72, 68, and 70 Sand in each wellfield. Water level
data collected during recent purging and sampling of an 80 Sand monitor well (OMW-7B) in
Wellfield 2 were used to estimate transmissivity for that unit.

4.1 PUMP TEST DESIGN

A series of short-term constant-rate pumping tests were conducted to provide aquifer
characterization for the 72, 68 and 60 Sands at locations within Wellfields 1 and 2. Water
levels at each pumping well were recorded for the purpose of evaluating aquifer properties
in the pumped aquifer, and overlying and underlying aquifers were monitored to
demonstrate hydraulic between hydrostratigraphic units.

The pump tests were conducted at monitor well clusters located within proposed Wellfields
1 and 2. Figure 1-2 provides the general location of the proposed pump tests within each
wellfield. Each of the well clusters includes individual monitor wells completed in the 72, 70,
68 and 60 Sands. The location of the individual monitor wells within the Wellfield 1 and 2
clusters are provided on Figures 4-1 and 4-2, respectively. The well information for the
pumping and monitor wells is provided in Table 4-1. Table 4-2 summarizes which aquifers
and wells were pumped and monitored for each individual hydrologic test. Completion
reports for all wells monitored during testing are provided in Appendix A.

Initial plans were for a test duration for a period of 2 to 4 hours per well. A pumping rate
was selected to allow for collection of sufficient drawdown (and recovery) data for analysis
of transmissivity using conventional type curve methods. Step-rate pump tests were not
conducted prior to this testing, and therefore the target pumping rates for each well were
estimated based on previous groundwater sampling information (if available) and
knowledge of the aquifer from geologic logs. In general, the duration of pump tests were
shortened due to the minimal well yields observed at these wells.

During each test conducted at a wellfield cluster, water levels in the pumping well and the
overlying and underlying hydrostratigraphic units within the well cluster were monitored.
Exceptions were for the 60 and 72 Sand tests. The 60 Sand test only monitored the 60
Sand and the overlying unit because there are no wells completed in the underlying unit (58
Sand) at those well clusters. The 72 Sand test only monitored the 72 Sand and the
underlying unit (70 Sand) because there are no wells completed in the overlying unit (80
Sand) at those well clusters.

Transmissivity was estimated at a single well completed in the 80 Sand (well OMW-7B)
using water level data collected during recent (June 2009) purging and sampling of the one
80 Sand monitor well with sufficient water for sampling. No additional pump tests were
conducted in the 80 Sand.

November 2009
Page 15



4.2 PUMP TEST SETUP

Prior to testing, background water levels were recorded at all pumping and monitor well
locations. Table 4-1 presents the completion details of these wells, and the water levels
recorded prior to testing on August 11, 2009. Automated datalogging pressure transducers
(InSitu LeveITROLLe) were installed in eight wells on August 6, 2009 (four at each well
cluster). The pressure rating of all transducers was 30 psi, and all instruments were
programmed to record depth to water level measurements at 5 minute intervals during
background monitoring. To ensure adequate data collection, data recording intervals in the
pumping wells were significantly shortened (5 to 15 second intervals) immediately prior to
pump testing and throughout pumping and most of the aquifer recovery phase of testing.

In addition to the evaluation of aquifer properties of the respective pumping wells, water
levels in the overlying and underlying aquifers (if present) were monitored by transducers
during all testing, at recording intervals of 5 minutes. Table 4-2 summarizes the pumped
aquifers and the respective overlying and underlying aquifers that were monitored in each
test.

Barometric pressure was recorded utilizing an InSitu BaroTROLLO instrument, recording
data at 5 minute intervals. Barometric pressure data were recorded from the morning of
August 11, 2009 through the end of recorvery monitoring. A further discussion of
barometric effects is presented in Section 5.

Background monitoring and barometric pressure were not collected during testing at the
single 80 Sand well (OMW-7B). Water level data were collected using a manual e-line
during purging of the well prior to a collection of a groundwater sample.

4.3 PUMP TEST EQUIPMENT

Two pumps were utilized for testing, including a Grundfos Redi-Flo2 2-inch variable speed
submersible pump and a 4-inch Grundfos 10S15-21 submersible pump (1.5 horsepower,
10 gallons per minute [gpm], 460V 3-phase motor) The smaller 2-inch pump was utilized in
wells where the water level was expected to fall below the J-collar above the screen (i.e.,
wells OMW-3 and OMW-2) and in wells where pumping rates were expected to be low (i.e.,
wells UMW-3 and UMW-2). Pumping rates with the 4-inch submersible pump were adjusted
at the surface using a choke valve on the discharge line.

Pumps were installed (and dataloggers were withdrawn) prior to pump testing at a well, and
water levels allowed to equilibrate to within approximately 0.1 ft or less of the initial static
water level. Following completion of the pumping phase of the test, the pumps were
withdrawn after a sufficient amount of recovery was observed for the purposes of analysis.

All pump tests were conducted at a constant discharge rate, or as close as practical. Due to
the relatively low discharge rates (generally less than 3 gpm), discharge was measured
periodically utilizing either a 5-gallon bucket or a 1-gallon bucket. A time-averaged
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calculation of pumping rates throughout each pump test was utilized as the average
pumping rate during these constant-discharge tests.
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5.0 BAROMETRIC PRESSURE MONITORING AND CORRECTIONS

5.1 MONITORING EQUIPMENT

All of the In-Situ Level TROLLS® used during testing were vented (gauged). In-Situ has
stated that if vented transducers are used, the vent eliminates the impact of barometric
pressure (BP) on the sensor. However, a change in water levels due to barometric changes
will occur whether a vented sensor is used or not. Hence, the use of vented equipment
eliminates the barometric impact of the sensor, but does not correct the water level
measurements for barometric effects on the aquifer. In this regard, the vented transducers
are barometrically compensated, but not corrected. If significant variations in water levels
are observed, the data may require correction for fluctuations in water levels associated
with changes in BP. As part of the testing protocol, an In-Situ BaroTROLL® was utilized to
measure BP at the site.

5.2 BAROMETRIC CORRECTIONS

Due to the short duration of the testing conducted at Wellfields 1 and 2, and minimal
changes in BP observed over the course of pumping and recovery, barometric corrections
were not applied to the water level data. Table 5-1 summarizes observed variations in BP
during the testing periods (including pumping and recovery). A summary of testing at both
Wellfields is included in Table 6-1 and water level graphs of pumping wells versus BP are
presented and discussed in Section 6. Barometric pressure data are provided in Appendix
B-i.

As seen Table 5-1, variations in BP during the testing periods were minimal, less than 0.03
in Hg (0.034 ft H20) for all tests except OMW-2 (0.068 ft Hg, or 0.077 ft H20), which
included a longer recovery interval due to the slow recharge of the well. Assuming 100%
aquifer barometric efficiency (BE = 1.0) in response to barometric pressure changes (i.e.,
the change in water level in the well equals the corresponding change in barometric
pressure), this range of BP variations corresponds to fluctuations between 0.034 and 0.077
ft in a well. Maximum drawdown from these tests (presented in Table 6-1) is approximately
1-3 orders of magnitude greater than the scale of fluctuations observed from BP changes.
Generally, BE for a confined aquifer ranges from 0.20 to 0.75 (Kruseman and deRidder,
1990).

Published specifications of the In-Situ BaroTROLLO indicate that accuracy readings of this
instrument are approximately 0.1% of the full scale of pressure readings (16.5 psi, or 33.6
in Hg). This accuracy is equivalent to 0.03 in Hg, which is on the order of observed
variations between maximum and minimum measured barometric pressure during water
level monitoring activities.

Previous aquifer testing conducted in the 70 Sand at Moore Ranch by Petrotek (2007,
2008) indicated that atmospheric pressure changes could have an effect on observed water
levels. These tests were conducted over much longer time intervals (9.9, 1.0, and 3.8
days), where larger differences in atmospheric pressure exist due to the longer period of
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observation. As part of this investigation, corrections due to barometric changes were not
necessary for the following reasons: minimal variation in barometric pressure occurred
during the pump tests; potential fluctuations due to atmospheric pressure were minimal
compared to the overall drawdown from pumping; and the observed differences in
barometric pressure over the course of testing was on the order of the accuracy level of the
pressure transducer.
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6.0 TEST RESULTS

Results of the supplemental pumping tests conducted in the 72 Sand, 68 Sand, and 60
Sand, including background trends, pump duration and rate, pumped aquifer response, and
overlying and underlying aquifer response (if present) are presented below. Data collected
during groundwater sampling of the 80 Sand (at well OMW-7B) are also presented.

6.1 72 SAND

6.1.1 WELL OMW-3, 72 SAND, WELLFIELD 1

Backaround Trend

Water level stability data were collected prior to the start of testing at well OMW-3,
completed in the 72 Sand. Figure 6-1 presents the water level data at this monitoring
location along with measured barometric pressure at the site prior to, during, and after
pump testing. The figure shows that water levels were relatively stable throughout
background monitoring, with only a slight increasing trend prior to testing.

Pump Duration and Rate

Testing was conducted on August 13, 2009, and included three short-term tests lasting 15
to 30 minutes with a pumping rate of 0.91 to 0.94 gallons per minute. Table 6-1
summarizes the details of the 72 Sand Hydrologic Test conducted at Wellfield 1. The 2-inch
Redi-Flo2 pump was utilized for testing this well due to the minimal water column above the
J-collar above the screen (approximately 7 feet). The 4-inch pump was too large to fit
through the J collar. The 2-inch pump was operated at maximum power.

Pumped Aqulfer Response

Figure 6-2 presents a plot of water level at OMW-3 during the three pump tests. The pump
was shut-in for each test once drawdown in the pumping well had stabilized, which
occurred around 0.6 feet. Recovery in the aquifer was rapid with water levels returning to
near static levels within minutes of pump shut-in. The abrupt rise in water level that
occurred at pump shut-in was the result of pump backflow into the well.

Figure 6-2 also shows the corresponding barometric pressure data over the course of
testing. Barometric pressure changes were minimal over the duration of each test, on the
order of 0.01 inches of mercury (in Hg). No corrections were applied to water levels to
adjust for atmospheric changes due to the short duration of testing and minimal variation in
barometric pressure observed at this well, as described in Section 5. Water level data at
well OMW-3 are presented in Appendix B-2.

Confining Unit Response

Well MW-3, completed in the directly underlying 70 Sand, was monitored during testing at
OMW-3. Because OMW-3 is located in the uppermost continuous aquifer (72 Sand), no
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overlying aquifer response is reported for this test. Figure 6-3 presents the water levels of
the pumping well versus well MW-3, and shows no response to pumping, and water level
data for MW-3 are presented in Appendix B-3. While the aquifer was only minimally
stressed during testing (due to short testing durations and low pumping rates), the lack of
response in the underlying aquifer indicates isolation in the near-wellbore vicinity.

6.1.2 . WELL OMW-2, 72 SAND, WELLFIELD 2

Background Trend

Water level stability data were collected for approximately six days prior to pump testing at
well OMW-2, completed in the 72 Sand. Figure 6-4 presents the water level data at this
monitoring location versus barometric pressure prior to, during, and after pump testing.
Water levels in the well were relatively stable prior to testing.

Pump Duration and Rate

A pump test was conducted on August 12, 2009. Pumping was conducted for 33 minutes at
a constant rate of 0.84 gpm, utilizing the 2-inch submersible pump. A summary of the 72
Sand Hydrologic Test conducted in Wellfield 2 is provided in Table 6-1.

Pumped Aquifer Response

Figure 6-5 shows the water level response in well OMW-2 during the pumping test. Total
drawdown at the end of the test was 7.2 feet. The linear slope of drawdown shown in
Figure 6-5, indicates that the well response was dominated by casing storage. The
saturated thickness in the well was approximately 11 feet at the start of the test. The test
was stopped prior to the water level falling below the level of the pump. As seen in Figures
6-4 and 6-5, there is an abrupt rise in water level immediately following pump shut-in,
resulting from pump backflow. After that initial rise of 0.2 feet in water level there was only
1.3 feet of recovery over the next five days of monitoring. The abrupt water level rise and
subsequent fall early on August 16 may be related to transducer error, as the magnitude of
change is much larger than that observed due to barometric effects. Water level data at
well OMW-2 are presented in Appendix B-6.

Figure 6-5 also shows the corresponding barometric pressure over the course of testing.
Barometric pressure change was minimal over the duration of the test, on the order of 0.01
inches of mercury (in Hg). No corrections were applied to water levels to adjust for
atmospheric changes due to the short duration of testing and minimal variation in
barometric pressure observed at this well, as described in Section 5.

Confining Unit Response

As summarized in Table 4-2, no overlying well was monitored during testing, and the
directly underlying well (MW-2) is completed in the 70 Sand. Figure 6-6 presents the water
level of well MW-2 versus the pumping well, and water level data are provided in Appendix
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B-7. The water level in MW-2 is slightly increasing, with no observed response from

pumping.

6.2 70 SAND

No testing was conducted in the 70 Sand, but two wells were monitored during testing to
evaluate communication between aquifers. Background water level data and water level
data were continuously recorded in wells MW-3 (Wellfield 1) and MW-2 (Wellfield 2), as
presented in Figures 6-7 and 6-8. Water level data from wells MW-3 and MW-2 are
presented in Appendices B-3 and B-7, respectively.

6.3 68 SAND

6.3.1 WELL UMW-3, 68 SAND, WELLFIELD 1

Backaround Trend

Water level stability data were collected prior to the start of testing at well UMW-3,
completed in the 68 Sand. Figure 6-9 presents the water level data at UMW-3 and
barometric pressure at the site prior to, during, and after pump testing. A significant
downward trend is observed in the 8 days prior to testing, as the water level drops a total of
14 feet over this time period. No other wells in either wellfield exhibited a similar decreasing
trend. Major increasing and decreasing water level trends have been observed at this well
in the past (during monitoring and testing from 2006 through 2008), with no definitive
explanation. It is possible that windmill-driven stock wells in the area may be pumping from
this interval, but that has not been confirmed.

Pump Duration and Rate

Testing was conducted on August 14, 2009, and included a single short-term test lasting 20
minutes, with a pumping rate of 0.8 gpm. Table 6-1 summarizes the details of the 68 Sand
Hydrologic Test conducted at Wellfield 1. The 2-inch Redi-Flo2 pump was utilized for
testing due to the anticipated low yield of the well. The pump was operated at maximum
power. The pump was shut-in as the water level approached the level of the pressure
transducer installed in the well.

Pumped Aquifer Response

Figure 6-10 presents the water level of the pumping well during testing. Drawdown at
UMW-3 at the end of pumping was 21.3 feet. The steep linear slope observed in Figure 6-
10 indicates that the test was dominated by casing storage, with minimum flux from the
aquifer. The water level in the well did not recover in the three days of recovery monitoring
as shown on Figure 6-9, and resumed the declining trend observed prior to pumping. Water
level data at well UMW-3 are presented in Appendix B-4.

Figure 6-10 also shows the corresponding barometric pressure during the pump test.
Barometric pressure change was minimal over the duration of the test, on the order of 0.01
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inches of mercury (in Hg). No corrections were applied to water levels to adjust for
atmospheric changes due to the short duration of testing and minimal variation in
barometric pressure observed at this well, as described in Section 5.

Confining Unit Response

As summarized in Table 4-2, the directly overlying (MW-3) and underlying wells (UMW-1 0)
in the 70 and 60 Sands, respectively, were monitored during testing of UMW-3. Figure 6-11
presents the overlying and underlying responses versus the pumping well, and water level
data are provided in Appendices B-3 and B-9, respectively. Water levels in well MW-3 in
the overlying 70 Sand were slightly increasing during and after pumping, and levels in the
underlying well (UMW-1 0) showed a similar increasing trend, with no apparent response to
pumping.

6.3.2 WELL UMW-2, 68 SAND, WELLFIELD 2

Background Trend

Water level stability data were collected for approximately five days prior to pump testing of
well UMW-2, completed in the 68 Sand. Figure 6-12 presents the water level data at this
monitoring location versus barometric pressure prior to, during, and after pump testing.
Water levels in the well were relatively stable prior to testing.

Pump Duration and Rate

Two pump tests were conducted at UMW-2. The first test was run on August 11 for
approximately 10 minutes at 1.2 gpm, but was stopped due to a malfunction with the pump.
Water levels were allowed to recover, and a second test was conducted on August 12 for
113 minutes at a constant-rate of 1.1 gpm, utilizing the 2-inch submersible pump. A
summary of the 68 Sand Hydrologic Test conducted at Wellfield 2 is provided in Table 6-1.

Pumped Aquifer Response

Figure 6-13 shows the water level response in well UMW-2 during the pump test. The first
pump test is not presented nor analyzed due to the short duration caused by equipment
malfunction. Total drawdown from the second pump test was 63.5 feet. Near the end of the
test, the pumping rate was decreasing, and the test was stopped. Water level data at well
UMW-2 are presented in Appendix B-8.

Figure 6-13 also shows the corresponding barometric pressure during the pump test.
Barometric pressure change was minimal over the duration of the tests, on the order of
0.01 inches of mercury (in Hg). No corrections were applied to water levels to adjust for
atmospheric changes due to the short duration of testing and minimal variation in
barometric pressure observed at this well, as described in Section 5.

Confining Units Response
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Table 4-2 summarizes the overlying and underlying units monitored during the test. Figures
6-14 and 6-15 show the water level of the overlying 70 Sand well (MW-2) and underlying 60
Sand well (UMW-1 0) versus the pumping well, respectively. Water level data for these wells
are provided in Appendices B-7 and B-9, respectively. The water level in the overlying well
(MW-2) appears to drop slightly and recover and then gently increase after the test, but the
level of change is extremely small, on the order of 0.05 ft. The slight fluctuation in water
level may indicate minimal leakage from the overlying aquifer. Previous testing has
indicated that some hydraulic communication exists between the 68 and 70 Sands in this
area. The 68 and 70 Sands coalesce in this portion of Wellfield 2. A similar response is
observed in the underlying well, but the magnitude of water level change (less than 0.05
feet during testing) is on the order of barometric pressure fluctuations or fluctuations
between transducer readings, and therefore is not considered indicative of hydraulic
communication between aquifers.

6.4 60 SAND

6.4.1 UMW-1 1, 60 SAND, WELLFIELD 1

Backaround Trend

Water level stability data were collected prior to the start of testing at well UMW-1 1,
completed in the 60 Sand. Figure 6-16 presents the water level data at this monitoring
location as well as barometric pressure at the site prior to, during, and after pump testing.
Water levels in the well were relatively stable prior to testing.

Pump Duration and Rate

Two tests were conducted at well UMW-1 1. The 4-inch submersible pump was utilized
during both tests. On August 12, a short-term test was conducted lasting 16 minutes at a
pumping rate of 2.6 gpm. Initial pumping rates for the test conducted on August 12 were
erratic as the pump was choked back from approximately 6 gpm in the first minute. On
August 13, a test lasting 141 minutes was conducted at a pumping rate of 2.12 gpm. A
more constant discharge rate was maintained during the August 13th test. A summary of
the 60 Sand Hydrologic Test conducted at Wellfield 1 is provided in Table 6-1.

Pumped Aqulfer Resgonse

Due to the erratic pumping rate of the first test, and the longer duration of the second test,
the first test is not presented and was not analyzed. Figure 6-17 presents the water level of
the pumping well during the second test (August 13). Drawdown at UMW-1 1 during the
pump test was measured at 76.6 feet. Water level measurements were supplemented with
manual e-line measurements at one-minute intervals late in the test, as the water level in
the well fell below the level of the transducer during the test. A complete summary of water
level data are presented in Appendix B-5.

Figure 6-17 also shows the corresponding barometric pressure during the pump tests.
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Barometric pressure change was minimal over the duration of the tests, on the order of
0.02 inches of mercury (in Hg). No corrections were applied to water levels to adjust for
atmospheric changes due to the short duration of testing and minimal variation in
barometric pressure observed at this well, as described in Section 5.

Confining Unit Response

As summarized in Table 4-2, the directly overlying well (UMW-3) completed in the 68 Sand
was monitored during testing. No underlying aquifer was monitored during the UMW-1 1 test
as that well is the deepest completion in the well cluster. Figure 6-18 presents the overlying
aquifer water levels (well UMW-3) versus the pumping well (UMW-1 1). Water level data for
well UMW-3 are presented in Appendix B-4. Water levels in well UMW-3 are decreasing
during the pump test. However, as shown in Figure 6-9, a background downward trend was
already observed at this well, with a decrease in water level of approximately 14 feet during
background monitoring. No change in this trend is observed during the hydrologic testing of
UMW-1 1, and no abrupt change is observed. Because of the magnitude of the background
trend, hydraulic communication between the 60 and 68 Sands cannot be assessed at this
time for the Wellfield 1 well cluster.

6.4.2 UMW-10, 60 SAND, WELLIFIELD 2

Background Trend

Water level stability data were collected for approximately seven days prior to pump testing
of well UMW-10, completed in the 60 Sand. Figure 6-19 presents the water level data at
this monitoring location versus barometric pressure prior to, during, and after pump testing.
Water levels in the well were relatively stable prior to testing.

Pump Duration and Rate

Table 6-1 summarizes the 60 Sand Hydrologic Test conducted at Wellfield 2 in well UMW-
10. On August 13, 2009 a pump test was conducted for 11 minutes at a rate of 11.5 gpm.
The pumping rate resulted in a rapid water level drop to below the depth of the transducer;
therefore this test is not presented nor analyzed. On August 14, three pump tests were
attempted. The first test ran for less than three minutes, and was aborted due to high
pressure buildup in the pump. The second test was conducted for 27 minutes at a pumping
rate of 5.4 gpm. This test is presented below and was analyzed for aquifer properties. A
third test was conducted for less than 7 minutes at 9.5 gpm, but is not presented nor
analyzed as the rate was too high and much of the drawdown response was dominated by
casing storage.

Pumped Aquifer Response

Figure 6-20 shows the water level response in well UMW-10 from pumping for the second
test conducted on August 14, 2009. Drawdown at the pumping well was 85.2 feet at the
end of the test. Recovery to near initial static conditions occurred in less than two hours
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after pump shut-in. Complete water level data are presented in Appendix B-9.

Figure 6-20 also shows the corresponding barometric pressure over the course of testing.
Barometric pressure change was minimal over the duration of the tests, on the order of
0.01 inches of mercury (in Hg). No corrections were applied to water levels to adjust for
atmospheric changes due to the short duration of testing and minimal variation in
barometric pressure observed at this well, as described in Section 5.

Confining Unit Response

As summarized in Table 4-2, the directly overlying well (UMW-2) completed in the 68 Sand
was monitored during testing. No underlying aquifer was monitored during the UMW-1 0 test
as the pumping well is the deepest completion in the well cluster. Figure 6-21 presents the
overlying aquifer water levels versus the pumping well, and water level data are presented
in Appendix B-8. The lack of response in the overlying aquifer suggests that there are no
artificial pathways due to improper well completion in the immediate area of the test.

6.5 80 SAND, WELL OMW-7B, WELLFIELD 2

Aquifer characteristics of the 80 Sand were estimated from the water level response of well
OMW-7B during purging prior to water quality sampling. Monitor well OMW-7B is located in
Wellfield 2 and completed in the 80 Sand (well location is presented on Figure 1-2 and
completion details provided in Table 4-2). No background monitoring was performed on this
well prior to purging/sampling. No monitoring was conducted on other aquifers during the
purging/sampling event because of the absence of an overlying aquifer (the 80 Sand is the
shallowest known aquifer within the Permit Area) and the distance of this well from any
underlying aquifer monitor wells (well OMW-7B is approximately 1000 ft northwest of the
Wellfield 2 well cluster shown in Figure 4-2).

Well OMW-7B was purged on June 1, 2, and 3, 2009. Following the first purging, the well
was allowed to return to near static levels before beginning the second round of purging.
For the second round of purging, OMW-7B was pumped at a rate of 1.6 gpm for 30
minutes. Drawdown at the end of 30 minutes was 13.4 feet. The pumping test data are
summarized in Table 6-1. Water level measurements were made during the second round
of purging at one-minute intervals using an e-line. Measurements were continued at one-
minute intervals through the first 30 minutes of recovery following shut-in of the well. The
measurement frequency was then gradually increased to 5-, 10- and 30-minute intervals.
Recovery was measured for 6 hours after the end of pumping. Figure 6-22 shows the water
level response in well OMW-7B during the pumping and recovery conducted on June 2,
2009. Note that 6 hours after pumping was terminated, the water level in OMW-7B was still
4.5 feet below the pre-pumping level. Water level data from this well are presented in
Appendix B-1 0.
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7.0 TEST ANALYSIS

The following section details the analytical methods and results of evaluation of aquifer
properties conducted within the non-production zone aquifer units at Moore Ranch.

7.1 ANALYTICAL METHODS

Drawdown data from pumping wells were graphically analyzed to determine aquifer
transmissivity (T). The primary method of analysis for the drawdown data was Cooper and
Jacob (1946), and the recovery data were analyzed by the Theis (1935) recovery analysis
method. Assumptions inherent in these methods include:

o The aquifer is confined and has apparent infinite extent;

o The aquifer is homogeneous and isotropic, and of uniform effective thickness over
the area influenced by pumping;

o The piezometric surface is horizontal prior to pumping;

o Well is pumped at a constant rate;

o The pumping well is fully penetrating; and

o Well diameter is small, so well storage is negligible.

The Cooper- Jacob method utilizes a simplification of the Theis (1935) solution for time-
drawdown analysis, with the condition that gi (dimensionless constant) is sufficiently small
(<0.05, from Fetter [2001])), where li equals:

g = r2S / 4Tt

Where:
r = Distance from center of well to point of drawdown measurement (ft)
S = Storativity (dimensionless)
T = Transmissivity (gallons per day per foot [gpd/ft])
t = Time (days)

The Cooper-Jacob validity condition is met when t is sufficiently large and r is sufficiently
small. If g. has been determined to be sufficiently small, the solution for T (S cannot be
determined from a single-well test) equals (Driscoll,1986, p. 221):

T = 264Q / As

Where:
Q = Pumping rate (gpm)
As = Slope of time-drawdown; change in drawdown per log cycle of time (ft)
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Aquifer tests conducted as single-well pumping tests without observation wells can only be
evaluated for transmissivity, and no storativity (S) values are reported. It is noted that
subsequent figures referenced in this section analyzed by the Cooper-Jacob method have
a reported S value. This is an error with the analytical software program and these numbers
should be ignored.

Water level recovery data can be analyzed utilizing the Theis (1935) solution, which has the
same assumptions for validity as discussed above. The equation for T equals (Driscoll,
1986, p. 255):

T = 264Q / A(s - s')

Where:
A(s - s') = Water level recovery per log cycle of time, where s = drawdown
and s' = residual drawdown (ft)

For wells OMW-2 and UMW-3 where pumping did not proceed past casing storage due to
very low well yields, alternative analysis methods were employed. With the Cooper and
Jacob (1946) method, a relationship between specific discharge (ratio of pumping rate to
drawdown) and transmissivity (T), with underlying assumptions, can be used to solve for T.
This method assumes that the measured drawdown observed in the well is a result of flow
from the aquifer, which is not the case for both of these tests, as the majority of water
removed is displaced from the casing with minimal inflow from the aquifer. Therefore, this
specific capacity analysis represents an upper-bound on aquifer conductivity. The Cooper
and Jacob equation that relates specific discharge to T and S (and time) from Driscoll
(1986, p. 1021) is presented below:

Q/s = T / (264 * log [0.3Tt/ r2S]) (Equation 1)

Where:
Q - Pumping rate (gpm)
s = Drawdown at end of pumping (ft)
T = Transmissivity (gallons per day per foot [gpd/ft])
t = Time (days)
r = radius of the well (ft)
S = Storativity (dimensionless)

Utilizing the data collected during testing (Q, s, t), assuming an estimated value of S, a
value of T can be estimated by equating both sides of Equation 1. Transmissivity is
presented in this report as ft2/day (1 ft2/day equals 7.48 gpd/ft). Radius of the well (r) is
estimated at some small distance into the formation (0.5 ft for these analyses). It is noted
that results from this analysis represent an upper-bound limit for aquifer transmissivity, and
true transmissivity is likely lower by an order of magnitude or greater.

For well OMW-2, the recovery data after pumping was evaluated as a slug-test type
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analysis by the Bouwer and Rice (1976) method. The drawdown response for well UMW-3
was similar to well OMW-2, but the recovery trend after pumping was obscured by a strong
decreasing trend in water level at this well (water levels dropped 14 feet during background
monitoring). Therefore, no analysis of the recovery data for the OMW-3 test was attempted.
Hydraulic conductivity (K) using the Bouwer and Rice method is evaluated by the following
equation from Fetter (2001):

K = (r2 In (Re / R) / 2Lt) * In (ho / ht)

Where:
K = Hydraulic conductivity (ft/day)
r = Radius of well casing (ft)
Re = Effective radial distance over which head is dissipated in aquifer (ft)
R = Borehole diameter (ft)
L = Length of screen (ft)
t = Time (days)
h= Drawdown at t = 0 (ft)
ht= Drawdown at time t (ft)

At well OMW-2, where the Bouwer and Rice method was utilized to evaluate K, the water
level during testing is entirely changing within the screened interval. Therefore, the
parameter r must be evaluated as effective radius (reff) utilizing the following equation
(Waterloo Hydrogeologic):

reff = [r2(1 -n) + na2)]1/2

Where:
r = Screen radius (ft)
n = Porosity of gravel pack (dimensionless, assumed to be 0.30)
R Borehole radius (ft)

The software used to graphically analyze the data was AquiferTest Pro (Version 4.2,
Schlumberger Water Services, 2008). The specific capacity analyses conducted on wells
OMW-2 and UMW-3 were derived analytically.

7.2 ANALYTICAL RESULTS

7.2.1 72 SAND

A summary of analytical results of the supplemental hydrologic testing is provided in Table
7-1. Four tests were conducted in the 72 Sand, including three tests at well OMW-3 in
Wellfield 1 and a single test at OMW-2 in Wellfield 2.

Three separate tests were conducted at well OMW-3, with calculated transmissivity values
ranging between 306 and 318 ft2/day, utilizing the Cooper and Jacob (1946) method. Based
on an aquifer thickness of 71 feet, hydraulic conductivity ranges from 4.3 to 4.5 ft/day. Due
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to the rapid recovery after the end of pumping and lack of a pump check valve (see Figure
6-2), recovery analysis was not attempted. Curve matches for the analyses of Tests #1, #2,
and #3 at OMW-3 are presented in Figures 7-1 to 7-3, respectively.

The single test conducted at OMW-2 resulted in rapid dewatering of the 72 Sand. The
water level response in that test was dominated by casing storage. An upper limit of T was
estimated utilizing the specific capacity analysis (Equation 1) described previously. Using
the drawdown and time of pumping (presented in Table 6-1), and estimating an S value of
0.05 (72 Sand at OMW-2 is an unconfined aquifer and storativity equals specific yield), T
was estimated at 0.3 ft2/day. Storativity (S) was estimated based on historical testing
conducted under unconfined conditions at Moore Ranch during testing for the 35S-Orebody
and 5-Spot Test, summarized in Tables 3-1 and 3-2, respectively. Utilizing the initial
saturated thickness of the aquifer (11 feet at the start of the test), conductivity is
approximately 0.03 ft/day.

An alternative analysis of the data from OMW-2 was estimated using the Bouwer and Rice
(1976) method typically used to evaluate slug tests in unconfined aquifers. The recovery
data were analyzed assuming that a slug of water was removed from the well. Though the
removal of the slug was not instantaneous (as is assumed in analysis), this type of analysis
provides an estimate of hydraulic conductivity that would not have been possible from the
drawdown data. Utilizinp the Bouwer and Rice method, hydraulic conductivity (K) was
calculated as 8.8 x 10" ft/day. Multiplying the calculated hydraulic conductivity by the
saturated thickness of 11 ft, T is calculated to be 0.01 ft2/day. A presentation of the data
analysis is included in Figure 7-5. Further discussion of the Bouwer and Rice (1976)
method is included in Kruseman and deRidder (2000). In applying the Bouwer and Rice
method when the water column is entirely within the screened interval, an effective radius
accounting for screen radius, borehole radius, and gravel pack porosity, as discussed in
Section 7.1, is utilized.

7.2.2 68 SAND

Table 7-1, summarizes the analytical results for wells UMW-3 and UMW-2, in Wellfields 1
and 2, respectively. The test that was conducted at UMW-3 was dominated by casing
storage; therefore, the drawdown data were not analyzed. Recovery data were also
unsuitable for analysis. The decreasing water level trend observed since the start of
background monitoring at well UMW-3, coupled with the slow recovery of the well after
pumping, did not allow for assessment of the recovery data. A specific capacity analysis
(Equation 1) was used to provide an upper limit estimate of transmissivity of the 68 Sand
aquifer at UMW-3. Utilizing drawdown and time of pumping data (presented in Table 6-1),
and an estimated S value of 0.001 (approximate results of previous testing by EMC in the
70 Sand, as presented in Section 3) the transmissivity was estimated as 3.5 ft2/day.
Hydraulic conductivity estimated from a saturated thickness of 50 feet was 0.07 ft/day. As
previously discussed, the specific capacity analysis represents an upper limit of T at this
well location.
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Drawdown data from the test conducted at UMW-2 on August 12, 2009, were analyzed by
the Cooper and Jacob (1946) method. Recovery data were evaluated using the method of
Theis (1935). Transmissivity was estimated as 0.7 ft2/day from the drawdown data, and 0.5
ft2/day from recovery data. Curve matches for these analyses are presented in Figures 7-5
and 7-6, respectively. Hydraulic conductivity estimated from a saturated thickness of 61 feet
was approximately 0.01 ft/day for both analyses.

7.2.3 60 SAND

Table 7-1 summarizes the analytical results of testing in wells UMW-1 1 and UMW-10, in
Wellfields 1 and 2, respectively. Drawdown and recovery data from testing at both locations
were analyzed using the methods of Cooper and Jacob (1946) and Theis (1935),
respectively.

Drawdown and recovery data from the test conducted on August 13, 2009 were analyzed
for well UMW-1 1. Calculated transmissivities were 1.4 ft2/day from the drawdown data and
1.4 ft2/day from the recovery data. Hydraulic conductivity utilizing a saturated thickness of
30 feet was 0.05 ft/day for both analyses.

Drawdown and recovery data from the test conducted on August 14, 2009 were analyzed
for well UMW-1 0. Calculated transmissivities were 2.4 ft2/day from the drawdown data and
2.2 ft2/day from the recovery data, and hydraulic conductivities using a saturated aquifer
thickness of 32 feet were 0.08 and 0.07 ft/day, respectively.

7.2.4 80 SAND

The water level response in OMW-7B during the June 2, 2009 purging/sampling event was
estimated using the Cooper and Jacob method (1946). The drawdown data were corrected
for unconfined conditions. Results of the analysis indicate a transmissivity of 13.3 ft2/d for
the 80 Sand (Table 7-1 and Figure 7-11). Based on a 15 foot saturated thickness at the
start of the test, the hydraulic conductivity of the 80 Sand is calculated as 0.89 ft//d. It is
noted that this is an upper limit on transmissivity, as the analytical method assumes flux
from the aquifer, and the linear slope of water level through time indicates that much of the
groundwater appears to be removed from casing storage.
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8.0 SUMMARY AND CONCLUSIONS

o As required for the completion of State and Federal permitting requirements, Energy
Metals Corporation US (EMC) conducted supplemental hydrologic investigations to
evaluate aquifer properties (i.e., transmissivity) within the non-producing
hydrostratigraphic units relative to the 70 Sand Production Zone.

" Pump testing was conducted in the overlying 72 Sand, underlying 68 Sand, and in the
lowermost underlying 60 Sand at locations within Wellfields 1 and 2. Drawdown data
collected during groundwater purging activities prior to sampling were utilized to
estimate aquifer properties in the single well completed in the uppermost 80 Sand
(unconfined and perched aquifer unit) with sufficient water for sampling.

o Within the overlying (relative to the 70 Sand Production Zone) 72 Sand, transmissivity
was calculated between 306 to 318 ft2/day in Wellfield 1 at OMW-3. In Wellfield 2 at
OMW-2, a semi-quantitative estimate of transmissivity was evaluated from drawdown
data (dominated by casing storage removal) indicates a T values less than 0.3 ft2day. A
slug-test type estimate of T from recovery data indicates a T value of approximately
0.01 ft2day.

o Within the underlying (relative to the 70 Sand) 68 Sand, transmissivity was calculated
between 0.5 to 0.7 ft2/day in Wellfield 2 at UMW-2. A semi-quantitative analysis of
drawdown data (dominated by casing storage removal) indicates a T value less than 3.5
ft2/day at UMW-3 in Wellfield 1, and true T is likely at least an order of magnitude lower
than this estimate.

" Within the lowermost 60 Sand (underlies the 68 Sand, and represents the underlying
aquifer where the 68 and 70 Sands coalesce), T values were calculated at 1.4 ft2/day in
Wellfield 1 at UMW-1 1, and between 2.2 to 2.4 ft2/day in Wellfield 2 at UMW-10.

o Within the uppermost 80 Sand (unconfined and perched aquifer unit of limited extent), a
semi-quantitative analysis of drawdown data from well purging prior to groundwater
sampling was used to estimate T within this aquifer. Results of analysis indicate a T
value less than approximately 13 ft2/day at this location.

o Calculated and estimated transmissivity results for the non-producing units were
generally at least an order of magnitude lower than the reported T values from historical
testing within the 70 Sand Production Zone, except for the 72 Sand Test at Wellfield 1
(Well OMW-3).
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Table 3-1. Summary of Previous Aquifer Test Results, 70 Sand, Conoco, Moore Ranch Project

Pump Test Aquifer Property Range of Values Representative Value

34-Orebody Transmissivity (T; ft2/d) 23 to 240 110

Hydraulic Conductivity (k; ft/day) 0.38 to 4.0 1.9

Net Sand Thickness (h; ft) 60 60

Storativity (S) 5.3 x 106 to 2.9 x 10-3  9.8 x 10-4

35N-Orebody Transmissivity (T; ft2/d) 112 to 297 165

Hydraulic Conductivity (k; ft/day) 0.95 to 1.52 1.4 ft/d

Net Sand Thickness (h; ft) 80 80

Storativity (S) 8.0 x 105 to 5.2 x 10-4 2.5 x 104

35S-Orebody Transmissivity (T; ft2/d) 374 to 735 555

Hydraulic Conductivity (k; ft/day) 9.35 to 18.3 13.8

Net Sand Thickness (h; ft) 40 40

Storativity (S) 3 .2 x 104 to 4.3 x 10-3  1.4 x 10-3

Specific Yield 0.01 to 0.058 0.032
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Table 3-2. Summary of Previous Aquifer Test Results, 70 Sand, EMC, Moore Ranch Project

Pump Test Aquifer Property Representative Value

Between Wellfields 1 and st) Transmissivity (T; ft2/d) 657

Hydraulic Conductivity (k; ft/day) 8.9

Net Sand Thickness (h; ft) 77

Storativity (S) 4.4 x 10-3

Wellfield I Test (MW-3) Transmissivity (T; ft2/d) 321

Hydraulic Conductivity (k; ft/day) 4.5

Net Sand Thickness (h; ft) 72

Storativity (S) NA

Wellfield 2 Test (MW-2) Transmissivity (T; ft2Id) 711

Hydraulic Conductivity (k; ft/day) 7.3

Net Sand Thickness (h; ft) 97

Storativity (S) NA

5-Spot Test (Wellfield 2) Transmissivity (T; ft2/d) 405

Hydraulic Conductivity (k; ft/day) 5.6

Net Sand Thickness (h; ft) 94

Storativity (S) 0.02
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Table 4-1. Monitor and Pumping Well Information, Moore Ranch Supplemental Hydrologic Testing

Well Easting Northing TI R TOC Hole Casing Top Bottom Screen Aquifer Aquifer Casing DTW GW Elev. Ft of Water
Section Elevation Depth Depth Screen Screen Length Thickness I.D. 118111/09 8/11/09 in Well

(ft amsl) (ft bgs) (ft bgs) (ft bgs) (ft bgs) (ft bgs) jftj (inches) (ft from TOC) (ft amsl) * ft)

Welifield I Well Cluster

OMW-3 317,939 1,060,553 T42N R75W 34 5429.86 250 203 205 245 40 72 Sand 71 4.5 189.18 5240.68 56

MW-3 317,949 1,060,552 T42N R75W 34 5430.26 320 267 269 317 48 70 Sand 76 4.5 249.39 5180.87 68

UMW-3 317,960 1,060,551 T42N R75W 34 5429.00 380 351 353 378 25 68 Sand 50 4.5 204.60 5224.40 173

UMW-1 1 317,948 1,060,542 T42N R75W 34 5430 (Est) 500 448 450 480 30 60 Sand 30 4.5 256.44 5173.6 (Est) 224

Welifield 2 Well Cluster

OMW-2 322,626 1,057,719 T42N R75W 35 5314.59 100 59 60 78 18 72 Sand 25 4.5 66.58 5248.01 11

MW-2 322,636 1,057,719 T42N R75W 35 5314.65 200 128 130 195 65 70 Sand 100 4.5 123.66 5190.99 71

UMW-2 322,646 1,057,720 T42N R75W 35 5315.30 280 228 230 250 20 68 Sand 61 4.5 124.94 5190.36 125

UMW-10 322,635 1,057,728 T42N R75W 35 5315 (Est) 420 333 335 365 30 60 Sand 32 4.5 139.82 5175.2 (Est) 225

DTW GW Elev.
80 Sand Well 6/2/2009 6/2/2009

0MW-lB 1321,924 11,058,292 T42N R75W 35 5310 (Est) 58 31 33 42 9 80 Sand 15 4.5 31.28 5178.7 (Est) I11

GS - ground surface
TOC - top of casing
DTW - Depth to water
It amsl - feet above mean sea level
It bgs - feet below ground level
Est - Estimated value, UMW-1 1 and UMW-1 0 have not been surveyed
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Table 4-2. Tested Aquifer Units and Overlying and Underlying Aquifer Monitoring

Tested Unit Pumping Well Monitored Monitored Underlying
Overlying Wells Wells

Wellfield 1 Tests

MW-3 (70 Sand)
72 Sand OMW-3 None UMW-3 (68 Sand)

UMW-1 1 (60 Sand)

68 Sand UMW-3 OMW-3 (72 Sand) UMW-11 (60 Sand)
MW-3 (70 Sand)

OMW-3 (72 Sand)
60 Sand UIMW-1 1 MW-3 (70 Sand) None

UMW-3 (68 Sand)

Wellfield 2 Tests
MW-2 (70 Sand)

72 Sand OMW-2 None UMW-2 (68 Sand)
UMW-10 (60 Sand)

68 Sand UMVIW-2 OMW-2 (72 Sand) UMW-10 (60 Sand)MW-2 (70 Sand)

OMW-2 (72 Sand)
60 Sand UMW-10 MW-2 (70 Sand) None

UMW-2 (68 Sand)

80 Sand OMW-7B None None

Notes:
Wells in bold are completed in the immediately adjacent overlying and underlying aquifers.
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Table 5-1. Barometric Pressure Changes During Testing, Moore Ranch Supplemental Hydrologic Testing

Max BP Min BP ABP ABP
Pumping Well Sand Date MaBP inP PAP

(in Hg) (in Hg) (in Hg) (ft H2 0)

OMW-3, Test #1 72 Sand 8/13/2009 24.668 24.661 0.007 0.008

OMW-3, Test #2 72 Sand 8/13/2009 24.659 24.653 0.006 0.007

OMW-3, Test #3 72 Sand 8/13/2009 24.652 24.645 0.007 0.008

OMW-2 72 Sand 8/12/2009 24.713 24.645 0.068 0.077

UMW-2 68 Sand 8/12/2009 24.761 24.741 0.02 0.022

UMW-11 60 Sand 8/13/2009 24.673 24.645 0.028 0.031

UMW-10 60 Sand 8/14/2009 24.638 24.626 0.012 0.014

Notes:
ft H2 0 = feet of water (1 in Hg = 1.125 ft H20)

BP = Barometric pressure
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Table 6-1. Summary of Pump Testing, Moore Ranch Supplemental Hydrologic Testing

Wellfield 1
Maximum

Duration Pumping Drawdown Analysis
Well Location Sand Date (min) Rate (gpm) Pump (ft) Notes Conducted?

OMW-3 72 Sand 8/13/09 30 0.91 2-in 0.6 Drawdown reached near equilibrium for all 3 tests. Yes

8/13/09 15 0.94 2-in 0.6 Yes

8/13/09 17 0.93 2-in 0.6 Yes
Pumping did not get pass casing storage; continuous downward trend of water

UMW-3 68 Sand 8/14/09 20 0.8 2-in 21.3 levels did not allow analysis of very slow recovery after pumping. No
Pumping rate was -6 gpm over first minute of testing; data not analyzed due to

UMW-1 1 60 Sand 8/12/09 16 2.6 4-in 49.0 erratic data. No
Transducer water levels supplemented by manual e-lines after logger was
exposed. Pumping rate slowed near the end of test, possibly due to pump

1 8/13/09 141 2.12 4-in 76.6 exposure. Yes

Wellfield 2
Maximum

Duration Pumping Drawdown
Well Location Sand Date (min) Rate (gpm) (ft) Notes Analysis?

Pumping did not get past casing storage; shallow TD and minimal saturated
thickness did not allow greater drawdown. Recovery data analyzed as slug-

OMW-2 72 Sand 8/12/09 33 0.84 2-in 7.2 test type analysis. Yes

UMW-2 68 Sand 8/11/09 -10 1.2 2-in 11.4 Test was aborted; pump stalled/shut off. No

8/12/09 113 1.12 2-in 63.5 Yes

Transducer exposed and max drawdown reached after - 6 minutes; rate was
UMW-10 60 Sand 8/13/09 11 11.5 4-in > 62.4 too high for well. No

Not Aborted test; in attempting to choke back the pump to get lower rate, pressure
8/14/09 <3 measured 4-in 15.2 buildup became too high and test was stopped. No

Utilized manual e-lines once transducer was exposed; stopped test due to e-
8/14/09 27 5.4 4-in 85.2 line getting tangled. Yes

Pumping rate too high; response dominated by casing storage and test was
8/14/09 6.8 9.5 4-in 67.4 not analyzed.

OMW-7B 80 Sand 6/2/09 30 1.6 2-in 13.4 Water levels measured with e-lines during purging of well prior to sampling. Yes
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Table 7-1. Analytical Results, Moore Ranch Supplemental Hydrologic Testing

Transmissivity Hydraulic Conductivity

Sand Pumping Well Analytical Method (ft2/day) (ft/day)

72 Sand OMW-3 - Test 1 Cooper-Jacob 306 4.3

OMW-3 - Test 2 Cooper-Jacob 312 4.4
OMW-3 - Test 3 Cooper-Jacob 318 4.5

68 Sand

UMW-2 1Cooper-Jacob 0.7 0.01
UMW-2 ITheis Recovery 0.5 0.01

60 Sand UMW-101 Cooper-Jacob 1.4 0.05
IUMW-101 Theis Recovery 1.4 0.05
UMW-10 Cooper-Jacob 2.4 0.08

II UMW-10 ITheis Recovery 1 2.2 0.07

Notes:
Denotes analysis conducted to estimate aquifer properties (semi-quantitative)
from available data.

* - The specific capacity analysis represents an upper-bound limit on transmissivity. Water level data
indicates that the tests were dominated by casing storage with minimal influx from the aquifer.
Specific capacity analysis assumes flux to the well is from the aquifer, therefore results from this
analysis are estimated to be at least an order of magnitude higher than actual aquifer conditions.
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Figure 6-1. OMW-3 Water Level vs Barometric Pressure, 72 Sand

- OMW-3 Water Level - Barometric Pressure

5242.0- _ ] 24.90

5241.7 _... . . . ..... 24.85

5241.4 -- -24.80

OMW-3

5241.1 -- --.. .. . .... .. 24.75

5240.8 24.70 S

00o -

(U)
> 5240.5- 24.65

5240.2 -,-" 24.60 E
Pump Testing, 8/13/09

Pw

5239.9 _ _ _ _ _ -24.55

5239.6 -24.50

5239.3 24.45

5239.0 -t , 1 24.40
8/6 8/7 8/8 8/9 8/10 8/11 8/12 8/13 8/14 8/15 8/16 8/17 8/18

Date and Time

Page 49 November 2009



Figure 6-2. OMW-3 Pump Test Hydrograph vs Barometric Pressure, 72 Sand
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Figure 6-3. OMW-3 Pump Test Hydrograph vs Underlying Aquifer (70 Sand, Well MW-3)
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Figure 6-4. OMW-2 Water Level vs Barometric Pressure, 72 Sand

- OMW-2 Water Level - Barometric Pressure

5249 - 24.90

5248- 24.85

IOMW-21

5247 -- - ... . ....... ... .24.80

5246 24.75

C a

o5244- -- 24.65 S0

(U 0

5 2 4 3 - - ----..-.--.-................ ..... .. 2 4 .6 0 Eo

5242 - - 24.55

[Pump testingI

5241 24.50
Iulled pump]

5240 -24.45

5239 .. 24.40
8/6 8/7 8/8 8/9 8/10 8/11 8/12 8/13 8/14 8/15 8/16 8/17 8/18

Date

Page 52 November 2009



Figure 6-5. OMW-2 Pump Test Hydrograph vs Barometric Pressure, 72 Sand

- OMW-2 Water Level - Barometric Pressure

5249 - 24.90
Pump installed

5248- ___24.85

5247 - - --.... 24.80

5246 - 24.75

5245 _ 24.70 .-
0

> 5244 -. 24.65 2

M 0

5242- --- 24.55

5241 i24.50

5240 24.45

5239 -_, 24.40

8/12/09 12:00 8/12/09 13:00 8/12/09 14:00 8/12/09 15:00 8/12/09 16:00 8/12/09 17:00 8/12/09 18:00 8/12/09 19:00 8/12/09 20:00

Date and Time

Page 53 November 2009



Figure 6-6. OMW-2 Pump Test Hydrograph vs Underlying Aquifer (70 Sand, MW-2)
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Figure 6-7. MW-3 Water Level vs Barometric Pressure, 70 Sand
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Figure 6-8. MW-2 Water Level vs. Barometric Pressure, 70 Sand
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Figure 6-9. UMW-3 Water Level vs. Barometric Pressure, 68 Sand
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Figure 6-10. UMW-3 Pump Test Hydrograph vs. Barometric Pressure, 68 Sand
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Figure 6-11. UMW-3 Pump Test Hydrograph vs Overlying Aquifer (70 Sand, MW-3) and Underlying Aquifer (60 Sand, UMW-11)
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Figure 6-12. UMW-2 Water Level vs. Barometric Pressure, 68 Sand
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Figure 6-13. UMW-2 Pump Test Hydrograph vs Barometric Pressure, 68 Sand
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Figure 6-14. UMW-2 Pump Test Hydrograph vs Overlying Aquifer (70 Sand, MW-2)
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Figure 6-15. UMW-2 Pump Test Hydrograph vs. Underlying Aquifer (60 Sand, UMW-10)
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Figure 6-16. UMW-11 Water Level vs. Barometric Pressure, 60 Sand
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Figure 6-17. UMW-11 Pump Test vs. Barometric Pressure, 60 Sand
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Figure 6-18. UMW-11 Pump Test Hydrograph vs Overlying Aquifer (68 Sand, UMW-3)
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Figure 6-19. UMW-10 Water Level vs. Barometric Pressure, 60 Sand
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Figure 6-20. UMW-10 Pump Test Hydrograph vs Barometric Pressure, 60 Sand
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Figure 6-21. UMW-10 Pump Test Hydrograph vs. Overlying Aquifer (68 Sand, UMW-2)
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Figure 6-22. OMW-7B Drawdown Response to Pumping, 80 Sand
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Petrotek Engineering Corporation Pumping Test Analysis Report

10288 W Chatfield Ave, Suite 201 Project: Moore Ranch 2009 Supplemental Pump Testing

hr--• ,A , Littleton, CO 80127
" 'wwww" (303) 290-9414 Number:

www.petrotek.com Client: Uranium One

Location: Moore Ranch ISR Project Pumping Test: OMW-3 Pump Test #1 Pumping Well: OMW-3 Test #1

Test Conducted by: AP Test Date: 8/13/2009

Analysis Performed by: AAP/EPL OMW-3 Test 1 -Cooper Jacob Analysis Date: 10/16/2009

Aquifer Thickness: 71.00 ft Discharge Rate: 0.91 [U.S. gal/min]

Analysis: Cooper - Jacob, Unconfined

Time [min]
0.1 1 10 100

-OMW-3 Test #1
Calculation after Cooper & Jacob

Observation Well Transmissivity Hydraulic Conductivity Storage coefficient Radial Distance to PW

[ft2/d] [ft/d] [ft]

OMW-3 Test #1 3.08 x 102 4.34 x 100 1.93 x 10'3 0.13

Figure: 7-1
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Petrotek Engineering Corporation Pumping Test Analysis Report
10288 W Chatfield Ave, Suite 201 Project: Moore Ranch 2009 Supplemental Pump Testing

flog* Uttleton, CO 80127
(303) 290-9414 Number:

www.petrotek.com Client: Uranium One

Location: Moore Ranch ISR Project Pumping Test: OMW-3 Pump Test #2 Pumping Well: OMW-3 Test #2

Test Conducted by: AP Test Date: 8/13/2009

Analysis Performed by: AAP/EPL OMW-3 Test #2 - Cooper Jacob Analysis Date: 9/14/2009

Aquifer Thickness: 71.00 ft Discharge Rate: 0.94 [U.S. gal/min]

Analysis: Cooper - Jacob, Unconfined I

Time [min]
0.1 1 10 100

-OMW-3 Test #2
Calculation after Cooper & Jacob

Observation Well Transmissivity Hydraulic Conductivity Storage coefficient Radial Distance to PW

[ft2/d] [ftlJd] [ft1

OMW-3 Test #2 3.16 x 102 4.46 x 100 5 .8 8 x 10-4 0.13

Figure: 7-2
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Petrotek Engineering Corporation Pumping Test Analysis Report
10288 W Chatfield Ave, Suite 201 Project: Moore Ranch Supplemental Pump Testing

AtI,.". 1A_ Littleton, CO 80127
" (303) 290-9414 Number:

www.petrotek.com Client: Uranium One

Location: Moore Ranch ISR Project Pumping Test: OMW-3 Pump Test #3 Pumping Well: OMW-3 Test #3

Test Conducted by: AP Test Date: 8/13/2009

Analysis Performed by: AP OMW-3 Test #3 -Cooper Jacob Analysis Date: 9/14/2009

Aquifer Thickness: 71.00 ft Discharge Rate: 0.93 [U.S. gal/min]

Analysis: Cooper - Jacob, Unconfined I

'ime [min]
0.1 1 10 100

0
V

I

-OMW-3 Test #3
Calculation after Cooper & Jacob

Observation Well Transmissivity Hydraulic Conductivity Storage coefficient Radial Distance to PW

[ft2/d] [ft/d] [It]

OMW-3 Test #3 3.46 x 102 4.88 x 10' 2.70 x 10' 0.13

Figure: 7-3
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Petrotek Engineering Corporation Slug Test Analysis Report

10288 W Chatfield Ave, Suite 201 Project: Moore Ranch 2009 Supplemental Pump Testing

h -e ULittleton, CO 80127
A w wwN '" (303) 290-9414 Number:

www.petrotek.com Client: UraniumOne

Location: Moore Ranch Slug Test: OMW-2 Recovery, Slug-type Analysis Test Well: OMW-2

Test Conducted by: AP Test Date: 8/12/2009

Analysis Performed by: AAP/EPL OMW-2, Slug-Test Analysis, Bouwer & Rice Analysis Date: 9/23/2009

Aquifer Thickness: 25.00 ft

Analysis: Bouwer & Rice

Time [min]

1.00-

0

.C

I..

240 480 720 960 1200
-I- 4 4

U"ftwAwk

Calculation after Bouwer & Rice

Observation Well Hydraulic Conductivity

[ft/dI

OMW-2 8.75 x 10.4

Figure: 7-4
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Petrotek Engineering Corporation Pumping Test Analysis Report
10288 W Chatfleld Ave, Suite 201 Project: Moore Ranch 2009 Supplemental Pump Testing

rN-P Mm k Littleton, CO 80127
N wowwwww (303) 290-9414 Number:

www.petrotek.com Client: Uranium One

Location: Moore Ranch ISR Project Pumping Test: UMW-2 Pump Test Pumping Well: UMW-2

Test Conducted by: AP Test Date: 8/12/2009

Analysis Performed by: AAP/EPL UMW-2 Cooper-Jacob Analysis Date: 9/14/2009

Aquifer Thickness: 61.00 ft Discharge Rate: 1.12 [U.S. gal/min]

Analysis: Cooper - Jacob I

Time [min]
0.1 1 10 100 1000

0

V

- UMW-2
Calculation after Cooper & Jacob

Observation Well Transmissivity Hydraulic Conductivity Storage coefficient Radial Distance to PW

[ft2/d] [f t/d] [ft]

UMW-2 7.06 x 10-' 1.16 x 10-2 3.75 - 10"' 0.13

Figure: 7-5
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Petrotek Engineering Corporation Pumping Test Analysis Report
10288 W Chaffield Ave, Suite 201 Project: Moore Ranch 2009 Supplemental Pump Testing

AehV e Uttleton, CO 80127
(303) 290-9414 Number:
www.petrotek.com Client: Uranium One

Location: Moore Ranch ISR Project Pumping Test: UMW-2 Pump Test Pumping Well: UMW-2

Test Conducted by: AP Test Date: 8/12/2009

Analysis Performed by: AP UMW-2 Theis Recovery Analysis Date: 9/14/2009

Aquifer Thickness: 61.00 ft Discharge Rate: 1.12 [U.S. gal/min]

Analysis: Theis Recovery I

0

E

cc

Equivalent Time
1 10 100 10

0-

7--

14-

21-

28-

35-

42--

49-

56-

63- \
70-

0 UMW-2

00

Calculation after Theis & Jacob

Observation Well Transmissivity Hydraulic Conductivity Radial Distance to PW

[ft2/d] [ft/d] [Ift

UMW-2 5.32 x 10"' 8.72 x 10"3  0.13

Figure: 7-6
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Petrotek Engineering Corporation Pumping Test Analysis Report

10288 W Chaffield Ave, Suite 201 Project: Moore Ranch 2009 Supplemental Pump Testing
.-i ULittleton, CO 80127= WON (303) 290-9414 Number:

www.petrotek.com Client: Uranium One

Location: Moore Ranch ISR Project Pumping Test: UMW-1 1 Pump Test Pumping Well: UMW-1 1

Test Conducted by: AP Test Date: 8/13/2009

Analysis Performed by: AAP/EPL UMW-1 1 Cooper-Jacob Analysis Date: 9/14/2009

Aquifer Thickness: 30.00 ft Discharge Rate: 2.12 [U.S. gal/min]

Analysis: Cooper - Jacob I

Time [min]
100.1 I 100 1000

- UMW-11
Calculation after Cooper & Jacob

Observation Well Transmissivity Hydraulic Conductivity Storage coefficient Radial Distance to PW

[ft2/d] [ft/d] [ft]

UMW-11 1.37 x 100 4.56 x 10.2 3.58 x 10-' 0.13

Figure: 7-7
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Petrotek Engineering Corporation Pumping Test Analysis Report

10288 W Chatfield Ave, Suite 201 Project: Moore Ranch 2009 Supplemental Pump Testing

hAft Uttieton, CO 80127
(303) 290-9414 Number:

www.petrotek.com Client: Uranium One

Location: Moore Ranch ISR Project Pumping Test: UMW-1 1 Pump Test Pumping Well: UMW-1 1
Test Conducted by: AP Test Date: 8/13/2009

Analysis Performed by: UMW-1 1 Theis Recovery Analysis Date: 9/14/2009

Aquifer Thickness: 30.00 ft Discharge Rate: 2.12 [U.S. gal/min]

Analysis: Theis Recovery I

Equivalent Time
1 10 100 1000

- UMW-11
Calculation after Theis & Jacob

Observation Well Transmissivity Hydraulic Conductivity Radial Distance to PW

[ftZ/d] f t/d] [ft]

UMW-11 1.42 x 10o 4.75 x 10'2 0.13

Figure: 7-8
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Petrotek Engineering Corporation Pumping Test Analysis Report
10288 W Chatfield Ave, Suite 201 Project: Moore Ranch Supplemental Pump Testing

AN- RAF Littleton, CO 80127
(303) 290-9414 Number:

www.petrotek.com Client: Uranium One

Location: Moore Ranch ISR Project Pumping Test: UMW-1 0 Pump Test Pumping Well: UWM-1 0

Test Conducted by: AP Test Date: 8/14/2009

Analysis Performed by: AAP/EPL LUMW-1 0 Cooper-Jacob Analysis Date: 9/14/2009

Aquifer Thickness: 32.00 ft Discharge: variable, average rate 5.4 [U.S. gal/min]

Analysis: Cooper - Jacob I

Time [min]
100.1 1 100 1000

0

a

9

18- .

27-

45-

54-

636

72-

81-

an-

-UWM-1O0

Calculation after Cooper & Jacob

Observation Well Transmissivity Hydraulic Conductivity Storage coefficient Radial Distance to PW

[ft 2
/d] [ft/d] [ft]

UWM-10 2.42 x 100 7.56 x 10-2 4.95 x 10.1 0.13

Figure: 7-9
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Petrotek Engineering Corporation Pumping Test Analysis Report
10288 W Chaffleld Ave, Suite 201 Project: Moore Ranch Supplemental Pump Testing

,Iw.* Uttleton, CO 80127
(303) 290-9414 Number:

www.petrotek.com Client: Uranium One

Location: Moore Ranch ISR Project Pumping Test: UMW-1 0 Pump Test Pumping Well: UWM-1 0
Test Conducted by: AP Test Date: 8/14/2009

Analysis Performed by: AAP/EPL UMW-1 0 Theis Recovery Analysis Date: 10/16/2009

Aquifer Thickness: 32.00 ft Discharge: variable, average rate 5.4 [U.S. gal/min]

Analysis: Theis Recovery

Equivalent Time

0

E
I.

8
4)

-UWM-1 0
Calculation after Theis & Jacob

Observation Well Transmissivity Hydraulic Conductivity Radial Distance to PW

[ftO/d] [ft/d] INt]

UWM-10 2.23 x 100 6.96 x 10.2 0.13

Figure: 7-10
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Petrotek Engineering Corporation Pumping Test Analysis Report

10288 W. Chatfield Ave, Suite 201 Project: MooreRanch 2009 Supplemental Pump Testnj

Littleton, CO 80127 Number:

(303) 290-9414 Client: Uranium One

OMW-7B Pump Test [Cooper-Jacob Time-Drawdown]

lime [min]
0 OMW-7B

0

Pumping Test:

Analysis Method:

OMW-7B Pump Test

Cooper-Jacob Time-Drawdown

Analysis Results: Transmissivity: 1.33E+1 [ft2/d] Conductivity: 8.88E-1 [ft/d]

Test parameters: Pumping Well: OMW-7B Aquifer Thickness: 15 [ft]

Casing radius: 0.167 [ft] Unconfined Aquifer

Screen length: 9 [ft]

Boring radius: 0.333 [ft]

Discharge Rate: 1.6 [U.S. gal/min)

Comments:

Evaluated by:

Evaluation Date: 10/18/2009
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