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1.0 SUMMARY AND CONCLUSIONS

1. A total of five test borings were completed at the Ashdown
Mine site. Of these only one encountered ground water,

2. On the basis of water level data obtained from boreholes and
wells in the wvicinity of the Ashdown Mine, the depth to
ground water beneath the proposed leach pads and process

fluid ponds ranges from approximately 100 to 200 feet below
land surface,

3. Alluvial fan deposits overlay volcanic rocks of dacitic and
andesitic composition at the site. Beneath the proposed
process facilities, the fan deposits range in thickness from
82 to 142 feet and are, for the most part, unsaturated,

4. Preliminary values of horizontal hydraulic conductivity of
the unsaturated alluvial-fan deposits at the site were
obtained by performing slug injection tests. vValues range
from @.0014 to ¢.000014 cm/sec. The hydraulic_gonductivity
of the underlying volcanic rocks is as low as 1@ cm/sec,

5. Ground water movement beneath the project is from east to
west under a gradient of g.1 ft./ft. West of the project it
decreases one to two orders of magnitude.,

6. The volcanic rocks do not appear to be capable of yielding
ground water to wells in amounts sufficient to meet the

projected water supply requirement to the project of 3gg
gallons per minute.

7. The most promising target for drilling a water supply well
is the alluvial deposits west of the project site. High
yield irrigation wells and a flat hydraulic gradient in that
area indicate relatively high transmissivity.

8. The chemical quality of the ground water at the Mine site
does not meet State and Federal Drinking Water Standards due
to elevated levels of arsenic and selenium.

Reno, Nevada 89503
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2.0 INTRODUCTION

WILLIAM E. NORK, INC. (WEN, INC.) was retained by BILLITON MINER-
ALS U.S.A. 1INC. (BILLITON) to conduct a preliminary hydrogeo-
logic investigation at its Ashdown Mine Project. The Ashdown
Mine 1is located in northern Humboldt County, Nevada approximate-
ly nine miles south-southwest of Denio Junction, Nevada (Figure

1) It 1is situated in Bog Hot Valley on the western flank of
the Pine Forest Range. BILLITON's plans include an open pit
mine in the mountains with the process facilities (cyanidiza-
tion/heap 1leach) on the alluvial fan west of the range front.

The purpose of this initial work effort was to determine the
depth to ground water, plus a preliminary evaluation of the per-
meability of the geologic materials immediately beneath the pro-

posed pads and ponds, and the collection of background water
chemistry data.

The field effort included drilling a total of five test borings.
Three were drilled in an attempt to delimit the piezometric sur-
face and two were drilled to determine the permeability of ,the
geologic materials in the uppermost 50 feet below land surface.
Field work was accomplished the week of July 2, 199¢. This re-

port summarizes that field effort, the data collected, and the
conclusions deduced from the information.

WILLIAM E. NORK, Inc.
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3.0 DRILLING SUMMARY

A total of five test holes were completed using dual-tube re-
verse air-rotary drilling equipment. This methodology was em-
ployed 1in order to collect virtually uncontaminated samples of
the geologic materials penetrated by the borehole and to enable
air-1ift sampling of ground water derived from the formation.
It would also allow qualitative assessment of water yielding pro-
perties of saturated geologic materials in the event any were
encountered, Furthermore, comparisons of the hydrostatic head
in the formation to the depth at which water was first encoun-

tered would indicate whether the project occupies a recharge or
discharge area.,

The deeper holes were designated D1, D2, and D3. The shallower
holes were designated Pl and P2. These two shallow holes were
also used to estimate the in-situ permeability of the unsatur-
ated geologic materials within 50 feet of land surface. The lo-
cations of all of the boreholes are shown in Figure 2 and perti-
nent data are summarized in Table 1,

Table 1. Ashdown Mine hydrogeologic test hole summary.

Designation D1 D2 D3 Pl P2
Coordinates* (North) 10596.6 11408.4 11378.2 11238.1 10984.6

(South) 7329.1 7048.5 6289.1 6616.0 6946.0
Total depth 200 151 189 50 50
Land surface

elevation* (feet) 4492.15 4445.45 4419.67 4437.14 4456.0
Depth to water

(feet) 1¢8.2 * % * % * % * %
Static water level
elevation (feet) 4383,95 [ — . s
Notes * reference - Basin and Range Surveying,
7/24/99

** indicates a dry hole

3.1 DEEP TEST HOLES

D1 was drilled to a depth of 200 feet below land surface., It
penetrated 102.5 feet of angular, poorly sorted unconsolidated
alluvial-fan deposits before encountering volcanic rocks of
apparent dacitic and andesitic composition including volcanic
ash beds and tuffs. The alluvial deposits were unsaturated
throughout their entire thickness., A trace of ground water
(less than one gallon per minute) was encountered below the

WILLIAM E. NORK, Inc.
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contact with the overlying alluvial deposits. The air-lift dis-
charge did not measurably increase at the ultimate depth of 200
feet, The water level in the borehole equilibrated at a depth
of 108.2 feet below land surface after a period of two days.

D2 was drilled to a depth of 15¢ feet below land surface. It pe-
netrated 82 feet of dry unconsolidated alluvial deposits similar

to those observed in D1, The underlying volcanic rocks were
also unsaturated.

D3 was drilled to a depth of 180 feet below land surface. The
contact between the alluvial-fan deposits and the underlying
volcanic rocks was encountered at a depth of 142 feet. Neither
formation gave any indication of the presence of ground water.

Both D2 and D3 were sounded more than 24 hours after drilling
was completed and were found to be dry.

3.2 SHALLOW TEST HOLES

Both Pl and P2 were drilled to a depth of 5g feet below land

surface. Each encountered dry alluvial-fan deposits similar: to
those penetrated in the wupper 82 to 142 feet of the deeper
boreholes. Upon completion of drilling, each was equipped with

a total of 50 linear feet of two-inch diameter PVC casing, the
bottom 1¢ feet of which was perforated with factory mill-slot
perforations. The hole was then filled with water to allow
soils to swell in preparation of testing the following day.

WILLIAM E. NORK, Inc.
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4.9 TESTING SUMMARY

The airlift discharge of Dl was estimated at less than one
gallon per minute. At that rate the borehole was essentially
dewatered 1in the time it took to drill. The transmissivity of
these volcanic rocks can be estimated from the discharge and
drawdown data obtained during drilling operations. Assuming a
static water level of 108 feet (measured 7/4/90), the drawdown,

s = 200 £t - 1@8 ft 92 ft

The specific capacity,

Cs =Q/ s =1gpm / 92 ft P.011 gpm/ft

From the relationship where Transmissivity,
T = 2,000 x Cs = 2,000 x 0.011 gpm/ft = 2.¢ gal/day/ft

Assuming further that the contributing aquifer thickness (b) is
92 feet, the hydraulic conductivity,

R

KT/ b= 2.0 GPD/ft / 92 ft = §.022 GPD/ft>

(1.0 x 10°° cm/ sec)

From the foregoing analysis, it is apparent that the volcanic
rocks in the immediate vicinity of the proposed leach pad and
ponds are relatively impermeable.

The shallow boreholes were tested to examine the permeability of
the near-surface alluvial-fan deposits. This was accomplished
via slug injection tests within intervals of the formation
ranging from 5.7 to 16 feet in length. 1In each test, a measured
volume of water (slug) was introduced into the borehole and the
decline in water level over time was monitored. The casing was
then withdrawn and the borehole below the casing was plugged to

seal the previous test interval. A total of two tests were com-
pleted for Pl and three for P2.

The permeability of the soils were evaluated using the method of
Cooper, Bredehoeft, and Papadopulos (1967) and the computer
Program WHIP (Well Hydraulics Interpretation Package; HYDRO-GEO
CHEM, 1988)., Field data sheets and data plots are provided in

Appendices B and C, respectively. Analyses results are sum-
marized in Table 2, below.

WILLIAM E. NORK, Inc.
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Table 2. 1In-situ permeability of alluvial deposits at the
Ashdown mine.

Piezometer Test Interval (ft) Permeability (cm/sec)
1. 2 4

Pl 35 - 48 5.4 e=5 1.9 e-5

P1 4,7 - 10.4 3.1 e-5 2.5 e-5

P2 34 - 50 1.9 e-3 4,4 e-5

P2 25 - 30 3.1 e-4 1.4 e-=3

P2 3.5 - 9.7 3.4 e-5 1.7 e=5

Notes - 1. Analyzed by Cooper, Bredehoeft, &
Papadopolus method
2. Analyzed by WHIP

Results in column 1 above reflect analysis of early time data
only. This interval was selected because these data are affect-
ed the least by changes in the wetted thickness of the test
interval, Such changes cause the observed data to depart from
the type curves, The WHIP program (analyses results in column
2) compensates for the change in thickness. As a result +there

is better overall agreement between observed and calculated
data.

Although neither analytical method was developed specifically
for application to unsaturated material, they lend themselves to
the type of testing which was conducted. The results, however,
should be viewed as approximations of true field values. Other
methods, such as a ring infiltrometer or "shallow well pump in"
test, would yield more representative values, but these methods
are not suited to reconnaissance studies such as this because of
the time required to conduct each test. Nor 1is the ring
infiltrometer amenable to testing at depth.

The wvalues in Table 2 are consistent with published values of

hydraulic conductivity for mixtures of silt and clay (Freeze and
Cherry, 1979).

The permeability of the alluvial-fan deposits in the uppermost
29 feet of each borehole was also examined through relationships
between grain size and permeability, Mechanical (sieve)
analyses of splits of composite samples for the zero to 1¢ and
10 to 20 foot depth intervals were run to determine the grain
size distribution, There was 1little agreement between this
method and values determined via the slug tests. Calculated
values ranged from §.005 to @.1 cm/sec. The discrepancy between
these values and those derived from the slug tests may be due to

WILLIAM E. NORK, Inc.
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loss of the finer portion of the sample as a result of the
drilling/sampling process. In addition, the empirical equation
may not be suitable for wuse with angular, poorly sorted
materials such as those encountered in the boreholes,

WILLIAM E. NORK, Inc.
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5.0 WATER CHEMISTRY

A secondary objective of this initial investigative effort was
the collection of baseline water chemistry data from the deeper
boreholes (if they encountered ground water) plus the Morris
irrigation well (two miles southwest of the project). This goal
was not met for the following reasons.

l. Permission to sample the Morris well was denied.

2. D2 and D3 did not penetrate saturated geologic materials,

3. Although D1 encountered saturated geologic materials, the
yield was so small as to render collection of a water sample
by air-lift pumping difficult. Developing the borehole suf-
ficiently to collect a representative water sample would
have tied wup the drilling rig for several days at consider-
able expense or would have required the completion of a

formal monitoring well., Both were beyond the scope of the
work effort,

A water sample, however, was collected from the "bunkhouse well"
and the results are provided below in Table 3. '

The water derived from this well may be classified as a calcium-
sulfate type. It is extremely hard and does not meet the appli-
cable Drinking Water Standards. Both arsenic and selenium ex-
ceed their respective limits.

The general chemistry of the water suggests that it may have
originated as infiltration of precipitation in carbonate rock
units within Mesozoic metamorphic rocks in the Pine Tree Range
east of the project. Evolution of the water to its present
state has 1likely resulted from reacting with sulfide minerals
and igneous rocks along the flow path.

=
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Table 3. Water Chemistry Data for the Bunkhouse Well,
Ashdown Mine.,

Collection date 7/4/90 Drinking Water
time 194a@ Standard
Temperature 18.¢
pH (standard units) - field 785 5
= lab 7+33 6.5 - 8.5

Electrical Conductivity

(umho/cm) - field 1400 5
Total Dissolved Solids 955 laag
Hardness, as Ca CO3 503 1
Turbidity (NTU) g -5 L.= 5
Calcium 155
Magnesium 28 1592
Sodium 62
Potassium 13
Bicarbonate 267
Sulfate 397 5002
Chloride 61 ' 1092
Nitrate, as NO,~ 24 a5t :
Fluoride g.51 1.4 - 2.4%
Arsenic #.18 G.GSl
Barium <@.1 l.ﬁl
Cadmium <0.01 ﬂ.ﬁll
Chromium <@.025 B.BSl
Copper <@.025 1.62
Iron g.0854 3.62
Lead <B.05 G.GSI
Manganese <g9.03 0.12
Mercury <g.001 H.HB21
Selenium @.34 ﬂ.ﬂll
Silver <@.05 G.BSl
Zinc f.051 5.02
Cyanide (Total) <@.01 -
Cyanide (WAD) <@.01 0.2

1. USEPA Primary Drinking Water Standards
2. State of Nevada Secondary Drinking Water Standards
3. Values reported in mg/l unless noted otherwise

-11-
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6.0 INTERPRETATION OF RESULTS

The data collected as a result of the field investigation are
summarized in a hydrogeologic cross section oriented northwest
southeast through the project (Figure 3). The site of the pro-
cess facilities is underlain by alluvial-fan deposits and volcan-

ie roeks. This area may constitute a bajada or pediment. The
volcanics were encountered at depths ranging from 82 to 142
feet. The presence of a pediment or bajada was hypothesized

prior to the onset of field work and has implications relative
to the location of a production water supply.

The depth to ground water beneath the fan ranges from approxi-
mately 36 feet at the range front to more than 180 feet in mid-
fan on the basis of water levels measured in the bunkhouse well
and the lack of water in D3 to a depth of 180 feet, respective-
ly. Immediately beneath the proposed leach pad and process

fluid ponds the depth to ground water ranges from 100 to 200
feet below land surface.

. The horizontal permeability of the alluvial fan deposits ranges
from ' 10 e-5 to 10 e-3 cm/sec. The low value is a consequence of
the silt and clay fraction of the poorly sorted angular allu-
vium. The vertical permeability of sedimentary deposits is ‘typ-
ically one to two orders of magnitude lower than the horizontal
permeability. However, additional testing is recommended to con-
firm this relationship at the project on site.

Similar low values of permeability (hydraulic conductivity) char-
acterize the volcanic rocks which underlie the alluvial fan.
These low values preclude either unit from constituting a signi-
ficant water resource in this area.

The hydraulic gradient beneath the fan is steep, approximately
g.1 ft./ft. toward the west. A steep gradient is consistent
with the 1low permeability of the geologic materials. West of
the project, toward the valley floor, the gradient flattens
abruptly. The suggestion is that the transmissivity of the
geologic materials increases in this direction. The most likely
cause 1is an increase in the transmissivity of the alluvial
deposits beneath the valley floor. This hypothesis is supported

by the high yield of wells completed in the alluvial deposits
southwest of the project.

Consistent with typical Basin and Range hydrogeology, the allu-
vial fan at the project is located in a recharge area. Evidence
in support of this conclusion was obtained during the drilling
of Dl. A comparison of the static water level in the borehole
versus the depth at which water was first encountered indicates
a measurable downward gradient (approximately §.06 ft/ft). A

WILLIAM E. NORK, Inc.
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downward potential such as this 1is indicative of recharge
areas, However, considering the very low permeability of the
geologic materials, recharge to the ground water system ori-
ginating on the fan is essentially nil.

The low permeability of the alluvial-fan deposits and the thick-
ness of unsaturated materials beneath the proposed process fac-
ilities suggests that the site is ideally suited for locating a
project of the type proposed by BILLITON. The low-permeability
geologic materials, depth to ground water, and lack of a signifi-
cant water resource beneath the site indicate that contamination
of a ground water resource from fugitive process fluids is high-
ly unlikely. Moreover, the native soils appear to be suitable
for use as a secondary liner. However, more investigation by
BILLITON's design engineer 1is recommended to confirm that the
data from the initial test holes holds true for the entire site.

The volcanic rocks in the mountain block do not appear to consti-
tute a probable source of the production water supply. While
the Ashdown Mine decline historically yielded a few tens of gal-
lons of water per minute and ground watér in quantities approxi-
mating this quanitity has been encountered in a number of
mineral exploration holes it is unlikely that wells capable of
sustained discharge of 3¢@ gallons per minute can be developed.,
Localized =zones with well-developed secondary permeability may
exist at the mine site, but alteration and fault gouge will tend

to compartmentalize the aquifer materials in that area thus
limiting recharge.

For the reasons discussed above, the alluvial fan in the vicin-
ity of the process facilities is not a likely candidate either.

The alluvial deposits west of the project near the "bog" well
offer definite promise, Considering the high yields of irriga-
tion wells in the area southwest of the project, a 300 gallon
per minute well is a virtual certainty., Testing the "bog" well
is not germane to this effort. It is less than 50 feet deep.
State law requires that wells be sealed through this interval.
Therefore, testing an interval which is unavailable to you from
a construction standpoint is pointless. A more direct and cost
effective approach may include drilling a pilot hole, running a
series of electric logs, and designing a production well on the
basis of the drill cuttings and E-logs. A 1¢-inch diameter
cased, gravel packed well in a nominal 12-inch diameter borehole
will be adequate to provide the 3gg¢ gpm water supply.

-14-
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APPENDIX A

BOREHOLE LOGS
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APPENDIX B

FIELD DATA SHEETS
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Pumping Well _P2 __ Observation Wells ——
Owner ___PtetrToy  MiNesaLs Address Counly Stale
Date 75/ ‘f’/ iv Company performing test LAV AN E, AIPRE, JNC Measured by bz R
Well No, P Distance from pumping well T Type of test Stre INTEsriom TestNo. __[
Measuring equipment
Time Data Water Levei Data Discharge Data
Pump on: Dale Time (t) | static water level  47.22 How Q measured _ Comments on laclors
Pump off: Date Time (t7) Depth of pump/air line ol al
Duration of aquiler lest: Measuring point ___ 7. p<.. Previous pumping? Yes No____ allecling les! data
Pumping Recovery Elevation of measuring poinl £:5:2: | Duration End
a a Hop-50 FT FeErF
§§§ EEE INTER VAN
Ee 8iFs 3 Water | - H Water
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Clock| | ~ measure- Water |change measure-
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Owner _Rivi roy MR ALS 615 A Address County Slale
Date ?J/M '/90 Company performing tesl __tn/21p b4 £, Mepr, Jué ' Measuedby __ P& B
Well No. _ P2, Distance from pumpingwell __—___ Type of lest Sewe wIEzTiod -Tesl No. 2 ¥
Measuring equipment 0’:1 mprc Caunder ( Fload s.004 en)
Time Data Water Level Data ) Discharge Data
Pumpon:Date _=__ Time = _ () | s1atic water level __ 3.0 How Qmeasured _buck ot fuaden Comments on faclors
Pumpofi:Date __— Time _— (1)) ) _ . |Depth ol pumpyair line _ i :
Duration of aquiler test: ’ Measuring point L0 Previous pumping? Yes ____ No _» alfecling lest data
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-]
Egg égg irli:: , 5 H - | Water H/Hp
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Clock] | | measure- Water |Change measure-
Date | time 1 r e ment level | sors’ ment Rate
2[y 1359 BTAES dee
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4.0 15./ 3 4.33 0. 70%
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7 5. bt Y33 214
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14 le.g8" 3.uy o
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Pumping Well P2, Observation Wells
Owper __ Blicivon Miverss (A5A Address _° County State
Dale ?/"I’/‘h? Company performing test __\tbLiAM E, pJ0RE, NZ Measured by -Pc g
Well No. 2 Distance frompumpingwell _ " Typeollesl _SLu& (NJECT oM TestNo. - %
Measuring equipment O";lm?- £ Soundar ($14:4 sepdeh)
Time Data Waler Level Data Discharge Data
Pump on: Dale Time () | Static water level __ 2.7~ FT How Q measured _ Buclee t/ epnpois Comments on faclors
Pump off: Dale Time (] ) c Depth of pump/airfine ___ — " :
Duration of aquiler test: : Measuring point _T_@ Previous pumping? Yes ____ No _»<_ affecting lest data
Pumping________ Recovery Elevation of measuring point _a.1 | Duralion End
e | o o= O-/10 FT  JenrrFpleAtso
$3|e5E b, INTE 2 4
g38led mr
=8 8- § Water H Water ]
§ : level 5 level A{, Discharge
Clock measure- Water |Change measure-
Date | time ] t t ment level | sors’ ment Rate
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Pumping Well __P2 Observation Wells e
Owner __ Bt vitow M iMERALS HMB4 Address Counly Slale
Date Z Company performing tesl __ < 2»2 ¢y ang b clpax L dag Measured by
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Water l.evei Data )
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Pump on’ Dale Time (t.) IStatic waler level __ 9.2 =71 How Q measured _ Commenls on laclors
Pump off: Date Time (t') . ) . Depth of pumpy/air line -
Duration of aquiler test: Measuring point ___7&¢ Previous pumping? Yes ____ No___ alfecling les! data
Pumping Recovery Elevation of measuring point _@.¢{ #7 | Duration End
a | a 1, - 10-b 22rRevatass
E o N !
1 el H 7 b
88k 8 Water . Water
g level 3 Jevel Discharge
Clock measure- Water |Change measure-
Date | time 1 t 114 ment level | sors’ ment Rate
Y Y 6o Y48 J.L% .29
12l #b 128 542 0833
/77
_ gl |0 43F
\
i
WILLIAM E. NORK, INC.
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APPENDIX D

GRAIN SIZE DISTRIBUTIONS

WILLIAM E. NORK, Inc.

Reno, Nevada 89503



@@ Johnson Division SAND ANALYSIS

P.O. Box 3118 + St. Paul, Minnesota 55165 (FINE)
J J Telephone 61 2“636'3900 . TEIGX 29“7451 MAILING ADDRESS: P.O. BOX 3118

m e ST. PAUL, MINNESOTA = 55165

Sample sent in by S

Town __ DaEmID  F0 - 52) state __ AV Zo_ pae 1/9 |70
From well of D-1-\pno 2 (o~ 10 ‘Ftﬁ
Remarks: S
115 %0 0 : U.S. STANDARD SIEVE NUMBERS
200, 1000, 5040 20 20 o8 12 8 o
100 100
b
1
: i i P |
90 | ] 90
T ;
80 |- : - 80
! )
g 70 N -
g- | {1 I~
<t .
L e 1
G T RS
= 60 . ] &0
=z 1~ IENE | |
1] bi o AN [T | | B L 1]
- ] ] T
& 50 I n _SNEEE 50
a - <] 11 "'“""j-:;_
¢ L Hama
£ a0 b e 40
J N _—
g | e [ I~
=, — -1 TP
O 30 . 30
20 ' + 00
10 10
) L J o
10 20 30 40 50 60 70 80 90 100 110 120 |30

SLOT OPENING AND GRAIN SIZE, IN THOUSANDTHS OF AN INCH

U S. SIEVE SIEVE OPENING CUMULATIVE % RETAINED Notes:
NO INCHES MM

6 132 3.36 e s

8 094 2.38
12 .066 1.68 - - =
16 047 1.19 Recommended Slot Opening:
20 .033 0.84
30 .023 0.60
40 016 0.42
?g :gég 32? Recommended Screen: Dia. _______

100 .006 0.15

in. Length ___Ft.

By: =

SO MANY CONSIDERATIONS ENTER INTO THE MAKING OF A GOOD WELL THAT, WHILE WE BELIEVE SLOT SIZES FURNISHED OR RECOMMENDED
FROM SAND SAMPLES ARE CORRECT WE ASSUME NO RESPONSIBILITY FOR THE SUCCESSFUL OPERATION OF JOHNSON WELL SCREENS.



OO Gop

CUMULATIVE PER CENT RETAINED

U Johnson Division

P.O.Box 3118 «.St. Paul, Minnesota 55165
Telephone 612-636-3900 - Telex 29-7451

SAND ANALYSIS

(FINE)

MAILING ADDRESS: P.O. BOX 3118
ST. PAUL, MINNESOTA = 55165

Inc.
Sample sent in by g
Town__ DEA 1O G5 ~ & E state _ A1/ Zip Date 1 /? /?c)
From well of _ 1) — | - 3 pet0 o (1o -20f) . .
Remarks: Mg
s U.S. STANDARD SIEVE NUMBERS
204
0p70/5040 30 20 B (- 12 8 ~l
100 T TTTTIT 100
A B 11 e ] ) [
a S NN g 8 = [ | N || d
90 [H4 L - e 90
| ] L NN N HEN AN [ L]
N ] 1] J il | ALY BE L
i M - . o L) [ 4} L |1 | !
80 = 80
| 11 e ‘:-.q: - . 4 3 1 1] _I i B & = 4
L Y i K i INNE NN NN
Bl A = || i NENEBREEN ol
TO ] T u e
puuid || |1m i i iEEaennpn=s S A ISRACERERES
i N J i | B Lt
] - LN AN N N S L 11 L1 311 o (5 A L
60 : H's0
—P IENI EERY SRR EEN] | T LT SR NN EEERE N 1
aii FH T E S J LT i 1) Y 0 A
- 50
50 it 11 Rl NS NN N 1 ; N
R ] || NI T EE L [ [ |
ao | o mmw i - 14 - = 40
0 N i AT L | ,

Bil THNEEEH i | TR T e e e
30 r 1 30
11 ¥ il |nENE e

B AV NE 11 L] - I KN%
20 Bl T EENEE N T 20
41 | o 44
10 I I kL - 1L 10
0 LI i JITTTL 0
10 20 30 40 50 60 70 80 20 100 110 120 130
SLOT OPENING AND GRAIN SIZE, IN THOUSANDTHS OF AN INCH
US SIEVE SIEVE OPENING CUMULATIVE % RETAINED Notes: _ o o
NO INCHES MM
6 132 3.36 =
8 .094 2.38
12 .066 1.68 T [
16 047 1.19 Recommended Siot Opemng:
20 .033 0.84
30 .023 0.60 —
40 016 0.42 _ -
?g :gég gg? Recommended Screen: Dia. _ inLength___ Ft.
100 .006 0.15
By: _

SO MANY CONSIDERATIONS ENTER INTO THE MAKING OF A GOOD WELL THAT, WHI

FROM SAND SAMPLES ARE CORRECT WE

LE WE BELIEVE SLOT SIZES FURNISHED OR RECOMMENDED

ASSUME NO RESPONSIBILITY FOR THE SUCCESSFUL OPERATION OF JOHNSON WELL SCREENS.
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CUMULATIVE PER CENT RETAINED

Sample sent in by

Dﬁfdlo

Town

Johnson Division
P.O. Box 3118 .+ St. Paul, Minnesota 55165 (FINE)

Telephone 612-636-3900 -« Telex 29-7451

Uop Inc.

SAND ANALYSIS

MAILING ADDRESS: P.O. BOX 3118
ST. PAUL, MINNESOTA = 55165

Yo - 52}

_ State J\,[ ]/ Zip

oate_1/7/72

Fromwellof _ D= 2 = gun 2 (0 = fD\(é)

Remarks:
wo ' T U.S. STANDARD SIEVE NUMBERS
\Jog 70 /5040 30 20 T 12 ] ~6
100 : 100
ah— 1 K- T s _‘W__.-__ i L g —k
TN N i) T AN IEEENERNRNEN NN EEE R
90 =t ’a ~ -+ —rtt- . 90
- . . i UL I
-y BN . D ENN L T RERER E
80 80
=8 1\ J fobop d LLEL = | 1 -
1 N -] ] B | 41
N |
TEH Y- g |- e e
70 70
41 o —4 ] - . —3- 4 4 B -4
441 - = =
| - D i | ) Y
s I Wi e L-RUE .
60 S = - T 5 60
i i U ANN| (EEN N kb |1 T IR RENERENN INEES
2l = 5 B L [~ o I o I B | - 5=
50 s = 50
i HENEEE || nE I heh EH LT 5 i B
Bl HEEN EENIIRE SEEEEEE T -
- et - SHEREE e - -+ 40
40 - 3T =g -
i A0 AT HHPREEIER- SN T
1 5 gt 1 [~ y 7 P~
30 - ——11 30
it m amau y - Vi P
20 |11 1 H 1 ¥ 3 20
] N ENE i N L)
O LI f
10 L L 10
NN T ] EEERERR
(o} 0
10 20 30 40 50 60 70 80 90 100 110 120 130
SLOT OPENING AND GRAIN SIZE, IN THOUSANDTHS OF AN INCH
US SIEVE SIEVE OPENING CUMULATIVE % RETAINED Notes: - o
NO INCHES MM
6 | 132 3.36 . o
B | .094 238
12_|_066 1.68 T ———— S
16 .047 1.19 Recommended Slot Opening:
20 | 033 | 084
30 | 023 0.60 —
40 | 016 0.42 s
?g :gég gg? Recommended Screen: Dia. — _in.Length____ Ft
100 .006 0.15

By: _

SO MANY CONSIDERATIONS ENTER INTQ THE MAKING OF A
FROM SAND SAMPLES ARE CORRECT WE ASSUME NO RESP

GOOD WELL THAT, WHILE WE BELIEVE SLOT SIZES FURNISHED OR RECOMMENDED
ONSIBILITY FOR THE SUCCESSFUL OPERATION OF JOHNSON WELL SCREENS.
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CUMULATIVE PER CENT RETAINED

Sample sent in by

Town

Johnson Division SAND ANALYSIS

P.O. Box 3118 « St. Paul, Minnesola 55165 (FINE)

uop g ST. PAUL, MINNESOTA = 55165

DﬁU de Fo - oz ___ State _I\I_ |/ __Zip Ddate.. -~

Fromwellof __ P - 2 - 2 suo 4 (ID'ZDQ—‘—\

Remarks:
LIRS U.S. STANDARD SIEVE NUMBERS
0 /5040 30 20 B 12 8 ~b
100 g— F Fl 100
min H}h: L AN N NN A EEEENEN
,"L\i&_ . po - od o Ul ]
maiy o i b 4L . - BN O I A A
90 \\ : " 90
1 N I~ ] Il | i iR |
L - G ] Tl HER IR NERENEERENE
\‘ — 14—
80 — 80
i S SEn 31
___—I =] s ] I~ R T e __‘ ol
pnigl i T " SUEEN NN NN :
70 “@ AR 3 70
! - i A U
| 11 1 - .- =] = et R \‘-‘..,__, =
60 S 60
T s wa Y SRRH NN cESumm 5
N T E T e PP T O e R
B 5 EREEE . SHREERE ua | -
50 Ti T 1 + ] - T 1T 1 n
40 - o L 40
L] N EEE ] 1T HEEE i e 0 I
= - —4 -4 4 - - Tl . - L
] | i - 4 444
30 30
-4+ 34 4 ey o - | . ="l - ot it — -3
I IH ERE i 1 ANENNRENE i
20 20
Eii il H i || i 8 ERNE N
10 10
i 1 11 E [ J i ]
i - 11 o]
10 20 30 40 50 60 70 80 90 100 110 120 130
SLOT OPENING AND GRAIN SIZE, IN THOUSANDTHS OF AN INCH
US SIEVE SIEVE OPENING CUMULATIVE % RE TAINED Notes: __ o o
NO INCHES MM
6 132 3.36 I ST
8 .094 2.38
12 .066 1.68 - T T T
16 047 1.19 Recommended Slot Opening: _ S
20 033 0.84
30 .023 0.60 - -
40 016 0.42 e
.01 .30 , s
?8 Agog 3.21 Recommended Screen:Dia. ________in.Length ___ Ft.
100 .006 0.15
By: __

SO MANY CONSIDERATIONS ENTER INTO THE MAKING OF A GOOD WELL THAT, WHILE WE BELIEVE SLOT SIZES FURNISHED OR RECOMMENDED
FROM SAND SAMPLES ARE CORRECT WE ASSUME NO RESPONSIBILITY FOR THE SUCCESSFUL OPERATION OF JOHNSON WELL SCREENS.



Johnson Division SAND ANALYSIS

P.O. Box 3118.« St, Paul, Minnesota 55165 (FINE)
OO Telephone 612-636-3900 - Telex 29-7451 MAILING ADDRESS: P.O. BOX 3118

Inc ST. PAUL, MINNESOTA = 55165

Sample sent in by

Town _DEArro Jo - 521 state _ M/ Zip Date JJ,,&?/_?O
Fromwellof _ D~ 3~ [ mwp 2 (o - 10 (é)
Remarks:
40 0
56 “% : U.S. STANDARD SIEVE NUMBERS
0pYo[s040 30 20 18 12 8 ~G
100 1l ] il . BN R B 100
rUNCEE C T TTL 1T A 0
90 Y . i G =TT T 90
i C‘i e EEREEE
80 < : i i 80
il i :" | AN J4 - O N
__+L_ - Y = [ o
HELEEE . L IENENEER NN EEn N
a . H & . .
Lé—.l 70 !L = Y N ! r i T 70
S 11 1| W T
w HITH B 0/ | - BN NN B L &
L
v 80 T N e HENEEENENEERE NS R 80
= A NN us - } AN
g - EERN| WA 3 BTN 3 TR I
o ] IR BRI IEENN; 2 IEN AENEEREEREN B 50
g_" 50 I. H H-s4+-3 4 1 | N 15 = = 1 44444 -11- = = B
w e ] i ENENEEEEE NS TR LT
= 4l S = [ 1-]- I o
% 40 o am -+t T 40
3 muil 1 ~
DAk N AN | o o sl -
= wiil . ni N L TR SEEE
© 30 i = =t 30
-4 Rl -4 b, =] - o = - - o E S tne —
— — -\ g o=
R e L BE) g £ LT T
20 HHILHE ! L EEEESSSEE 20
TR T i T LT
10 = 10 4=
] A1) - LT LT 0
10 20 30 40 50 60 70 80 90 100 110 120 130
SLOT OPENING AND GRAIN SIZE, IN THOUSANDTHS OF AN INCH
US SIEVE SIEVE OPENING CUMULATIVE % RETAINED Notes: o
NO INCHES MM
6 132 3.36 =
8 .094 2.38
12 .066 1.68 . T
16 047 1.19 Recommended Slot Opening:
20 .033 0.84
30 .023 0.60
40 016 0.42 - -
i .30 . ’
?8 8:{; gg, Recommended Screen: Dia. —_in.length ___ Ft
100 .006 0.15
By:

SO MANY CONSIDERATIONS ENTER INTO THE MAKING OF A GOOD WELL THAT, WHILE WE BELIEVE SLOT SIZES FURNISHED OR RECOMMENDED
FROM SAND SAMPLES ARE CORRECT WE ASSUME NO RESPONSIBILITY FOR THE SUCCESSFUL OPERATION OF JOHNSON WELL SCREENS.
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CUMULATIVE PER CENT RETAINED

Sample sent in by

Johnson Diision SAND ANALYSIS

P.O. Box 3118 « St. Paul, Minnesota 55165 (FINE)
Telephone 612‘636'3900 ° Tele)( 29‘7451 MAILING ADDRESS: P.O. BOX 3118

uop g ST. PAUL, MINNESOTA » 55165

Town Do (o 9o -<z2| State | ¥ Zip Date 7/@7/?'{
From well of V-3 - 3 sud 4 (o - ze {Q
Remarks:
8 ui:“" o U.S. STANDARD SIEVE NUMBERS
L\o lro 5040 30 20 T 12 8 ~(,
100 T 100
T I g NN N EENREAE Tl
20 [=+Etn -t -+ it 90
i L 1
— \ I - . P =y = 2
bR u HEENENEE NREN i
80 |1+ S RN WA 1 1T T 80
i N ] 1L INENREN ¥
414 = - S B A . 4} | = o )
7o It RN 70
EENES I 5 -
B i SNEENN i L
T 1l uf (8 B SRR e SARN NN B
60 4 - 1 - 60
THpCECr- | ENES ENERRE NN
| . .. - 529 L T~ AL T L
i TrE L ; SSNE
50 L 1450
- . g N | 1T -j— 1 + -4+ 1T — \
40 = 40
Tromrrr HENN e N ~]
A = + -1 S
30 30
mi 4] ] - LY B ¥
20 HH 1 4 A Tl ! 20
min AN NN i ENNARNE
10 M 10
o] RN K S e = o}
10 20 30 40 50 60 70 80 90 100 110 120 130
SLOT OPENING AND GRAIN SIZE, IN THOUSANDTHS OF AN INCH
US. SIEVE SIEVE OPENING CUMULATIVE % RETAINED ‘ Notes: ) _ -
NO INCHES MM
6 132 3.36 _
8 .094 2.38
12 .066 1.68 —
16 .047 1.19 Recommended Slot Opening:
20 033 0.84
30 023 0.60
20 016 0.42
.01 7 .
?g 305 gg? Recommended Screen: Dia. in.Length ___ Ft.
100 .006 0.15
By:

SO MANY CONSIDERATIONS ENTER INTO THE MAKING OF A GOOD WELL THAT, WHILE WE BELIEVE SLOT SIZES FURNISHED OR RECOMMENDED
FROM SAND SAMPLES ARE CORRECT WE ASSUME NO RESPONSIBILITY FOR THE SUCCESSFUL OPERATION OF JOHNSON WELL SCREENS.



W)
OO

CUMULATIVE PER CENT RETAINED

Johnson Division

P.O. Box 3118 « St. Paul, Minnesota 55165
Telephone 612-636-3900 « Telex 29-7451

Uop Inc.

Sample sent in by

SAND ANALYSIS

(FINE)

MAILING ADDRESS: P.O. BOX 3118
ST. PAUL, MINNESOTA = 55165

Town Dm0 90 - <2 State ﬁ/(/ V Zip Date _-Z_/ZO,/jO

Fromwellof _ V- | = [&nn?2 ( O - 'ch

Remarks:

52 4o _ U.S. STANDARD SIEVE NUMBERS

Zov ob s04d 30 20 C 8 12 8
100 \{ \7'0 100
90 il L +}- . i 20

i
F o 1T 1T = T
‘kur B il iENE EEEEEE
A 80

80 M BV AN N T - u
70 HH i - o 70

L 1111 H St e S O B 3 _I:L_

80 [ z 5n .| 60
L 1™~

1 1 N X \ T i k ANAD

1] 1IN ERE ] S cuEn 111 i
50 HHT - R - - 50

1 e Y ST

N N B L NI L It eE

- - —+- t— — \\ '— = ]
40 o —— 40

IS E ]: N - E V‘..\-‘_ -‘\ -‘-‘—.

1 TR 1T EETT TR X
30 - 30
20 HH 1] 1 I Nixn 20

—HH - —L 1 3 B 1 -

=R B

Bl i i ENNEREE :

10 10
0 HIN NN - 0
10 20 30 40 50 60 70 80O 90 100 110 120 130
SLOT OPENING AND GRAIN SIZE, IN THOUSANDTHS OF AN INCH
US. SIEVE SIEVE OFENING CUMULATIVE % RETAINED Notes: -
NO INCHES MM,
6 332 3.36 .
8 094 2.38
12 .066 1.68 T - T e
16 047 1.19 Recommended Slot Opening:
20 .033 0.84
30 .023 0.60 T
40 016 0.42 o
?g gég g:g? Recommended Screen: Dia. in.Length ___ Ft.
100 .006 0.15
By: _

SO MANY CONSIDERATIONS ENTER INTO THE MAKING OF A GOOD WELL THAT, WHILE WE BELIEVE SLOT SIZES FURNISHED OR RECOMMENDED
FROM SAND SAMPLES ARE CORRECT WE ASSUME NO RESPONSIBILITY FOR THE SUCCESSFUL OPERATION OF JOMNSON WELL SCREENS.



@)@) Johnson Division SAND ANALYSIS
P.O. Box 3118 - St. Paul, Minnesota 55165 (FINE)

@@ Telephone 612-636-3900 * Telex 29-7451 MAILING ADDRESS: P.O. BOX 3118
uop Inc. ST. PAUL, MINNESOTA = 55165

Sample sent in by _

Town __ Deni1 6 GO - s state A}/ Zip Date _JZLQ {‘J.Q
From well of ?" l = &f ( s - ?—D‘(Ld
Remarks: ANsTr - - 3 ( 16 ~r4 7[&5 St (PLAL WAL AT AUALAI K
je (o U.S. STANDARD SIEVE NUMBERS
opro/s040 30 20 ! 12 8 5
100 J‘ﬁ l{* T T 7 T l_ T éIOO
I\‘" I NE NI | ] 1 (1
90 (=44 - 1 -1 = 90
. T P
N;)) - . = 111 1 h s Tl B -
80 |+ N T B - 80
10 » B ) 1]
g 70 ! 70
-— iy ~ [~ [ T
& —F-H - i 1 7
w 1] S _ e 3
(1 ~
- 60 T T HEER J T A 60
= I 1= n || - ]
o EEE NNl EEEN NEEERNENY ANEnEnnnunRE Rl Bi iy Wi
& s0 50
o ' e HH 1® 11+ te-4 -
g 11 T 1L 0 L 1_3—-‘h7§4; THEE
= 40 L | = ENERSNEEEE 20
2 HH T 1 1 HPr=
3 T RENRRL IuE
- s = - s = = = E Tt .,“‘; -
O 30 T ] T EEEEES 30
] ] B [~ ™~
NI {1 )1 i 1] i ERRERER NN 1T T
20 L] 1 LLLLE T T i} [ 4 N 20
= i )
11 HIR NN N i LD
10 il 1T 1T 1 10
A ]
(0] ALIT] SEEEEEER (o]
10 20 30 40 50 60 70 B8O 20 100 110 120 130
SLOT OPENING AND GRAIN SIZE, IN THOUSANDTHS OF AN INCH
U S SIEVE SIEVE OPENING CUMULATIVE % RE TAINED Notes: o o
NO INCHES MM.
6 132 3.36 =
8 .094 2.38
12 .066 1.68
16 047 1.19 Recommended Slot Opening:
20 .033 0.84
30 .023 0.60 -
40 016 0.42 -
?g :gég gg? Recommended Screen: Dia. in.Length___ Ft.
100 .006 0.15
By: _

SO MANY CONSIDERATIONS ENTER INTO THE MAKING OF A GOOD WELL THAT, WHILE WE BELIEVE SLOT SIZES FURNISHED OR RECOMMENDED
FROM SAND SAMPLES ARE CORRECT WE ASSUME NO RESPONSIBILITY FOR THE SUCCESSFUL OPERATION OF JOHNSON WELL SCREENS,



w@) Johnson Division

J

CUMULATIVE PER CENT RETAINED

SAND ANALYSIS

P.O. Box 3118 .- St. Paul, Minnesota 55165 (FINE)
J Telephone 612-636-3900 - Telex 29-7451 MAILING ADDRESS: P.O. BOX 3118

uop Inc ST. PAUL, MINNESOTA = 55165

Sample sent in by

Town Deao 0 - $72) state Al V Zip Date _7_1.19,,{ T0
From well of P-2 - [ a0 2 (D - 10 (i) -
Remarks:
050 1 . U.S. STANDARD SIEVE NUMBERS
0 /5040 30 20 B[] 12 8 ~Le
100 T _ 1 ) 1T 100
= 2 AEEEEENE NN
5 A
90 INE ] Ll i . : . e g0
-4+ 11 |
1) L o ol i
—4 | 1_1_ . 4 - e
—1 et 41 —+- - 44—+ - .
80 | 80
Rﬁ_J;L L : | . e Ll
TR HEIEEE RENE -
70 iy : - LT AN : 70
41 < i o I = B N - ol S
e AN L i/ B [
so0 HHH SN ) = L 1 60
)
T - R _
EEAR 3 G| [ + S N .. . = 0 s ol 4l | (I
mi i NN ‘.tff_x i EEENIEEEERN RN i mn 1]
50 : 50
| & L _\\ L1 | 4 441 1 1 31 5 X
-4+ - \ s — b —
—4 e s \"- \ ~3 -3
40 INNElE SuuE NN 40
Bl 5| [HEEN < TThE TR
1 A 8 I - B _=_J|;__ §
30 | _ - . EEENE =S 1N 30
mii i AENR 1T j:;__:_ _ ] §
20 Bl i - - 1 + —= T~ Nh‘- )20
1] - i ENNERREEE =l
10 T Ho-=t:
0 AT INEERENE o
10 20 30 40 50 60 70 80 920 100 110 120 130
SLOT OPENING AND GRAIN SIZE, IN THOUSANDTHS OF AN INCH
US. SIEVE SIEVE OPENING CUMULATIVE % RE TAINED Notes: . o
NO INCHES MM

6 132 3.36

8 .094 2.38

12 066 1.68

16 047 1.19 Recommended Slot Opening:

20 .033 0.84

30 023 0.60

40 016 0.42

50 012 0.30

70 008 0.21 Recommended Screen: Dia. in.Length __ Ft.

100 .0086 0.15

By:

SO MANY CONSIDERATIONS ENTER INTO THE MAKING OF A GOOD WELL THAT, WHILE WE BELIEVE SLOT SIZES FURNISHED OR RECOMMENDED
FROM SAND SAMPLES ARE CORRECT WE ASSUME NO RESPONSIBILITY FOR THE SUCCESSFUL OPERATION OF JOHNSON WELL SCREENS.



() Johnson Division SAND ANALYSIS

P.O. Box 3118 St Paul Mlnnesota 55165 (FINE)

|ﬂC ST. PAUL, MINNESOTA = 55165

Sample sent in by

Town DIZNYIS) g0 -~S2]| ___ State _M,lL_ Zip_____ Date l/JD,/S’O
Fromwellof _ P~ 2 = 3 s 4 ([D = 20 1(1"—>
Remarks:
0 05 ay U.S. STANDARD SIEVE NUMBERS
0 5040 30 20 | ] 12 8 ~
100 — ] : 100
| SR i ] HEREEENEEEN ]
2 -8 . . - — | S G 0 - | 4 | 4 1 1
90 et 90
80 L EENEEEE : 80
HF \L L | 4 -1 —I— — 4
44 = - o - O [ 5 PR o e A
Q 3 ~ I
% 70 ] % _ = T 70
S ~
i . u| ) BEASEEE ]
w 441 ! ™ 8 O =
E g5 | ~L L 60
~ +HH a8 = | — I O U
=z 44 INEEEIE Ll LLERLELETL -l 0 ENER
) 1 1 U N ) REE SHEE N - b SRR
lid I AT T 111, BEE "_"‘“\',” T11T
w 50 1 a i - 50
= A 11 ] AN NN AR Y08 B 8
w AN Ll | ] 1 1 . -~
2 44 | & 1 1 | - - - - - J_\ ] o =
L a0 = - - 4140
J 11 n o ml imERn -]
= il AV EENEEE w ] [ i
5 LT 5 i w2
v 30 = 30
—4H B B 3 - lj, 1 = 1 % 5% 1] 1 i i _"-. )
20 T T i 20
i S il SRS
10 | 3 i/l W I L O 'O
0 ALITT : SNEEE 0
10 20 30 40 50 60 70 80 90 100 110 120 130
SLOT OPENING AND GRAIN SIZE, IN THOUSANDTHS OF AN INCH
US. SIEVE SIEVE OPENING CUMULATIVE % RETAINED Notes:
NO INCHES MM.
6 132 3.36 -
8 .094 2.38
12 .066 1.68 - T I
16 047 1.19 Recommended Slot Opening:
20 .033 0.84
30 .023 0.60
40 .016 0.42 .
?g g;g gg? Recommended Screen: Dia. ~ inLength____ . FL
100 .006 0.15
By: _

SO MANY CONSIDERATIONS ENTER INTO THE MAKING OF A GOOD WELL THAT, WHILE WE BELIEVE SLOT SIZES FURNISHED OR RECOMMENDED
FROM SAND SAMPLES ARE CORRECT WE ASSUME NO RESPONSIBILITY FOR THE SUCCESSFUL OPERATION OF JOHNSON WELL SCREENS.
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PRODUCT 204-1 (VEES Inc. Groton, Mass. 01471,
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APPENDIX E

CALCULATIONS

WILLIAM E. NORK, Inc.

Reno, Nevada 89503



Pl
Pl
P2
P2
D1
D1
D2
D2
D3
D3

?}ﬂch)

0.006
. 308
. 004
. 008
L] glg
. 305
007
. 019
. 006
. 309

d
(ffl)

P.1524
d.2032
P.1016
0.2032
P.2540
@.1270
#.1778
0.4826
@.1524
P.2286

2
(d. )
(mh2)

P.0232
0.0413
7.0103
0.0413
0.0645
P.0161
g.0316
P.2329
P.0232
P.0523

Cc(d

m/day -
( 9.28) 23.2
(16.52) 41.3
( 4.12) 10.3
(16.52) 41.3
(25.8) 64.5
( 6.44) 16.1
(12.64) 31.6
(93.6) 232.9
( 9.28) 23,2
(20.9) 52.3

)2

cm/sec

P.0927
P.048
g.012
@.048
0.747
#.186
@.366
0.270
0.027
g.061

(0.011)
(0.02)
(0.0049)
(0.020)
(9.031)
(0.0077)
(0.015)
(9.11)
(0.011)
(0.925)

WILLIAM E. NORK, Inc.

Reno:A@vadaSPSOJ



