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NOTES:

1. PROJECTION: NAD83 STATEPLANE ALASKA (FEET).

2. GENERAL ARRANGEMENT PROVIDED BY PLP DECEMBER 19, 2018.

3. SEEPAGE CONTROL SIMULATED AS VERTICAL LOW HYDRAULIC CONDUCTIVITY MODEL CELLS FROM TOP OF ACTIVE MODEL TO BASE OF WEATHERED BEDROCK IN MODEL LAYER 4.
4. THIS FIGURE IS TO BE READ IN CONJUNCTION WITH THE REPORT ENTITLED “PEBBLE PROJECT: NUMERICAL GROUNDWATER FLOW MODEL” AND DATED 05-24-2019.
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BG c BGC ENGINEERING USA INC.
AN APPLIED EARTH SCIENCES COMPANY

701 12th Street — Suite 211, Golden, CO USA 80401
Telephone (720) 598-5982

Project Memorandum

To: Pebble Limited Partnership Doc. No.: 1872002.0235
Attention: James Fueg, Stephen Hodgson cc: Loretta Ford
From: Dawn Paszkowski, Randi Thompson Date: April 19, 2019
Subject: Analysis of 2013 Pumping Test at GH12-334S

Project No.: 1872-002

1.0 INTRODUCTION

On January 9, 2019, Pebble Limited Partnership (PLP) requested that BGC Engineering Inc.
(BGC) analyze the pumping test completed at GH12-334S in 2013, and prepare a brief technical
memorandum documenting the pumping test analysis and results. BGC understands that the
pumping test analysis will be used to 1) supplement the existing site database of hydrogeologic
parameters from hydraulic response testing, 2) inform calibration of the numerical hydrogeologic
model, and 3) support responses to Environmental Impact Statement (EIS) requests for
information (RFls).

11. Background

The pumping test at well GH12-334S was completed by SLR International Corporation (SLR) in
July 2013. SLR (2013) documents the timeline of pumping test activities, baseline test (i.e., static
water level monitoring), step-drawdown test, pumping test, and recovery monitoring period. The
SLR report includes data tables and plots, raw data from transducers, scanned field forms, and
instrument calibration certificates. No analysis or interpretation of pumping test results is
presented.

The locations of pumping well GH12-334S and monitoring wells GH11-265S, GH12-322S, and
P-05-36S, -36M, and -36D, which were used to monitor pumping test response, are shown in
Figure 1-1. Wells GH12-334S and GH12-322S were drilled in 2012 by Foundex using a Sonic
RRD-100 drill rig; the drilling field program was overseen by SLR (PLP, May 30, 2013). Monitoring
well GH11-265S was installed during a 2011 Foundex Sonic heli-rig drilling program overseen by
SRK Consulting (SRK, October 2012). Nested monitoring wells P-05-36S, -36M, and -36D were
drilled in 2005 by Foundex using an ODEX HT700 drill rig. Installation of these wells was overseen
by SLR, as reported in Knight Piesold Ltd. (KP, March 12, 2007).

1.2. Scope of Work

This memorandum documents the analysis of the 48-hr pumping test completed at GH12-334S
between July 23 and 25, 2013, and the subsequent recovery monitoring period ending July 29,
2013. BGC has analyzed the pumping test and recovery data only; the step test completed in
advance of the pumping test was not reviewed as part of this analysis. BGC has relied on the
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groundwater elevation data collected by SLR, including manual measurements and data collected
using pressure transducers with data loggers.

[—a— Z|

GH1 1-265S

GH12- 3348

GH12-322S
P 05- 3GS/M/D

OPEN PIT

«000
——— e - IR\ v v *
2,000 0 2,000 4,000 6,000
FEET
Notes:
1. Pebble Project general arrangement (GA) was provided by PLP on December 19, 2018.
Figure 1-1. Location of pumping well and monitoring network for 2013 pumping test completed

at GH12-334S.

2.0 AQUIFER TESTING ANALYSIS

As documented in SLR (2013), the pumping test at GH12-334S consisted of approximately
48 hours of pumping and discharge. Water level data were collected using pressure transducers
and dataloggers, a vibrating wire piezometer, and a handheld water level meter. The initial
pumping rate of 16.0 US gpm (87 m?®/d) was decreased incrementally over the course of the test
to 14.5 US gpm (79 m%/d), to prevent drawdown in the pumping well from reaching the pump
intake depth; the variable pumping rate was considered in the analysis. Water was discharged to

Pebble Project_2013 Pumping Test Analysis_Memorandum Page 2
BGC ENGINEERING USA INC.
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a non-wetland area approximately 1,800 ft (650 m) east of the pumping well (SLR, 2013). For the
purpose of the pumping test analysis, it is assumed that this discharge occurred sufficiently far
from the test area to not impact observed pumping test responses.

2.1. Monitoring Network and Observed Drawdown

The monitoring network for the 2013 pumping test consisted of five observation wells within an
approximately 500 ft (150 m) radius of the pumping well (SLR, 2013). The pumping well and
monitoring well network are shown on Figure 1-1, with well completion details summarized in
Table 2-1. Borehole logs for both the pumping and monitoring wells are provided in Appendix A.

Table 2-1. Pumping well and monitoring well completion details.

) Collar Coordinates' Toc? Ground Well Screened Interval
Pumping Well / . o v - " .
Well ID sl Easting Northing Elevation | Elevation |Diameter | From To Screened Unit
Monitoring Well .
(ft) (ft) (ft) (ft) (in) (ft) (ft)

GH12-334S Pumping Well 1405787.89 2157448 91 1046.38 1043.18 4 926.68 | 886.68 sand, clay, gravel, bedrock
GH12-3228 Monitoring Well 1405795.65 2157380.12 1045.00 1041.20 2 891.60 | 882.30 clay, gravelly silt, bedrock
GH11-265S Monitoring Well 1405929.25 2157754.28 1035.80 1032.80 2 869.30 | 859.30 bedrock
P-05-36D Monitoring Well 1405755.41 2157046.46 1014.43 1012.13 2 87423 | 864.23 bedrock
P-05-36M Monitoring Well 1405763.54 2157031.92 1015.27 1012.17 2 931.94 | 921.94 sand and gravel
P-05-36S Monitoring Well 1405746.05 2157061.15 1014.38 1011.81 2 988.36 | 978.36 sand and gravel
Notes:

1. Projection is NAD 1983 StatePlane Alaska 5 FIPS 5005 (Feet).
2. TOC indicates "top of casing"; both TOC and ground surface elevations obtained from borehole logs (Appendix A).
3. Screened interval calculated using ground surface elevation and screened unit based on information presented in borehole logs.

The observed end-of-test drawdown values for the pumping well and monitoring wells are
presented in Table 2-2. A clear drawdown response is evident in all of the deeper monitoring
locations (i.e., GH11-265S, GH12-322S, and P-05-36D), while the response at shallow monitoring
locations P-05-36S and -36M is less pronounced.

Table 2-2. Groundwater elevation and pumping test maximum drawdown summary.

Distance from Groundwater Elevation Maximum
Well ID GH12-334s'? Pre-Test® Post-Test* Drawdown
(ft) (ft asl) (ft asl) (ft)

GH12-334S 0.17 990.10 945.12 44 .98
GH12-322S 70 991.26 983.92 7.34
GH11-265S 335 979.36 975.71 3.65
P-05-36D 410 992 .81 990.64 247
P-05-36M 420 992 .49 991.85 0.64
P-05-36S 395 991.89 991.62 0.27

Notes:

1. Approximate distance from GH12-334S as reported in SLR (2013), with the exception of GH11-265S which was corrected to 335 ft.

2. Approximate distance from pumping well GH12-334S reported as the radius of the pumping well (i.e., 2").

3. Pre-test groundwater elevations measured on July 23, 2013 using pressure transducers, with the exception of P-05-36M which was measured manually.
4. Post-test groundwater elevations collected at the end of the pumping test (i.e., when pumping ceased) on July 25, 2013, and reported in SLR (2013).

2.2. Conceptual Model and Analysis Method

The pumping well and monitoring well completions, which are summarized in Table 2-1, are
shown in cross-section on Figure 2-1. In general, the deep monitoring intervals (i.e., GH11-265S,
GH12-322S, and P-05-36D) are completed in shallow bedrock, and the shallower monitoring
intervals (i.e., P-05-36S and -36M) are completed in “sand with gravel” (Appendix A). The

Pebble Project_2013 Pumping Test Analysis_Memorandum Page 3
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stratigraphic profile at P-05-36 indicates that there are layers of silt and/or clay between the -36S,
-36M, and -36D monitoring intervals. The pumping well, GH12-334S, is screened across
approximately 2 ft (0.6 m) of sand, 28 ft (8.5 m) of clay, and approximately 10 ft (3 m) of gravel
with silt and sand and bedrock at the bottom of the well screen.

The thick package of clay that comprises much of the screened interval likely has limited hydraulic
conductivity (Freeze & Cherry, 1979); consequently, pumping test responses would be expected
in either the sand unit above the clay or the gravel and bedrock unit below the clay. The observed
drawdown responses in monitoring wells screened in the lower overburden and/or upper bedrock
(i.e., GH11-265S, GH12-322S, and P-05-36D) suggest a good hydraulic connection between and
through these units. Thus, it is inferred that the pumping test at GH12-334S primarily tested this
confined lower-overburden/upper-bedrock zone. Because of these observations, data from
monitoring wells P-05-36S and -36M, which are screened in the upper sand and gravel deposits
and exhibited small drawdowns, were excluded from the analysis.

NORTH SOUTH
1100 1100
GH11-265S GH12-334S  GH12-322S
et 29579 GROUND SURFACE Ofset 91321 Tarsel 44121
= ek
I P-05-36S/M/D
‘ Offsel: 84.321
1000 - 1000
g | €
= - -
<] | <}
E =
< | |— <
& = - &
. \ | .
900 f 900
=
800 00
0 100 200 300 400 500 600 700 800 900 1000
DISTANCE (ft)
LEGEND
CROSS-SECTION AT BEARING 180.0° 1 WELL SCREEN INTERVAL
BOREHOLE UNITS
B OVERBURDEN
E  PEAT
B CLAY/SILTY CLAY
[ SAND/SILTY SAND
[J GRAVEL/GRAVELLY SAND
[ BEDROCK
Figure 2-1. Cross-section showing pumping well and monitoring network for 2013 pumping test

completed at GH12-334S.

The pumping test discharge and recovery data were analyzed using AQTESOLY version 4.50.002
(Duffield, 2007), an industry-standard software package for the design and analysis of aquifer
tests. The Theis (1935) solution was used to simultaneously fit the observed drawdown and
recovery data for each monitoring well. The pumping test completed at GH12-334S meets the
general requirements of pumping at a quasi-constant rate from a non-leaky confined aquifer that
are applicable to the Theis solution. The solution yields estimates of transmissivity and storativity
of the aquifer; estimates of hydraulic conductivity were obtained using estimates for the effective
thickness of the aquifer. The pumping test analyses (i.e., AQTESOLV plots) are included in
Appendix B, and results are discussed in the following section.

Pebble Project_2013 Pumping Test Analysis_Memorandum Page 4
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3.0 RESULTS & DISCUSSION

Analysis results from the pumping test completed at GH12-334S are summarized in Table 3-1.
Transmissivity, T, results varied between 174.4 and 304.6 ft?/d (1.9x10* and 3.3x10* m?/s), with
a geometric mean of 229.6 ft?/d (2.5x10* m?/s). Storativity, S, a unitless property, varied between
1.8x10* and 1.9x102 with a geometric mean of 7.7x10*.

Table 3-1. Aquifer hydraulic properties from pumping test at GH12-334S.

AQTESOLV Results'? Aquifer Calculated Hydraulic Calculated Specific Storage
Well ID s S Thickness (b)® Conductivity (K)* (sy)°
(ft%/d) () (ft) (fd) (mls) (ft") (m”)

GH12-334S 174.4 1.9E-02 10.0 17.4 6.2E-05 1.9E-03 6.3E-03
GH12-322S 214.9 2.0E-04 10.0 215 7.6E-05 2.0E-05 6.6E-05
GH11-265S8 2433 1.8E-04 10.0 243 8.6E-05 1.8E-05 6.1E-05
P-05-36D 304.6 4.9E-04 23.0 13.2 4.7E-05 2.1E-05 7.0E-05
Minimum 174.4 1.8E-04 10.0 13.2 4.7E-05 1.8E-05 6.1E-05

Maximum 304.6 1.9E-02 23.0 243 8.6E-05 1.9E-03 6.3E-03

Geometric Mean 229.6 7.7E-04 123 18.6 6.6E-05 6.3E-05 2.1E-04

Notes

1. AQTESOLYV results represent best-fit to drawdown and recovery data for each monitoring point, calculated using Theis solution and AQTESOLV automatic matching function

2. The Theis solution provides results in the form of transmissivity, T, and storativity, S.

3. Aquifer thickness minimum based on saturated thickness of aquifer from bottom of well screen to bottom of clay or silt confining layer.

4. Calculated hydraulic conductivity (K) based on the relationship T = K b, where b is saturated aquifer thickness

5. Calculated specific storage (S;) based on the relationship S = S; b
Specific storage, Ss, was calculated from the definition S = Ss b, where b is the saturated thickness
of the aquifer. At each monitoring location, the saturated aquifer thickness was considered to be
the length of aquifer material from bottom of well screen to bottom of silt or clay confining layer.
The estimates of S varied between 1.8x10° and 1.9x103 ft" (6.1x10° and 6.3x10° m™), with a

geometric mean of 6.3x107° ft! (2.1x10* m™").

Estimated hydraulic conductivity, K, was calculated from the definition T = K b. The estimated K
results, calculated from individual well responses, varied between 13.2 and 24.3 ft/d (4.7x10° and
8.6x10° m/s), with a geometric mean of 18.6 ft/d (6.6x10°m/s). These estimates of K agree well
with results from single-well response testing completed at the monitoring locations, as reported
in Schlumberger Water Services (SWS, March 2015). Slug test results for wells GH11-265S and
GH12-322S were 13.0 ft/d (4.6 x10° m/s) and 21.8 ft/d (7.7x10° m/s), respectively (SWS, March
2015)". The geometric mean K for slug tests completed at P-05-36D was 0.5 ft/d (1.9x10° m/s)
(SWS, June 2011)?, lower than the minimum K estimated from the pumping test at GH12-334S,
and perhaps reflecting the smaller radius of influence of a slug test vs. a pumping test.

At a broader scale, the estimated K values calculated from the pumping test at GH12-334S align
well with aggregated results from all hydraulic response tests completed in the Pebble deposit
area (SWS, March 2015). The GH12-334S pumping test results also agree well with results from
pumping tests completed in the nearby PW-1 and PW-8 (Figure 1-1), which are both completed

" Response test analyses and results are provided in Appendix 8.1C of SWS (March 2015).
2 Response test analyses and results are provided in Appendix 8.1C of SWS (June 2011).
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in weathered bedrock and yielded results of 4.5 ft/d (1.6x10° m/s) and 5.7 to 6.5 ft/d (2.0x10° to
2.3x10° m/s), respectively (SWS, June 2011)3.

The radius of influence due to pumping at GH12-334S, assuming 100% efficiency of the pumping
well, appears to be approximately 600 ft (180 m), as indicated by the intercept of the dashed line
and zero drawdown in Figure 3-1. An alternate interpretation excluding the pumping well from the
analysis suggests a radius of influence of approximately 1000 ft (305 m) and a well efficiency of
approximately 50% (as indicated by the solid line in Figure 3-1).

Distance from Pumping Well (ft)
0.1 1 10 100 1,000

10

20

30

Drawdown (ft)

) ,

50

Figure 3-1. Distance-drawdown plot for constant rate discharge test at GH12-3348S.

The analysis and interpretation of the pumping test conducted at GH12-334S in 2013 contributes
to the overall understanding of the hydraulic properties of the deep overburden and shallow
bedrock near the proposed open pit, near the South Fork Koktuli and Upper Talarik Creek
watershed divide.

3 Pumping test results are documented in Appendix 8.1D of SWS (June 2011).
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40 CLOSURE

BGC Engineering USA Inc. (BGC) prepared this document for the account of Pebble Limited
Partnership. The material in it reflects the judgment of BGC staff in light of the information
available to BGC at the time of document preparation. Any use which a third party makes of this
document or any reliance on decisions to be based on it is the responsibility of such third parties.
BGC accepts no responsibility for damages, if any, suffered by any third party as a result of
decisions made or actions based on this document.

As a mutual protection to our client, the public, and ourselves all documents and drawings are
submitted for the confidential information of our client for a specific project. Authorization for any
use and/or publication of this document or any data, statements, conclusions or abstracts from or
regarding our documents and drawings, through any form of print or electronic media, including
without limitation, posting or reproduction of same on any website, is reserved pending BGC'’s
written approval. A record copy of this document is on file at BGC. That copy takes precedence
over any other copy or reproduction of this document.

Yours sincerely,

BGC ENGINEERING USA INC.

per:
Dawn Paszkowski, M.Sc., P.Geo. (BC, ON) Randi Thompson, M.A.Sc., P.Eng. (BC, AB)
Hydrogeologist Senior Hydrogeological Engineer

Reviewed by:

Carl Mendoza, Ph.D., P.Eng.
Principal Hydrogeological Engineer

RT/CAM/sah/mm

Attachments: Appendix A — Borehole Logs
Appendix B — Aqtesolv Plots
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APPENDIX A
BOREHOLE LOGS
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- PROJECT NO: 2CP018.004 HOLE NUMBER: GH11-265S
{ DRILLING CONTRACTOR: Foundex LOCATION: Southwest Alaska
pt:b ble DRILLING NETHOD: - Sonic Heli-rig COORDINATES: E 1405932 N 2157773
SERSH LOGGED BY: BB/MMM DATUM: NAD 83 UTM Zone 5
PROJECT:  Pebble Mine PFS DATE OF EXPLORATION: 3-Sep-11 GROUND ELEV (ft): 1032.8
cuent:  Pebble Limited Partnership (PLP) TO: 4-Sep-11 TOTAL DEPTH (ft): 174.5
© uCS (kPa) =
Q SIS SIS IS Se
c I Sample (o ¥V S & RSP-II— Atterberg Limits | &'
) S, Type/No. esults and c
= (99} [tlulunlulin | (Blows per foot) ) e
g _ Moisture Content| =3
Depth = 8 LITHOLOGIC DESCRIPTION . Grab Torvane 4 | No. of Blows 2¢ Drilling Notes
=2 ) " @ 2
From [J] S Type: subtype, density, structure . Shelby Intact (kPa)D = n
Surface = S | plasticity, colour, moisture Rem (kPa) PL LL MC SE and Comments
S L
® | = 23 C AP L R D A - -
%2} = |0 DS a7
E | :> ‘H\\‘HH‘HH‘HH‘HH‘ L ‘ L ‘ L ‘ L ‘ L | ‘ | ‘ | ‘ |
j 0 S Sand, silty, gravelly, compact, well
@ graded, brown, moist 12
B Silt, clay, sand, gravel, cobble ‘
B mixture, stiff, moist, non-plastic to ‘
- medium plastic, brown, | : .
- dilatency=none to low, subrounded il)lght artesian flow at
— | "
- \‘
- J
— 10
- 59005 E
B 59009 |
— < 0 196
2|7
— Fissured, low plastic
— 20 — @\“
- 59006 A 10/60/40
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- pyrite.
B = 535
- |
2|
B 2 59011
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L g | and pocketpenetrometer
30 | \‘ | & readings
i Sand | 35 I oo | e 4
L and layer to 35', gravelly, some f )
| cobble, dense, dry, well graded, light \ | Eges washed out top of
brown, dilatency=none \‘ .
L L |
N Grading to silt, and sand, gravelly, low “
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B [ |
= |
= Grading to clay, hard, medium plastic \ &
]
[ o — el i -
L . i 59010 |
Gravel layer to 45 : and sand, silty, ‘ Assume that fines
= poorly graded, light brown, damp, | washed out
L dilatency=none \‘ \ :
L L \ L1
L ‘ 30
= {59013 I
L Trace sand, damp, medium plastic, %T [ 319
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Slough ‘

Well Construction

|:| Casing

Bentonite Cover |:| End Cap D] Wire

Lithological Symbol

v Sump Gravel Cobble

|:|-n Transducer D Organics D Sand

VA cray B Bedrock

Screen

D] Silt Boulder




pebble

PROJECT:

=~ srk

Pebble Mine PFS
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rehole Log

PROJECT NO: 2CP018.004

DRILLING CONTRACTOR: Foundex

DRILLING NETHOD:

DATE OF EXPLORATION:  3-Sep-11

Sonic Heli-rig
LOGGED BY: BB/MMM

HOLE NUMBER:
LOCATION:
COORDINATES:
DATUM:

GROUND ELEV (ft):

Page: 2

GH11-265S
Southwest Alaska

E 1405932 N 2157773
NAD 83 UTM Zone 5
1032.8

cuent:  Pebble Limited Partnership (PLP) TO: 4-Sep-11 TOTAL DEPTH (ft): 174.5
© uCS (kPa) =
2 SSSSS -
c ; Sam/ple SIS Atterberg Limits | ('S
g [9p] Type/No. (Blows per foot) _and L% 0
[ — Moisture Content| =
Depth | £ 8 | LITHOLOGIC DESCRIPTIONM ¢ | Torvane 4 | No. of Blows ¢ | Drilling Notes
From [} S Type: subtype, density, structure . Shelby Intact (kPa)D 8 S
Surface = S | plasticity, colour, moisture Rem (kPa) P.L LL MQ SE and Comments
> = 9] A ]
ft o SPT ISPSSIS) Y >0
151 23 = cESESEY S o o o e &
E | :> ‘\H\‘HH‘\H\‘HH‘HH‘ L ‘ L ‘ L ‘ L ‘ L | ‘ | ‘ | ‘ |
50 ¥ [ &
L / Sandy, some gravel, hard, moist, 0012 ‘ «Z 130/
N A low-plastic, 50130720
Sand: gravelly, some silt, moist, ‘
B non-plastic, well graded, light 59014/
r brown, dilatency=none, ‘ Fines washed out.
- subrounded, range to silty sand ‘
B Silt layer to 60': and sand, gravelly, 13(;158?_;?:)?ured staining.
B some clay, hard, damp, low-plastic, light !
n brown, dilatency=none \ pocKetpenetrometer
60 | ! readings.
- 59015
B 59017 ‘
B s ‘
- o)
i 3 \
’ |
— 70
B 59016 ‘ 10/60/30
: Trace gravel, moist
- Silt, clay, sand, gravel mixture, ‘
L hard, moist, low to medium plastic,
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— 80 | .0 Excess core recovery
- 59018 10/40/50
- Colour change to grey, fissured,
L occasional fine sand laminations, #,
L dilatency=slow 14‘ 6
- 50021 \
— 90 \Silt: some clay, some cobble, stiff,
B moist, non-plastic, light grey, \
r dilatency=slow ‘
r Too stiff for
. gl pocketpenetrometer
= 1 readings.
: Trace sand, dilatency=none
— 100 — &
- 59020 A 0/18/82
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- PROJECT NO: 2CP018.004 HOLE NUMBER: GH11-265S
{ DRILLING CONTRACTOR: Foundex LOCATION: Southwest Alaska
pEbble DRILLING NETHOD: - Sonic Heli-rig COORDINATES: E 1405932 N 2157773
GERSHIT LOGGED BY: BB/MMM DATUM: NAD 83 UTM Zone 5
PROJECT:  Pebble Mine PES DATE OF EXPLORATION: 3-Sep-11 GROUND ELEV (ft): 1032.8
cLent:  Pebble Limited Partnership (PLP) TO: 4-Sep-11 TOTAL DEPTH (ft): 1745
© UCS (kPa) =
Q NSRS e
- = Sample | o R F S SPT Atterberg Limits S
Results QY
o > Type/No. and c =
2 9] (Blows perfoot) |y isture Content| L 2
— =<
Deph | £ | B | |LITHOLOGIC DESCRIPTIONM &= | Torvane | No. of Blows ¢ | Drilling Notes
From ) S Type: subtype, density, structure . Shelby | et (kPayy, m &2
Surface = S | plasticity, colour, moisture Rem (kPa) P.L LL MQ SE and Comments
> = 9] A S 6
W 2|29 R R Ik G i R N .
E : :> ‘\H\‘HH‘HH‘HH‘HH‘ L ‘ L ‘ L ‘ L ‘ L | ‘ | ‘ | ‘ | ©
B Wet L 1 B
I | Grading to sand, sit, cl I r i
rading to sand, silt, clay, grave
B mixture, low plastic M 55022 o 1 ¢ 27 15/48/37
110 | Cobble or boulder m
L 50
69 /
" Grading to silt: clayey, some sand, i
- moist, low-plastic,dilatency=none / Too stiff for torvane and
- ‘ pocket penetrometer
B | readings
- | Conglomerate boulder
- | | Trace gravel, non-plastic, grey /
— 120 ?' Grading to sand: silty, medium dense, . S
L =N\_moist, non-plastic, poorly graded, grey . 59023 pre ("A
L I 50024 ‘ 0/60/40
= |
—130 .: | $°
Y
r Grading to silt: clayey, some sand, very 59025 | A
- stiff, moist, fissured, subround gravel
- sizes to 25mm, non to low plastic, grey
| |
- \
— 140 59026 m 4 Too stiff for torvane and
: | 59027 31\ A pock_et penetrometer
i Damp \ readings
[ {59029
n 7B d Too stiff for torvane and
- | Bouider & pocket penetrometer
L & )
[ D o readnes
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Page: 4

Grading to silt: sandy, gravelly, very
stiff, damp, non-plastic, grey

Bedrock: hard, grey, laminated
structure

m
0]
r

- PROJECT NO: 2CP018.004 HOLE NUMBER: GH11-265S
DRILLING CONTRACTOR: Foundex LOCATION: Southwest Alaska
pcbble DRILLING NETHOD:  Sonic Heli-rig COORDINATES: E 1405932 N 2157773
i LOGGED BY: BB/MMM DATUM: NAD 83 UTM Zone 5
PROJECT:  Pebble Mine PFS DATE OF EXPLORATION: 3-Sep-11 GROUND ELEV (ft): 1032.8
cuent:  Pebble Limited Partnership (PLP) TO: 4-Sep-11 TOTAL DEPTH (ft): 174.5
© UCS (kPa) =
2 QLR >R
c I Sample (o ¥V S ¢ & SP-II— Atterberg Limits %8
) s Type/No. Results and c
% s (Blows per foot) Moisture Content e
— L=
Depth < 8 LITHOLOGIC DESCRIPTIONM &2 | Torvane 4 | No. of Blows 28 Drilling Notes
From [} % Type: subtype, density, structure . Shelb Intact (kPa)D = 8 s g
Surface g o 0 plasticity, colour, moisture Y Rem (kPa) P|:I|_ LL MG %g and Comments
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medium dense, damp, non-plastic,
poorly graded, grey, dilatency=none
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on run, assumed to be
silt at top of run.
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THE

PARTNERSHIP

PROJECT LOCATION

pebble

lliamna, Alaska

DRILL SITE _MW12-16

GH12-322S

PAGE 1 OF 8

DATE STARTED _8/5/12

DRILLING CONTRACTOR _Foundex

COMPLETED _8/6/12

GROUND ELEVATION _1041.20 feet
NORTHING _1405795.647 feet

TOC ELEVATION _1045.00 feet
EASTING _2157380.119 feet

Stickup: 3.80 feet

Type:

Schedule 40 PVC

Diameter: 2 3/8 inch

SCREEN:

149.6 to 158.9 feet bgs

Type:

Schedule 80 PVC

Slot Size: 0.02 inch

Comments:

Method: Water

DRILLING METHOD _Sonic (6 5/8" diameter) EQUIPMENT _RRD-100 LOGGER _SLR (AJ, AP)
> —
zeld | & |e B | 8
E w0
g8(8-| £ | 25|58 |5k | 2o
? E % o = % © (uj (I) E i/ % 9 SOIL DESCRIPTION WELL DIAGRAM / COMMENTS
= 7 N 3 -
X |y s | £© A G
8218 | & |6 |5 | Z
0 |O
ML Sandy SILT, fine to coarse grained sand, All soils were described in
low plasticity, dark gray ? ? accordance with ASTM Method
| 4 D2488 using the Visual-Manual
/ / Method. Soil classifications and
/ / additional information obtained
- - / / from laboratory testing were
/ / used to update soil
/ / descriptions, as applicable.
B N Bedrock lithology descriptions
/ / were compiled from SLR's field
B N / / descriptions and PLP Geology
/ / Logs.
5/9
5
; % First core advanced to 9 feet
/ / bgs
B N Trace subangular to
; % subrounded gravel, 5-10 feet
10 SPT 6-17-| 17/ 100 ; %
23 18 : T
7 GC Clayey GRAVEL with Sand, fine to coarse / / Very fast drilling; angular to
- ) subangular gravel, 10-17 feet
angular to subrounded gravel, fine to coarse / / o ional dlasts broken b
- - grained sand, no structure, very loose, dark gray / / )ccasional clasts broken by
to olive bit, 10-26 feet
gray / /
| 7s /Y
10 ; %
15 4A Z /Z
WELL COMPLETION INFORMATION
WELLHEAD PROTECTION: GROUT: _ 0 to 134.0 feet bgs RATHOLE: N/A
Type: _Steel Type: _Cement/Bentonite Type: None
Diameter: 6 inch Mix Used: 188 Ibs cement, 4 Ibs bentonite, 12 gal H20 DEVELOPMENT-
WELL CASING: 0 to 149.6 feet bgs PLUG: 134.0 to 144.5 feet bgs

ra Hydrolift |1

161 feet bgs

Type: _Cetco Coated 1/4" Bentonite Pellets Date:  9/10/2012 - 9/11/2012
Volume: 150 Ibs

FILTER PACK: 144.5 to 161.0 feet bgs HOLE COMPLETION NOTES:
Type: 10/20 Colorado Silica Sand Total Depth Drilled:

Volume: 350 Ibs
SUMP:

158.9 to 161 feet bgs Depth to Water i

Total Depth of Well:

161 feet bgs
n Well: 52.75 feet btoc

DTW Time & Date: _9/10/2012 at 13:30
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pebble

PARTNERSHIP
PROJECT LOCATION

lliamna, Alaska

DRILL SITE _MW12-16

DATE STARTED _8/5/12

DRILLING CONTRACTOR _Foundex

COMPLETED _8/6/12

GH12-322S

PAGE 2 OF 8

NORTHING _1405795.647 feet

GROUND ELEVATION _1041.20 feet

TOC ELEVATION _1045.00 feet
EASTING _2157380.119 feet

DRILLING METHOD _Sonic (6 5/8" diameter) EQUIPMENT _RRD-100 LOGGER _SLR (AJ, AP)
S €5 & g S 8 o
we 18- £ | 3% |ou|tk| Zo
s E L| = % «? 8 (I) Ey % ] SOIL DESCRIPTION WELL DIAGRAM / COMMENTS
T % W % O | XEZ | uw %
Wy | z o |ET|°Pk
B8 | ”° |» =
% arauar o rngea v s w oarse- [/ (/]
= - grair_led sand, no structure, very loose, dark gray / /
[ to olive gray / /
B 7 / / Unconsolidated Till (on a
; / / moraine)
B N 4 / / Subangular to subrounded
/ / gravel, 7-26 feet
BN 7V _
i 1) / / gr?ar‘?legérgmg; 20.5 feet was
20 SPT| "4o0 | 18 / / Particle Size Distribution: 50%
; . /| [/ Gravel, 20% Sand, 15.3% Si,
= / / 5.7% Clay; LL = 28, Pl = 11
| A
B n ] / / Sample from 22-23 feet was
GB / / analyzed by KP
B | ] / / Particle Size Distribution:
47.4% Gravel, 31.9% Sand,
; % ;?1;? Sig, 5.6% Clay; LL =
- 48/10 ’ o / / PLE
zs | X
n 4 % é é ég%lga;rete? subangular gravel,
’ 0 / / Boulder encountered at
» ] ; / 27.5-28.5 feet
¢% / % Slow and difficult drilling
= - - through very hard material
/ / past, 28.5-46.5 feet
%0 sp1[2223{ 13/ ; %
= % 7V
| | 7V
(9)
7V
. 7V
: 7V
7V
B 7V
% v
[ ] 10 / /
: . 7
7V
- @é% W
/s / /
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lliamna, Alaska

DRILL SITE _MW12-16

GH12-322S

PAGE 3 OF 8

DATE STARTED _8/5/12
DRILLING CONTRACTOR _Foundex

COMPLETED _8/6/12

NORTHING _1405795.647 feet

GROUND ELEVATION _1041.20 feet

TOC ELEVATION _1045.00 feet
EASTING _2157380.119 feet

DRILLING METHOD _Sonic (6 5/8" diameter) EQUIPMENT _RRD-100 LOGGER _SLR (AJ, AP)
g e le 8 [.8
gsl2 | & |32 (38|%E £,
? E E E u ﬁ © 8 (I) E i/ % o] SOIL DESCRIPTION WELL DIAGRAM / COMMENTS
sole | S g0 (228 6
a? 8 %) 7] o %‘
arauar o rngea v s w oarse- [/ (/]
| i grair_\ed sand, no structure, very loose, dark gray / /
to olive gray / /
Al 7
20 SPT 123-‘211- 1138/ / /
/\ /7
| /7
/7
/7
B 7 7
- v 7
/7
| /7
/7
a5 2R
/7
| /7
46.5 / /
GC Clayey GRAVEL with Sand, fine to medium / /
B 7 grained sand, homogeneous, blocky, moist, / /
medium plasticity, olive gray ; %
B n / / fézafgieq[g to Silty GRAVEL by
49.0 / .
~ - " Grades in and out of Sandy
sp| 9-16-| 11/ :EbrguAr::i%cifgrea\t/%I??na:jieu?#?gr;%:lfsret%rained ; % GRAVEL and 6 to 8 inch
50 PT 16 18 sand, homogeneous, mostly loose, blocky, moist, / / lenses of Sandy SILT
/N light brown to brown / /
- %7
/7
| /7
v /7
B * 7 7
B ‘6'10(?/ ; % 6 inch lense of dry medium
/ / grained sand to coarse gravel
55 at 54 feet
/7
/7
= 2%
/7
| /7
7 7
| 727
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lliamna, Alaska

DRILL SITE _MW12-16

GH12-322S

PAGE 4 OF 8

DATE STARTED _8/5/12

DRILLING CONTRACTOR _Foundex

COMPLETED _8/6/12

NORTHING _1405795.647 feet

GROUND ELEVATION _1041.20 feet

TOC ELEVATION _1045.00 feet
EASTING _2157380.119 feet

DRILLING METHOD _Sonic (6 5/8" diameter) EQUIPMENT _RRD-100 LOGGER _SLR (AJ, AP)
> —
[i4 > 0
SElE | & |2 |5 |o¢
art > =. m O
B8 (8- 5 |22 (84 zE| o
PI|oi| Y |un |98 E=| 20 SOIL DESCRIPTION WELL DIAGRAM / COMMENTS
Fe X7 T | Yo |ez|mf| ¢
oS5 (W = ~ = 0]
wa | T 1% |E7|°%
o 8 7] =
e — o] SP SAND, fine to coarse subangular to /, /
20-22- 14/ o @o subrounded gravel, medium to coarse grained / /
60 SPT 2'0 : 18 RERceOe sand, homogeneous, mostly loose, blocky, moist, / /
o light brown to brown / /
] ?Oi:Qf‘:?i@ / /
0 /) V)
. o f f
0 OO , /
o 07 /7
3 O“ ;;Of
ST v
B -8/10 ;Q{; " / /
@9 0 /) V)
65 o (N5 v, 7,
o B f %
B /) V)
3 O“ ;;Of
] BRI / /
B o X
3 O“ ;;Of
B T -d69.0 . ,
CL Sandy Lean CLAY, mostly fine grained / / Increasing clay content with
: ; depth, 69-71 feet
18/ sand, homogeneous, soft to medium stiff, wet to
70 SPT| 4-9-9 18 moist, olive gray / / Sample from 69-70.5 feet was
' / / analyzed by KP
— / Particle Size Distribution: 0%
B 71.0 Gravel, 49.7% Sand, 40.4%
CL Lean CLAY to Lean CLAY with Sand, / / Silt, 9.9% Clay; LL = 31, Pl =
homogeneous, medium to very stiff, medium / / 10
= - plasticity, moist, olive gray / / Ratio of silt to clay varies
throughout unit with clay
/ / content increasing with depth;
B N / / some sections contain trace
/ / medium grained sand, 71-129
| a7y /| ) feet
10 / /
75 ; %
B N - ; % Sample from 79-80.5 feet was
21/ analyzed by KP
80 SPT| 3-5-8 18 / / Particle Size Distribution: 0%
/| /) Gravel, 12.5% Sand, 59.2%
— / [/ Ssilt, 28.3% Clay; LL= 39, Pl =
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PARTNERSHIP
PROJECT LOCATION _lliamna, Alaska

DATE STARTED _8/5/12
DRILLING CONTRACTOR _Foundex

COMPLETED _8/6/12

DRILLING METHOD _Sonic (6 5/8" diameter)

DRILL SITE _MW12-16

GH12-322S

PAGE 5 OF 8

GROUND ELEVATION _1041.20 feet

NORTHING _1405795.647 feet

RRD-100

EQUIPMENT

TOC ELEVATION _1045.00 feet
EASTING _2157380.119 feet

LOGGER _SLR (AJ, AP)

DEPTH BELOW
SURFACE (ft)
CORE RECOVERY|
(FT)
SAMPLE TYPE
SPT RESULTS
oonp"

SPT RECOVERY

(INCHES)
DEPTH TO
WATER (FT BGS)

GRAPHIC
LOG

SOIL DESCRIPTION

WELL DIAGRAM / COMMENTS

19.92/
10

85

90 ST

SPT| 3-5-9

95

9.67 /
7.5

17-16-

SPT 20

100

22/
18

13/
18

86.0

CL Lean CLAY to Lean CLAY with Sand,
homogeneous, medium to very stiff, medium

plasticity, moist, olive gray

CL Lean CLAY with Sand, trace fine to coarse
gravel, homogeneous, medium to very stiff,

medium plasticity, moist, olive gray

AN NN NN

AARAARAEEEEE RN NNRRRANAAAAANANRNRNAAAAAAAAAAN

22

Sample from 79.5-80.5 feet
was analyzed by KP

Particle Size Distribution: 0%
Gravel, 24.8% Sand, 57.5%
Silt, 17.7% Clay; LL = 33, Pl =
13

Depth of contact uncertain
between units 71-86 feet and
86-129 feet

Collected Shelby Tube sample
GH12-3225-91.5; 2.5/ 2.5 feet
recovered, 89-91.5 feet

Cored interval below Shelby
Tube sample had suprisingly
high recovery, 91.5-99 feet
Sample from 91.5-93 feet was
analyzed by KP

Particle Size Distribution: 8.1%
Gravel, 17.3% Sand, 53.9%
Silt, 20.7% Clay; LL = 39, Pl =
22
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THE

pebble

PARTNERSHIP
PROJECT LOCATION _lliamna, Alaska

DRILL SITE _MW12-16

DATE STARTED _8/5/12 COMPLETED _8/6/12

DRILLING CONTRACTOR _Foundex

GH12-322S

PAGE 6 OF 8

NORTHING _1405795.647 feet

DRILLING METHOD _Sonic (6 5/8" diameter)

GROUND ELEVATION _1041.20 feet

EQUIPMENT _RRD-100

TOC ELEVATION _1045.00 feet

EASTING _2157380.119 feet

LOGGER _SLR (AJ, AP)

> > Py
gell | |2 1 |08
E?ﬂ el o | 2% 3| T To
< [Wp o wo |OL|E= e} SOIL DESCRIPTION WELL DIAGRAM / COMMENTS
Zh|Et g |22 |E2|gs| &1
GaE | 2 (8 |5 BE| ©
[a) 8 2 1) =
CL Lean CLAY with Sand, trace fine to coarse
-] gravel, homogeneous, medium to very stiff, ? ?
0.67/ medium plasticity, moist, olive gray / /
L 7 7
105 / /
7V
7V
- A
7V
L 7V
7V
| 7V
2
B n ] / / Sample from 109-110.5 feet
14-16-| 22/ / / was analyzed by KP
110 SPT| 50 | 18 Particle Size Distribution: 0.6%
/ / Gravel, 15.4% Sand, 64% Silt,
— / / 20% Clay; LL= 35, PI= 13
| 7
7V
| 7V
7V
| 7V
7V
[ |9.25/ / /
10 ; %
115 / /
7V
L 7V
7V
| 7V
7V
| 7V
7V
7V
PR 2
120 sP1| 18270/ 18 o/ /
/\ 7V
| 7V
7V
| 7V
7V
7V
B 2
| |10/ / /
10 / /
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pebble

PARTNERSHIP
PROJECT LOCATION

DATE STARTED _8/5/12
DRILLING CONTRACTOR _Foundex
DRILLING METHOD _Sonic (6 5/8" diameter)

THE

lliamna, Alaska

DRILL SITE _MW12-16

COMPLETED _8/6/12

GH12-322S

PAGE 7 OF 8

GROUND ELEVATION _1041.20 feet
NORTHING _1405795.647 feet

EQUIPMENT

RRD-100

TOC ELEVATION _1045.00 feet
EASTING _2157380.119 feet

LOGGER _SLR (AJ, AP)

DEPTH BELOW

SURFACE (ft)
CORE RECOVERY|
(FT)

SAMPLE TYPE

SPT RESULTS
6"-6"6"
SPT RECOVERY

(INCHES)
DEPTH TO
WATER (FT BGS)

GRAPHIC
LOG

SOIL DESCRIPTION

WELL DIAGRAM / COMMENTS

12

[,

130

135

10/
10

140

145

1107/
10

SPT

5-9-14

22/
18

129.0

CL Lean CLAY with Sand, trace fine to coarse
gravel, homogeneous, medium to very stiff,

medium plasticity, moist, olive gray

137.0

CL Lean CLAY, stiff to very stiff, low to medium

plasticity, olive gray

ANLAAAAAAANRNRNRARARANARAAANNY
ZANNNNNNNNNNNNNNNNNNNNY

CL Sandy Lean CLAY, stiff to very stiff, low to

medium plasticity, olive gray

Sample from 134-135 feet was
analyzed by KP

Particle Size Distribution: 0%
Gravel, 8.1% Sand, 71% Silt,
20.9% Clay; LL = 37, Pl = 17

Depth of contact uncertain
between units 129-137 feet and
137-150 feet

Sandy layer at 138-139 feet

Sample from 139-140.5 feet
was analyzed by KP

Particle Size Distribution: 7.7%
Gravel, 33.1% Sand, 43.6%
Silt, 15.6% Clay; LL = 33, Pl =
13

Trace fine to medium
subangular gravel, 142-143.5
feet

Higher clay content, 144-147
feet




pebble

PARTNERSHIP
PROJECT LOCATION

DATE STARTED _8/5/12
DRILLING CONTRACTOR _Foundex
DRILLING METHOD _Sonic (6 5/8" diameter)

THE

lliamna, Alaska

DRILL SITE _MW12-16

GH12-322S

PAGE 8 OF 8

COMPLETED _8/6/12

NORTHING _1405795.647 feet

GROUND ELEVATION _1041.20 feet

EQUIPMENT _RRD-100

TOC ELEVATION _1045.00 feet
EASTING _2157380.119 feet

LOGGER _SLR (AJ, AP)

161.0

& > | @
S|l g |2 |5 |0
a2 > . Sl Pm| ©O
mW 0 | F 2% |30|TF] To
PI|oi| Y |un |98 F=| &6 SOIL DESCRIPTION WELL DIAGRAM / COMMENTS
Fe X7 T | Yo |ez|mf| ¢
oS (W = = = O]
o 8 %) =
CL Sandy Lean CLAY, stiff to very stiff, low to
- medium plasticity, olive gray Trace gravel, 147-150 feet
B N Silt changing to lighter brown,
148-150 feet
33-29-| 11/ —
150 SPT|™41 | 18 150.0 —
OJ 1° ML Gravely SILT, fine to coarse angular to —
— D >° subangular gravel, low plasticity, olive gray —
» ] o Yo —
O o —
DY [ —]
B 7 0 >o E
O o f—
» ] DY [ —]
0 >o —
.
| [10.5/ °1154.0 —
10 BEDROCK (ANDESITE/DIORITE), = | Dedrock encountered at 154
chlorite-altered, porphyritic, plagioclase — ee
155 phenocrysts, competent, igneous, mafic biotite p— Moderately to strongly
and hornt_JIende, a_lphanitic, fine grained, very thin |- — magnetic, 154-161 feet
quartz veins, calcite and quartz crystals, dark f—
u N green to black —]
160 2/92

Bottom of hole at 161.0 feet.
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THE

pebble

PARTNERSHIP
PROJECT LOCATION _lliamna, Alaska

DRILL SITE _PW12-3

DATE STARTED _8/21/12
DRILLING CONTRACTOR _Foundex

COMPLETED _8/22/12

GH12-334S

PAGE 1 OF 8

GROUND ELEVATION _1043.18 feet

NORTHING _1405787.89 feet

DRILLING METHOD _Sonic (6 5/8" diameter)

EQUIPMENT _RRD-100

TOC ELEVATION _1046.38 feet
EASTING _2157448.908 feet

LOGGER _SLR (DP, JH)

2012 PEBBLE LOGS - SONIC 2012 BORING LOGS_FINAL.GPJ PEBBLE2.GPJ 4/16/13

Comments: Used airlift to pack formation sand around screened interval

DTW Time & Date:

> N —
Zelt | ® |2 |2 | .3
=1 > > e '-g & Om| ©
W Q9 F | 2% |gu|EH| T
—_ o (D
g % E o = @ © 8 (I) E i/ % o] SOIL DESCRIPTION WELL DIAGRAM / COMMENTS
S - Z -
a3l | 3 | 57|28 o
(2} o <
0 O
o™ O\J o GP Sandy GRAVEL, subangular gravel, trace All soils were described in
)OG 20 silt, loose, damp, brown accordance with ASTM Method
n 4 o 0 &S D2488 using the Visual-Manual
5 Q o Method. Soil classifications and
o 60 “ %0 additional information obtained
- - )o DQC from laboratory testing were
QO o used to update soll
s 60 "o, descriptions, as applicable.
B N D Q Bedrock lithology descriptions
OQD s were compiled from SLR's field
B | o @O 0 descriptions and PLP Geology
o ()20 Logs.
6/9 D, 55
5 )
00%9 - Y First core advanced to 9 feet
bgs
s DQC Clasts up to 2 inches, 0-14 feet
B N o %@ o o
YO aQ - QO
= - >o DQ@ (5
0 %@ o)
YO aQ - QO
B 7] >o DQ@ s
0 %@ o)
| | | o[ \° - %0
>o DQ@ »
10 SPT|9-7-40(2/ 18 o%@ o
YO aQ - QO
— DOQ DQ@ -
» - o @ o
o 60 9% QD
>o DQ@
B N o %@ o 5
YO aQ - QO
- B >o DQ@
9] %O 0 OD
oL ~2014.0
B 9/10 Clasts up to 3 inches; varying
s sand content within unit, 14-37
15 feet
WELL COMPLETION INFORMATION
WELLHEAD PROTECTION: GROUT: _ 0 to 1 foot bgs RATHOLE: _N/A
Type: _Steel Type: _Native Material Type: None
Diameter: 6 inch Mix Used: NA DEVELOPMENT-
WELL CASING: 0to 116.5 feet bgs PLUG: 1 to 5 feet bgs Method:  Airlift
Stickup: 3.2 feet Type: Cetco Coated 1/4" Bentonite Pellets Date:  10/4/2012
Type: Schedule 40 PVC Volume: 150 Ibs ’
Diameter: 4 inch FILTER PACK: 5 to 159.5 feet bgs HOLE COMPLETION NOTES:
SCREEN: _116.5 to 156.5 feet bgs Type: _Native Material Total Depth Drilled: _159.5 feet bgs
Type: _Schedule 40 PVC Volume: N/A Total Depth of Well: _159.4 feet bgs
Slot Size: _0.02 inch SUMP: _156.5 to 159.5 feet bgs Depth to Water in Well: _54.27 feet btoc

10/4/2012 at 10:00
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THE

pebble

PARTNERSHIP
PROJECT LOCATION _lliamna, Alaska

DRILL SITE _PW12-3

DATE STARTED _8/21/12
DRILLING CONTRACTOR _Foundex

COMPLETED _8/22/12

GH12-334S

PAGE 2 OF 8

GROUND ELEVATION _1043.18 feet

NORTHING _1405787.89 feet

DRILLING METHOD _Sonic (6 5/8" diameter)

EQUIPMENT _RRD-100

TOC ELEVATION _1046.38 feet
EASTING _2157448.908 feet

LOGGER _SLR (DP, JH)

& > | @
S|l g |2 |5 |0
el P > - ~ [s] @)
B8 (8- 5 |22 (84 zE| o
2Rkl W |Qs |OL|EL| &6 SOIL DESCRIPTION WELL DIAGRAM / COMMENTS
T = rs |WwOlop <5
TE|ET| T | %o |22/hE| 3
Wg |x < |a |ETeE
[e) %) ) o
95 |3 @ =
CL Sandy Lean CLAY, trace cobbles, ZeN =l
subangular gravel, medium dense to dense, .0,( i'.
- E damp to wet, brown to gray 5 (7
- ] ’ o—.‘?f Sample from 19-20.5 feet was
14/ AN U4 analyzed by KP
20 SPT|6-9-12 s U1 Particle Size Distribution:
18 X o
(59 14.4% Gravel, 31.5% Sand,
] A RN 39.7% Silt, 14.4% Clay; LL =
A Od 5] 32,PI= 15
> ..r
oo
L s
L 10/ N
O O
10 ‘ ow:f
2 il
@ O
B 7] N 0 a eet hit refusa
&~ G5 SPT at 29 feet hit refusal
A 0-‘?‘ during second 6 inch interval
30 SPT| 5-R- [0/18 & & after 50 blows
o [ Wet, 29-32 feet
e uloe
- 18/10 o
35 " ._.?r
X O




THE

pebble

PARTNERSHIP

PROJECT LOCATION _lliamna, Alaska

DRILL SITE _PW12-3

GH12-334S

PAGE 3 OF 8

DATE STARTED _8/21/12
DRILLING CONTRACTOR _Foundex

COMPLETED _8/22/12

GROUND ELEVATION _1043.18 feet

NORTHING _1405787.89 feet

DRILLING METHOD _Sonic (6 5/8" diameter)

TOC ELEVATION _1046.38 feet
EASTING _2157448.908 feet

EQUIPMENT _RRD-100

LOGGER _SLR (DP, JH)

& > | @
sEll | & |2 |8 |o8
= > |3 |ZoF2] 2
B3| L |®% |84 k| To
PI|mi| U |un Q5|ES| %9 SOIL DESCRIPTION WELL DIAGRAM / COMMENTS
o | L | Y% lez|hl|
os|u s | Slae| ©
o 8 2] %) =
— = ?v oK GP-GM GRAVEL with Silt and Sand, 0'».?.‘\ Gravelly intervals (less than 1
)0 0 T subangular gravel, poorly graded, loose to X foot), 37-49 feet
= . © mE medium dense, very moist, brown '8
OQ [ .'.'.L
3 6 | o i;
EEE - b <D el
o O T4 @
spr| 1112+ 117 0Q ) p o
40 50 | 18 HERN Tellls
— Chet p=s
O ()b :‘r
= - o 6 R 9o IS l-.v‘
DDQ Mg 0".‘?‘
™ O
B AERLA Al
NN 5
[&F 19 .'
- O ()b Ssllise
&N T
= . ) 1 Q)
8/10 Keral! & ._.tr
45 NERNS o
>D g OD ._.?r
QO p=s
= . o 6 ®lo l'
D < ..r
o) 14 s 5;
] 0O (o [
) Eallice
[&F \\/C L‘?ﬁ
— — OQ ) ‘l'
e elllivs
u 2 Y 79490 B
o] =0 GP GRAVEL with Sand, trace cobbles, = ._..v'r
19-25-| 13/ & %0 subrounded gravel, poorly graded, wet, brown %
50 SPT| "50” | 18 D, 55 et
O
- e ol
B 7] >o DQC .i.f\
Qs s o—.‘f
- o720 e
>o DQC :ﬁr
QT 00 B
B T o[\ %0 l'i‘%‘t
DDQDQC 5 ._.o'.r
N A SN L
- O
55 >o DQC s .hl.':
QDo [
o[\ %0 O
..r
| | >o D g i z‘
O T i
- ot Tells
o b g .v_o?f\
Nolal s
o \0 9] 58.0 5
B ?(\ S i ;:,\ Clasts up to 4 inches, 58-68
‘ 'l. feet
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THE

pebble

PARTNERSHIP

PROJECT LOCATION _lliamna, Alaska

DRILL SITE _PW12-3

GH12-334S

PAGE 4 OF 8

DATE STARTED _8/21/12
DRILLING CONTRACTOR _Foundex

COMPLETED _8/22/12

NORTHING _1405787.89 feet

DRILLING METHOD _Sonic (6 5/8" diameter)

GROUND ELEVATION _1043.18 feet

EQUIPMENT _RRD-100

TOC ELEVATION _1046.38 feet
EASTING _2157448.908 feet

LOGGER _SLR (DP, JH)

DEPTH BELOW
SURFACE (ft)
CORE RECOVERY|
(FT)
SAMPLE TYPE
SPT RESULTS
oonp"

SPT RECOVERY
(INCHES)
DEPTH TO
WATER (FT BGS)
GRAPHIC
LOG

SOIL DESCRIPTION

WELL DIAGRAM / COMMENTS

SPT 16-20-

N

-

oo @
-~

25

GB

1107/
10

65

68.0

SP-SM Poorly Graded SAND with Silt,
subrounded gravel, loose to medium dense, wet,
brown to orange/red

15/

SPT 18

70 5-9-10

10/
10

1745

SM Silty SAND, loose to medium dense, wet,
brown

75

79.0

MH SILT, elastic, dense, slightly moist, olive
gray

18/

SPT 18

80 3-6-11

CL Sandy Lean CLAY, subrounded gravel,
dense, slightly moist, olive gray

ue

T

.ﬂg.’l‘.'l‘

oG

.J.!’.

.J.!’.

T

.J.!’.

T ;Qo"’.!p’ﬁ@

.J.!’.

T

.J.!’.

Bl ;Qo"’.!p’ﬁ‘o

"’.!p"ﬁo'

< ."&0..1 T

v'%io’

.‘1
ogte

W

TR

';Q‘o"’!p

.,
¥; &'

o
Vo

Vo

T

o
Vo

Rtogteste

ogtogts

Sample from 61.5-62.5 feet
was analyzed by KP

Particle Size Distribution: 10%
Gravel, 78.2% Sand, 11.8%
Silt, 0% Clay; LL = NV, Pl =
NP

Sample from 69-70.5 feet was
analyzed by KP

Particle Size Distribution: 0%
Gravel, 81.9% Sand, 14.8%

Silt, 3.3% Clay; LL = NV, PI
NP

Sample from 79-80.5 feet was
analyzed by KP

Particle Size Distribution:
14.6% Gravel, 27.6% Sand,

40.5% Silt, 17.3% Clay; LL =
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THE

pebble

PARTNERSHIP

PROJECT LOCATION _lliamna, Alaska

DRILL SITE _PW12-3

GH12-334S

PAGE 5 OF 8

DATE STARTED _8/21/12
DRILLING CONTRACTOR _Foundex

COMPLETED _8/22/12

NORTHING _1405787.89 feet

DRILLING METHOD _Sonic (6 5/8" diameter)

GROUND ELEVATION _1043.18 feet

EQUIPMENT _RRD-100

TOC ELEVATION _1046.38 feet
EASTING _2157448.908 feet

LOGGER _SLR (DP, JH)

DEPTH BELOW
SURFACE (ft)
CORE RECOVERY|
(FT)
SAMPLE TYPE
SPT RESULTS
oonp"

SPT RECOVERY
(INCHES)
DEPTH TO
WATER (FT BGS)
GRAPHIC
LOG

SOIL DESCRIPTION

WELL DIAGRAM / COMMENTS

1107/
10

85

89.0

CL Sandy Lean CLAY, subrounded gravel,
dense, slightly moist, olive gray

10-10-
16

10/

SPT 18

90

1107/
10

95

le7.0

SP SAND with Gravel, subrounded gravel,
poorly graded, loose, wet, brown

8-12-

SPT 19

0/18

100

100.0

ML SILT with Gravel , sparse gravel, dense,
dry, olive gray

°q

o~
o
N

=
jaifl)

@)
he

0

o

a
o

0

GM Silty GRAVEL with Cobbles, subangular
gravel and cobbles, dense, moist, olive gray

ue

T

.ﬂg.’l‘.'l‘

oG

.J.!’.

.J.!’.

T

.J.!’.

T ;Qo"’.!p’ﬁ@

.J.!’.

T

.J.!’.

Bl ;Qo"’.!p’ﬁ‘o

.J.!’.

= ."&0..‘

v'%io’

.‘1
ogte

W

';io"’!p

Vo

i

o
Vo

¥; &'

o
Vo

i

Rtogteste

ogtogts

29, Pl = 14
Clasts up to 2 inches, 79-100
feet

Clasts up to 3 inches,
100-113.5 feet
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THE

pebble

PARTNERSHIP
PROJECT LOCATION _lliamna, Alaska

DRILL SITE _PW12-3

DATE STARTED _8/21/12
DRILLING CONTRACTOR _Foundex

COMPLETED _8/22/12

GH12-334S

PAGE 6 OF 8

NORTHING _1405787.89 feet

DRILLING METHOD _Sonic (6 5/8" diameter)

GROUND ELEVATION _1043.18 feet

EQUIPMENT _RRD-100

TOC ELEVATION _1046.38 feet
EASTING _2157448.908 feet

LOGGER _SLR (DP, JH)

& > | @
S|l g |2 |5 |0
a2 > =, o2 QO
2818c| L | 39|84 | Fg
D2IDE| Y |U% |9F5|E=| %0 SOIL DESCRIPTION WELL DIAGRAM / COMMENTS
Fe BT T | Yo ez |G| 2o
oS (W = = = O]
wa | S | % |E <
(@] 8 7] =
| N © OL 2 GM Silty GRAVEL with Cobbles, subangular
DOC) < J gravel and cobbles, dense, moist, olive gray
o b T4
- H4/10 0% Go
YO >O QO
105 >o D< (> s
o% C o
YO >O QO
= i >o D< (> i
o% C o)
YO >O QO OD
B N >o D< (=
OQ C o)
B 1 50 C§O< 2o (C
o b T4
e i
B . o (e 120 SPT at 109 feet hit refusal
D D< )| during first 6 inch interval after
110 SPT| R- [0/18 Xelap (5 50 blows
’)0 C>o< xS
o b T4 i
B N 5O O o
’)0 C>o< xS
n 4 o |b T4 IS
o% C o)
YO >O QO
I Doy i
20 91135
10/ o SP-SM SAND with Silt and Gravel, sparse
B 7 10 gravel, medium dense, moist to very moist, IS
brown
115
o
» ] B i
| s
Ree=
; o —
] 1118.0 o
CL Lean CLAY with Sand, mostly fine grained  [5/—]
san_d, poorly_ graded, medium dense, slightly P
- moist to moist, brown to gray s— Sample from 119-120.5 feet
3.11-1 15/ 90; — was analyzed by KP
120 SPT 50 18 %%: Particle Size Distribution: 7.4%
b — Gravel, 17.3% Sand, 55% Silt,
%}: 20.3% Clay; LL = 36, PI = 18
» ] oC—
i
| m KoL
o —
] P
| 10/ ; —
10 R
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THE

pebble

PROJECT LOCATION

lliamna, Alaska

DRILL SITE _PW12-3

GH12-334S

PAGE 7 OF 8

DATE STARTED _8/21/12
DRILLING CONTRACTOR _Foundex
DRILLING METHOD

COMPLETED _8/22/12

NORTHING _1405787.89 feet

Sonic (6 5/8" diameter)

EQUIPMENT _RRD-100

GROUND ELEVATION _1043.18 feet =~ TOC ELEVATION _1046.38 feet

EASTING _2157448.908 feet

LOGGER _SLR (DP, JH)

& > | @
gl | & |2 |F_[,9
b > I ~ o @]
mW 0 | F 2% |30|TF] To
PI|oi| Y |un |98 E=| 20 SOIL DESCRIPTION WELL DIAGRAM / COMMENTS
TE(TT) T | To |K2|hE| -
oS (W = = = O]
o 8 %) =
125 CL Lean CLAY with Sand, mostly fine grained s
sand, poorly graded, medium dense, slightly — i'.
moist to moist, brown to gray '—.?f
I ,{L
(5 o—.‘f
T )
=
| _ o».f\
o=
-] S—[F7  SPT at 129 feet hit refusal
C ..‘r during second 6 inch interval
130 SPT| 3-R- |0/18 FO—10  after 50 blows
SE=ie
» _ S Tt
¢ liv.
A o
i
50
» |10/ = fE
10 ;:
135 QQ:E
: ‘E
— 1 OQE
FR=ie
- =
‘E
= a i ._.tr
o=t
- ne=
O
3-10-| 16/ XL
140 SPT| "20 | 18 by
O
] SEE e
| OQ ‘i.;r
. =
Te=re
—0
| _ ‘:
S
O
| |10/ SRS
10 O
~N— s
=L
145 ramte
146.0 e e
- K] ~; Clasts up to 4 inches, 146-155
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THE

pebble

PARTNERSHIP
PROJECT LOCATION _lliamna, Alaska

DRILL SITE _PW12-3

DATE STARTED _8/21/12
DRILLING CONTRACTOR _Foundex

COMPLETED _8/22/12

GH12-334S

PAGE 8 OF 8

NORTHING _1405787.89 feet

DRILLING METHOD _Sonic (6 5/8" diameter)

GROUND ELEVATION _1043.18 feet

EQUIPMENT _RRD-100

TOC ELEVATION _1046.38 feet
EASTING _2157448.908 feet

LOGGER _SLR (DP, JH)

& > | @
ge U g |2 |5 |0
i > = )
mW 0 | F 2% |30|TF] To
PI|oi| Y |un |98 Fe| o o SOIL DESCRIPTION WELL DIAGRAM / COMMENTS
EE|ZY €| EC|E2)hE| 3
ia |z | 5 |5 |& |°%
o 8 %) =
P H P GP-GM GRAVEL with Silt and Sand, — 0 feet
- - )06 < J subangular gravel, poorly graded, loose, wet, —
o mi= olive gray to brown 1
o% : ) :
- - o 9o —
DDQ <vc OQ E
- 7 P L 3 Increased density and moisture
)OG T (Som—- content, 149 feet
150 SPT 0/18 o mE j—
OQ BE —
/N )06 R oo o=
— — DQ g ? I
0 )P S
e =
B 7 DQ m(= B —
o L) o P
] o Ok =
AN D oL
[=] [= 3 I
5O R eC—
— -9/10 §@<% e
155 DQ Bk 155.0 90 —
BEDROCK (DACITE), porphyritic, with feldspar  [Fr—| fC'atS‘S up to 2 inches, 155-156
and hornblende sockets, phenocrysts, purple 90‘ — ee
= . 156.0fyorite crystals, minor carbonate in fractures, N
angular clasts, pale green to gray, loose, wet -
BEDROCK (DACITE), porphyritic, with feldspar  [&
B N and hornblende sockets, phenocrysts, purple
fluorite crystals, minor carbonate in fractures,
| | pale green to gray 05
| 105/_| 5
0.5 159.5 =

Bottom of hole at 159.5 feet.
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% Pebble Project

NORTHERN DYNASTY MINES INC.

P-05-36S

PAGE 1 OF 2

PROJECT LOCATION _lliamna, Alaska

PRILL SITE _Pebble/Site AG

DATE STARTED _9/7/05
DRILLING CONTRACTOR _Foundex

COMP

LETED _9/7/05
NORTHING _6642166.108 meters

DRILLING METHCD _Air Percussion

GROUND ELEVATION _1011.81 feet

TOC ELEVATION _1014.38 fest
EASTING _372679.8 meters

EQUIPMENT _CDEX/HT700

LOGGER _Daigle

DEPTH BELOW
SURFACE (ft)
SAMPLE TYPE
DEPTH TO
WATER (ft bgs)
FLOW TEST
(gpm)
GRAPHIC
LOG

o

SOIL DESCRIPTION

WELL DIAGRAM / COMMENTS

Peat

Grave! with sand and silt  40% 1/2"-diameter
well-graded gravel, 40% medium to fine sand, 20% siit.

Sand Brown, coarse, <15% fines, dry.

Sand Brown, coarse to medium sand,
15% 1/2"-diameter subangular to subrotnded gravel,
<15% silt or fines, dry.

10

Gravel with sand and silt  Well-graded gravel with
small cobbles, medium sand, <15% fines, dry. /_
Gravel with sand and silt Well-graded gravel and

small cobbles, coarse to medium sand, <15% fines, dry.

Gravel with sand and silt Well-graded grave), coarse
to medium sand, <15% fines, dry.

Gravel with sand and silt Brown, well-graded
subangular to subrounded gravel, coarse to medium
sand, <15% fines, dry.

- &1GB)

Band with gravel Brown, 80% coarse ta medium
sand, 20% poorly-graded gravel, <15% fines, dry.

= ANSSNNNNNNNNNNNNNN
= ANSNNSNNNNNNNNNNNN NN

Gravel with sand  50% well-graded, subangular to
subrounded gravel, coarse to medium sand, diy.

21 GB )

Sand with gravel Brown, 80% coarse to medium
sand, 20% 1/2"-diameter subangutar to subraunded
gravel, <15% silf, damp.

Sand with gravel Brown, coarse to medium sand,
20% subangular to subrounded small gravel, damp.  /F-

-2 GB |

subangular gravel, 30% coarse to medium sand, 20%

Silty gravel  Brown, 50% well-graded, 1/2"-dlameter -
silt. /

30

Gravel with sand  60% well-graded, 1/4"- to

s 0 =%

4 out of casing.

Air injection only.

Air injection only.

Air injection oniy.

Show of water at 23' bgs, water drilling

Air injection only.
Injected small amount of water.

Stickup: _2.57 fest
Type: _Schedule 80 PVC

Mix Used: _10# grout, 100# cement, 10 ga! H20

Comments: _Stalic Water Depth is denoled by solid triangle (Roc): 22.51

WELL COMPLETION INFORMATION

WELLHEAD PROTECTION GROUT RATHOLE

Type: _Steel Type: _PureGold Typa: NIA

Diameter; 6 inch Method of Placement; _Tremie DEVELOPMENT

WELL CASING PLUG Method: _Waterra pump, 1" tuhing (withiwithout surge blac

Type: Cetco 1/4"coated tablsts

Date: 4 Oct., 2005

SCREEN FILTER

i . Type: _10/20 silica sand RESPONSE TEST
Diameter: _2 inch
SCREEN Response Method: 20", 1" OD Waterra Tube
SURFACE SEAL Type: _Schedule 80 PVC Date: 15 Oct 2005

Purge Volume: 932 gallkons

Slot Size: _0.020 inch
Date: 9/7/05

Time: 1815

=
_3= 4601 Business Park Bivd., Suite K42
= Anchorage, Alaska 59503
Telephona: 907 222.1142
Fax: 907.2221113

—

SL)

SLR timernationsd Corp

¢! —|g¢



(& Pebble Project P-05-36S

PAGE 2 OF 2

NORTHERN DYNASTY MINES INC.

PROJECT LOCATION _lliamna, Alaska DRILL SITE _Pebbls/Site AG
DATE STARTED _9/7/05 COMPLETED _9/7/05 GROUND ELEVATION _1011.81feet  TOG ELEVATION _1014.38 feet
DRILLING CONTRACTOR _Foundex NORTHING _6642166.108 meters EASTING _372679.8 meters
DRILLING METHOD _Air Percussion EQUIPMENT _ODEX/HT700 LOGGER _Dsigle
| W @
8Ll & 1 o2 |h 1o
mu| £ | Ee|ug |F
s Ml Ex |25 |% SOIL DESCRIPTION WELL DIAGRAM / COMMENTS
— ~ |
RSl 2 | 42|27 |5
O « L13] =
30

3.0 \1/ "_diarmeter subangular o subrounded gravel, 40% f
well-graded, coarse to medium sand, <15% fines. /’

Gravel and sand  Brown, well-graded gravel, coarse
to medium sand, 15% silt.

Injected water to clean up hole and

::7134.0 \Gravel and sand Brown, coarse to medijum sand, /_ A
5.0 \ 15% silt.
\Sand Light gray, fine, small clay lenses.
Silt  Gray, elasiic, dry. [
Bottom of hole at 34.0 feet,

casing.

NORTHERN DYNASTY PEBBLE2.GPJ PEBBLE2.GPJ 5/30/08

PSS
=

-~ ‘—;
‘_} 4601 Business Park Blvg , Suite K42
S I R = Anchorage, Alaska 99503
. T Telephone: 907 222.1112
SER Ineerantions Catp Fax: BO7.222.1113

Gf —i2F
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(% Pebble Project

NORTHERN DYNASTY MINES INC.

PROJECT LOCATION _lliamna, Alaska

P-05-36M

PAGE 1 OF 3

DRILL SITE _Pebble/Site AG

DATE STARTED _9/7/05
DRILLING CONTRACTOR _Foundex

COMPLETED _92/7/05

GROUND ELEVATION _1012.17 feet
NORTHING _6642156.83 meters

TOC ELEVATION _1015.27 feet
EASTING _372684.909 meters

DRILLING METHOD _Air Percussion

EQUIPMENT _ODEX/HT700

LOGGER _Daigle/Hagen

Type: _Cetco 1/4"coated tablels
SCREEN FILTER

Type: _10/20 silica sand
SCREEN

Type: _Schedule 80 PVC

Slot Size: _0.020 inch

Comments: _Stalic Water Depth is denoted by sokd friangle (ftoc); 23.22

Stickup: _3.10 fest
Type: Schedule 80 PVC

Diameter. _2 inch

SURFACE SEAL
Mix Used: _10# grout, 1004 cement, 10 gal H20

Datle: 9/8/05 Time: 1805

2| w >
DE o ov =
gu| £ | Ee i 3 o
? X § E 5 =g % o SOIL BESCRIPTION WELL DIAGRAM f COMMENTS
Er W o~ |X
o5 = O« — (U]
wo| & z | "
[1]
| | No recovery No water added.
[ ] 4.0
5 I 5.0 8and, silt and gravel Brown, poorly-graded sand, dry.
1 8and, silt and gravel Poorly-graded sand,
3 T subrounded gravel clasts, dry to moist.
- 10 - Sand with silt and gravel Brown, well-graded sand,
subrounded gravel, moist.
1GE g
- - Gravel with silt and sand Light brown, well-graded,
B N subrounded gravel clasts, moist.
B 5 _
&1 GB Sand with silt and gravel Light brown, well-graded
B h sand, <20% subrounded gravel, moist.
- 1 Increased gravel.
- . Gravel with silt and sand Brown, well-graded,
| ] subangular gravel, moist.
20
R AYET:
- 1 Decreased silt.
B N Gravel with sand Wellgraded, subrounded to
- 1 subangular gravel, wet.
| »s ]
i _% Gravel Waell-graded, subangular o subrounded, wet.
i | | Increasing silt.
i | Gravel with sand Well-graded gravel, wet.
o -1 1
30
WELL COMPLETION INFORMATION
WELLHEAD PROTECTION GROUT RATHOLE
Type: _Steel Type: _PureCGold Type: _N/A
Diameier: 6inch Method of Placement. _Tremie DEVELOPMENT
WELL CASING PLUG Method: _Waterra pump,1” tubing (with/without surge blec|

Date: 5 Oct., 2005

Purge Volume: _1071 gallons

RESPONSE TEST

Response Method: 20", 1" OD Walerra Tube
Date: _15 Oct 2005

.-""—‘ o =
< 4601 Business Park Bivd., Suite K42
S I R - Anchorage, Alaska 89503

Telephone: 907.222.1112

SLR Insesnationdd Gorp Fau: 907.222.1413

&l —) 98
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% Pebble Project

NORTHERN DYNASTY MINES INC.

PROJECT LOCATION _lliamna, Alaska

PRILL SITE _Pebble/Site AG

P-05-36M

PAGE 2 OF 3

DATE STARTED _9/7/05

COMPLETED _9/7/05

DRILLING CONTRACTOR _Foundex
DRILLING METHOD _Air Percussion

GROUND ELEVATION _1012.17 feet

NORTHING _6642156.83 metera

TOC ELEVATION _1015.27 feet
EASTING _372684.909 meters

EQUIPMENT _ODEX/HT700

LOGGER _Daigle/Hagen

Tl w )
o) 4 o2 | b o
me| Elfe| e iTo
i & w E % za Ef 9 SOIL DESCRIPTION WELL DIAGRAM } COMMENTS
[t [ mis o~ |
[T = O ] (0]
HEARIR
2 GR . 4 Gravel with sand Brown, well-graded, subangular to Vg
B T . subrounded graval, wet. /
R 77
R N o. .‘. / / No water added.
[ 35 | Py & [350 /
Layery 355 — Gravel with sand Wel-graded gravel, wet. / / .
] a8 Siltwith sand Light brown. / Injected water.
B T 8.0 Clay with silt Greenish gray. / / Added foam.
: : Clay with silt Greenish gray. ; 7 Injected water/foam.
40 40.0
i _—‘:’—l@ Clay with silt Greenish gray, trace sand. / /
| Trace gravel, ; 4
B N 43.5 / / Injected water/foam.
B 45 B Silt with sand and gravel Greenish gray. / / Cutlings very foamy.
45.0 Added water.
i _% Silt with sand and gravel Gray, plastic, trace gravel, ; ; Added waterffoam.
B T /< /< Added waterffoam.
e Ry R
50 60.0 ' : : _ k §
Rayei:y Silt with sand and gravel Gray, medium plasticity. \ \
"] 51.8 § §
[ ] 52.8 § \§
] Silt with sand and gravel Gray. \ § Added waterffoam.
= 7 NS
* %GB | S with sand and graval % § Added waterffoam.
| | grave % §
Increased coarse-grained, angular sand. § §
] NS
- § § Added waterffoam.
[ 60 SEN
v eT) 1 b1 1603 § § Drill advancing much faster.
A S1ida1 s Slity sand  Gray, coarse, subangular sand. § § Added water.
B 1 Silty sand and gravel Well-graded, subrounded § \Q
| ] gravel. % \
% § Added water.
"5 § \\\ Sands heaving severe.
65.0
£+ GB Gravel with sand Well-graded gravel, subrounded Q § Add waterffoam.
B u > R H lat
sand. SER eaving sands.
| 4 § § Added waterffoam.
B . § %\ Added waterffoam.
- : Y R Diillin heaving sand.
70 70.0 NN
. . ; NES
-1 GB | . Sand with gravel Well-graded sand, <15% NN
B T : subrounded gravel, § §
C 5 SES
| ] 20730 S
| | : Sand - -

- ‘} 4601 Business Park Blvd., Suile K42
S I R = Anchorage, Alaska 99503
- N Telephone: 907.222.1112
SLR lmsrmational Cogp Fax: 907.222,1113

Gl 199
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&% Pebble Project

NORTHERN DYNASTY MINES INC,

PROJECT LOCATION _lliamna, Alaska

DRILL SITE _Pebble/Site AG

DATE STARTED _9/7/05
DRILLING CONTRACTOR _Foundex

COMPLETED _9/7/05

P-05-36M

PAGE 3 OF 3

NORTHING _6642156.83 melers

DRILLING METHOD _Air Percussion

GROUND ELEVATION _1012.17 feet

TOC ELEVATION _1015.27 feet
EASTING _372684.909 meters

EQUIPMENT _ODEX/HT700

LOGGER _Daigle/Hagen

Silty grave! Rock chips are black siltstione, maybe a
large cobble. Gray, 20% gravel. /

Bottom of hole at 90.8 fest.

Zo| W w
3= E o215 lo
my teE L EE [To
g x § E % zg % o SOIL DESCRIPTION WELL DIAGRAM / COMMENTS
Eo o~
Bal 3 [ o2 |a |©
a & =
75
Sand Injected foamfwater.
4 77.0 . .
" Sand Gray, medium to fine, wet, Driller cleaned casing and got heave
- [ ARET under cantrol.
B i Heave is back in casing, even when water
80 80.0 was added fo casing to contral heave.
Sand Coarse. Injected foam and water.
| 82.0 .
Sand Coarse, file 16 o fings., Fines may have been washed aut of
- sample by water used to control heaving
B _% sand.
85 Inject foam and water.
85.5 Injected moderate amount of foam and
B - {865 Sand with gravel Medium to fine sand, 5% to 10%  |-° water.
B i " ‘ \1/2"-diameater gravel. /1
| 75 Gravel with sand Well-graded gravel, coarse to - -
T2 GB | 2 aeg  \medium sand, litde to no fines. [ o
B 00 1 ~ i Sand Coarse to medium sand, 10% to 20% gravel, ;] Sand heave B' into casing, instatled
. m gos5 \iifle i no finss. /_ - 157 piezometer, removed piezometer and

drilled deeper.

|

4601 Business Park Blvg., Suite K42
Ancharage, Alaska 99503
Telephone: 907.222.1112

Fax: 807.222.1113

=

\

>~
LW

SLR Internationa Corp

el - 90
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(%2 Pebble Project

NORTHERN DYNASTY MINES INC.

PROJECT LOCATION _lliamna, Alaska

DRILL SITE _Pebble/Site AG

P-05-36D

PAGE 1 OF 4

DATE STARTED _9/6/05
DRILLING CONTRACTOR _Foundex

COMPLETED _9/6/05

GROUND ELEVATION _1012.13 feet
NORTHING _6642161.263 metars

TOC ELEVATION 1014.43 feet
EASTING _372682.372 melers

DRILLING METHOD _Air Percussion

EQUIPMENT _ODEX/MHT700

LOGGER _Daigle/Hagen

SOIL DESCRIPTION

DEPTH BELOW
SURFACE (ft)
SAMPLE TYPE
DEPTH TO
WATER (ft bgs)
FLOW TEST
(gpm)
GRAPHIC
LOG

[=]

WELL DIAGRAM / COMMENTS

Peat
Silty sand  Light brown, medium to fine sand, damp.

Msand, damp.

Silty gravel
\sand, dry.

Poorly-graded graval, medium io coarse

Silty sand __Coarse to medium sand, 15% sili, damp.
Sifty gravel Poorly graded.

H GB | °]\,l [|a0
(

Silty sand Light brown, 50% silt, 50% medium to fine

Silty sand  Brown, 75% medium to fine sand,
15% silt, 10% gravel, damp.

LGB

10 Sandy gravel Poorly-graded, subangular gravel,

coarse to madium sand, dry to damp. o
Gravel and sand Dry.

Gravel and sand  50% wellgraded, 1/4"- to
1/2"-diameter subangular gravel, 40% coarse fo fine
sand, 10% silt, dry.

21 GB
15

Gravel with sand Wellgraded gravel, coarse to fine
sand, damp to dry.

Gravel with sand  45% well-graded, 1/4"- to
1/2"-diameter gravel, 45% coarse to fine sand, 10% silf.

B GB

20 Sand Light brown, coarse to madium sand,

10% gravel, dry.

Grave] and sand Well-graded, subangular gravef,

220  coarse to medium sand, dry.

230 Sand Coarse to medium sand, 10% subangular to
240 \subrounded gravel, <15% fines, damp to wel.

i Sand Coarse to medium sand, increasing gravel.

.

LGB

Gravel Well-graded, subangular gravel, coarse to
medium sand, increasing silt.

a

Gravel with silt and sand  Brown, 45% well-graded
gravel, 40% coarse fo medium sand, 15% silt, damp.

-2 GB | 29.0

30 "\,f r_\ Gravel Poorly-graded pea gravel, wet.

Air injection only.

Air injection only.

Air injection only.

First show of water.
No significant flow.

Air injection anly.

Flow out of cyclone at drill break. Flow
immediately stops drilling air injection.

GROUT
Type: _PureGold

WELLHEAD PROTECTION
Type: _Steel

Diameter: _6 inch

WELL CASING

Stickup: _2.30 fest

Type: _Schedule 80 PVC

2 inch

Methed of Placement:
PLUG

Type: _Cetco 1/4"coated tablets
SCREEN FILTER

Type: _10/20 silica sand
SCREEN

Type: _Schedule 80 PVC
Slot Size: _0.020 inch
Date: 9/6/05

Tremie

Diameter:

SURFACE SEAL
Mix Used: _10# grout, 100# cement, 10 gal H2Q

Comments: _Stalic Water Depth is dencted by solid triangle {floc): 113.0 Time:0215

WELL COMPLETION INFORMATION

RATHOLE

Type: NIA
DEVELCPMENT
Methed: _Waterra pump, 1" tubing (with/without surge blocl
Dale: 4 Oct. 2005

Purge Volume: _294 gallons

RESPONSE TEST

Response Method: _20', 1" OD Waterra Tube
Date: _15 Oct 2005

4601 Business Park Bivd., Suite K42
Anchorage, Alaska 9503
Telephone: §07.222,1142

“‘lu,,,d'

SLR

SLR fniceoatonal Cop

Fax: 907.222.1113

&l —{V



NORTHERN DYNASTY PEBBLE2.GPJ PEBBLEZ.GPJ 5/30/06

(%2 Pebble Project

NORTHERN DYNASTY MINES iNC.

PROJECT LOCATION

liamna, Alaska

DATE STARTED _9/6/05

COMPLETED _9/6/05

DRILL SITE _Pebble/Site AG

P-05-36D

PAGE 2 OF 4

GROUND ELEVATION _1012.13 fest

DRILLING CONTRACTOR _Foundex

NORTHING _6642161.263 meters

DRILLING METHOD _Air Percussion

TOC ELEVATION 1014.43 feet
EASTING _372682.372 meiers

EQUIPMENT _ODEX/HT/00

LOGGER _Daigle/Hagen

zo|l w | 3
ox| o o | B
i 8 ~ > e @ € % o
? =< E E % =g % S SCIL DESCRIPTION WELL DIAGRAM / COMMENTS
falid W~ o~ |
o5 = Oy ot | A
ga| & z | "
20 e h 7
i ] 1 o\ Gravel Poorly-graded pea gravel, wet. 7
| N D 32.0 .
o0 230 Gravel B80% subangular io subrounded, / / inject small amount of water.
[ T s . poorly-graded gravel, 20% medium sand, <15% fines, [ / /
B N + wet.
35 4350 n
Gravel Well gradec[. subangular to subrounded é ; Inject small amount of water.
| i ravel, coarse 1o medium sand. /_
Silt Gray, elastic, dry. / /
| 38.0 / /
i 1 Silt  Gray, elastic, 5% coarse sand and small gravel, / /
10 . 4 ;
[ ] 20 V)
Silt Gray, elastic, 5% to 10% coarse sand, small / /
i N gravel. / /
45 45.0 4 4 )
I i Silt  Gray, 5% to 10% silt, dry. / / Inject small amount of water.
— 47.0 / /
Silt  Gray, elastic, 5% to 10% coarse sand and small
i N gravel, dry. ; /
50 % 4
-] 7V
Silt Gray, elastic, 15% subangular to subrounded / /
i N gravel, dry. / /
55 55.0 / / ,
Silt Gray, 15% coarse sand and gravel. / Inject small amount of water.
- [ | | i [56.5
- Poi 1570 — Gravel with sand and silt  Poorly-graded gravel, / /
2 _ 58.0  \coarse sand. [ / /
| N Gravelly silt Gray, 75% silt, 15% 1/4"- to / /
fameter subrounded gravel, & coarse to
&0 1/2"-diamet brounded ], 10% / /
medium sand.
- - Silt Gray, gravel and coarse sand.
- A7
Siit  Gray, elastic, 10% to 5% coarse sand, dry. '/ /
- T i 63.5
" 5] Foaaed.s  Gravel with sand  70% coarse sand, 4 4
-.7165.0_—\30% poeriy-graded pea gravel. A .
| a Sand__ Coarse fo fine sand (probably wet). f / / Inject small amount of water.
670 Sand Coarse to fine sand. '/ /
T Sand with gravel 70% coarse to medium sand, 30% / / He?wng sands. Inject small amount of
S 1/4"-diameter subangular to subrounded pea gravel, wet / / waler.
- N (maybe).
70 70.0 /
Sand with gravel Coarse to medium sand, 20% / /
- 2op  Oravel /
: : Sand Medium to fine sand. ; ;

SLLR

SLR [nternational Cop

4621 Business Park Blvd., Suite K42
Anchorage, Alaska 95503
Telephone: 307.222.1112

Fax: 807.222.1113

&/ — |72
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(&2 Pebble Project P-05-36D

PAGE 3 OF 4

NORTHERN DYNASTY MINES INC.

PROJECT LOCATION _lliamna, Alaska

DRILL SITE _Pebble/Site AG

DATE STARTED _9/6/05 COMPLETED _9/6/05 GROUND ELEVATION _1012.13 feet TOC ELEVATION _1014.43 fest
DRILLING CONTRACTOR _Foundex NORTHING _6642161.263 melers EASTING _372682.372 meters
DRILLING METHOD _Air Percussion EQUIPMENT ODEX/HT700 LOGGER _Daigle/Hagen
=~ L w
QEl ¢ | o2 hH o
my| & S | EE |Zo
g L<L g e % zg % 9 SOIL DESCRIPTION WELL DIAGRAM / COMMENTS
= W o= |
eS| 2 | sk |2 |9
8o & z | =
75
1 Sand Madium to fine sand, / ?
] 77.0
| ] . Sand 80% coarse sand, 20% pea gravel. / /
" 80 B Gravel with sand Well-graded gravel, <20% coarse ; ;
p subrounded sand, wet.
EaYeE) b GilEd / / Added f
- - Sand and gravel Well-graded sand. / / oam.
3 7 / Added foam.
B 85 B ; ; Filled casing with water,
85.0
—  (cs) . Sand and gravel Well-graded sand. 4 ;
- B ] Sand with silt and gravel Well-graded sand. / / Added foam.
[ ] 805 Increased silt 4 ; Addad foam.
90 Jlon.o Silt with sand / /
| _J—lQ_B_, Silt with sand and gravel Light brown, molst. / /
B 7 % ; Added waterffoam.
M o ] 94,5 /
95 950, Silt with Driller says bedrock.
: gravel Black, angular. .
B _% 96.0 _Silt with gravel Black. ; ? Driller says bedrock.
] 6.5 — Silt with sand and gravel / /
] Silt with gravel Black. /
-] 18 Boulder / Waited 10 min., let hole stabilize.
B 100 . 99.5 . : / Change out rods, drilled with 4" bit open
3 e} oK Silt with gravel and cobhbles Light brown. ; ; /I.-‘l\glldeéd ater
] ] / Added waterffoam
| IH / 4 Added waterflots of foam,
i BN
105 11105.0 4 é
LD Silt with sand and gravel Light brown, stiff 7 / Added foam.
[ ] 108.0 '/ /
| - Gravel with silt and sand Subangular to angular. / / Added water.
110 [~
|orea : 2 %
i 7] - é ; Added waler.
B _ - /
115 ~11{l115.0
| =lGB] L Gravel with sllit and sand Tan, subangular to angu!ar/ /
b gravel, coarse, rounded to subangular sand grains. / / Added water.
3 N - / / Driller says it drills like clay.
- . o / Added water.
A (t: 1195 / Added waterffoam.
NY I

! 4601 Business Park Bivd., Sulte K42
S L i Ancherage, Alaska $9503
Telephone: 807.222.1112
Fax: 907.222.1113

L[l%\ws‘ f

SLR Interaationad Conps

&/~ 193
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(&2 Pebble Project

NORTHERN DYNASTY MINES INC.

PROJECT LOCATION
DATE STARTED _9/6/05
DRILLING CONTRACTOR _Foundex
DRILLING METHOD _Air Percussion

liamna, Alaska

DRILL SITE _Pebble/Site AG

COMPLETED _9/6/05

P-05-36D

PAGE 4 OF 4

GROUND ELEVATION _1012.13 feet

NORTHING _6642161.263 meters

TOC ELEVATION _1014.43 fest
EASTING _372682.372 meters

EQUIPMENT _ODEX/HT700

LOGGER _Daigle/Hagen

Bottom of hole at 151.0 feet.

2| w m
o= o o | b
o 3] FlE & ﬁ € z ©
TE
g e % E % zg % 9 SOIL DESCRIPTION WELL DIAGRAM / COMMENTS
[l o= |x
= I pE |2 |9
a?| o =
120
i _% Silt with sand and gravel  Black, angular to 1 V) Applying lats of waterfoam.
subrounded grains, stiff silt. / / G is b .
. / / auge is bouncing.
B N 1 4 4 Added waterffoam. "Drilling like clay."
B 7 1245
125
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Pebble Limited Partnership
Analysis of 2013 Pumping Test at GH12-334S

April 19, 2019
Project No.: 1872-002
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Analysis of 2013 Pumping Test at GH12-334S Project No.: 1872-002
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Appendix B-2 Pumping Well GH12-334S.
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Analysis of 2013 Pumping Test at GH12-334S Project No.: 1872-002
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E.1. LOCAL-SCALE MODEL DEVELOPMENT AND CALIBRATION

E.1.1. Overview

A local-scale groundwater model was developed to assist in calibration of the Groundwater Model
to the pumping test conducted at GH12-334S. MODFLOW-USG simulation times for the local-
scale model were significantly reduced relative to the Groundwater Model (i.e., seconds vs.
hours), which allowed a greater number of calibration simulations to be completed over a shorter
period of time. Details of the local-scale model development and calibration results are provided
in the following sections.

E.1.2. Model Domain and Discretization

The domain (Figure E-1) of the local-scale model was defined along drainages and surface water
divides in headwater tributaries of SFK and UTC. The model grid (Figure E-1) consisted of 77,808
Voronoi cells per layer covering and area of approximately 3.4 square miles. Model cells were
specified to be approximately 1 ft in the vicinity of GH12-334S. Outside this area, model cells
were expanded progressively in size to a maximum of 500 ft. Vertically, the model was discretized
consistent with the Groundwater Model, with the top of the model set to topography and the model
base set to a uniform elevation of -5,500 ft.

E.1.3. Hydrogeologic Units and Boundary Conditions

Hydrogeologic units simulated within the local-scale model were defined to be consistent with the
Groundwater Model. Boundary conditions (Figure E-2) were also generally consistent with the
Groundwater Model, including:

e The Recharge (RCH) and evapotranspiration (EVT) packages were used to simulate
groundwater recharge and groundwater evapotranspiration, with both set to average
annual rates.

e The Drain (DRN) package was used to simulate surface seeps throughout the model
domain, with the discharge elevation set to 1 ft above ground surface.

e Lakes and ponds within the model domain were simulated with the General Head
Boundary (GHB) package.

¢ No flow boundaries were assumed to be present in all layers at surface water divides and
below drainages. The base of the model was also assumed to represent a no flow
boundary.

e The Well (WEL) and Connect Linear Network (CLN) packages were used to simulate
pumping at GH12-334S.

Differences in boundary implementation between the local-scale model and Groundwater Model
include:
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e The GHB package was used to simulate drainages within the SFK and UTC watersheds
instead of the Streamflow-Routing (SFR) package. GHB boundaries were specified
instead of SFR boundaries to reduce the setup and computational time of the local-scale
model.

E.1.4. Results

Simulated and observed drawdown at pumping well GH12-334S and surrounding observation
wells are shown in Figure E-3. The results indicate that the observed timing and magnitude of the
response to pumping was generally well-replicated. At the pumping well, the maximum drawdown
was underpredicted by approximately 15 ft. At the observation wells, the simulated maximum
drawdown ranged from being underpredicted by 1.7 ft at GH11-265S to being overpredicted by
1.5 ft at GH12-322S.
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NOTES:

1. ALL DIMENSIONS ARE IN FEET UNLESS OTHERWISE NOTED.

2. THIS DRAWING MUST BE READ IN CONJUNCTION WITH BGC'S REPORT TITLED "PEBBLE PROJECT NUMERICAL GROUNDWATER FLOW MODEL", AND
DATED MAY 2019.

3. BASE TOPOGRAPHIC DATA BASED ON USGS NATIONAL ELEVATION DATASET 2018, DATED JANUARY 08, 2018. CONTOUR INTERVAL IS 50 FEET.

4. GENERAL ARRANGEMENT PROVIDED BY PLP DECEMBER 19, 2018.

5. LOCAL GEOLOGY SIMPLIFIED AFTER "SURFICIAL GEOLOGIC MAP OF THE PEBBLE LIMITED PARTNERSHIPS PEBBLE PROJECT," HAMILTON, T.D., 2007.

6. AREA R GEOLOGY SIMPLIFIED AFTER "PROVISIONAL SURFICIAL GEOLOGIC MAP OF PEBBLE LIMITED PARTNERSHIP'S AREA R, HAMILTON, T.D., 2011.

7. SIMPLIFIED LEGEND AFTER HAMILTON, T.D., 2007 AND HAMILTON, T.D., 2011.

8. DIGITAL DATA FOR THE REGIONAL GEOLOGY FROM THE PRELIMINARY GEOLOGIC MAP OF THE COOK INLET REGION, ALASKA, U.S. GEOLOGICAL SURVEY.

a

A

.
N &

1
f
¢

i

LEGEND

—— STREAM

9. SIMPLIFIED LEGEND BASED ON SCIENTIFIC INVESTIGATIONS MAP 3153, U.S.

GEOLOGICAL SURVEY, HTTPS://PUBS.USGS.GOV/SIM/3153/SIM3153_ PAMPHLET.PDF.
10. SURFICIAL GEOLOGY CROSS-SECTION LABELS REPRODUCED FROM PLP EBD CH 8, DATED JUNE 1, 2011.
11. PROJECTION IS NAD 1983 STATEPLANE ALASKA 5 FIPS 5005 FEET. VERTICAL DATUM IS NAVD88.
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. BASE TOPOGRAPHIC DATA BASED ON USGS NATIONAL ELEVATION DATASET PROVIDED BY THE USGS, DATED JANUARY 08, 2018. CONTOUR INTERVAL IS 50 FEET.

. GENERAL ARRANGEMENT PROVIDED BY PLP DECEMBER 19, 2018.

. DIGITAL DATA FOR THE BEDROCK GEOLOGY FROM THE GEOLOGIC MAP OF ALASKA, U.S. GEOLOGICAL SURVEY.
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. LOCAL GEOLOGY AND FAULT DATA PROVIDED AS VULCAN MODEL FILES BY PEBBLE, DATED SEPTEMBER 12, 2018.
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