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1. INTRODUCTION

The purpose of this report is to summarize the results of investigations conducted along
the coast of Elim, Alaska to support the proposed development of navigation
improvements for the community of Elim. This report also provides preliminary
geotechnical design criteria for proposed rubble-mound breakwater construction and
dredging of the proposed entrance channel and harbor basin. Information and
assumptions in this report were developed through a site assessment and geophysical
survey, and it is intended for use by design engineers and planners to evaluate the
feasibility of alternatives for navigation improvements in Elim, Alaska. Information in this
report is not intended for use in construction contract documents.

2. LOCATION AND PROJECT DESCRIPTION

Elim is located on the Seward Peninsula approximately 95 miles east of Nome, Alaska.
Proposed navigation improvement sites are located along Norton Bay within an area
southwest of the Community of Elim starting at Airport Point and extending to the
northeast through Elim Beach. The current Tentatively Selected Plan (TSP), Alternative
5, is located on Elim Beach just south of the Community of Elim. A project location and
vicinity map along with a plan view of Alternative 5 is provided in Figure B-1-1.

3. GEOTECHNCIAL SITE INFORMATION

Two recent geotechnical site assessments have been conducted within the proposed
Elim project sites, and these included collecting soil and sediment samples from hand-
dug test pits and onshore and offshore geophysical surveys.

The U.S. Army Corps of Engineers (USACE) conducted a site visit to Elim in October
2018 and collected samples from Elim Beach to help characterize sediment for coastal
sediment transport modeling. These field exploration efforts are documented in the
Geotechnical Site Assessment Summary Report, Elim Navigation Improvements dated
December 2018. For reference, this report has been included in Annex A.

Onshore and offshore geophysical surveys were conducted by Golder Associates in
August 2019 to investigate the thicknesses of sediment over bedrock within the area of
proposed navigation improvements. Along Elim Beach, coarse-grained soils and bedrock
outcrops were sporadically visible at the surface along with varying sized cobbles and
boulders. The onshore and offshore geophysical explorations found three distinct layers
of subsurface material at the Alternative 5 site. These layers consisted of loose alluvium
at the surface, varying in thickness from nonexistent to about three feet thick; a layer of
dense alluvium or weathered bedrock interpreted to range in thickness from about two
feet to nine feet; and bedrock. Cross-sections and plane view drawings displaying inferred
alluvium and sediment thicknesses and bedrock elevations are provided in the report
titted Geophysical Survey Report Navigation Improvements Feasibility Study, Elim,
Alaska dated November 2019. For reference, this report has been included in Annex B.
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4. PRELIMINARY GEOTECHNICAL ANALYSIS AND RECOMMENDATIONS

Review of existing geotechnical information collected along Elim Beach and offshore of
the proposed Elim navigation improvements site indicate very favorable breakwater
foundation conditions for all Elim alternatives.

4.1 Breakwater Slope Stability and Settlement

For geotechnical engineering analysis and evaluation purposes, it was assumed the
proposed breakwater subsurface foundation conditions located at Alternative 5 consists
of relatively thin layers of loose to dense sediments consisting of coarse-grained soils
with cobbles and boulders over shallow weathered bedrock and/or bedrock. The depth to
bedrock varies but for evaluation purposes it was assumed bedrock is within two to 12
feet of the existing ground or seafloor surface.

Given the current geotechnical information available, there are no anticipated height or
width limitations on designing or constructing the breakwater embankments. There are
also no special foundation requirements needed to address concerns of breakwater slope
stability, bearing capacity, or settlement of the breakwater embankments. For preliminary
geotechnical design considerations, the breakwater embankment slopes can assume a
slope angle of 1.5 horizontal to one vertical. Stability berms at the toe of the breakwater
are not required for slope stability beyond what is needed for scour protection. The
magnitude of settlement of foundation soils below the proposed breakwater
embankments is considered negligible, and settlement is assumed to occur
simultaneously with the placement of rock fill.

4.2 Dredging

Mechanical dredging in combination with heavy ripping and or drilling and blasting will be
required to remove material from the proposed entrance channel and mooring basin.
Currently, the TSP, Alternative 5, has a planned dredge depth of -12 feet Mean Lower
Low Water (MLLW) plus 2 feet of allowable overdredge for the entrance channel and
turning basin and -9 feet MLLW plus 2 feet of allowable overdredge for the mooring basin.

Anticipated dredging conditions for Alternative 5 consist of loose alluvium at the surface,
varying in thickness from nonexistent to about three feet thick. This material can be
mechanically dredged by clamshell or long-reach excavator. The thickness of loose
sediment and depth to dense alluvium or bedrock varies within the proposed harbor
entrance channel and basins. For estimating purposes, we anticipate dense alluvium
deposits, weathered bedrock, or bedrock will be encountered within one to three feet of
the seafloor surface. The type of equipment that will be required to remove dense alluvium
deposits or weathered bedrock could consist of an excavator-mounted pneumatic or
hydraulic rock breaker, jack-hammer, rock ripper, xcentric ripper, or rock ripping bucket.
After dense alluvium or weathered bedrock is loosened or ripped, it can be mechanically
dredged by clamshell or long-reach excavator. Bedrock encountered below dense
alluvium deposits, or weathered bedrock will require drilling and controlled blasting before
it can be mechanically dredged.
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Dredge cut slopes in the surface sediment, dense alluvium deposits, and weathered rock
can be assumed to be stable at slopes of 1.5 horizontal to one vertical within the entrance
channel and turning and mooring basins. Dredge cut slopes in bedrock may be cut at
slopes of 0.25 horizontal to 1 vertical.

4.3 Future Geotechnical Site Investigation Recommendations

We recommend conducting an onshore and offshore geotechnical site investigation
consisting of drilling between 15 and 20 test borings below the proposed rubble-mound
breakwaters, entrance channel, and maneuvering basin at the Alternative 5 site. The
preferred drilling method would consist of using a sonic drill rig that would be able to
penetrate dense, coarse-grained sediments with cobbles and boulders and also able to
advance into the bedrock to depths below the proposed bottom of the navigation channel.

The main goal with conducting a geotechnical site investigation at the Alternative 5 site
would be to properly characterize proposed dredge material, allow further evaluation and
recommendations of the suitability of breakwater foundation material, and identify any
geological conditions that would require special considerations during preconstruction
engineering and design. Geotechnical information would also be used to establish the
basis for accurate dredging cost estimates.
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ANNEX A

Geotechnical Site Assessment Summary Report, Elim Navigation Improvements, Elim,
Alaska, Dated 21 December 2018
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1. Introduction

The purpose of this report is to provide beach soil characterization for sediment transport modeling
of proposed navigation improvements in Elim, Alaska. This report presents a summary of the
findings based on site observations and results of laboratory testing. Information in this report is
not intended for use in construction contract documents.

2. Location and Project Description

Proposed project sites considered for navigation improvements within the vicinity of the
community of Elim consist of the Elim Beach located just south of Elim, Iron Creek, located
approximately four miles east of Elim, Moses Point, located ten miles northeast of Elim, and
Airport Point located at the southwest end of the Elim Runway. These general site locations are
identified on the Vicinity Map located in Appendix A. The type of development for each site varies
from constructing a boat launch, mooring points, dredging, or a protected harbor consisting of
rubble mound breakwaters. Our geotechnical site assessment evaluated all sites except Airport
Point.

3. Previous Geotechnical Investigations

Previous geotechnical investigations were performed within the proximity of the community of
Elim. These reports have been included in Appendix D for reference.

1. Engineering Geology and Soils Report Elim Airport, Brazo, G. M., & Livingston, H. R.
(1986), Alaska Department of Transportation and Public Facilities.

2. Preliminary Geologic Reconnaissance Potential Rock Quarry Sites Elim, Alaska, (2000),
Hattenburg & Dilley Engineering Consultants.

4. Field Exploration

The field exploration for this project was conducted 30 to 31 October 2018. A total of 15 shallow
test pits were hand excavated with a shovel to a maximum depth of 1.8 feet below the ground
surface or to refusal. Test pit locations conducted at each site are shown on Test Pit Location maps
provided in Appendix A.

4.1 Field Sampling

Test pits were generally located on the beach near the tidal water elevation and or approximately
halfway up to the tidal high water mark. Soil samples were collected at the surface and to a
maximum depth of 1.8 feet below the surface depending on the soils encountered. Samples were
classified in the field in general accordance with ASTM D2488 “Standard Practice for Description
and Identification of Soils (Visual-Manual Procedures)”. Horizontal coordinates of test pit
locations were determined by a handheld IPad with global positioning system (GPS) capabilities
and should be considered approximate. Test pit location coordinates reported on the exploration
logs are based on NAD83 (CORS), Alaska State Plane Zone 7, in feet. The elevations at each test
pit location were not recorded. A summary table of test pit coordinates and exploration logs for
each test pit are presented in Appendix B.

Geotechnical Site Assessment Summary Report December 2018
U.S. Army Corps of Engineers
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5. Laboratory Testing and Soil Classification

A laboratory testing program was established to classify and determine the physical and
engineering properties of collected soil samples. The program consisted of particle-size analysis
and engineering classification. Terra Firma, under contract with the Alaska District, performed the
tests using the latest version of the test standards listed in Table 1. Laboratory test results are
provided in Appendix C.

Table 1. Soils Laboratory Test Standards

Test Designation Test Description

ASTM D 7928 Standard Test Method for Particle-Size Analysis of Soils (Sieve and
Hydrometer)

ASTM D 2487 Standard Practice for Classification of Soils for Engineering
Purposes (Unified Soil Classification System)

6. Site Conditions

Soil descriptions and classifications contained in this report and presented on the final exploration
logs are the project engineer’s interpretation of the field logs and results of the laboratory testing
program.

6.1 Elim Beach

Surface material at Elim Beach varied from poorly to well graded gravel with sand, cobbles, and
boulders. Bedrock outcrops consisting of weathered limestone were observed at the east and west
ends of the beach (see Figure 1) and approximately halfway between these ends at approximately
300 feet east of TP-4. Elim Beach included sub-angular to sub-rounded gravel, fine to coarse sand,
and cobbles ranging in size from three to 12-inches, and boulders ranging in size up to six-feet in
diameter. The volume of cobbles and boulders as observed from the surface ranged from 10 to 75
percent at various locations along the beach. Fragments of weathered limestone bedrock were also
observed at the west and east ends of the beach and throughout the area. Figures 1 through 9
provide an example of surface conditions along Elim Beach.

Geotechnical Site Assessment Summary Report December 2018
U.S. Army Corps of Engineers
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Figure 1. Southwest Section of Elim Beach at TP-1.

Figure 2. Elim Beach at TP-2 looking west.

Geotechnical Site Assessment Summary Report December 2018
U.S. Army Corps of Engineers
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Figure 3. Elim Beach at TP-2 sample 1 at a depth of 4 inches.

Figure 4. Elim Beach at TP-2 sample 2 at a depth of one foot.

Geotechnical Site Assessment Summary Report December 2018
U.S. Army Corps of Engineers
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Figure 5. Elim Beach located approximately 200 feet east of TP-4.

Figure 6. Elim Beach looking Northeast from TP-5.

Geotechnical Site Assessment Summary Report December 2018
U.S. Army Corps of Engineers
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Figure 7. Elim Beach at TP-6 Sample 1.

Figure 8. Elim Beach at TP-6 Sample 2.

Geotechnical Site Assessment Summary Report December 2018
U.S. Army Corps of Engineers
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Figure 9. Northeast section of Elim Beach approximately 200 ft. past TP-9.

6.2 Iron Creek Beach

Surface material at the Iron Creek Beach consisted of poorly to well graded gravel, sand, cobbles,
and boulders. The Iron Creek Beach included sub-angular to sub-rounded gravel, fine to coarse
sand, and cobbles ranging in size from three to 12-inches, and boulders larger than one foot in
diameter. The volume of cobbles and boulders ranged from 10 to 65 percent at various locations
along the beach. Sampling was difficult due to the presences of cobbles and boulders. Figures 10
through 13 provide an example of surface conditions along the Iron Creek Beach.

Geotechnical Site Assessment Summary Report December 2018
U.S. Army Corps of Engineers
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Figure 10. Iron Creek Beach looking Northeast by TP-8.

Figure 11. Iron Creek Beach at TP-9.

Geotechnical Site Assessment Summary Report December 2018
U.S. Army Corps of Engineers
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Figure 12. Iron Creek Beach at TP-10.

Figure 13. Iron Creek Beach at TP-11.

Geotechnical Site Assessment Summary Report December 2018
U.S. Army Corps of Engineers
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6.3 Moses Point Beach

Surface material at the Moses Point Beach consisted of poorly graded fine to coarse sand with
gravel. Hand excavating shallow test pits was not difficult in the beach soils and the percentage of
gravel general increased with depth. Figures 14 and 15 provide an example of surface conditions
along the Moses Point Beach.

Figure 14. Moses Point Beach at TP-13.

Geotechnical Site Assessment Summary Report December 2018
U.S. Army Corps of Engineers
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Figure 15. Moses Point surface at TP-15.

Geotechnical Site Assessment Summary Report December 2018
U.S. Army Corps of Engineers
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UNIFIED SOIL CLASSIFICATION AND SYMBOL CHART (modified from ASTM D2487)

MAJOR DIVISIONS SYMBOLS DESCRIPTIONS
Well-graded gravels, gravel-sand mixtures, little or
GRAVEL AND CLEAN Cu24AND 1<C.<3 GWis ﬁnis g g J %
GRAVELS 5o
® GRsAg/IEéLY <5% FINES Cu< 4 AND/OR [Cc < 1 OR C¢ > 3] | GP | Poorly graded gravels, gravel-sand mixtures, little or % g 2
= 0 no fines SRR
w =
3 Z | 750%OF COARSE GRAVELS | FINES CLASSIFY AS ML OR MH GM|silty gravels, gravel-sand-silt mixtures 3%
Qe g FRACTION WITH FINES = A
w & U | RETAINED ON NO. 4 .
Zz .0 SIEVE >129% FINES FINES CLASSIFY AS CL OR CH GC| clayey gravels, gravel-sand-clay mixtures
= Xo
< 59
o N 3
?_6 zg SAND AND CLEAN Cu26AND1=Cc<3 SW)| Well-graded sands, gravelly sands, little or no fines 3
z SANDS 3 ®
w = . o
cn/:) W o SSAS\:IE)SY <5% FINES Cu<6 AND/OR[Cc <1 OR Cc > 3] SP| Poorly graded sands, gravelly sands, little or no fines 5 T3
. z >
<0 §58
8 = >50% OF COARSE | SANDS WITH | FINES CLASSIFY AS ML OR MH SM]| silty sands, sand-silt mixtures =2 2
FRACTION PASSING FINES A 3 % s
‘SN = AT
NO. 4 SIEVE >12% FINES FINES CLASSIFY AS CL OR CH /A SC| Clayey sands, sand-clay mixtures
o s CL Inorganic clays of low to medium plasticity, gravelly 5
%) SILTS AND CLAYS 5 L ,/ clays, sandy clays, silty clays, lean clays g - ‘uE;
= 2 = = & ‘{9/ ML Inorganic silts, very fine sands, rock flour, silty/clayey | &= ’;‘ £
O ¢ u x x 7 A [ fine sands or clayey silts of slight plasticit 5T E=
2% | LQUDLIMIT<50 [ £ O b vey ontp y 559°¢
= z q o ©
B & g O r - // o Organic silts and organic silty clays of low plasticity 2 ° g =)
4 = B0 = .
<ZE o« i g ,// 53 g’ 8 g_o
14 i cz> O < 2} d - 0// S5 Inorganic clays of high plasticity, fat clays @ % 5 =
O ouw [ = o £33 ¢
w X = SILTS AND CLAYS '(7) 1Bk // c}l/ MH Inorganic silts, macaceous or dimaceous fine sandy 33 % :8
Zz 3 5 71~ A /MLT oL or silty soils, elastic silt @ _g 3
L o Yz PO O
LIQUID LIMIT 250 o B Ty = wm AN ¥ OH]| organic clays of high plasticity, fat clays ER 8
A O 0= O
i1 = 00
o N
HIGHLY ORGANIC SOILS | PRIMARILY ORGANIC MATTER, DARK IN COLOR, AND ORGANIC ODOR E‘u‘“ﬂ“; PT [Peat humus, swamp soils with high organic content § > g 5
34 N - e
COMPONENT DEFINITIONS BY GRADATION NOTES TO UNIFIED SOIL CLASSIFICATION AND SYMBOL CHART
COMPONENT SIZE RANGE NOTES:
BOULDERS > 12 IN. (300 MM) 1: Coefficient of uniformity : Cu= DSO/D10
COBBLES 12 IN. (300 MM) to 3 IN. (75 MM) g: CoefflmentI of cur;/atdure Cc= [(hDgO) 1/ (Dyg X ?60)
: D, is soil particle diameter where x% is % finer.

GRAVEL 3 IN3' I(ZIS “;lg/l')vlt’a #4 illéEl\I/lE (i;géwl\'\:l)\/l 4: G(rxia/u\)/els or sands with 5% to 12% fines require dual symbols (GW-GM, GW-GC, GP-GM, GP-GC, SW-SM,
COARSE GRAVEL 9 - ( )Sm ' é : ) SW-SC, SP-SM, SP-SC) and add "with clay” or "with silt" to group name. If fines classify as CL-ML for GM
FINES GRAVEL 4 a‘;éNMlJ)? #IZEO\(;Ii(J(‘(‘)774 l(\/llll’\\/lll)) or SM, use dual symbol GC-GM or SC-SM.

SAND . 0 -

COARSE SAND #4 (4.76 MM) to #10 (2.0 MM)
MEDIUM SAND #10 (2.0 MM) to #40 (0.42 MM) TEST BORING NOTES
FINE SAND #40 (0.42 MM) to #200 (0.074 MM)

< #200 (0.074 MM) TEST BORING NOTES:
1: The number of blows required to drive each six-inch increment is recorded on the exploration logs. The
reported blow count is an indication of the relative density or consistency of the soil. It should be noted

SILT & CLAY (FINES)

FROST DESIGN SOIL CLASSIFICATION that blow counts obtained in frozen soils do not represent the penetration of those same soils in a

thawed state.
(UFC 3-250 OlFA’ TABLE 18 2) 2:  Soil classifications and descriptions reported on the exploration logs are in accordance with ASTM D
GROUP TYPICAL SOILS 2488, Standard Practice for Description and Identification of Soils (Visual-Manual Procedure) and ASTM

D 2487, Standard Practice for Classification of Soils for Engineering Purposes (Unified Soil Classification

F1 Gravelly Soils System).

F2 Gravelly Soils, Sands 3. The soil classifications and descriptions contained on the exploration logs are the project engineer's

F3 Gravelly Soils, Sands, Except Very Fine Silt interpretation of the field logs and results of the laboratory testing program. The stratification lines

Sands shown on the exploration logs represent approximate boundaries between soil types. The actual
F4 All Silts, Very Fine Silty Sands, Clays, PI>12, transitions are often gradual or not discernable by drill action.

Varved Clays and Other Fine-Grained
Banded Sediments

NEs | Non-Frost-susceptible CRITERIA FOR DESCRIBING SAMPLER ABBREVIATIONS/SYMBOLS
PFS Possibly Frost Susceptible MOISTURE CONDITION (ASTM D2488) .
s1 Gravelly Soils - AUGER Auger Cuttings
Sandy Soils Dry Absence of moisture, dusty, dry to the touch
S2 Moist Damp, but no visible water Rock Core
DESCRIPTION OF Wet Visible free water, usually soil is below CORE
ter tabl
FROZEN SOILS (ASTM D4083) rere GRAB Grab Sample
GROUP DESCRIPTION .
ICE NOT VISIBLE OTHER MATERIAL SYMBOLS LPT Large Penetration Test
Vo || Wl Bomed. No Excess e NR No Recovery
Nbe Well Bonded, Excess Ice
VISIBLE ICE, < 1 IN. THICK BASALT SH Shelby Tube
VX Crystals
Ve Ice Coatings or Particles BEDROCK SPT Standard Penetration Test
Vr Ice Formations (ASTM D 1586)
Vs Strat\i/fli;eldBOLLDIicsltEin:t]I-y”\?r_ire'—:\Ité: Ice Formations POR-(I—:IE)ANNCDRE‘IF:II\EAENT UNDIST Undisturbed Sample
IcelfeSoil :22 x:::‘)s”;”s&ill'gsci'g:is”“s COBBLES/BOULDERS VANE Vane Shear
4 d N
SCALE: NTS
wrs - ALASKA DISTRICT Ay 2073
i :
CORPS OF ENGINEERS LEGEND TO EXPLORATION LOGS
IIIEIHEIIII DRAWN/RVW: GF/CJC
L ———==—=—5 (Geotechnical and Materials (LOG LEGEND )
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Elim Test Pit Coordinates

Permanent | Field Latitude Longitude Northing * Easting *
Number Number
TP-1 | ELIM 1-1 64.614360 | -162.266790 | 3,879,050.0100 | 1598534.138
TP-2 | ELIM 2-1 64.614940 | -162.265000 | 3,879,260.9500 | 1598816.03
TP-3 | ELIM 3-1 64.615150 | -162.263480 | 3,879,336.7600 | 1599054.963
TP-4 | ELIM 4-1 64.615420 | -162.261690 | 3,879,434.3500 | 1599336.367
TP-5 | ELIM 6-1 64.616090 | -162.256320 | 3,879,675.9400 | 1600180.34
TP-6 | ELIM 7-1 64.616230 | -162.255240 | 3,879,726.4600 | 1600350.08
TP-7 | ELIM 8-1 64.616310 | -162.253700 | 3,879,754.7500 | 1600591.939
TP-8 | ELIM 10-1 64.663730 | -162.198540 | 3,897,066.9300 | 1609304.993
TP-9 | ELIM 11-1 64.665000 | -162.194060 | 3,897,529.2390 | 1610008.439
TP-10 | ELIM 11-2 64.665022 | -162.193934 | 3,897,549.4010 | 1609993.301
TP-11 | ELIM 12-1 64.666640 | -162.189410 | 3,898,126.8390 | 1610738.861
TP-12 | ELIM 13-1 64.693550 | -162.054480 | 3,907,928.1280 | 1631888.872
TP-13 | ELIM 13-2 64.693403 | -162.054465 | 3,907,874.3630 | 1631891.174
TP-14 | ELIM 14-1 64.694990 | -162.036070 | 3,908,452.7310 | 1634770.895
TP-15 | ELIM 14-2 64.695049 | -162.036098 | 3,908,474.4120 | 1634766.524

* Horizontal coordinates of test pit locations were determined by a handheld [Pad with global
positioning system (GPS) capabilities and should be considered approximate. Test pit location
coordinates reported on the exploration logs are based on NAD83 (CORS), Alaska State Plane
Zone 7, in feet. The elevations at each test pit location were not recorded. A summary table of test
pit coordinates and exploration logs for each test pit are presented in Appendix B.



EXPLORATION LOG ELIM_GRAB.GPJ BUCKLAND.GPJ 12/18/18

Boulders

ALASKA DISTRICT Project:  Elim Navigation Improvement, 468575 Page 1 of 1
000 D Elim, Alaska
NN e e A CORPS OF ENGINEERS Date: 30 Oct 2018
= ENGINEERING SERVICES Dl A 5 Dat
] ) . rilling Agency: Alaska District alum: Vertical
Geotechnical and Materials Section Other  USACE Horizontal  ASP7 NADS3
EXP LO R ATIO N LOG Location: | Northing: 3879,050 .+ Top of Hole
ocation: Easting: 1,598,534 ft. * Elevation:
Hole Number, Field: Permanent: Operator: Inspector:
ELIM 1-1 TP1 Matt Maher Robert Weakland
Type of Hole: [ other Depth to Groundwater: Depth Drilled: Total Depth:
X TestPit [ AugerHole [ MonitoringWell [ Piezometer 0.21t. 0.21t.
Hammer Weight; Split Spoon |.D.; Size and Type of Bit: Type of Equipment: Type of Samples;
Hand Shovel Grab
2 R Q Classification Description and Remarks
= 5 ﬁg s e ASTM: D 2487 or D 2488 € | _ | Surface Conditions: I?Iim Beach west end-cobbles, boulders, and
= 2 S o 8 § 2 3 g % weathered limestone with sand and gravel
T 58|83 &8 || E|E o=
a <L| TS| @ Z2 | 6| & & |
PFS* SP- |Poorly graded SAND with Dark grayish brown, moist, about 20% gravel, about 78% fine
SM |Silt, Gravel, Cobbles and sand, about 2% nonplastic fines, weathered limestone bedrock,

boulders, and cobbles. Approximately 50 percent to 75 percent
cobbles and boulders by volume.

Bottom of Hole 0.2 ft.

PID = (Cold/Hot) Photo lonization Detector

* Indicates Estimated Frost Classification

Project; Elim Navigation Improvement, 468575

Hole Number:
TP1




ALASKA DISTRICT Project:  Elim Navigation Improvement, 468575 Page 1 of 1
Elim, Alaska
CORPS OF ENGINEERS Date: 30 Oct 2018
ENGINEERING SERVICES Dl A . Dat
] ) . rilling Agency: Alaska District alum: Vertical
Geotechnical and Materials Section Other  USACE Horizontal  ASP7 NADS3
EXP LO R ATIO N LOG Location: | Northing:  3879,261 ft.+ Top of Hole
ocation: Easting: 1,598,816 ft. * Elevation:

Hole Number, Field: Permanent; Operator: Inspector:

ELIM 2-1 TP-2 Matt Maher Robert Weakland

Type of Hole: [ other Depth to Groundwater: Depth Drilled: Total Depth:
X TestPit [ AugerHole [ MonitoringWell [ Piezometer 1.3t 1.3t
Hammer Weight; Split Spoon |.D.; Size and Type of Bit: Type of Equipment: Type of Samples;

Hand Shovel Grab
3 s _ Q Classification Description and Remarks

= g ﬁc.’ = = ASTM: D 2487 or D 2488 s Surface Conditions: I?Iim Beach west end-sand and gravel
e Sslo8 8 | 8|<els g| &

g c8zs| 2 |S|E|E o |2

a <L| TS| @ Z2 | &H | & & | s

NFS* SP | Poorly graded SAND Brown, wet, 12% subrounded to rounded gravel, 88% fine to
coarse sand, 0% nonplastic fines, max size =1 in.

] NFS* GW | Well-graded GRAVEL Brown, moist, 54% subangular to rounded gravel, 46% fine to

EXPLORATION LOG ELIM_GRAB.GPJ BUCKLAND.GPJ 12/18/18

with Sand

coarse sand, 0% nonplastic fines, max size =1 in.

Bottom of Hole 1.3 ft.

PID = (Cold/Hot) Photo lonization Detector

* Indicates Estimated Frost Classification

Project; Elim Navigation Improvement, 468575

Hole Number:
TP-2




ALASKA DISTRICT Project:  Elim Navigation Improvement, 468575 Page 1 of 1
CORPS OF ENGINEERS Elim, Alaska Date:  300ct 2018
ENGINEERING SERVICES ST - oot
] ) . rilling Agency: Alaska District alum: Vertical
Geotechnical and Materials Section Other  USACE Horizontal ASP7 NADS3
EXP LO R ATIO N LOG Location: | Northing: 3879337 ft. Top of Hole
ocation: Easting: 1,599,055 ft. £ Elevation:
Hole Number, Field: Permanent; Operator: Inspector:
ELIM 3-1 TP-3 Matt Maher Robert Weakland
Type of Hole: [ other Depth to Groundwater: Depth Drilled: Total Depth:
X TestPit [ AugerHole [ MonitoringWell [ Piezometer 1.3t 1.3t
Hammer Weight; Split Spoon |.D.; Size and Type of Bit: Type of Equipment: Type of Samples;
Hand Shovel Grab
2 R Q Classification Description and Remarks
- - 53 ﬁc.’ s = ASTM: D 2487 or D 2488 = Surface Conditions: I?Iim Beach west section-sand, gravel, and
i’ k4 2 S 6§ 8 S| 2|3 g g cobbles
s | £ 55|88 3 |£| 5| & o=
[=) ] < [L'S m = (%) D il B
NFS* SW | Well-graded SAND with Brown, moist, about 10% subrounded to rounded gravel, about
Cobbles 90% fine to coarse sand, about 0% nonplastic fines, 3 inch to 6
inch cobbles ranging from 10 percent to 15 percent by volume
] NFS* SW |Well-graded SAND with Brown, wet, 25% subrounded to rounded gravel, 75% fine to

EXPLORATION LOG ELIM_GRAB.GPJ BUCKLAND.GPJ 12/18/18

Gravel and Cobbles

coarse sand, 0% nonplastic fines, 3 inch to 6 inch cobbles
ranging from 10 percent to 15 percent by volume

Bottom of Hole 1.3 ft.

PID = (Cold/Hot) Photo lonization Detector

* Indicates Estimated Frost Classification

Project; Elim Navigation Improvement, 468575

Hole Number:
TP-3




ALASKA DISTRICT Project:  Elim Navigation Improvement, 468575 Page 1 of 1
CORPS OF ENGINEERS Eilm, Alaska Date: 30 0ct 2018
ENGINEERING SERVICES ST oot
i ) . rilling Agency: [ Alaska District alum: Vertical
Geotechnical and Materials Section Other  USACE Horizontal ASP7 NADS3
EXP LO RATION LOG Location: | Northing: 3879434t Top of Hole
ocation: Easting: 1,599,336 ft. * Elevation:
Hole Number, Field: Permanent: Operator: Inspector:
ELIM 4-1 TP-4 Matt Maher Robert Weakland
Type of Hole: [ other Depth to Groundwater: Depth Drilled: Total Depth:
X TestPit [ AugerHole [ MonitoringWell [ Piezometer 1.3t 1.3t
Hammer Weight; Split Spoon |.D.; Size and Type of Bit: Type of Equipment: Type of Samples;
Hand Shovel Grab
2 8 Q Classification Description and Remarks
- 53 B § = ASTM: D 2487 or D 2488 = Surface Conditions: Iglim Beach west section-sand, gravel, and
= 2158 S S| 2|35 S| & | cobbles
s | 8 =59 © 2| 5| 8 eS| 5
2|2 Be|88 2 || 5| & o | =
[=) = < [L'S m z | | & il B
BA NFS* GP |Poorly graded GRAVEL Brown, moist, about 65% subrounded to rounded gravel, about
€ with Sand and Cobbles 35% fine to medium sand, about 0% nonplastic fines, 3 inch to 10
inch cobbles ranging from 15 percent to 30 percent by volume
] NFS* GP |Poorly graded GRAVEL Brown, moist, 73% gravel, 27% fine sand, 0% nonplastic fines, 3
with Sand and Cobbles inch to 10 inch cobbles ranging from 15 percent to 30 percent by
volume
e Bottom of Hole 1.3 ft.
é PID = (Cold/Hot) Photo lonization Detector
5
oL
3
S
2
5
o
&
ol
=
0
3
)
5
S Project: Elim Navigation Improvement, 468575 Hole Number:
| * Indicates Estimated Frost Classification TP-4




ALASKA DISTRICT Project:  Elim Navigation Improvement, 468575 Page 1 of 1
CORPS OF ENGINEERS Eilm, Alaska Date: 30 0ct 2018
ENGINEERING SERVICES ST oot
i ) . rilling Agency: [ Alaska District alum: Vertical
Geotechnical and Materials Section Other  USACE Horizontal ASP7 NADS3
EXP LO R ATION LOG Location: | Northing: 3879,676 it 2 Top of Hole
ocation: Easting: 1,600,180 ft. * Elevation:
Hole Number, Field: Permanent; Operator: Inspector:
ELIM 6-1 TP-5 Matt Maher Robert Weakland
Type of Hole: [ other Depth to Groundwater: Depth Drilled: Total Depth:
X TestPit [ AugerHole [ MonitoringWell [ Piezometer 1.0 ft. 1.0 ft.
Hammer Weight; Split Spoon |.D.; Size and Type of Bit: Type of Equipment: Type of Samples;
Hand Shovel Grab
2 8 Q Classification Description and Remarks

= 53 @g § = ASTM: D 2487 or D 2488 € | _ | Surface Conditions: Iglim Beach east section-sand, gravel, and
= Sslo8 S |82 s S| & | cobbles
& BolEs| 2 | 2B 2 | 2
a <L| TS| @ Z2 | &H | & & | s

NFS* SP | Poorly graded SAND with Brown, wet, 42% subrounded to rounded gravel, 58% medium to

Gravel and Cobbles coarse sand, 0% nonplastic fines, 3 inch to 8 inch cobbles
ranging from 15 percent to 30 percent by volume
NFS* GP |Poorly graded GRAVEL Brown, moist, 77% subrounded to rounded gravel, 23% medium
with Sand and Cobbles to coarse sand, 0% nonplastic fines, subangular to subrounded

EXPLORATION LOG ELIM_GRAB.GPJ BUCKLAND.GPJ 12/18/18

cobbles, subangular to subrounded boulders, 3 inch to 12 inch
cobbles ranging from 15 percent to 50 percent by volume

Bottom of Hole 1.0 ft.

PID = (Cold/Hot) Photo lonization Detector

* Indicates Estimated Frost Classification

Project; Elim Navigation Improvement, 468575

Hole Number:
TP-5




ALASKA DISTRICT Project:  Elim Navigation Improvement, 468575 Page 1 of 1
000 D Elim, Alaska
Pl CORPS OF ENGINEERS Date: 30 Oct 2018
= ENGINEERING SERVICES ST oot
] ) . rilling Agency: [ Alaska District alum: Vertical
Geotechnical and Materials Section Other  USACE Horizontal  ASP7 NADS3
EXP LO R ATION LOG Location: | Northing: 3879726 it Top of Hole
ocation: Easting: 1,600,350 ft. Elevation:
Hole Number, Field: Permanent; Operator: Inspector:
ELIM 7-1 TP-6 Matt Maher Robert Weakland
Type of Hole: [ other Depth to Groundwater: Depth Drilled: Total Depth:
X TestPit [ AugerHole [ Monitoring Well  [J Piezometer 0.7 ft. 0.7 ft.
Hammer Weight; Split Spoon |.D.; Size and Type of Bit: Type of Equipment: Type of Samples;
Hand Shovel Grab
2 8 Q Classification Description and Remarks
- 5 B § e ASTM: D 2487 or D 2488 = Surface Conditions: Iglim Beach east section-sand, gravel, and
€ 3log2:83] 8 S| o| s S | & | cobbles
A EEIEEEEIR R s |2
8|2 [8E2E[85] 8 |2 |8 & | =
o/ NFS* GW |Well-graded GRAVEL Brown, wet, 67% angular to subrounded gravel, 33% medium to
g with Sand and Cobbles coarse sand, 0% nonplastic fines, 3 inch to 8 inch cobbles
§ . ranging from 10 percent to 30 percent by volume
E-
. * GW | Well-graded GRAVEL Brown, moist, about 70% subangular to subrounded gravel,
» with Sand and Cobbles about 30% fine to coarse sand, about 0% nonplastic fines, 3 inch
g to 10 inch cobbles ranging from 25 percent to 50 percent by
§ . volume

EXPLORATION LOG ELIM_GRAB.GPJ BUCKLAND.GPJ 12/18/18

Bottom of Hole 0.7 ft.

PID = (Cold/Hot) Photo lonization Detector

* Indicates Estimated Frost Classification

Project; Elim Navigation Improvement, 468575

Hole Number:
TP-6




EXPLORATION LOG ELIM_GRAB.GPJ BUCKLAND.GPJ 12/18/18

ALASKA DISTRICT Project:  Elim Navigation Improvement, 468575 Page 1 of 1
CORPS OF ENGINEERS Eilm, Alaska Date:  300ct 2018
ENGINEERING SERVICES ST oot
i ) . rilling Agency: [ Alaska District alum: Vertical
Geotechnical and Materials Section Other  USACE Horizontal ASP7 NADS3
EXP LO RATION LOG Location: | Northing: 3879755 it Top of Hole
ocation: Easting: 1,600,592 ft. * Elevation:
Hole Number, Field: Permanent: Operator: Inspector:
ELIM 8-1 TP-7 Matt Maher Robert Weakland
Type of Hole: [ other Depth to Groundwater: Depth Drilled: Total Depth:
X TestPit [ AugerHole [ MonitoringWell [ Piezometer 1.0 ft. 1.0 ft.
Hammer Weight; Split Spoon |.D.; Size and Type of Bit: Type of Equipment: Type of Samples;
Hand Shovel Grab
2 8 Q Classification Description and Remarks
= - 53 @g § = ASTM: D 2487 or D 2488 e | _ | Surface Conditions: Iglim beach east end-sand, gravel, cobbles,
| 22 Sglog| 8 % 2|3 & | £ | andboulders
5| 2|8 N8B = E | E | =
S 5582828 2 |2 3|a = | =
NFS* SP | Poorly graded SAND with Brown, moist, 25% angular to subrounded gravel, 75% medium to
Gravel and Cobbles coarse sand, 0% nonplastic fines, 3 inch to 12 inch cobbles
ranging from 10 percent to 30 percent by volume with boulders
§O
§O
() NFS* GW | Well-graded GRAVEL Brown, moist, about 60% gravel, about 40% fine to coarse sand,
with Sand and Cobbles about 0% nonplastic fines, 3 inch to 12 inch cobbles ranging from
25 percent to 50 percent by volume with boulders
§O
e
1 = Bottom of Hole 1.0 ft.
PID = (Cold/Hot) Photo lonization Detector
|
Project: Elim Navigation Improvement, 468575 Hole Number:
* Indicates Estimated Frost Classification TP-7




ALASKA DISTRICT Project:  Elim Navigation Improvement, 468575 Page 1 of 1
CORPS OF ENGINEERS Elim, Alaska Dale:  300ct2018
ENGINEERING SERVICES ST - oot
] ) . rilling Agency: Alaska District alum: Vertical
Geotechnical and Materials Section Other  USACE Horizontal ASP7 NADS3
EXP LO R ATIO N LOG Location: | Northing: 3,897,067 ft. £ Top of Hole
ocation: Easting: 1,609,305 ft. £ Elevation:
Hole Number, Field: Permanent: Operator: Inspector:
ELIM 10-1 TP-8 Matt Maher Robert Weakland
Type of Hole: [ other Depth to Groundwater: Depth Drilled: Total Depth:
X TestPit [ AugerHole [ MonitoringWell [ Piezometer 1.0 ft. 1.0 ft.
Hammer Weight; Split Spoon |.D.; Size and Type of Bit: Type of Equipment: Type of Samples;
Hand Shovel Grab
3 s _ Q Classification Description and Remarks
= 53 @g s = ASTM: D 2487 or D 2488 e | _ | Surface Conditions: Ifon Creek southwest end-sand, gravel,
= 2 s|og| S8 S| 2|3 & | £ | cobblesand boulders
& 5523 2 |55 ¢ 2 | 2
a <L| TS| @ Z2 | &H | & & | s
NFS* SP | Poorly graded SAND with Brown, moist, 16% subangular to subrounded gravel, 84% fine to
Gravel and Cobbles coarse sand, 0% nonplastic fines, 3 inch to 12 inch cobbles
ranging from 10 to 50 percent by volume with boulders
NFS* GW- | Well-graded GRAVEL Brown, moist, 60% subangular to subrounded gravel, 34% fine to

EXPLORATION LOG ELIM_GRAB.GPJ BUCKLAND.GPJ 12/18/18

GM

with Silt, Sand, and
Cobbles

coarse sand, 6% nonplastic fines, 3 inch to 12 inch cobbles
ranging from 10 percent to 50 percent by volume with boulders

Bottom of Hole 1.0 ft.

PID = (Cold/Hot) Photo lonization Detector

* Indicates Estimated Frost Classification

Project; Elim Navigation Improvement, 468575

Hole Number:
TP-8




CORPS OF ENGINEERS

Elim, Alaska

ALASKA DISTRICT Project:  Elim Navigation Improvement, 468575 Page 1 of 1

Date: 30 Oct 2018

ENGINEERING SERVICES
Geotechnical and Materials Section Other

Drilling Agency:

[ Alaska District Datum: vertical

USACE

Horizontal ASP7 NAD83

EXP LO RAT I O N LO G Location: Eg;tt?r']rg]g :g%ggg : i Eii/gtfi:)-lno:le

Hole Number, Field: Permanent: Operator: Inspector:
ELIM 11-1 TP-9 Matt Maher Robert Weakland
Type of Hole: [ other Depth to Groundwater: Depth Drilled: Total Depth:
X TestPit [J AugerHole [ Monitoring Well [ Piezometer 1.0ft. 1.0ft.
Hammer Weight; Split Spoon |.D.; Size and Type of Bit: Type of Equipment: Type of Samples;
Hand Shovel Grab
S | & 2 Classification Description and Remarks
= - 53 @g § S ASTM: D 2487 or D 2488 € | _ | Surface Conditions: Iron Creek middle section-sand, gravel,
= ; s|og| S8 3|23 & | £ | cobbles,and boulders
o o = N| Bch = L = = Nl =
8| = 2L 8 |21 8la o |
7% GP [Poorly graded GRAVEL Gray, wet, about 100% subangular to subrounded gravel, about
& with Cobbles 0% sand, about 0% nonplastic fines, 3 inch to 8 inch cobbles
ranging from 10 percent to 30 percent by volume
NFS* GP |Poorly graded GRAVEL Gray to brown, about 75% subangular to subrounded gravel,
with Sand and Cobbles about 25% medium to coarse sand, about 0% nonplastic fines, 3
inch to 8 inch cobbles ranging from 10 percent to 30 percent
cobbles by volume
1 Bottom of Hole 1.0 ft.
PID = (Cold/Hot) Photo lonization Detector
|
Project: Elim Navigation Improvement, 468575 Hole Number:

EXPLORATION LOG ELIM_GRAB.GPJ BUCKLAND.GPJ 12/18/18

* Indicates Estimated Frost Classification

TP-9




ALASKA DISTRICT Project:  Elim Navigation Improvement, 468575 Page 1 of 1
CORPS OF ENGINEERS Elim, Alaska Date:  300ct 2018
ENGINEERING SERVICES ST - oot
] ) . rilling Agency: Alaska District alum: Vertical
Geotechnical and Materials Section Other  USACE Horizontal ASP7 NADS3
EXP LO RATION LOG Location: | Northing: 3,897,549 ft. Top of Hole
ocation: Easting: 1,609,993 ft. + Elevation:
Hole Number, Field: Permanent; Operator: Inspector:
ELIM 11-2 TP-10 Matt Maher Robert Weakland
Type of Hole: [ other Depth to Groundwater: Depth Drilled: Total Depth:
X TestPit [ AugerHole [ MonitoringWell [ Piezometer 1.0 ft. 1.0 ft.
Hammer Weight; Split Spoon |.D.; Size and Type of Bit: Type of Equipment: Type of Samples;
Hand Shovel Grab
3 s _ Q Classification Description and Remarks
= 53 ﬁg s = ASTM: D 2487 or D 2488 € | _ | Surface Conditions: Ifon Creek middle section-sand, gravel,
= 2 s|og| S8 S| 2|3 & | £ | cobbles,and boulders
oy S|88| 8 |$|&|E o | =
(=) < [L'S oM = [%2) [ il B
SP |Poorly graded SAND with Brown, moist, about 0% gravel, about 100% fine to coarse sand,
Cobbles about 0% nonplastic fines, 3 inch to 10 inch cobbles ranging from
5 percent to 15 percent by volume
GW | Well-graded GRAVEL Brown, moist, 73% subangular to subrounded gravel, 27% fine to

EXPLORATION LOG ELIM_GRAB.GPJ BUCKLAND.GPJ 12/18/18

with Sand and Cobbles

coarse sand, 0% nonplastic fines, 3 inch to 10 inch cobbles
ranging from 10 percent to 30 percent by volume

Bottom of Hole 1.0 ft.

PID = (Cold/Hot) Photo lonization Detector

* Indicates Estimated Frost Classification

Project; Elim Navigation Improvement, 468575

Hole Number:
TP-10




ALASKA DISTRICT Project:  Elim Navigation Improvement, 468575 Page 1 of 1
CORPS OF ENGINEERS Elim, Alaska Dale:  300ct2018
ENGINEERING SERVICES ST oot
i ) . rilling Agency: [ Alaska District alum: Vertical
Geotechnical and Materials Section Other  USACE Horizontal ASP7 NADS3
EXP LO RATION LOG Location: | Northing: 3898127 it Top of Hole
ocation: Easting: 1,610,739 ft. Elevation:
Hole Number, Field: Permanent; Operator: Inspector:
ELIM 12-1 TP-11 Matt Maher Robert Weakland
Type of Hole: [ other Depth to Groundwater: Depth Drilled: Total Depth:
X TestPit [ AugerHole [ MonitoringWell [ Piezometer 1.0 ft. 1.0 ft.
Hammer Weight; Split Spoon |.D.; Size and Type of Bit: Type of Equipment: Type of Samples;
Hand Shovel Grab
3 s Q Classification Description and Remarks
= 53 @g § = ASTM: D 2487 or D 2488 € | _ | Surface Conditions: Ifon Creek northeast end-sand, gravel,
= 2 s|og| S8 S| 2|3 & | £ | cobbles,and boulders
g S|88| 8 |$|&|E o | =
(=) < |IL'S oM = [%2) [ il B
GW | Well-graded GRAVEL About 70% gravel, about 30% sand, about 0% nonplastic fines,
with Sand and Cobbles subangular to subrounded cobbles, subangular to subrounded
boulders, 3 inch to 12 inch cobbles ranging from 25 percent to 65
percent by volume with boulders
GW | Well-graded GRAVEL Brown, wet, 68% angular to subrounded gravel, 32% medium to

EXPLORATION LOG ELIM_GRAB.GPJ BUCKLAND.GPJ 12/18/18

with Sand and Cobbles

coarse sand, 0% nonplastic fines, 3 inch to 12 inch cobbles
ranging from 25 percent to 65 percent by volume with boulders

Bottom of Hole 1.0 ft.

PID = (Cold/Hot) Photo lonization Detector

* Indicates Estimated Frost Classification

Project; Elim Navigation Improvement, 468575

Hole Number:
TP-11




ALASKA DISTRICT Project:  Elim Navigation Improvement, 468575 Page 1 of 1

CORPS OF ENGINEERS Elim, Alaska Date:  300ct 2018
ENGINEERING SERVICES ST oot
i ) . rilling Agency: [ Alaska District alum: Vertical
Geotechnical and Materials Section Other  USACE Horizontal ASP7 NADS3
EXP LO RATION LOG Location: | Northing: 3907928 . Top of Hole
ocation: Easting: 1,631,889 ft. * Elevation:
Hole Number, Field: Permanent: Operator: Inspector:
ELIM 13-1 TP-12 Matt Maher Robert Weakland
Type of Hole: [ other Depth to Groundwater: Depth Drilled: Total Depth:
X TestPit [ AugerHole [ MonitoringWell [ Piezometer 1.8 ft. 1.8 ft.
Hammer Weight; Split Spoon |.D.; Size and Type of Bit: Type of Equipment: Type of Samples;
Hand Shovel Grab
3 s Q Classification Description and Remarks
= 53 ﬁg § = ASTM: D 2487 or D 2488 e | _ | Surface Conditions: I\ﬁoses Point west end-sand and gravel
s Sslo8 8 | 3|23 g &
g He|88 &8 || & | & o | =
a <L| TS| @ Z2 | &H | & & | s
Nbn | NFS* SP |Poorly graded SAND Brown, wet, 8% subrounded to rounded gravel, 92% fine to
coarse sand, 0% nonplastic fines, max size = 0.5 in.
L 1 ef.'
-
i NFS* SP | Poorly graded SAND with Brown, wet, 29% angular to rounded gravel, 70% fine to coarse
Gravel sand, 1% nonplastic fines, max size =1 in.
.
|
Bottom of Hole 1.8 ft.
PID = (Cold/Hot) Photo lonization Detector
Project: Elim Navigation Improvement, 468575 Hole Number:

EXPLORATION LOG ELIM_GRAB.GPJ BUCKLAND.GPJ 12/18/18

* Indicates Estimated Frost Classification

TP-12




ALASKA DISTRICT Project:  Elim Navigation Improvement, 468575 Page 1 of 1
CORPS OF ENGINEERS Elim, Alaska Date:  300ct 2018
ENGINEERING SERVICES Dl A Dat
i ) . rilling Agency: [ Alaska District alum: Vertical
Geotechnical and Materials Section Other  USACE Horizontal ASP7 NADS3
EXP LO RATION LOG Location: | Northing: 3907,874 .+ Top of Hole
ocation: Easting: 1,631,891 ft. Elevation:
Hole Number, Field: Permanent: Operator: Inspector:
ELIM 13-2 TP-13 Matt Maher Robert Weakland
Type of Hole: [ other Depth to Groundwater: Depth Drilled: Total Depth:
X TestPit [ AugerHole [ MonitoringWell [ Piezometer 1.8 ft. 1.8 ft.
Hammer Weight; Split Spoon |.D.; Size and Type of Bit: Type of Equipment: Type of Samples;
Hand Shovel Grab
3 s Q Classification Description and Remarks
= 53 ﬁg § = ASTM: D 2487 or D 2488 e | _ | Surface Conditions: I\ﬁoses Point west end-sand and gravel
= Ss/o8] S | 2|23 g g
g . ©e|l88| 3 || 5| & Q=
(=) < [L'S oM = [%2) [ il B
Nbn | NFS* SP |Poorly graded SAND Brown, frozen, about 0% gravel, about 100% fine to coarse sand,
about 0% nonplastic fines
T
%0
e ®
’57
2
>3]
¢
s’.“
— 1 u..
be b
A
%0
e ®
»57p)
2
>3]
¢
L... ‘
L 1%
»'..:\ NFS* GP |Poorly graded GRAVEL Brown, moist, 72% subangular to subrounded gravel, 28% fine to
’?. with Sand coarse sand, 0% nonplastic fines, max size =1 in.
1 2y
e
B
[ ” :
N Bottom of Hole 1.8 ft.
PID = (Cold/Hot) Photo lonization Detector
Project: Elim Navigation Improvement, 468575 Hole Number:
* Indicates Estimated Frost Classification TP-13

EXPLORATION LOG ELIM_GRAB.GPJ BUCKLAND.GPJ 12/21/18




ALASKA DISTRICT Project:  Elim Navigation Improvement, 468575 Page 1 of 1
CORPS OF ENGINEERS Eilm, Alaska Date: 30 0ct 2018
ENGINEERING SERVICES ST - oot
] ) . rilling Agency: Alaska District alum: Vertical
Geotechnical and Materials Section Other  USACE Horizontal ASP7 NADS3
EXP LO R ATIO N LOG Location: | Northing: 3908453t Top of Hole
ocation: Easting: 1,634,771 ft. £ Elevation:
Hole Number, Field: Permanent; Operator: Inspector:
ELIM 14-1 TP-14 Matt Maher Robert Weakland
Type of Hole: [ other Depth to Groundwater: Depth Drilled: Total Depth:
X TestPit [ AugerHole [ MonitoringWell [ Piezometer 1.8 ft. 1.8 ft.
Hammer Weight; Split Spoon |.D.; Size and Type of Bit: Type of Equipment: Type of Samples;
Hand Shovel Grab
2 R Q Classification Description and Remarks
- 53 B s = ASTM: D 2487 or D 2488 = Surface Conditions: I\ﬁoses Point east end-sand and gravel
= ; c g% 3 S @ °© S| &
= o~ = o P =
g 55|28l B |2 £ ¢ o | 2
o < |IL'S m z | | & il B
Nbn | NFS* SP | Poorly graded SAND Brown, wet, 10% gravel, 89% fine to coarse sand, 1% nonplastic
(NP) fines, max size = 0.5 in.
i NFS* SP | Poorly graded SAND with Brown, moist, 49% subangular to subrounded gravel, 51% fine to
Gravel coarse sand, 0% nonplastic fines, max size =2 in.
|
Bottom of Hole 1.8 ft.
PID = (Cold/Hot) Photo lonization Detector
Project: Elim Navigation Improvement, 468575 Hole Number:

* Indicates Estimated Frost Classification TP-14

EXPLORATION LOG ELIM_GRAB.GPJ BUCKLAND.GPJ 12/18/18




ALASKA DISTRICT Project:  Elim Navigation Improvement, 468575 Page 1 of 1
CORPS OF ENGINEERS Elim, Alaska Date:  300ct 2018
ENGINEERING SERVICES ST oot
i ) . rilling Agency: [ Alaska District alum: Vertical
Geotechnical and Materials Section Other  USACE Horizontal ASP7 NADS3
EXP LO R ATION LOG Location: | Northing: 3908474t Top of Hole
ocation: Easting: 1,634,767 ft. £ Elevation:
Hole Number, Field: Permanent: Operator: Inspector:
ELIM 14-2 TP-15 Matt Maher Robert Weakland

Type of Hole: [ other Depth to Groundwater: Depth Drilled: Total Depth:

X TestPit [J AugerHole [ Monitoring Well [ Piezometer 1.8 1t. 181t
Hammer Weight; Split Spoon |.D.; Size and Type of Bit: Type of Equipment: Type of Samples;

Hand Shovel Grab
2 8 Q Classification Description and Remarks

= 53 ﬁg § = ASTM: D 2487 or D 2488 e | _ | Surface Conditions: I\ﬁoses Point east end-sand and gravel

= Sslo8 8 | 3|23 g &

s ©e|l88| 3 || 5| & Q| =

(=) < |IL'S oM = [%2) D il B

Nbn | NFS* SW |Well-graded SAND with Brown, moist, about 40% subrounded gravel, about 60% fine to
Gravel coarse sand, about 0% nonplastic fines, max size = 1.5 in.

— 1

i NFS* SW | Well-graded SAND with Brown, moist, 45% subrounded to rounded gravel, 55% fine to

Gravel coarse sand, 0% nonplastic fines, max size = 1.5 in.
|
Bottom of Hole 1.8 ft.
PID = (Cold/Hot) Photo lonization Detector
Project: Elim Navigation Improvement, 468575 Hole Number:
* Indicates Estimated Frost Classification TP-15

EXPLORATION LOG ELIM_GRAB.GPJ BUCKLAND.GPJ 12/18/18




Elim Navigation Improvements

APPENDIX C

LABORATORY TEST RESULTS

Laboratory TeSting SUMMATY .......cc.eeeiiieiiiieeeiieeeieeeereeeeiee et e e e ssreeesereeesseeseseeenens 1 Sheet
Laboratory Testing RESUILS ........cceviiiiiiiiiiiieciie et ee e 19 Sheets
Geotechnical Site Assessment Summary Report December 2018

U.S. Army Corps of Engineers
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NORTHERN GEOTECHNICAL ENGINEERING, INC..~ TERRA FIRMA TESTING

e Ségtéé}inié'a'l Engineering . Instrumentation -

PROJECT CLIENT: U.S. Army Corps of Engineers % GRAVEL 0.1 UsCs Sp
PROJECT NAME: Elim Small Boat Harbor % SAND 975 USACOEFC NFS
PROJECT NO.: 5196-18 % SILT/CLAY 2.4 % PASS. 0.02 mm 2.2
SAMPLE LOC.: Elim 1-1 % MOIST. CONTENT % PASS. 0.002 mm N/A
NUMBER/ DEPTH: S-170¢'-0.333 UNIFORMITY COEFFICIENT (C,) 1.6
DESCRIPTION: Poorly-graded sand COEFFICIENT OF GRADATION (C) 1.0
DATE RECEIVED: 11/3/2018 ASTM D1557 {uncorrected) N/A
TESTED BY: JA ASTM D4718 {corrected) N/A
REVIEWED BY:; RJPC OPTIMUM MOIST. CONTENT. (corrected) N/A
us slhv:&E.:)Q;l]I:N{(‘}E&gE].;J E SII ZE Aﬁﬁfk«éﬁlﬂsﬁ[s ASTM D792§YD/R0§ET1FR3 6 SIEVE AN ALYSIS RESULT
100 :3 ? 15 3{4 1.:1313 i #10 f‘f;(i__ﬁ-l[} #?0 ﬁl(')(} #EII)CI
SIEVE SIEVE TOTAL % SPECIFICATION
90 SIZE (mm) | SIZE(US) PASSING (% PASSING)
80 * 152.40 6"
g 76.20 3"
g7 38.10 15"
g 50 19.00 3/4"
12.70 172"
o 50 050 3/8" 100
w40 475 4 100
o 2.00 #10 100
E 30 0.85 #20 100
" a0 0.43 #40 99
ry 0.25 #60 32
10 0.15 #100 12
0 20000 0.075 #200 24
100 10 1 0.1 0.01 0.001
GRAIN SIZE (tmm) HYDROMETER RESULT
GRAVEL SAND ELAPSED DIAMETER TOTAL %
COBBLES [~ | e | comse] mtedivm 1 i SILT or CLAY TIME éMlN) (mm) PASSING
6.5
1 0.0542 22
MOISTURE-DENSITY RELATIONSHIP ASTM D1557 2 0.0383 2.2
4 0.0271 22
145 = 8 0.0192 22
15 0.0140 2.2
140 30
60
g 135 250
- 1440
Z 130
i HYDRAULIC COND.
o 125 (ASTM D2434)
2 DEGRADATION
a0 b (ATM T-313)
ATTERBERG LIMITS
115 : ASTM 4318
0 7 4 6 8 10 12 14 16

MOISTURE CONTENT (%)

The testing services reported herein have been performed to recognized industry standards, unless otherwise noted. No other warranty is made. Should engineering
interpretation or opinion be required, NGE-TFT wilt provide upon written request.

11301 Olive Lane - dnchorage, Alaska 99515 - Phone: 907-344-3934 - Fox: 907-344-5993

- www.nge-tfl.com




NORTHERN GEOTECHNICAL ENGINEERING, INC..~ TERRA FIRMA TESTING

nglneermg rumenta Ce n Mo rmal Anaiysw

PROJECT CLIENT: U.8. Army Corps of Engincers % GRAVEL 11.8 USCS Sp
PROJECT NAME: Elim Small Boat Harbor % SAND  88.1 USACOLE FC N/A
PROJECT NO.: 5196-18 % SILT/CLAY 0.1 % PASS. 0,02 mm N/A
SAMPLE LOC.: Flim 2-1 % MOIST. CONTENT % PASS. 0.002 mm N/A
NUMBER/ DEPTH: S-1/0'-0.333 UNIFORMITY COEFFICIENT {C,) 6.0
DESCRIPTION: Poorly-graded sand COEFFICIENT OF GRADATION (C)) 0.5
DATE RECEIVED: 11/3/2018 ASTM D1357 (uncorrected) N/A
TESTED BY: JA ASTM D4718 (corrected) N/A
REVIEWED BY: RIPC OPTIMUM MOIST. CONTENT. (corrected) N/A
PARTICLE SIZE ANALYSIS ASTM D7928/C136
‘ us. s?lﬁwopiegmurgﬂlmllfzsm “ a0 us. sr;;guu:;:&;ks#w o #200 HYDROMETER SIEVE ANALYSIS RESULT
1oo L_‘ [l SIEVE SIEVE TOTAL % | SPECIFICATION
90 # | SIZE (mm} | SIZE{US) | PASSING (% PASSING)
80 152.40 6"
=70 76.20 3"
&, 38.10 1.5 100
@ 60 19.00 /4" 94
§ 50 12.70 12" 94
. 9.50 3/8" 92
m 40 Py 475 #4 38
& 30 2.00 #10 74
E i 0.85 #20 53
SN 0.43 #40 36
* 0.25 #60 17
10 0.15 #100 1
0 | 0.075 #200 0.1
100 10 GRAINISUE 0.1 0.01 0.001
£ (ma) HYDROMETER RESULT
GRAVEL SAND ELAPSED | DIAMETER TOTAL %
COBBLES [~ | N PR | . I _— SILT or CLAY TIME éMIN) (mm) PASSING
0.5
1
MOISTURE-DENSITY RELATIONSHIP ASTM D 1557 2
Pl
145 s
- 15
140 30
%‘\ — i [
5135 250
bl 1440
=
2 130
E HYDRAULIC COND.
> 125 (ASTM D2434)
g DEGRADATION
120 (ATM T-313)
ATTERBERG LIMITS
15 - ASTM 4318
0 2 4 6 8 10 12 14 16
MOISTURE CONTENT (%)
The lesting services reported herein have been performed to recognized indusiry standards, unless otherwisc noted. No other warranty is made. Should engineering
interpretation or opinion be required, NGE-TI'T will provide upon written request.
11301 Olive Lane - Anchorage, Alaska 99515 + Phone: 907-344-5934 - Fax: 907-344-3993 - www.nge-ift.com




NORTHERN GEOTECHN]CAL ENGINEERING INC, / TERRA FIRMA TESTING

Momtormg Servnces

Thermal A

PROIJECT CLIENT: U.S. Army Corps of Engineers % GRAVEL  53.5 USCS GW
PROJECT NAME: Elim Small Boat Harbor % SAND 46.3 USACOE FC N/A
PROJECT NO.: 5196-18 % SILT/CLAY 0.2 % PASS. 0.02 mm N/A
SAMPLE L.OC.: Elim 2-1 % MOIST. CONTENT % PASS. 0.002 mm N/A
NUMBER/ DEPTH: S-2/71 -1.333% UNIFORMITY COEFFICIENT (C,) 38.6
DESCRIPTION: Well-graded gravel w/ sand COEFFICIENT OF GRADATION (C,) 2.2
DATE RECEIVED: 11/3/2018 ASTM D1557 (uncorrected) N/A
TESTED BY: JA ASTM D4718 (corrected) N/A
REVIEWED BY: RJIPC OPTIMUM MOIST. CONTENT. {corrected) N/A
PARTICLE SIZE ANALYSIS ASTM D7928 / C136
¢ ST b a0 e e mp o SIEVE ANALYSIS RESULT
100 SIEVE SIEVE TOTATL % SPECIFICATION
90 SIZE (mm) | SIZE(U1S.) PASSING (% PASSING)
80 * 152.40 6"
= 70 76.20 3"
< hd 38.10 15" 100
% 60 r 19.00 3" 82
§ 50 1270 172" 69
9 + 9.50 3/8" 62
m 40 475 4 46
e 2.00 #10 29
E 30 0.85 #20 23
= a0 * 0.43 #40 20
r 0.25 #60 12
10 0.15 #100 2
0 s |l 0.075 #200 0.2
100 10 1 0.1 0.01 0.001
7
GRAIN SIZE (mm) HYDROMETER RESULT
GRAVYEL SAND ELAPSED | DIAMETER TOTAL %
COBBLES Coarse | Fine Coarsa I Medium | Fine SILT or CLAY TIMESM[NJ {mm) TASING
0.5
1
MOISTURE-DENSITY RELATTIONSHIP ASTM D1557 2
4
145 5
15
140 30
= 60
43
B35 2590
B 1440
E
“ 130
4 HYDRAULIC COND.
- 125 (ASTM D2434)
&% DEGRADATION
120 (ATM T-313)
- ATTERBERG LIMITS
115 ASTM 4318
0 2 4 6 8 10 12 14 16
MOISTURE CONTENT (%)

'The testing services reported herein have been performed to recognized indusiry standards, unless otherwise noted. No other warranty is made. Should engineering
interpretation or opinion be requircd, NGE-TFT will provide upon written request.

11301 Olive Lante

« Anchorage, Alaska 99515 - Phone: 907-344-5934 - Fax: 907-344-5593 -

www.nge-ifl.com




NORTHERN GEOTECHNICAL ENGINEERING, INC. .~ TERRA FIRMA TESTING

PROJECT CLIENT: U.S. Army Corps of Engineers % GRAVEL 249 USCS SW
PROJECT NAME; Elim Small Boat Harbor % SAND 749 USACOEFC N/A
PROJECT NO.: 51%6-18 % SILT/CLAY 0.2 % PASS. 0,02 mm N/A
SAMPLE LOC.: Elim 3-1 % MOIST. CONTENT % PASS. 0.002 mm N/A
NUMBER/ DEPTH: 8-2/1'- 1333 UNIFORMITY COLFFICIENT (C,) 9.2
DESCRIPTION: Well-graded sand w/ gravel COEFFICIENT OF GRADATION (C,) 1.5
DATE RECEIVED: 11/3/2018 ASTM D1557 (uncorrected) N/A
TESTED BY: JA ASTM D4718 (corrected) N/A
REVIEWED BY: RJIPC OPTIMUM MOIST. CONTENT. (corrected) N/A
us ervEéN%}tZEucC&EE SIIZE Aﬁ;ﬁtvgm}fmizs ASTM D792 %ugwlsl?6 SIEVE ANALYSIS RESULT
6 3 L5 34 1238 41 #10 #20 #I0 H#60 HLOD #2200
100 ' I — ' l I I I l SIEVE SIEVE TOTAL % SPECIFICATION
90 é SIZE {mm} SIZE{U.S) PASSING (% PASSING)
p
80 152.40 6"
@70 76.20 3"
& 38.10 1.5" 1900
@ 60 19.00 3/4" 95
§ <0 12.70 1/2" 91
. + 9.50 3/8" 87
m 40 4.75 #4 75
o : 2.00 #10 43
£ 30 0.85 #0 19
" 20 ¥ 043 #40 m
0.25 #60 6
10 + Py 0.15 #100 1
a | + iy 0.075 #200 0.2
100 10 1 0.1 0.01 0.001
GRAIN SIZE (mm) HYDROMETER RESULT
GRAVEL SAND ELAPSED | DIAMETER TOTAL %
COBPLES Coarse Fins Coarse | Medium l Fme SILT or CLAY FI‘IMEéM]N) ) LATSING
a5
i
MOISTURE-DENSITY RELATIONSHIP ASTM D1557 2
145 — :
15
140 30
[y 60
135 - 250
b~ 1440
Z 130 Y :
< DRAULIC COND.
s 125 (ASTM D2434)
& DEGRADATION -
120 {(ATM T-313)
ATTERBERG LIMITS
115 ASTM 4318
0 2 4 6 8 10 12 14 16

MOISTURE CONTENT (%)

The testing services reported herein have been performed to recognized indusiry standards, unless otherwise noted. No other warranty is made. Should cngineering
interpretation or opinion be required, NGE-TFT will provide upon written request.

11301 Olive Lane - Anchorage, Alaska 99515 - Phone: 907-344-5934 - Fax: 907-344-5993 - www.nge-tfl.com




NORTHERN GEOTECHNICAL ENGINEERING, INC. ./ TERRA FIRMA TESTING

PROIECT CLIENT: U.S. Army Corps of Engineers % GRAVEL 725 USCS GP
PROJECT NAME: Elim Small Boat Harbor % SAND 273 USACOEFC N/A.
PROJECT NO.: 5196-18 % SILT/CLAY 0.2 % PASS. (.02 mm N/A
SAMPLE LOC.: Elim 4-1 % MOIST. CONTENT % PASS. 0.002 mm N/A
NUMBER/ DEPTH: S8-2/1'-1.33% UNIFORMITY COEFFICIENT (C,) 48.8
DESCRIPTION: Poorly-graded gravel w/ sand COEFFICIENT OF GRADATION (C) 4.8
DATE RECEIVEL: 11/3/2018 ASTM D1357 (uncorrecled) N/A
TESTED BY: JA ASTM D478 (corrected) N/A
REVIEWED BY: RJPC OPTIMUM MOIST, CONTENT. (corrected) N/A
PARTICLE SlIZE ANALYSIS ASTM D7928 / C136
] G ICHES 3 | 1 N
‘ us.ssmvnopf‘};m n;{rr Ill‘:Fl b o us. si.;fmi;:;ksﬂ?u npo o HYDROMETER SIEVE AN ALYSIS RESULT
100 SIEVE SIEVE TOTAL% | SPECIFICATION
90 SIzE{mm) | SIZEU.S) | PASSING (% PASSING)
80 152.40 6"
) 76.20 3" 100
< R 38.10 15" 94
@ 60 19.00 3/4" 62
g 50 & 12.70 12" 52
b » 8.50 3/8" 44
m 40 475 4 27
£ 10 2.00 #10 19
Z Y 0.85 20 15
T + 0.43 #40 12
* 0.25 #60 6
10 * 0.15 #100 1
0 PRl 0.075 #200 0.2
100 10 ISIZE 0.1 0.01 0.001
GRATN SIZE (mm) HYDROMETER RESULT
GRAVEL SAND BLAPSED MAMETER TOTAL %
COBBLES - - SILT or CLAY TIME (MIN) (mm) PASSING
Coarse Fins Coarse Medium l Fne 0
Q.5
1
MOISTURE-DENSITY RELATIONSHIP ASTM D1557 2
4
145 - ry
15
140 30
= a0
&5 135 250
el 1440
5
% 130
35 HYDRAULIC COND.
- 23 (ASTM D2434)
a DEGRADATION
120 (ATM T-313)
ATTERBERG LIMITS
115 ASTM 4318
0 2 4 6 g 10 12 14 16
MOISTURE CONTENT (%0}

The testing services reported herein have been performed to recognized industry standards, unless otherwise noted. No other warranty is made. Should engineering
intcrpretation or opinion be required, NGE-TFT will provide upon written request.

11301 Olive Lane - Anchorage, Alaska 99515 - Phone: 907-344-5934 - Fax: 907-344-5993 - www.nge-{fi.com




NORTHERN GEOTECHNICAL ENGINEERING, INC. .~ TERRA FIRMA TESTING

PROJECT CLIENT: U.S. Army Corps of Engineers % GRAVEL 422 USCS sp
PROJECT NAME: Elim Small Boat Harbor % SAND  57.8 USACOE FC N/A
PROJECT NO.: 5196-18 % SILT/CLAY 0.0 % PASS, 0.02 mm N/A
SAMPLE LOC.: Elim 6-1 % MOIST. CONTENT % PASS. 0.002 mm N/A
NUMBER/ DEPTH: S-1/0"-0,333" UNIFORMITY COLFFICIENT (C,) a4
DESCRIPTION: Poorly-graded sand w/ gravel COEFFICIENT OF GRADATION (C.) 1.5
DATE RECEIVED: 11/3/2018 ASTM D1557 (uncorrected) N/A
TESTED BY: JA ASTM D4718 (corrected) N/A
REVIEWED BY: RJPC OPTIMUM MOIST. CONTENT. (corrected) N/A
PARTICLE SIZE ANALYSIS ASTM D7928 / C136
; Us.sgm\«'ﬁopgmﬂrg{rj{crﬂ;sm % a0 U-S-Sli}f.?;iwmjgks#?o o #1;}0 IIVDHOMETER, SIEVE AN ALYSIS RESULT
100 SIEVE SIEVE TOTAL% | SPECIFICATION
90 SIZE (mniy | SIZE{US) | PASSHNG (% PASSING)
L
80 152.40 6"
@ 70 76.20 3°
< R 38.10 1.5" 100
w60 + 19.00 34" 84
§ 50 12.70 1/2" 83
b 9.50 3/8" 80
m 40 4.75 #4 58
= 20 2.00 #10 12
2 (.85 #20 9
™ 20 0.43 #40 4
+ 0.25 460 0
10 i 0.15 #100 0
0 LTI Lyl o 1l 0.075 | #200 0.0
100 0 GRA ISI . 0.1 0.01 0.001
I Z
RAIN SIZE (mm) HYDROMETER RESULT
GRAVEL SAND ELAPSED DIAMETER TOTAL %
COBBLES Coarse | Fine Coarse Medium | Fine SILT oy CLAY TiME(()MIN) {mm) PASSING
0.5
1
MOISTURE-DENSITY RELATIONSHIP ASTM D1557 2
4
145 8
- 15
140 30
ey 60
[&]
£138 250
P 1440
=
2 130
m HYDRAULIC COND.
A
= 125 {ASTM D2434)
& DEGRADATION
120 {ATM T-313)
ATTERBERG LIMITS
115 ASTM 4318
0 2 4 6 8 10 12 14 16

MOISTURE CONTENT (%)

The testing services reported herein have been performed fo recognized industry standards, unless otherwise noted. No other warranty is made. Should engineering
interpretation or opinion be required, NGE-TFT will provide upon written request.

11301 Ofive Lane - Anchorage, Alaska 99515 - Phone: 907-344-5934 - Fax: 907-344-5993 - www.nge-ift.com




NORTHERN GEOTECHNICAL ENGINEERING, INC, .~ TERRA FIRMA TESTING

horatory, Testini

PROJECT CLIENT: U.S8. Army Corps of Engincers % GRAVEL  76.6 USCS GP
PROIECT NAME: Elim Small Boat Harbor % SAND  23.1 USACOE FC N/A
PROJECT NO.: 5196-18 % SILT/CLAY 0.3 % PASS. 0.02 mm N/A
SAMPLE 1.OC.: Elim 6-1 % MOIST. CONTENT % PASS. 0.002 mm N/A
NUMBER/ DEPTH: §2/1'-1,333! UNIFORMITY COEFFICIENT (C,) 64.0
DESCRIPTION: Poorly-graded gravel w/ sand COETFFICIENT QOF GRADATION (C)) 3.5
DATE RECEIVED: 11/3/2018 ASTM D1557 (uncorrected) N/A
TESTED BY: JA ASTM D4718 (corrected) N/A
REVIEWED BY: RIPC OPTIMUM MOIST. CONTENT. (corrected) N/A
us SILVE%I%]ELQ& E SIIZE AEQH};E& S ASTM D792 §vfimgrlm? 6 SIEVE AN AIJYSIS RESULT
100 !6 3 1‘.5 3{4 l.:ll!! #IJ #10 #%G #-:0 #?0 #l(l)ﬂ #ZFI}
SIEVE SIEVE TOTAL % SPECIFICATION
a0 SIZE (mm) | SIZE (U.S.) PASSING (% PASSING)
BO 152.40 6"
3 7 76.20 3" 100
& 38.10 15" 49
v 60 19.00 3/4" 36
3 5o N 12.70 172" 32
9 9.50 3/8" 29
2 e
2 30 *y 0.85 #20 12
=g h + 0.43 #40 6
b 0.25 #60 2
10 i 0.15 #100 1
0 [l 3PN 0.075 #200 0.3
100 10 1 0.1 0.01 0.001
GRAIN SIZE (mm) HYDROMETER RESULT
GRAYEL SAND ELATSED DIAMETER TOTAL %
COBBLES - : ) SILT or CLAY TIME (MIN) (men) PASSING
Coarse Fine Coarse l Mediun: I Fine 0
0.5
1
MOISTURE-DENSITY RELATIONSHIP ASTM D1557 2
4
145 5
— 15
140 — 30
o 50
8135 250
> 1440
&
% 130 HYDRAULIC COND.
a 125 (ASTM D2434)
;é DEGRADATION
120 (ATM T-313)
ATTERBERG LIMITS
15 ASTM 4318
0 2 4 6 8 10 12 14 16

MOISTURE CONTENT (%)

The festing services reported hercin have been performed to recognized indusiry standards, unfess otherwise noted. No other warranty is made. Should engineering
interpretation or opinion be required, NGE-TFT will provide upon written request.

11301 Olive Lane - Anchorage, Alaska 99515 - Phone: 907-344-5934 + Fax: 907-344-3993 - www.nge-ifi.com




NORTHERN GEOTECHNICAL ENGINEERING, INC. .~ TERRA FIRMA TESTING

PROJECT CLIENT: U.S. Army Corps of Engineers % GRAVEL 670 USCS GW
PROJECT NAME: Elim Small Boat Harbor % SAND 329 USACOE FC N/A
PROJECT NO.: 5196-18 % SILT/CLAY 0.1 % PASS. 0.02 mm N/A
SAMPLE LOC.: Elim 7-1 % MOIST. CONTENT % PASS. 0.002 mm N/A
NUMBER/ DEPTH; S5-1/0'-0.333' ' UNIFORMITY COEFFICIENT (C,) 55.8
DESCRIPTION: Well-graded gravel w/ sand COEFFICIENT OF GRADATION (C.) 1.0
DATE RECEIVED: 11/3/2018 ASTM D1557 (uncorrecied) N/A
TESTED BY: JA ASTM D4718 (corrected) N/A
REVIEWED BY: RJIPC OPTIMUM MOIST, CONTENT. (corrected) N/A
PARTICLE SIZE ANALYSIS ASTM D7928 / C136
. ‘ U.S.S;EVEDPE?;YNU u; {]‘;CI[I';EZSS{S Pf:4 o us. SLE;IML#“;ERS#?U 0 #z;w ITYDROMETER SIEVE ANALYSIS RESULT
| SIEVE SIEVE TOTAL% | SPECIFICATION
90 > SIZE (mm) | SIZE(US) | PASSING | (% PASSING)
80 152.40 6"
@ 70 7620 3" 100
& 3810 15" 2] |
“ 60 19.00 344 56
g 5 12.70 172" 44
4 * 9.50 3/8" 40
m 40 4.75 #4 33
o . 2.00 #10 29
z 30 ¥ 0.85 #20 24
™ oag hd 0.43 #40 13
3 0.25 #60 1
10 045 #100 0
0 *l o g 0.075 #200 0.1
100 10 1 0.1 0.01 0.001
ORAIN SIZE (mim) HYDROMETER RESULT
GRAVEL SAND ELAPSED | DIAMETER TOTAL %
COBELES Coarse Fine Coarse | Medium | Fine SILT or CLAY TIME[()MIN) {mm) TASTNG
0.5
1
MOISTURE-DENSITY RELATIONSHIP ASTM D1557 2
4
145 .
15
140 30
o 60
[
8135 250
o] 1440
5
% 130 a :
i YDRAULIC COND.
o 125 (ASTM D2434)
B DEGRADATION
120 s (ATM T-313)
ATTERBERG LIMITS
115 ASTM 4318
0 2 4 6 8 10 i2 14 16
MOISTURE CONTENT (%)
The testing services reported herein have been performed to recognized industry standards, unless otherwise noted. No other warranty is made. Should engincering
interpretation or opinion be required, NGE-TFT will provide upon written request.
11301 Olive Lane - Anchorage, Alaska 99515 + Phone: 907-344-5934 « Fax: 907-344-3993 - www.nge-tfi.com




NORTHERN GEQTECHNICAL ENGINEERING, INC. .~ TERRA FIRMA TESTING

Laboratory Testing - Geotechnical Engincering

PROJECT CLIENT: U.S. Army Corps of Engineers % GRAVEL 404 USCS Sp
PROJECT NAME: Klim Small Boat Harbor % SAND 596 USACOE FC N/A
PROJECT NO.: 5196-18 % SILT/CLAY 0.0 % PASS. 0.02 mm N/A
SAMPLE LOC.: Elim 8-1 % MOIST. CONTENT % PASS. 0.002 mm N/A
NUMBER/ DEPTH: 8-1/0'-0.33% UNIFORMITY COEFFICIENT (C,) 4.9
DESCRIPTION: Poorly-graded sand w/ gravel COEFFICIENT OF GRADATION (C,) 0.6
DATE RECEIVED: 11/3/2018 ASTM D1557 (uncorrected) N/A
TESTED BY: JA ASTM D4718 (corrected) N/A
REVIEWED BY: RJIPC OPTIMUM MOIST. CONTENT. (corrected) N/A
us s.yﬁéﬂﬁ,ﬂngi I SII ZE AEQ!T«EEAS ASTM D792§Yrﬁ10g11m3 6 SIEVE ANALYSIS RESULT
100 I6 ? 15 3,;'4 l.:l 38 #l-l #10 #%0 #JID #?0 #I(I)G #2?0
SIEVE SIEVE TOTAL % SPECIFICATION
50 SIZE (mm) | SIZE(US) | PASSING (% PASSING)
80 152.40 6"
S 70 Ldll 7620 3"
< 38.10 15" 100
v 60 19.00 344" 80
g 50 12.70 12" 73
g 9.50 3/8" 70
@ 40 475 #4 60
] 2.00 #10 36
& 30 0.85 #20 6
" a0 0.43 #50 2
- 0.25 460 0
10 0.15 #100 0
0 tile ole 0.075 #200 0.0
100 10 1 0.1 0.0t 0.001
GRAIN SIZE: (mm) HYDROMETER RESULT
GRAVEL SAND ELAPSED DIAMETER TOTAL %
CORBLES [~~~ e | comme | Modiom I o SILT or CLAY TIME éMlN) (e PASSING
0.5
i
MOISTURE-DENSITY RELATIONSHIP ASTM D1557 2
4
145 - 5
15
140 30
60
g 135 250
> 1440
2 130
& HYDRAULIC COND.
- s (ASTM D2434)
% DEGRADATION
0 2 (ATM T-313)
— ATTERBERG LIMITS
115 ASTM 4318
0 2 4 6 8 10 12 14 16

MOISTURE CONTENT (%}

The lesting services reported herein have been performed to recognized industry stasdards, unless otherwise noted. No other warranty is made. Should engineering
interpretation or opinion be required, NGE-TFT will provide upon written request.

11307 Qlive Lane - Anchorage, Alaska 99515 - Phone: 907-344-5934 - Fax: 907-344-5993 - www.nge-tfi.com




NORTHERN GEOTECHNICAL ENGINEERING, INC. ./ TERRA FIRMA TESTING

PROJECT CLIENT: U.S. Army Corps of Engineers % GRAVEL  15.6 USCS SP
PROJECT NAME: Elm Small Beat Harbor % SAND  84.2 USACOE FC N/A
PROJECT NO.: 5196-18 % SILT/CLAY 0.2 % PASS. 0.02 mun N/A
SAMPLE LOC.: Elim 10-1 % MOIST. CONTENT % PASS. 0.002 mm N/A
NUMBER/ DEPTH: S-1/0"-0.33% UNIFORMITY COEFFICIENT (C)) 4.2
DESCRIPTION: Poorly-graded sand w/ gravel COEFFICIENT OF GRADATION (C,) 0.7
DATE RECEIVED: 11/3/2018 ASTM DI3557 (uncorrected) N/A
TESTED BY: JA ASTM D4718 {corrected) N/A
REVIEWED BY: RJIPC OPTIMUM MOIST, CONTENT. {corrected) N/A
PARTICLE S'IZE ANALYSIS ASTM D7928/ C136
5. SIEVE OPE! 5 5. STEVE i 1
" ; U JII:,VLOPi:',.};IN(;ll; frilmlll;zzsj‘,s ‘i ‘o us, ST;%‘;MI:?I:RS#EI.{) - HYDROMETER SIEVE AN ALYSIS RESULT
0 + SIEVE SIEVE TOTAL% | SPECIFICATION
90 SIZE(mm) | SIZE(US) | PASSING | (% PASSING)
80 152.40 6"
& 70 76.20 3"
& 38.10 15"
w60 19.00 3/4" 100
§ 50 * 12.70 172" 97
b 9,50 3/8" 94
m 40 4.75 #4 84
< 2.00 #10 71
Z 30 0.85 120 53
T : 0.43 #40 22
0,25 #60 3
10 0.15 #100 0
0 LA 0.075 #200 0.2
100 10 1 0.1 0.01 0.001
GRAIN SIZE (mm) HYDROMETER RESULT
GRAVEL SAND ELAPSED | DIAMETBR TOTAL %
COBBLES {— —— | o Cuamul o l o SILT or CLAY TIME. éMIN) () PASSING
0.5
1
MOISTURE-DENSITY RELATIONSHIP ASTM D1557 2
4
145 2
- 15
140 — 30
fo GO
135 250
" 1440
3
2 130
= HYDRAULIC COND.
=}
E 125 (ASTM D2434)
= DEGRADATION
120 (ATM T-313)
ATTERBERG LIMITS
115 ASTM 4318
0 2 4 6 8 10 12 14 16

MOISTURE CONTENT (%)

The testing services reported herein have been performed to recognized industry standards, unless otherwise noted. No other warranty is made. Should engineering
interpretation ot opinion be required, NGE-TFT will provide upon written request.

11301 Olive Lane - Anchorage, Alaska 99515 - Phone: 907-344-5934 - Fax: 907-344-5993 - www.nge-ifi.com




PROIJECT CLIENT: U.S, Army Corps of Engineers % GRAVEL  60.3 USCS GW-GM
PROJECT NAME: Elim Small Boat Harbor % SAND  33.8 USACOE FC N/A
PROJECT NO.: 5196-18 % SILT/CLAY 5.9 % PASS. (.02 mm N/A.
SAMPLE LOC.: Elim 10-1 % MOIST. CONTENT % PASS. 0,002 mm N/A
NUMBER/ DEPTH: 52 70.667 - 1.0" UNIFORMITY COEFFICIENT (C,) 36.7
DESCRIPTION: Well-graded gravel w/ silt and sand COEFFICIENT OF GRADATION (C.) 1.9
DATE RECEIVED: 11/3/2018 ASTM D1557 (uncorrected) N/A
TESTED BY: JA ASTM D4718 (corrected) N/A
REVIEWED BY: RJPC OPTIMUM MOIST, CONTENT. {corrected) N/A
"PARTICLE SIZE ANALYSIS ASTM D7928 / C136
o0 ; Us. s;hvwl?;[m n; gc:{;sm # o us. sL:%.:}s Nm;;énsﬁ?u A i HYDROMETER SIEVE AN ALYSIS RESULT
‘ SIEVE SIEVE TOTAL% | SPECIFICATION
90 SIzE(mm) | SIZE(US) | PASSING (% PASSING)
&0 152.40 6"
o= [ 2 76.20 3" 100
70
=~ ® 38.10 1.5" 93
v 60 19.00 3/4" 74
§ 50 12.70 172" 63
. 9.50 3/8" 54
m 40 4.75 4 40
e 30 2.00 #10 27
2 4 0.85 #20 16
B a0 0.43 ) 11
* 0.25 460 9
10— -+ 0.15 #100 8
0 | ﬂ 0.075 #200 5.9
100 10 A NISIZE 0.1 0.01 0.001
GRAIN SIZL () HYDROMETER RESULT
GRAVEL SAND ELAPSED DIAMETER TOTAL %
COBBLES ; ) ) SILT or CLAY TIME (MIN) (mm) PASSTNG
Coarse Fing Coarse Medium l Fine 0
Q.5
1
MOTISTURE-DENSITY RELATIONSHIP ASTM D1557 2
Il
145 P
15
140 30
- 60
Q
Bi135 250
el 1440
£ :
130
% HYDRAULIC COND.
o 195 (ASTM D2434)
& DEGRADATION
120 {ATM T-313)
ATTERBERG LIMITS
115 ASTM 4318
¢] 2 4 6 8 10 12 14 16
MOISTURE CONTENT (%)

The testing scrvices reporéed herein have been performed to recognized indusiry standards, untess otherwise noted. No other warranty is made. Should engineering
interpretation or opinion be required, NGE-TFT will provide upon written request,

11301 Olive Lane - Anchorage, Alaska 99515 + Phone: 907-344-5934 - Fax: 907-344-3993

- www.nge-tfi.cont




NORTHERN GEOTECHNICAL ENGINEERING, INC..” TERRA FIRMA TESTING

&7 Laboratory Testing - Geotechnical Engineering :  Instrumentation . Construction:

PROJECT CLIENT: U.S, Army Corps of Engineers % GRAVEL  72.6 USCS GW
PROJECT NAME: Elim Small Boat Harbor % SAND 271 USACOE FC N/A
PROIECT NO.: 5196-18 % SILT/CLAY 0.3 % PASS. 0.02 mm N/A
SAMPLE LOC.: Elim 11-2 % MOIST. CONTENT % PASS. 0.002 mm N/A
NUMBER/ DEPTH: S2/1'-1.33% UNIFORMITY COEFFICIENT (C,) 53.7
DESCRIPTION: Well-graded gravel w/ sand COEFFICIENT OF GRADATION {C,) 2.2
DATE RECEIVED: 11/3/2018 ASTM D1557 {uncorrected) N/A
TESTED BY: JA ASTM D4718 (corrected) N/A
REVIEWED BY: RIPC OPTIMUM MOIST. CONTENT. (corrected) N/A
us. szhvgér&Tm£gﬁsglE SIIZE Allljév]b;lmgn§n£s ASTM D792§vn/mg}m?6 SIEVE ANALYSIS RESULT
& ’i'! ]l.S 3i'-l 1;’2 3;’3 fﬁ-l #10 #%0 Pf-%ﬁ #?D #1?0 #2?0
100 ¢ SIGVE SIEVE TOTAL% | SPECIFICATION
90 SIZE(mm) | SIZE(US) | PASSING | (%PASSING)
80 * 152.40 6" 100
o 76.20 3 82
g7 ¥ 38.10 15" 69
2 60 19.00 3/4" 50
§ 50 12.70 172" 43
v . ! 9.50 3/8" 38
m 40 » 4.75 #4 27
w - 2.00 #10 19
g %0 ) 0.85 #20 13
" 20 043 #40 9
y (.25 #60 5
10 * 0.15 #100 1
0 AP 0075 | #200 63
100 10 1 0.1 0.01 0.001
GRAIN SIZE (o) HYDROMETER RESULT
GRAVEL SAND ELAPSED | DIAMETER TOTAL %
COBBLES Coarse Fine Coarse Medinm | Fine SILT or CLAY TIME (I (me) rasime
0
0.5
1
MOISTURE-DENSITY RELATIONSHIP ASTM D1557 2
4
145 3
15
140 30
fro 60
& 135 250
=] 1440
=
2130 Y
M DRAULIC COND.
o 125 (ASTM D2434)
pé DEGRADATION
120 {ATM T-313)
ATTERBERG LIMITS
1 - ASTM 4318
0 2 4 6 g 10 12 i4 16
MOISTURE CONTENT (%4}
The testing services reported herein have been performed {o recognized industry standards, unless otherwise noted. No other warranty is made. Should enginecting
interpretation or opinion be required, NGE-TFT will provide upon writien request.
11301 Olive Lane - Anchorage, Alaska 99515 - Phone: 907-344-5934 - Fax: 907-344-5993 - www.nge-ffi.com




NORTHERN GEOTECHNICAL ENGINEERING, INC. ./ TERRA FIRMA TESTING

aib_t_)r_g'tqry-Teélih

PROJECT CLIENT: U.8. Army Corps of Engineers % GRAVEL 67.6 USCS GW
PROJECT NAMLE: Elim Small Boat Harbor % SAND 32,0 USACOE FC N/A
PROJECT NO.: 5196-18 % SILT/CLAY 0.4 % PASS. 0.02 mm N/A
SAMPLE LOC.: Elim 12-1 % MOIST. CONTENT % PASS. 0.002 mm N/A
NUMBER/ DEPTH: S5-2/0.667" - 1.¢¢ UNIFORMITY COEFFICIENT (C,) 294
DESCRIPTION: Well-graded gravel w/ sand COEFFICIENT OF GRADATION (C)) 1.2
DATE RECEIVED: 11/3/2018 ASTM D1557 (uncorrected) N/A
TESTED BY: JA ASTM D4718 (corrected) N/A
REVIEWED BY: RJPC OPTIMUM MOIST. CONTENT. (corrected) N/A
PARTICLE SIZE ANALYSIS ASTM D7928 [/ C136
- ‘ U,S,S;EVEDP::.};IN(JH; ;itcl::tzsm #:4 o us,sigvazm%c?gnsﬁgo o #2;10 HYTROMETER SIEVE AN ALYSIS RESULT
SIEVE SIEVE TOTAL % SPECIFICATION
90 SIZE (mm} | SIZE(U.S) PASSING (% PASSING)
80 152.40 6"
S 70 76.20 3" 100
< 3810 1.5" 74
@ 60 * 19.00 3/4" 59
§ 0 . 12.70 172" 48
. _ i 9.50 3/8" 44
m 40 4.75 4 32
5] 'Y 2.00 £10 21
& 30 ‘ 0.85 20 12
= a0 0.43 #0 7
0.25 #60 3
10 7y 0.15 #100 1
0 [T o] o [l 0.075 #200 04
100 10 1 0.1 0.01 0.001
GRAIN SIZE (aun) HYDROMETER RESULT
GRAVEL SAND ELAPSED DIAMETER TOTAL %
COBBLES o i Cuarsel ediom | o SILT or CLAY TIME éM[N) (mm) PASSING
0.5
1
MOISTURE-DENSITY RELATIONSHIP ASTM D1557 2
145 :
A 15
140 30
o 60
&13s 250
E 1440
Z 130
“ HYDRAULIC COND.
o 125 (ASTM D2434)
& DEGRADATION
120 (ATM T-313)
ATTERBERG LIMITS
115 ASTM 4318
0 2 4 6 8 10 12 14 16

MOISTURE CONTENT (%)

The testing services reporied herein have been performed to recognized industry standards, unless otherwise noted. No other warranty is made. Should engincering
interpretation or opinion be required, NGE-TFT will provide upon written request.

11301 Olive Lane - Anchorage, Alaska 99515 - Phone: 907-344-3934 - Fax: 907-344-5993 - www.nge-ifi.com




NORTHERN GEOTECHNICAL ENGINEERING, INC..~ TERRA FIRMA TESTING

. Laboratory Testin technical Engineering . Instrumentation . Construction Monitoring Se ermal Analysis.

PROJECT CLIENT: U.8. Army Corps of Engineers % GRAVEL 75 USCS SpP
PROJECT NAMLE: Llim Small Boat Harbor % SAND  92.3 USACOEFC  N/A
PROJECT NO.: 5196-18 % SILT/CLAY 0.2 %PASS. 0.02 mm  N/A
SAMPLE 1.OC.: Elim 13-1 % MOIST. CONTENT %PASS. 0.002mm  N/A
NUMBER/ DEPTH: S-1/0.0' - 0.333" UNIFORMITY COEFFICIENT (C,) 16.2
DESCRIPTION: Poorly-graded sand COEFFICIENT OF GRADATION (C,) 0.8
DATE RECEIVED: 11/3/2018 ASTM D1557 (uncorrected) N/A
TESTED BY: JA ASTM D4718 (corrected) N/A
REVIEWED BY: RIPC OPTIMUM MOIST. CONTENT., (corrected) N/A
i SRTICLE SIZE ANALYSIS ASTM D7928 / C136 SIEVE ANALYSIS RESULT
100 Iﬁ 3 1.5 34 1238 )'ﬁ{ #19 #IZH #—}0 #‘ISG #ill)(} #290
SIEYE SIEVE TOTAL % SPECIFICATION
90 + SIZE{mmn) | SIZE(US) | PASSING (% PASSING)
80 : 152.40 6"
- 76.20 3
S 38.10 15"
2 60 19.00 34" 100
S 5 Py 12.70 1727 99
. — 9.50 3/8" 99
B 40 475 #4 93
o 2.00 #10 52
z 30 T* e 0.85 120 32
= 0.43 #40 29
0.25 #60 %6
10 * 0.15 #100 9
0 ¥ 0.075 #200 0.2
100 10 1 0.1 0.01 0.001
GRAIN SIZE () HYDROMETER RESULT
GRAVEL SAND ELAPSED DIAMETER TOTAL %
COBDLES Comes l Tine Coarse | Medium | Fite SILT or CLAY TIME éMIN) (mm} PASSING
0.5
1
MOISTURE-DENSITY RELATIONSHIP ASTM D1557 2
4
145 e
15
140 30
o 60
B35 250
5 1440
[_(
2 130 HYDRA
2 ULIC COND.
. 125 (ASTM D2434)
o DEGRADATION
120 (ATM T-313)
- ATTERBERG LIMITS
s ASTM 4318
0 2 4 6 8 10 12 i4 16

MOISTURE CONTENT (%)

The testing services reported herein have been performed to recognized industry standards, unless otherwisc noted. No other warranty is made. Should engineering
interpretation or opmion be required, NGE-TIF will provide upon written request,

11301 Olive Lane - Anchorage, Alaska 99515 + Phone: 907-344-5934 - Fax: 907-344-5993 - www.nge-ift.com




NORTHERN GEOTECHNICAL ENGINEERING, INC..~ TERRA FIRMA TESTING

PROJECT CLIENT: U.S. Army Corps of Engineers % GRAVEL 293 USCS Sp
PROJECT NAME: Elim Smali Boat Harbor % SAND  70.2 USACOE FC N/A
PROJECT NO.: 5196-18 % SILT/CLAY 0.5 % PASS. 0.02 mm N/A
SAMPLE LOC.; Ilim 13-1 % MOIST. CONTENT % PASS, 0.002 mm N/A
NUMBER/ DEPTH: $2/1.5'-18% UNIFORMITY COEFFICIENT (C,.} 21.6
DESCRIPTION: Poorly-graded sand w/ gravel COEFFICIENT OF GRADATION (C,) 0.2
DATE RECEIVED: 11/3/2018 ASTM D1557 (uncorrected) N/A
TESTED BY: JA ASTM D4718 (corrected) N/A
REVIEWED BY: RIPC OPTIMUM MOIST. CONTENT. {(correcied) N/A
PARTICLE SIZE ANALYSIS ASTM ID7928 / C136
w0 ¢ u.s.s;ﬁvsoylr-:rjtman;{rfci?;sz{s ’;4 o U.s.sr;;;)smmﬁt;gus o 10 #z;m HYDROMETER SIEVE AN ALYSIS RESULT
1 SIEVE SIEVE TOTALY% | SPRCIFICATION
90 Q‘ SIZE(mm) | SIZE(US) | PASSING | (%PASSING)
80 152.40 6"
& 70 76.20 3"
& — 38.10 1.5" 100
@ 60 19.00 374" 98
g <0 12.70 1/2" 92
b L ] 9.50 3/8" 87
m 40 475 #4 71
~ DR .00 #10 46
2 30 ¥ 0.85 20 36
) 0.43 #40 33
0.25 #60 C 28
10 ry 0.15 #100 7
0 I 0.075 #200 0.5
100 10 1 0.1 0.01 0.001
GRAINSIZE (min) HYDROMETER RESULT
GRAVEL SAND ELAPSED | DIAMETER TOTAL %
COBBLES N N SILT or CLAY TIME (MIN) (mm) PASSING
Coarse Fine Coarse | Medimn I Fins 0
0.5
1
MOISTURE-DENSITY RELATIONSHIP ASTM D1557 2
145 — :
15
140 30
q:u* 60
135 250
b 1440
5
2 130 HYDRAULIC COND
m .
o 125 (ASTM D2434)
& DEGRADATION
120 {(ATM T-313)
ATTERBERG LIMITS
115 ASTM 4318
0 2 4 6 8 10 12 14 16

MOISTURE CONTENT (%)

The testing services reported herein have been performed to recognized industry standards, unless otherwise noted. No other warranty is made. Should engineering
interpretationt or opinion be required, NGE-TFT will provide upon written request,

11301 Olive Lane - Anchorage, Alaska 99515 - Phone: 907-344-5934 - Fax: 907-344-5993 - www.nige-ffl.com




NORTHERN GEOTECHNICAL ENGINEERING, INC..~ TERRA FIRMA TESTING

- Laboratory Testing . Geotechnical Engineering © - Instrumentation . :Construction Mon

PROJECT CLIENT: U.8. Army Corps of Engineers % GRAVEL  71.7 USCS GP
PROJECT NAMI:: Elim Small Boat Harbor % SAND 279 USACOE FC N/A
PROJECT NO.: 5196-18 % SILT/CLAY 0.4 % PASS. (.02 mm N/A
SAMPLE LOC.: Elim 13-2 % MOIST. CONTENT % PASS. 0.002 mm N/A
NUMBER/ DEPTH: §2/1.5-183% UNIFORMITY COEFFICIENT (C,) 28.7
DESCRIPTION: Poorly-graded gravel w/ sand COEFFICIENT OF GRADATION (C)) 3.5
DATE RECEIVED: 11/3/2018 ASTM D1557 (uncorrected) N/A
TESTED BY: JA ASTM D4718 (corrected) N/A
REVIEWED BY: RJIPC OPTIMUM MOIST, CONTENT. (corrected) N/A
PARTICLE SIZE ANALYSIS ASTM D7928 / C136
00 5 u.s.s]u.v.». OI'{:};LNGIP; iﬁ:c;a;sm #:4 o IJ',SASL;.I;‘;NUI;:SRS 0 1 #2;}0 HYDHOMETER SIEVE AN ALYSIS RESULT
SIEVE SIEVE TOTALY% | SPECIFICATION
90 SIZE (um) | SIZE(US) | PASSING | {%PASSING)
80 152.40 6"
& 70 76.20 3
= 38.10 1.5" 100
v 60 19.00 3/4" 70
g 50 * 12.70 12" 53
. 9.50 3/8" 42
/@40 4.75 #4 28
& 2.00 #10 19
& 30 4 0.85 #20 13
= oo 0.43 #40 9
1 > 0.25 #60 4
" Q.15 #100 1
0 Vielly 0.075 #200 0.4
100 10 1 0.1 0.01 0.001
GRAIN SIZE (min) HYDROMETER RESULT
GRAVEL SAND ELAPSED DIAMETER TOTAL %
COBBLES i - - SILT or CLAY TIME (MIN) (mm) PASSING
Coarse Fine Coarse Mediun: | Fine 0
0.5
1
MOISTURE-DENSITY RELATTONSHIP ASTM D1557 2
4
145 2
i5
140 30
= 60
Q
B 135 250
o 1440
E :
2130
& HYDRAULIC COND.
S 125 (ASTM D2434)
E DEGRADATION
120 (ATM T-313)
ATTERBERG LIMITS
115 ASTM 4318
0 2 4 6 8 10 12 14 16
MOISTURE CONTENT (%)
The testing services reported herein have been performed to recognized industry standards, unless otherwise noted. No other warranty is made. Should enginecring
interpretation or opinion be required, NGE-TET will provide upon written request.
11301 Olive Lane - Anchorage, Alaska 99515 - Phone: 907-344-5934 - Fax: 9037-344-5993 - www.nge-{fl.com




NORTHERN GEOTECHNICAL ENGINEERING, INC..~ TERRA FIRMA TESTING

_ Laboratory Testing nical Engineering  Instrumentation * Construction Moni

PROIJECT CLIENT: U.S. Army Corps of Engineers % GRAVEL 10,2 © USCS sp
PROJECT NAME: LElim Small Boat Harbor % SAND 893 USACOE FC N/A
PROJECT NO.: 5196-18 % SILT/CLAY 0.5 % PASS. (.02 mm N/A
SAMPLE LOC.: Elim 14-1 % MOIST. CONTENT % PASS. 0.002 mm N/A
NUMBER/ DEPTH: S8-1/0.0'- 0.5 UNIFORMITY COEFFICIENT (C) 9.9
DESCRIPTION: Poorly-graded sand COEFFICIENT OF GRADATION (C,.) 0.5
DATE RECEIVED: 11/3/2018 ASTM D1557 (uncorrected) N/A
TESTED BY: JA ASTM DA718 (corrected) N/A
REVIEWED BY: RIPC OPTIMUM MOIST. CONTENT. {corrected) N/A
PARTICLE SIZE ANALYSIS ASTM D7928 / C136
- s u,s.s;f.vr:ul’i.t;mm}; ;—TCI]‘IEE;'S #:4 "o us. s;:;nmz:gnsﬁ?u o #ztl?u TYDROMETER SIEVE ANALYSIS RESULT
SIEVE SIEVE TOTALY% | SPECIFICATION
90 SIZR(mm) | SIZE(US) | PASSING | (% PASSING)
80 ] 152.40 6"
3 76.20 3"
S * 38.10 i5
@ 60 19.00 3/4" 100
3 5 12.70 172" 98
. 9.50 3/8" 96
@ 40 4.75 #4 90
< 2.00 #10 67
Z 30 3 0.85 0 38
Y 043 #40 31
0.25 #60 27
10 - 0.15 #100 5
0 Ml 1M} 0.075 #200 0.5
100 10 1 0.1 0.01 0.001
GRAIN SIZE (ma HYDROMETER RESULT
GRAVEL SAND RLAPSED | DIAMETER TOTAL %
COBBLES Coarse 1 Fine Coarse | Medivm | Fine SILT or CLAY TIME{gMIN) () PASSING
0.5
1
MOISTURE-DENSITY RELATIONSHIP ASTM D1557 2
4
195 - 3
15
140 30
G : 60
5135 250
e 1440
2 130
i) HYDRAULIC COND.
o 25 (ASTM D2434)
& DEGRADATION
120 (ATM T-313)
b ATTERBERG LIMITS
115 ASTM 4318
0 2 4 6 8 10 12 14 16
MOISTURE CONTENT (%}
The lesting services reported herein have been performed to recognized industry standards, unless otherwise noted, No other warranty is made. Should engineering
interpretation or opinion be required, NGE-TFT will provide upon written request.
11301 Olive Lane - Anchorage, Alaska 99515 - Phone: 907-344-5934 - Ilax: 907-344-5993 - www.nge-ifl.com




NORTHERN GEOTECHNICAL ENGINEERING, INC. .~ TERRA FIRMA TESTING

- Geotechnical Engineerin

PROJECT CLIENT: U.S. Army Corps of Engineers % GRAVEL 495 USCS SP
PROJECT NAME: Elim Small Boat Harbor % SAND 504 USACOE FC N/A
PROJECT NO.: 5196-18 % SILT/CLAY 0.1 % PASS, 0.02 mm N/A
SAMPLE LOC.: Flim 14-1 % MOIST. CONTENT % PASS. 0.002 mm N/A
NUMBER/ DEPTH: S-2/1.5'-1.83' UNIFORMITY COEFFICIENT (C,) 13.5
DESCRIPTION: Poorly-graded sand w/ gravel COEFFICIENT OF GRADATION (C,) 0.8
DATE RECEIVED: 11/372018 ASTM D1557 (uncorrected) N/A
TESTED BY: JA ASTM D4718 (corrected) N/A
REVIEWED BY: RJIPC OPTIMUM MOIST. CONTENT. {corrected) IN/A
PARTICLE SIZE ANALYSIS ASTM D7928 / C136
g L v o SIEVE ANALYSIS RESULT
SIEVE SIEVE TOTAL% | SPECIFICATION
90 s §IZE¢mm) | SIZE(US) | PASSING | (% PASSING)
80 * 152.40 6"
S 70 Py 76.20 3" 100
e » 38.10 1,5" 88
@ 60 19.00 340 77
§ 50 12.70 12" 71
. 9.50 3/8" 65
- X T
z 30 + 0.85 #20 16
™ 20 0.43 #40 7
* 025 #60 4
10 T 0.15 #100 1
0 ‘f *e 0.075 #200 0.1
100 10 1 04 0.01 0.001
GRATN SIZE (mem) HYDROMETER RESULT
GRAVEL SAND HLAPSED | DIAMETER TOTAL %
COBBLES , : SILT or CLAY TIME (MIN) | {mm) PASSING
Coarse I Fine Coarse Medium l Fine 0
0.5
1
MOISTURE-DENSITY RELATTONSHIP ASTM D1557 2
145 ;
15
140 30
s 60
135 250
> 1440
2 130
A HYDRAULIC COND.
o 125 (ASTM D2434)
g DEGRADATION
120 (ATM T-313)
ATTERBERG LIMITS
15 ASTM 4318
0 2 4 6 8 10 12 14 16
MOISTURE CONTENT (%)
The testing services reported herein have been performed to recognized industry standards, unless otherwise noted. No other warrenty is made. Should engincering
interpretation or opinion be required, NGE-TFT will provide upon written request.
11301 Ofive Lane - Anchorage, Alaska 99515 - Phone: 907-344-5934 - Fax: 907-344-3993 - www.nge-{ft.com




NORTHERN GEOTECHNICAL ENGINEERING, INC../ TERRA FIRMA TESTING

4 Laboratory Testing . "Geuigél_qn:iéal_E_n'gi_l_le'ér_' ng - Instrumentatior ConstructlonMonltor:ng Services. The

PROJECT CLIENT: .8, Army Corps of Engineers % GRAVEL 451 USCS Sw
PROJECT NAME: Elim Small Boat Harbor % SAND  54.7 USACOEIC  N/A
PROIECT NO.: 5196-18 % SILT/CLAY 0.2 % PASS. 0.02 mm N/A
SAMPLE LOC.: Elim 14-2 % MOIST. CONTENT % PASS. 0.002 mm N/A
NUMBER/ DEPTH: $-2/1.5'-1.83" UNIFORMITY COEFFICIENT (C,) 15.1
DESCRIPTION: Well-graded sand w/ gravel COEFFICIENT OF GRADATION (C) 2.2
DATE RECEIVED: 11/3/2018 ASTM D1557 (uncorrecied) N/A
TESTED BY: JA ASTM D4718 (corrected) N/A
REVIEWED BY: RJPC OPTIMUM MOIST. CONTENT. (corrected) N/A
us Pﬁ%ﬁﬁl‘ E S.I ZE Aﬁé&ﬁmﬂs ASTM D 792%1{&0%}3 6 SIEVE ANALYSIS RESULT
100 F 3 15 34 1{2 3/8 #'4 #10 #%O #%0 #IED #lv‘il) #ZEI[I
SIEVE SIEVE TOTAL % SPECIFICATION
90 SIZE(mu) | SIZE(US) | PASSING (% PASSING)
. FLL
80 152.40 6"
@ 70 76.20 3"
= 38.10 15" 100
w60 : 19.00 3/4" 94
§ 50 12.70 172" 86
. .50 3/8" 79
m 40 475 #4 55
o - 2,00 #10 28
2 30 L d 0.85 0 17
" 00 043 #40 11
0.25 #60 6
10 i . 0.15 #100 1
0 MM 0.075 #200 0.2
100 10 1 0.1 0.01 0.001
GRAIN SIZE (mm) HYDROMETER RESULT
GRAVEL SAND ELAPSED | DIAMETER TOTAL %
COBBLES Caoarse | Fine Coarse i Medium | Fine SILT or CLAY TTMEéMIN) (o) RASSING
0.5
1
MOISTURE-DENSITY RELATIONSHIP ASTM D1557 2
145 :
15
140 30
50
g 135 250
b 1440
£
% 130 HYDRAULIC COND
& .
S s (ASTM D2434)
& DEGRADATION
. (ATM T-313)
— ATTERBERG LIMITS
15 : ASTM 4318
0 2 4 6 8 10 12 14 16

MOISTURL CONTENT (%)

The testing services reported herein have been perforined to recognized industry standards, vnless otherwise noted. No other warranty is made. Should engineering
inferpretation or opinion be required, NGE-TET will provide upon written request.

11301 Olive Lane - Anchorage, Alaska 99515 - Phone; 907-344-5934 - Fax: 907-344-5993 - www.nge-tfi.com




Elim Navigation Improvements

APPENDIX D
EXISTING GEOTECHNICAL INFORMATION

1. Engineering Geology and Soils Report Elim Airport, Brazo, G. M., & Livingston, H. R.
(1986). Alaska Department of Transportation and Public Facilities.

2. Preliminary Geologic Reconnaissance Potential Rock Quarry Sites Elim, Alaska, (2000),
Hattenburg & Dilley Engineering Consultant

Geotechnical Site Assessment Summary Report December 2018
U.S. Army Corps of Engineers
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ELIM AIRPORT

CHARGE NO, 30378722
CODE NO. D11720
NORTHERN REGION

INTRODUCTION

The Department of Transportation and Public Facilities {(DOT&PF) proposes
construction of several improvements to the Elim Airport. The improvements
include:

. Widening and lengthening the runway.
. Improving the safety area.
Constructing a taxiway and apron.

. Constructing a new access road.

. Installing runway lighting.

O B L N —

At the request of the Project Manager, Cindy Little, the Engineering Geology
Unit conducted a field investigation of the runway, proposed access road, and
potential borrow areas. This report describes the foundation materials and
conditions in the vicinity of the airport and presents design recommendations
for the airport improvements.

The field 1investigation was conducted in two phases. The first phase was
accomplished on May 13, 1982. H.R. Livingston, Senior Engineering Geologist,
conducted the field investigation. He was assisted by T.A. Johnson,
Driller's Helper. Cold Regions Consulting Engineers, a private contractor,
provided a Prospectorpac Drill and operators, Scott- Wilkes and Alan
Muellerleille, to drill the test holes,

The second phase of field investigation was accomplished during October 5 -
7, 1985. This phase was conducted by G.M, Brazo, Engineering Geologist. A
Mobile B-24 Dri11 mounted on a Raid-Trac carrier was operated by T.A. Johnson
and J.M, Manthey to drill the test holes, Four-inch diameter solid-flight
auger was used with the drill, Personnel and equipment were transported by a
Casa 212 alrcraft.

A total of 30 test holes were accomplished during both phases of field work.
Twenty-one were for the runway and the balance were for the taxiway, apron,
access road, and material site. All test holes were located, logged, and
sampled by the geologist in the field. Samples were taken directly from the
auger flight and visually 1dentified. Several samples were transported to
the Northern Region Materials Laboratory in Fairbanks for testing. Logs of
the test holes and laboratory test results are included in this report,

A Bison Signal Enhancement Seismograph, Model 1570B was also used during the
second phase of field work. Seismic data were recorded in the left backslope
and the left ditch of the runway, and in the borrow area west of Station
23+00. The seismic phone distances were 10 to 100 feet long and were taken
at 300 foot intervals, not continuously for the Tlength of the runway.
Recordings were made 1n two directions at each location. The recorded
seismic data are included in this report.

-2-



LOCATION

Elim 9s an Eskimo village situated about 90 miles east of Nome along the
northwest shore of Norton Bay. the airport i1s located about one-half mile
southwest of the village and is 100 to 150 feet higher in elevation.

GEOLOGY AND TOPOGRAPHY

This project lies within the physiographic province of the Seward Peninsula.
Most of the peninsula consists of extensive highlands surrounded by groups of
rugged mountains., Mt. Osborn, at 4720 feet above sea level, is the peninsu-
la's highest peak. Few other peaks rise above 3000 feet and the general
surface of the peninsula is less than 2000 feet above sea level. Much of the
upland area is made up of broad, convex hills and ridges separated by sharp,
V-shaped valleys. Lowland basins occupy the interior while Tow coastal
plains fringe much of the peninsula.

The upland hills form the coast in the immediate vicinity of Elim, Cl1iffs
drop sharply from the hillsides to a rock-strewn beach north and south of the
village, which is located on both sides of Elim Creek. In the vicinity of
the creek mouth, the beach is several hundred yards long between the cliffs
and fronts the village on the south. It 1s composed of gravelly and rocky
material transported by the creek, by ice, and by wave and storm action on
Norton Bay.

The existing runway 1s located on the southeast slope of a Tlarge hill
composed of 1imestone colluvium and limestone bedrock. The colluvium blan~
kets the slopes of the hill and overlies the bedrock.

Limestone colluvium is made up of limestone rock fragments in a silt matrix.
It is the result of weathering of the bedrock and mass wasting of the resul-
tant material, chiefly by the force of gravity. It is generally saturated
(when thawed) in the 2 to 3 feet from the surface, the seasonal freeze/thaw
zone.

The weathered limestone bedrock at this site varies widely in its physical
characteristics. On the basis of its resistance to augering, the degree of
weathering ranges from extreme (weathered so extensively that it augered 1ike
a soil), to very little (shallow auger refusal}). The bedding of the
limestone is very steeply iInclined, and the hardness of the rock varles
substantially within short distances.

Drilling data indicates frozen materials are present virtually everywhere 1in
the vicinity of the airport.

CLIMATOLOGY

The project area 1s located in the Transitional Climatic Zone of Alaska.
This zone 1is characterized by modest diurnal and annual temperature
variations; and modest cloudiness, precipitation, and humidity. The follow-
ing data from the Environmental Atlas of Alaska are considered to be approxi-
mately applicable to the project area:




Mean Annual Precipitation, inches,.....ccvivienanns cesans .o 20

Mean Annual Snowfall, inches.....cciiiiveiirerareneareonnss 70
Mean Annual Temperature, °F. .......ovu... creaan Chssreeeas 25
Thawing Index, degree days...... esesans Ceivnsaa e sraeaas 2200
Freezing Index, degree dayS...vveeeeneousasvonnerssanensans 4500
Design Freezing Index (1 year in 10), degree days.......... 5500

The large imbalance toward freezing degree days 1s indicative of the rigorous
subarctic climate in the project area and results in the nearly universal
presence of perennially frozen soils.

GENERAL MATERIAL SOURCES INFORMATION

Three potential borrow sources were sampled for this project:

1. Weathered 1imestone bedrock occurring in the vicinity of the airport.

2. Black to dark gray weathered shale bedrock occurring near Mile 2.1 on
the Moses Point Road.

3. Alluyvial material on the beach near Iron Creek, about Mile 4 on the
Moses Point Road. This site has been extensively mined and may be
depleted.

GENERAL RECOMMENDATIONS

1. “Backslopes constructed in 1imestone colluviumn and in weathered
1imestone bedrock should be no steeper than 1%:1.

2. Fillslopes should not be steeper than 14:1.

3. Handclearing should be required for all fill sections in undisturbed
areas, Machine clearing by Hydro-Ax or equivalent should be accept-
able only when the organic mat is frozen and will support the
equipment,

4, Local silt overburden should not be used for blending because of its
high organic content.

5. The weathered limestone bedrock is not recommended for crushing.

6. A5 percent loss is recommended for quantity calculations of borrow
from the weathered limestane bedrack.
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SEISMIC DATA

The following data were obtained wusing a Bison Signal Enhancement
Seismograph, Model 1570B., A sledgehammer was used to produce the seismic
wave. G.M. Brazo, Engineering Geologist obtained the data on Octo-
ber 7, 1985,

Distance is the distance in feet between the sledgehammer and geophone.

Stations and offset refer to the centerline of the existing runway. Time is
noted 1n milliseconds.

Spread number 1: Station 106+00 to Station 107+00, 60 feet left

Distance Time A Time B
Feet Geophone at 106+00 Geophone at 107+00
0 - ’ 22.3
10 6.0 26.9
20 13.5 26.5
30 17.5 24.5
40 17.8 20.3
50 22.0 19.0
60 20.7 15.6
70 23.5 14.7
80 22.3 9.7
90 27.7 9.0
100 27.9 -

Spread Number 2: Station 106+00 to Station 107+00, 100 feet left

Distance Time A Time B
Feet Geophone at 106+00 Geophone at 107+00
0 1.7 -
10 8.8 2.1
20 7.5 2.8
30 3.3 4.6
40 1.2 3.4
50 2.7 2.4
60 3.4 1.9
70 12.0 3.8
80 5.1 1.6
90 1.2 2.7
100 - 2.1



Spread Number 3: Station 109+00 to Station 110+00, 48 feet left

Distance Time A Time B
Feet Geophone at 109+00 Geohone at 110400
0 - 19.7
10 2.6 18.6
20 1.5 7.8
30 5.5 3.5
40 3.5 4.7
50 0.9 14.5
60 0.9 11.4
70 1.7 7.0
80 1.7 3.0
90 0.9 4.3
100 0.6 -

Spread Number 4: Station 109+00 to Station 110+00, 105 feet left

Distance Time A Time B

feet Geophone at 109+00 Geophone at 110+00
0 30.4 -
10 24.3 5.2
20 28.3 12.4
30 24.5 18.5
40 20.2 19,7
50 ) 17.7 19.0
60 15.5 21.5
70 12.7 21.5
80 12.5 27.7
90 9.2 30.5
100 - 30.7

Spread Number 5: Station 112+00 to Station 113+00, 47 feet left

Distance Time A Time B
Feet Geophone at 112+00 Geophone at 113+00
0 - 21.5
10 4.8 24.5
20 8.0 21.7
30 12.0 19.7
40 12.8 17.3
50 16.2 16.5
60 18.7 14.6
70 21.9 13.9
80 23.7 9.5
90 24.9 5.8
100 25.3 -



Spread Number 6: Statijon 112+00 to Station 113+00, 100 feet left

Oistance Time A Time B
Feet Geophone at 112+00 Geophone at 113+00
0 5.1 -
10 1.8 7.3
20 1.7 17.6
30 1.7 10.9
40 8.3 4.8
50 16.2 7.2
60 13.8 2.2
70 11.5 6.3
80 9.7 2.6
a0 5.6 3.0
100 - 3.6

Spread Number 7: Station 115+00 to Station 116+00, 45 feet left

Distance Time A Time B
Feet Geophone at 115+00 Geophone at 116+00
0 - 28.3
10 5.0 24.5
20 5.0 20.3
30 13.9 23.1
40 16.9 21.9
50 10,7 18.3
60 22.5 21.8
70 27.1 19.2
80 27.5 12.2
S0 31.3 7.9
100 30.7 -

Spread Number B: Station 115+00 to Statjon 116400, 110 feet left

Distance ' Time A Time B
Feet Geophone at 115+00 Geophone at 116+00
0 - 30.9
10 8.6 29.9
20 18.3 26.5
30 20.0 24.5
40 26.1 22.3
50 28.5 20.5
60 28.3 19.0
70 27.5 18.1
80 31.5 14,1
90 28.9 8.6
100 32.3 -



Spread Number 9: Station 118+00 to Station 119+00, 75 feet left

Distance Time A Time B
Feet Geophone at 118+00 Geophone at 119+00
0 - 23.3
10 4.8 23.3
20 9.5 20.7
30 9.8 19.9
40 13.3 19.1
50 17.5 18.6
60 17.9 16.3
70 19.4 15.2
80 23.1 15.5
90 28.7 8.4
100 28.3 -

Spread Number 10: Station 118+00 to Station 119+00, 115 feet left

Distance Time A Time B
Fegt Geophone at 118+00 Geophone at 119+00

- 37.5

10 7.6 37.5
20 17.0 36.5
30 32.3 34.3
40 25.5 27.5
50 30.1 27.7
60 34.0 18.5
70 32.8 24.9
80 32.5 16.9
90 37.9 8.2
100 36.1 -

Spread Number 11: Statfon 122+00 to Station 123+00, 400 feet Teft

Distance Time A Time B
Feet Geophone at 122+00 Geophone at 123+00
0 - 21.1
10 1.7 17.9
20 6.3 17.7
30 7.5 16.5
40 9.1 13.5
50 13.5 13.5
60 15.7 10.5
70 17.5 5.9
80 21.3 5.9
90 21.1 3.1
100 23.1 -



Spread Number 12: Station 123400, 220 feet left to 320 feet left

Distance . Time A Time B
Feet Geophone at 220 feet Geophone at 320 feet
0 - 9,5
10 7.1 27.0
20 13.9 28.1
30 20.5 27.5
40 23.0 26.1
50 25.4 21.9
60 29.3 21.3
70 28.9 15.5
80 28.3 12.3
90 30.5 7.1
100 32.1 -

-10-



CONVENTIONAL SYMBOLS
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200
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SIZE_DEFINITIONS

+ 10" BOULDERS
3"1010" COBBLES
%10 to 3" GRAVEL
#200t0™I0 SAND
MINUS #200 SILT/CLAY

ORGANIC MATERIAL
CLAY

SILT

SAND

GRAVEL

ANGULAR FRAGMENTS
BEDROCK (Undiff.)

SAMPLE
WATERTABLE
FROZEN MATERIAL

F—COBBLES /BOULDERS

FIGURE 3
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STATION-TO-STATION DESCRIPTION AND RECOMMENDATIONS

STATION 100+00 (B.0.P.) TO STATION 120+00

DESCRIPTION

The proposed grade in this 1interval is designed to add about 0.5 foot of
. subbase over the existing runway and to widen the runway tc the left with a
sideh111 cut.

The existing runway rises from Station 102+00 to Station 106+00, then de-
scends to Station 120+00. A moderate downslope is present from left to right
because the original construction involved a cut on the left and a fill on
the right.

Test hole data show the foundation material from Station 100+00 to Statijon
102+00 to consist of about 1 foot of colluvium over weathered limestone
bedrock. This interval was previously cleared and has a regrowth of grass
and small willows.

The foundation material from Station 109+00 to Station 120+00 includes 4.5 to
7 feet of colluvium over weathered 1imestone bedrock. A thin layer of
topping material produced from shale bedrock was used from about Station
112+00 to Station 120+00. This material helped to maintain the
trafficability of the colluvial runway surface.

The hillside left of the runway has up to 1 foot of silt and 1 to 3 feet of
colluvium overlying weathered 1imestone bedrock. Test results show the
natural moisture content of the colluvium to range from about 12 to 30

percent.

Vegetation on the runway f111 and backslopes 1s a regrowth of grass and
willow bushes up to 4 feet high.

DESIGN RECOMMENDATIONS

Based on experience with similar materials, the estimated optimum moisture
for the silt and colluvium left of the runway is 10 percent. This material
will be too wet for use and should be considered waste.

The weathered limestone bedrock can be used for the lower portion of the
embankment if it is dry enough to compact (see Samples 85-1806 and 85-1808).
Selective excavation of the weathered limestone bedrock may produce material
with a P-200 of 12 percent or less. The hardness can change frequently over
a short distance as the layers of steeply-dipping beds are crossed. It may
be difficult to separate the harder material from the generally softer, more
weathered, materfal. Blasting may be necessary in some of the rock. BRased
on a sample of the weathered limestone bedrock which had a degradation value
of 16, 1t is not recommended that this material be used for crushing.

Provide for a minimum of one-half foot of embankment containing a maximum
P-200 of 12 percent to help stabilize the subbase over the colluyium.
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STATION 120+00 TO STATION 122+00

DESCRIPTION

The proposed grade in this interval is designed to cut up to 1.5 feet (at
Station 121+30) of the existing runway as well as widen the runway with a
sidehill cut on the left.

Test hole data indicate at least 2 feet of colluvium beneath the runway.
There 1s up to 1 foot of silt and 2 feet of colluvium overlying weathered
1imestone bedrock in the left backslope.

Vegetation is as described in the previous interval.

DESIGN RECOMMENDATIONS

The colluvium from the existing runway could be used for the lower portion of
the embankment if it is dry entugh to compact. The silt and colluvium from
the left backslope should be considered waste.

The weathered limestone bedrock should be used as described in the previous
interval. )

Provide for at least one-half foot of embankment with a P-200 of 12 percent
or less beneath the subbase to help stabilize the subbase over the colluvial
foundation material.

STATION 122+00 TO STATION 133+00 (E.0.P.)

DESCRIPTION
The proposed grade will provide a full fill section through this interval.

Test hole data indicate the foundation soils are up to 2 feet of silt
overlying 6 to 7 feet of frozen colluvium. The coliuvium is wet to saturated
when thawed.

Vegetation consists of scattered small willows and weeds to about Station
127+00. From there to Station 133+00, moderately dense spruce trees from 3
to 6 inches in diameter are interspersed with clumps of willow and alder.
Ground cover includes Labrador Tea bushes and moss.

DESIGN RECCMMENDATIONS

The proposed fill can be constructed of any material, free of organic materi-
al, which is sufficiently dry to be shaped and compacted. A minimum of &
inches of material with a P-200 not greater than 12 percent should be plared
beneath the surfacing material. One foot of settlement below the fill should
be anticipated for quantity calculations.

-14-



APRON AREA

The proposed apron area is located right of Station 122+00 and downhill from
the runway. No test holes were located in the immediate area. Data from
Test Hole 85-21, located nearby, indicate the foundation soils are similar to
those 1in the proposed runway extension area between Stat1on 127+00 and
Station 133+00., The vegetation is also similar.

DESIGN RECOMMENDATIONS

The fill1 for the proposed apron should be constructed of any available
material, free of organic material, which is dry enough to be shaped and
compacted, A minimum of 6 inches of material having a P-200 of 12 percent or
less should be used as the surface layer. One foot of settlement below the
fi1l should be anticipated for quantity calculations.

~15-



_9‘[-

B-ad

=

.' __!,I L
BATEMLL WTE

o Cm CHLEN AL
MATEMAL HTE

STATE OF ALASKA
CEPARTWENT OF TRAXSPONTETION
f i ]

Lt

NG NEERNG SETROCY

|- N

Smme I ——

o sy .
part- AVREE [ar- 10 wowe




T

STATE OF ALASKA
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DEPARTMENT OF TRANSPORTATION CHECK ONE
AND . —
PUBLIC PACILITIES X | CENTERLINE ~ PROJECT NAME & NO._Elim Airport D11720 30378222
'SOILS TESTING REPORT :
MATERIALS SITE: NO.° SAMPLED BY: H.. R, Livingston
STATION T
OFFSET (FEET) ‘ e ] ] ¢
DEPTH (FEET) 2=k 1.5-6 3-6 0-4 1-2 2-3 0.5-3,5 1.4
TEST HOLE NO. 82-1E 82-2E - 82-3E 82-4E 82-6E 82-7E 82-8E 82-9E
FIELD NO. B2-1519 82-1520 82-1521 82-1522 82-1523 8a-1524 B2-1525 | 82-1526
B NO. 82B-1519 82B-1520 82B-1521 82B-1522 82B-1523 82B-1524 82B-1525 1 82B-1526
DATE 13 May 82 13 May 82 13 May 82 | 13 May 82 13 May 82 | 13 May 82 |13 May 82 13 May 82
ESTIMRTED $+10"
"4 3" to 10"
3"
2" 100 100 100
1" 98 “100 98 i 95
/4" o4 96 36 . 9l
PERCENT | 1/2" 86 87 93 | 100 ) 91
PASSING | 3/8" 76 84 91 . ! 96 ] 89
4 4 70 80 90 89 | 88 . 79
¥10 61 70 83 B4 ) 73 67
#40 52 58 77 72 51 : 53
#50 51 55 75 69 47 ! 51
4100 - - - - - -
4200 39 4 66 54 26 | 34
.02mm 0 27 40 12 , 21
| .005mm 11 10 13 2 | L
ILIQUID LIMIT 20 %8 71 Wy i NV
{PLASTIC INDEX 2 NP NP NP - NP
ISOIL CLASS GMd GMu ML ML v SMd T+ SMd
ISOIL DESCRIPTION Colluvium Colluvium | Colluvium Colluvium Colluvium Colluvium ** WLB s+ UIB
AT, MOTSTURE 12,2 22,3 8.6 29,2 7,8 ’e
Sp.G. Fine > .68 2,54 !
Sp.G. Coarse i
Absorption i
Max. Density
Opt. Molsture
L.A. Abrasion
Degradation !
Sult.Scundness
Organics ] . l B
* Orill Caur+rinac FELTR — Wandhowad TEma—b-o. - _— -y



STATE OF ALASKA
DEPARTMENT DF TRANSPORTATION

AND

PUBLIE FACILITIES

—8'[._

CHECK ONE

E CENTERLINE

Elim Airport

PROJECT NAME & NO. D11720 30378722
SOIL5 TESTING REPORT :
MATERIALS SITE: NO.' SAMPLED BY: G. M. Brazo
TATION 5400 11+00 11+00 18+00 18400 22450 ]
OFFSET (FEET) 110 L 110 1L 110 L " 110 L 110 L 135 L :
DEPTH (FEET) 3~4 4-7 8-12 0.5-2 3-10 0-3 :
ITEST HOLE NO. 85.2 85-4 - 85-4 85-6 85-6 85-7 %
FIELD NO. 85-1804 85-1805 85-1806 85-1807 85-1808 ~ 85-1809 |
iLAB NO. 858-1804 85B-1805 | . 85B-1806 85B-1807 85B-1808 - 85B-1809 i
DATE 5 Oct 85 S5 0ct 85 | 5 Oct 85 5 Oct 85 |5 Oct 85 5 Oct 85 1
ESTIMATED %+10" ) . . i
"% 3" to 10"
T -
2" !
1" 100 100- 100 100 |
3/4" 98 100 100 97" 99 98 :
PERCENT [ 1/2" 97 93 98 93 97 96 | ;
PASSING | 3/B" 92 89 a5 86 95 96 ! ]
4 4 77 75 8l 75 84 95 f I
#10 57 60 72 64 67 94
#40 38 39 4 Lg L2 93 :
it50 - - - - - - !
#100 30 31 34 39 35 91 i |
#200 23 25 27 30 27 89 |
. 02mm T
{ .005mm j
LIQUID LIMIT NV NV NV NV NV 38 |
PLASTIC INDEX NP NP NP NP NP 9 | 1
SOIL CLASS * SMd *SMd * SMd SMd * 5Md OL I :
SOIL DESCRIPTION || ** WLB ** WLB *¢ WLB Colluvium ** WLB Waste ' '
NAT. MOISTURE 9.7 10,7 16,3 9.8
Sp.G. Fine 2,78
Sp.G. Coarse l
IAbsorptisdn i
Max. Density 131.0 129.4
Opt. Molsture N 9. o
L.A. Abrasion ‘
Degradation .
Sult.Soundness _,'
Organics o 12,0 ] I

* Nril)
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STATE OF ALASKA

-6‘[—

DEPARTMENT OF TRANSPDRTATION CHECK ONE
AND . —_
PUBLIC PACILITIES L | CENTERLINE = PROJECT NAME & NO. Elim Adroort D11720 30378722
S0ILS TESTING REPORT ’
MATERIALS SITE: NO.® SAMPLED ®¥: G, M, Brazo
STATION 2Lk+00 40400 23400 23+00 23400 26450 ! '
PFFSET (FEET) 130 L 40Q R LOO L Loo L 270 L 150 L :
DEPTI] (FEET) 0-2 2«3 Grab _ Grab 6-7 0-1 ;
TEST HOLE NO. 85-8 85-12 Near 85-18 | Near 85-18 85-19 85-20 !
FIELD NO. 85-1810 - 85-1811 85-1812 85-1813 85-1814 85-1815 ‘z
LAB NO. 85B-1810 85B-1811 858-1812 85B-1813 858-1814 |°-85B-1815 i
DATE 5 0ct 85 50ct 85 | 6 oct 85 6 0ct 85 6 0ct 85 6 oct 85 !
STIMATED %+10" ) 3
"3 3" to 107 !
3" 100 |
2" 100 91 1
1" 88 100 81 ;
3/49" 88 96 17 i
PERCENT | 1/2" 87 91 72 ;
PASSING [ 3/8" 863 89 69 ]
i o4 84 86 62 -
#10 83 -84 54
#40 82 29 by :
#50 - - - 100 !
#100 80 68 36 " 99 I )
#200 77 58 29 98 :
.02mm ;
| .005mm i
I1QUID LIMIT NY 38 NV NV |
PLASTIC INDEX NP - 11 NP NP i
SOIL CLASS oL CL GMd 0L :
SOIL DESCRIPTION Waste Colluvium |** WLB ** WLB ** WLB Org. Silt '
HAT. MOISTURE 385 14,6 ?
Sp.G, Fine >. 81
Sp.G. Coarse
Absorption
Max. Density 130.0
Opt. Molisture 9.1
,.A, Abrasion ETTN
egradation 16 ]
Sult.Soundness ! :
rganics 18.0 i 13,2 | y

* T3
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TH. 85-6 . TN 82-4E T.M &2-1E TH 82-2E T.H. 82- 3E
0003 Orm Siif, 44, Waf Q0.8 Arn OUF Vileck Frag:, Bra i f Ruci 2] A0-6.0 Bra Sl WRock Frags, ﬁ 00-0F Ovgasy Majarkal 0.0-7.0 &8° Moss ower
Q3-20 Brn Liesufony Frases belew OR, Frage {Fill), Safwrafed e Frazen belkw 00 : { Mors sver Feat) Brr. Silf Y Rack Frags,
Calluvira Rafusal @ 4.5 {iy Muk] & Chue. Brn Orgaric ¥ Qaxrms Mo 82-141% AY-2D Dx. Bra Organic i, Froxdn belew 00,
SasirLy No A3-180T7 Qaura g Mo SE-13FR St , A4, Safwaied GMd, 3¥X-2o0, E Frasen “7Visibia ke tara Rack Frage “Ydepfh,
IS, IOX-L00, ML, F4X-£200 Bra Liwesfone Mar Mot 1B L% { 20-10 B8ea Silf Yook Fregs, Rafuwaal ® ¥p
Hay. Mot ! ¥ 3K Cally vives, 42, Saf. Refupal ® &0 Frogawn' Qamrie Mo, 8- 1521
Pl 20-250 arn ¢ Ukifs Liveapims Brn f White Limasfone Bamrig Mo BE- {520 ML, &6%-200,
: Badrack, Sof} X0-03D, Bedrack, Soff EMd, 42% - L0, Nav Moy s 86K
Satwrated belee 0.0, Mar. MoryT. ' E2.5%
¥ard 15.0-150, TO-80 Liwcsfime Badroch,
Frexen balew 00, ot , Frocen
Soft 140-220,
Mard 220-230
SanrLy Mo 85- 100
Smd, 2YX-£00, -
MaAv Morsy. i P.0%
TH. 854 T.M 82-6E T.H ax-x T.M. 82-5E
Bra Rek Frags # SUp (X3} 004D I Orgunis Mafirin! swwr O0-50 Brm DI “FRuck Frags, u% O0-0F " Organic Maferial gpr 05-Qf Bra 3T Y Reck Fregs.
Brn, f Gray Li—esfems Bra. 8ilp, A4, Vap Frossn belew 0.0 g Bru SUf, &4, Wt OF-f0 Ovgeric Material
Baedrack, Soff, 10~ 50 Brn Llesgafmns Collyrims, Wi YLy Me Ad-t2Y ﬁ 00-28 Bra Lisatfoes Collewiom, Wit 10-20 Bra. 3f “YRack Frags., Wi
Rafusal ® 10 2010 Brn f White Limeaftvme Mar. Moenr. : EV.2% £9-40 Bra f Wihife Limgspoe Refieal ® 20
Badruci, Sefr 40440, Bodrock, Hard,
Nord § Frames balms 2O, Rafvsal & 50
Refumal & 110
AA0LE Mo BF-1807
SMd, 2aX-L00
Mav. pcawT.: 07K
Samom s Mo &Y-030C
Seid, ATX - 200
'
TH 85-1 T.H. a2-9E T. M. 82-8E T.H. a5-2 T.H. 82~ TE
8003 Organ Haferial (Grass) 00-03 Orgewc Mofwial (Greass) AL~  Bew, Sty {Mod) 0O-G8 [ Orgari Maferal over 73] Q060  Brn Rock Frage ¢ 37 (Fi),
| AF-10 Bra Lmesfoss Celhnivm, [ O5-10 Bra Jilf, A4, Frazaw O340 Bra Limgsfows Badreck, Bru Siff , A4, Wt H Frexen belew 0.0,
Sajuratad 10-40 Brea Limexfess Buireck, Fracan belew 0.5 AF-£0 Bra llmpstene Colheriem, Wof & Pose. Bedreck 40-60
10-60 Li Bra Limesfers Badrack, Frazan AamrLs ia, 8E-t1525 20-20 Bra f Wkite Lomsifers :.-s SamrLy Mo AZ-13Z4
Froten below L5, 3ofp, Samria Ma AF-15PG faxd, LeX - 200 Badrack, 3oFf, MAT Moarsy. : 1.8%
Refuvsal & &0 aMd, 34%-L£00 Refisal @ 80
Yammn Ua 8F-1304
SMd, 23X -200,
Mav. Morgy. : 1.TXK
N o, oot ELIM AIRPORT
byiye ] Tast Holes 82-IE thru 82-9E
sae descriplion ]
on page 24 drilled Mdf 1982

Test Holes 85-1 thru BS-2{
drited Oct. 1985
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T.K. 85-17

QO0-05 Orpanic Maperal {soms)

CE-ED Bra Mif, A4, Setoraled

L0-80 Brn Umastons Collyvive,
Sapurated te 40,
Froces bekew 40,
Refused # 50 o
Lg. Rock er ‘Dedrock

T.H. 85-18
Grab Samples fuken 2
fram g foce naar
TR ax-m;
SamrLE Mo 9F-1BIE
GMd, BYX- RO
Sastr s Mo 8- 1015
LA OX
L ]

Qo-50 Arn. 8HF § Rock Frags
{Wasta Barm}, Wef
SarrLs Ko 85-180%
» %X-L00
X0-T0 Brn. Organic Sil}
W/ hneedy Db in,
Frezan babw &0
T0-80 Ben Limasfone Celtuviom

Nota?

T.M, 85-16

,17: 00-0F Organic Majurial {Moss)
=] 08-10  Bra 8itf, 84, Safurafed
ol 10-80 Brn Limespons Collwviem,

T.H. 85-1%
V Q0-QF Orgask Maferid {soss)
K] 0s-ax Bra aug, 24,

= Saferated beke O.5

¥ £9-00 Bra Limsstoms Celhrivm,
Frozan bele= 40,
Sajuratead ¥ Thaw

Saterated o 40,
Frazan balee 40,
Refina) @ £0 om
Ly Mock or Badrock

Bra SIif, A4,

40-45 brn # Vhifs

aQ., TrX-EDo
TG00 Chec. Brn Organc Mafarial
=7 endy Dubria, Frozan
05-H0 Arn, Limestes Collwviem

Rafusal P 4.9

Al [imestone badrock
is woathered ;

sae description

o psge 24

Orgaric Mapurial { sops)

Safvratsd balew 03
Brm. Liwasporn Collirivm

Limagfoe Bedreck, Xard,

Organic Maferim! {riess)
Bra Nif, A4, Sefwaled
Brm Limepfone Collirriem,
Frocen halow 40,
Satwatad ¥ Thaw

T.N. 85-11

T.M. 85-13
aoc-as

7l as-ry
S ooy

Orgamic Halerinl (Mosv}

Ben Sip, A4, Sapurated
Bra. Lirwsfens Colluvive,
Frozan # Seferafed =/ Thaw,
Rafisal @ X5 on Ly Rock

TMH 85-10

[7] 00-Q3 Ovganic Material {MHeas) -
7

QI-28 Brn. Jif, A4, Sapurated

ELIM AIRPORT
Teat Holes B5-7 thru BS3-20
drilled Oct. 1985

L 2538 fem Limespens Coflrrier,
Frazes f Safworyd ¥ Thaw
Rafusnl # LT om
Ly Reck or bedrock

CO-OF Organc Maferia! {Mess)
Q5-10 Brrn Wi, A4, Safurated
10-2% Brn. Limeafoms Colluvivm,
Froxen § Vel “FThaw,
Rafrral ® 2.5 on
Lg. Rock er BedrecK

T.H. a5-12
00-Cf Orgark Maferial {Mess)
43-1.5 Brr. Sif, A4, Saterated pu L0
Frazan balew {0
L5-40 Brn Limespers Coltoriun,
Sofwrated "FThew
Sascrin No A5- 1311
CL, 50X -200, Mav. Morsy, 1 585
40-T0 Bre f white
Limastere Bedrack, Soff,
Wap =/Thaw
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MATERIAL SOURCES

GENERAL

The existing runway was constructed of local materials taken from a sidehill
cut left of the runway and from a small borrow site left of Statifon 123+00.

A thin (less than 4 1inches thick) surface course of shale was added between
Station 112+00 and Station 122+00 at a later time to improve trafficability.
The shale came from a source at Mile 2.1 on the Moses Point Road.

ELIM AIRPORT SITE

The weathered limestone bedrock at this site varies widely in its physical
characteristics. On the basis of 1ts resistance to augering, the degree of
weathering ranges from extreme {weathered so extensively that it augered like
a soil), to very 1ittle (shallow auger refusal). The bedding of the
limestone 1s very steeply inclined, and the hardness of the rock varies
substantially within short d1stances. '

A water table was present in Test Hole 85-19 at a depth of 8 feet.

The weathered limestone bedrock could be used for the Yower portion of the
embankment provided it {s dry enough to shape and compact (see Centerline
samples 85-1806, 85-1808, and 85-1812). Selective excavation may produce
material with a P-200 of 12 percent or less. Because the quality and past
performance of the limestone is poor and variable, 1t is not recommended for
use in the production of crushed products (see Centerline sample 85-1813),

MILE 2.1 MOSES POINT ROAD SITE

This side-borrow site is about 1200 feet long and located on the west side of
the Moses Point Road near its junction with the road to the local dump. The
south half of the site has been mined to about 200 feet west of the road,
The backslope was left at about 14:1. The north half of the site has been
cleared of spruce trees only.

The black to dark gray shale bedrock in this site 1s frost riven and highly
fractured. No test holes or test pits were attempted. Wet colluvium, 2 to 4
feet thick, was exposed above the shale in the backslope.

The colluvium should be considered waste. The shale could be used for the
lower portion of the embankment provided it 1s dry enough to shape and
compact. Selective excavation may produce material with a P-200 of 12
percent or less, Materia] from this site was used for the recent con-
struction of the Moses Point Road embankment.

The shale is sl1ght]y softer than the limestone of the Elim Airport Site;
however, sample test idata indicate 1t {s of somewhat better quality (see
samples 85-1800, 85-1801, and Centerline sample 85-1813). It may produce
crushed mater1a1 equal in quality to the beach deposits at Iron Creek which
are discussed later in this report.
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STATE.OFf ALASKA

-gzl-

DEPARTMENT OF TRANSPORTATION CHECK ONE .
. AND . —
PUBLIC PACILITIES CENTERLINE  PROJECT NAME & NO. Elim Airport D11720 30378722
SOILS TESTING REPORT — . '
MATERIALS SITE: NO.® SAMPLED BY: H.R.Livingston & G.M.Brazo
STATION Mile 2,1 Mile 2,1 Iron Cr. Iron Cr, Iron Cr. Iron Cr, | Iron Cr. .
PFFSET (FEET) Moses Pt. | Moses Pt, Beach Site| Beach Site! Beach Site Beach Site Beach Site:
DEPT!! (FEET) Road Road 0-1 Q-1 0~1 0-1 0-1 ;
[TEST HOLE RNO. Grab Grab Grab Grab Grab . _ Grab Grab '
IELD NO. 85-1800 85-1801 82-1527 82-1528 82-1529 85-1802 85-1803 !
LAB NO. 85B-1800 [ B5B-1801 82B-1527 82B-1528 - 82B-1529 | 85B-1802 85B-1803 |
DATE 5 Oct 85 Oct 85 13 May 82 13 May 82 13 May 82 | 5 Qct 85 5 0ct 85 !
ESTIMATED %+10" |
"y 3" to 10" 6 4 :
a 100 100 100 100 100 100
2" 90 86 95 91 100 98 33
1" 63 67 7N 79 87 83 77 F
3/4" 52 £Q 59 72 78 22 67
PERCENT | _1/2" 43 52 47 59 64 _ 57 53
PASSING [ 3/8" 38 48 29 51 ol L8 43 g
44 32 L2 21 35 3l 34 30 4
B0 28 38 18 23 20 .26 20
#40 26 33 6 6 6 14 8 !
#50 - - L i 4 _ _ i
#100 2k 30 - - - 8 3 |
200 20 24 2 2 1 6 2 i
. 02mm i
.005mm '
LIQUID LIMIT NV NV NV NV NV NV NV
PLASTIC INDEX NP NP NP NP NP NP NP
SOIL CLASS GMd gMd GW GW GW GW-GMd GP
SOIL DESCRIPTION Shale Shale SaGr SaGr SaGr Salr Gravel
NAT. MOISTURE 137
Sp.G. Fine 2.69 2.63 2.71
Sp.G. Coarse !
Absorption 0.01 0.01 0.01 i
Max. Density 137,8 :
Opt. Moisture 4,5
[L.A. Abrasion 454 L7a L2 Lé6a Lop
hegradation 29 31 21
Sult.Soundness ! i
rganics b ki r i,

* Dril?
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! HATTENBURG & DILLEY

Engineering Consultants

PRELIMINARY GEOLOGIC RECONNAISSANCE
POTENTIAL ROCK QUARRY SITES
- ELIM, ALASKA

INTRODUCTION

This report presents the results of our preliminary geologic reconnaissance of potential
rock quarry sites located near Elim, Alaska. The purpose of this study was to evaluate
the rocks in the area for potential uses and to provide recommendations for future
development. This was a reconnaissance level study: more detail, site-specific studies at
select locations are recommended before development of a particular site. Included in
this report is a description of the study area, literature reviewed, the geology, field study,
results of laboratory testing, and our recommendations about the materials encountered
and for future work.

Authorization to proceed with this work was received from Mr. Luther Nagaruk of the
City of Elim on August 28, 2000. Our work was conducted in general accordance with
our proposal dated June 29, 2000.

SITE AND PROJECT DESCRIPTION

Elim is located on the Seward Peninsula approximately 90 miles east of Nome (Figure 1)
along the north shore of Norton Sound. The study area encompasses approximately 160
square miles and extends south along the Darby Peninsula to Kalc Point, northeast to
Moses Point and north and west to Kwiniuk River. The study area is bounded by the
limits of the native corporation land.

As can be seen in Figure 1 and the photographs in Appendix A, the topography of the
study area is rugged with rolling hills, and steep cliffs that form the coastline. The relief
in the study area is approximately 2,075 feet with Haystack Mountain the highest point in
the area. Vegetation consisted mainly of spruce trees with alder and willow located near
riverbanks and tundra located at higher altitudes. Outcrops of the bedrock primarily
occurred along the coasts and at the top of hills. '

Observation of the study area was confined to the coastline, the Hot Springs trail, and the
road to Moses Point. Limited access to the area consisted of two 4-wheeler trails and by

Geologic Reconnaissance November 2000
City of Elim
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boat along the coast. A two-lane, gravel road follows the coast from Elim, east to Moses
Point.

LITERATURE REVIEW

Four reports were reviewed prior to the field study. The reports are listed in the reference
section. These reports included three US Geological Survey (USGS) reports and one
Alaska Department of Transportation (ADOT) report. A preliminary geologic map of a
part of the Solomon Quadrangle and topographic maps for the area formed the basis for
Figure 1. The other two USGS reports were a surficial geologic map and a report on the
Bluff area. Although the Bluff area report is from outside the study area, reference is
made to various rocks in the study area. Several additional reports have been written on
the economic geology in the area, however these reports did not contain relevant data on
potential quarry/borrow sources. The ADOT report was an engineering geology and soils
report on the Elim Airport.

FIELD STUDY

The field study was conducted from September 6 to 9, 2000. Two major traverses were
conducted to observe the geology and potential quarry sites; one by four wheelers on the

- trail to a hot springs, and the second by boat along the shoreline. The road to Moses Point

was also driven. These traverses are shown on Figure 1.

Geology was observed and samples collected at each of the stops made during the
traverses (Figure 1). Stops were made based on outcrop location, type of bedrock
encountered, and access. Sample collection consisted of obtaining large pieces of the
various rock types observed, as well as collecting gravel and smaller size beach sediment
encountered at stops along the boat traverse and at Moses Point beach. Seven samples
were collected with sample sizes ranging from about 20 pounds to about 45 pounds of
rock and sediment. '

The Hot Springs trail is approximately 8 to 9 miles long and occurs northwest of Elim
and ends at a hot springs located on the northwest bank of the Kwiniuk River. Five stops
were conducted on this traverse. The boat traverse was approximately 15 miles long in
one direction, and consisted of six stops along the coastline from Elim to Kalc Point. A
stop at the current borrow site along the road to Moses Point was made (Stop 1 in Figure
1), as well as observing the beach sediments at Moses Point.
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GEOLOGY

The geology, from the literature and field observations, consists of three main rock types,
granite, marble, and black schist, as well as sand and gravel sediment. The geologic units
shown on Figure 1 consists of granitic rock, white, gray or black marble, graphite
schist/black marble, and sand and gravel. Granite is Cretaceous in age and the marble
ranges from Precambrian to Devonian in age. The black schist was not observed in the
field, however it is shown on the preliminary geologic map. It is considered the same age
as the older marble (Precambrian). Some of the material observed from the boat, along
the coastline, appeared to be black marble was mapped on the USGS prehmmary
geologic map as graphite schist.

- The granitic rock is located primarily in the western part of the study area and south to

and including Darby Point. The granite outcropped to the west of a small tributary of
Kwiniuk River along the Hot Springs trail and continued to occur to the main part of the
river. Granite torrs (spires) occurred to the west and south along many of the hilltops in
this area (Photograph 1, Appendix A). South of Portage Bay, granite outcrops were
encountered along the coastline.

Based on the USGS map and observations, this granitic material consists of several rock
types including migmitites, quartz monzonites, aplites, quartz latites, and granodiorites.
Essentially all of these rock types are granitic in nature except for migmitites, which are
cut by numerous granitic type rock bodies. The migmitites are generally mapped along
the western edge of the study area. Engineering properties of the rock types are generally
the same. These rocks are hard, weather resistant, and have high shear and compression

strengths.

The granitic rock was primarily white and black, with large crystals of white and pink
potassium feldspars. The large feldspars were up to an inch in length. The minerals that
composed the granite were primarily quartz, potassium feldspars, and lesser amounts of
biotite, calcium feldspars, and amphiboles. Photograph 2 in Appendix A shows the
typical texture of the granitic material. It was generally medium to coarse-grained except
for areas of finer-grained material that occurred along the coastline, particularly near the
contact with marble. The finer-grained material still had minerals large enough to
observed with the naked eye and usually did not contain pink potassium feldspars.
Microfractures were not observed in the granitic rocks, however the large crystals of

potassium feldspars may create areas of preferential weathering along the mineral
boundaries.
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Along the coastline, the granite was massive and created large boulders as rubble along
the beaches and headland coasts (Photograph 3, Appendix A). At Kalc Point, the jointing
appeared pervasive and occurred at angles of between 50 to 80 degrees with the
horizontal. Large blocks of between 4 to 10 feet in diameter appeared to be common in
the granite outcrops. The granite encountered along the Hot Springs trail was highly
weathered due to its location along the top of the hills and vegetation growing on it.
Weathering depths in granite are typically on the order of a few feet. At depth, the
granite is probably massive.

Marble occurred along the coastline from Elim to just north of Portage Bay. In addition,
marble occurred at Stop 1 along the road to Moses Point. Approximately the first six
miles of the hot springs trail crossed the marble. As shown in Figure 1, some of what was
considered marble in the field was preliminary mapped by the USGS as graphite/black
schist with schistose marble. The predominantly white to gray marble is shown on
Figure 1 by the red stripe area.

Away from the coastline, the marble weathered to form barren gray-colored hills as
shown in Photograph 5 in Appendix A. A thick vein, about 20 feet wide of white quartz
was encountered about one mile east of a small tributary of Kwiniuk River within the
black marble/schist material. The black marble was thinly bedded (schistose texture) in
some outcrops and more massive in others (Photograph 6, Appendix A). The thin beds
were generally less than a few inches thick. It was softer than the white and gray marble,
and in one locality contained fossils. Along the coastline, the white to gray marble was
blocky to massive in size and joint sets were about 3 to 6 feet apart. Photographs 7 and 8
in Appendix A show the typical white marble coastline.

The white, gray to black marble is chiefly white to gray, massive, crystalline limestone,
marble and dolomite. Marble is limestone that has been subjected to high temperatures.
Dolomite is a limestone that contains magnesium as well as calcium. It is difficult to
distinguish between these three rock types without detailed chemical analysis; therefore,
it is referred to herein as marble. In general, the engineering properties of these rock
types are similar. The marble is soft, typically can be carved with a knife, moderately
weather resistant, and has moderate shear and compre'ssive strengths.

The schist material is interbedded with and intimately associated with the black marble.
According to the USGS preliminary mapping, it contains quartz, muscovite and graphite
as well as calcium rich minerals. It is thinly bedded, black,'and soft, similar to the black
marble observed in the field. It is believed, due to contacts between the marble and schist
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observed by the USGS in other parts of Darby Mountains, that the schists underlie the
marble.

Sand and gravel is shown on Figure 1 as yellow striped areas, and primarily occurred
along river valleys and beaches. Moses Point beach is composed of sand and gravel due
to its location at the mouth of Kwiniuk River. The sand and gravel was composed
primarily of granitic material with up to about 30 percent gray marble particles. This is
due to the more weather resistant nature of the granitic material and that the Kwiniuk
River primarily drains the granitic material as oppose to the marble. Some of the granitic
beaches along the coastline were composed of pebble size, rounded particles of granite.
These beaches primarily occurred as small coves within the granitic cliffs. At larger
beaches such as Portage Bay, sand was the predominant particle size. Along the marble
beaches, sand and gravel size particles were about evenly split. The marble gravel was
generally thin in one dimension and elliptical in shape.

LABORATORY TESTING

Laboratory tests conducted on the field samples included LA Abrasion, Sodium Sulfate
Soundness tests, degradation, specific gravity, and grain size analyses. Alaska test
methods T-13, AASHTO T-96, AASHTO T-104 were used to conduct these tests. Not
all tests were conducted on all the samples. Seven samples were collected: three granite,
two marble, and two sand and gravel. The granite and marble rock samples were
combined into two samples, one granite and one marble in order to average the results of
the testing. Moses Point sand was tested as a separate sample. Appendix B presents the
laboratory testing reports. The following is a summary of the laboratory results.

MOSES
TESTS RES:;gED GRANITE MARBLE POINT
SAND
LA Abrasion Loss <45% 47% 39% 31%
Sulfate Soundness <6% <1.0% <2.0% <1%
Degradation Value >45 75 9 41

Specific Gravity none 2.65 2.67 2.85
Grain Size none SW

The above results are discussed in the conclusion section of each of the specific material
type. In general, the test results are what were anticipated from the field observations.
The specific gravity results are typical of the material tested.
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CONCLUSIONS

The development of a quarry/borrow site should consider geologic/engineering factors
such as quality of the material, the size of the source, the type of construction material
that can be developed from the source, and other factors. Economic and social factors
should also be considered in the development of a site. These factors include but are not
limited to the market for the material, competition, the infrastructure needed, the labor
pool, fuel needs, environmental factors and other considerations. In general, the source
material that was studied would provide several types of quality construction materials,
however, the market, competition and the infrastructure needs may outweigh the quality
of the source and should be seriously considered prior to future development. The scope
of the following recommendations is primarily on the geologic/engineering factors of the
studied material, but the market and infrastructure needs will be discussed in relation to
the source development.

Granitic Material

With the vast quantity of granitic material, various quarry sites could be developed based
on the market needs and where the quarry needs to be located. In general, the granite
body extends from the coastline north for approximately 18 to 20 miles to the land
boundary. The coastline may be the easiest place to develop a quarry so that there is easy
access to transportation. '

When considering the development of a quarry, the size of material that can be created

either through drill and blasting or by rock cutting should be of primary importance.

Riprap (large blocks of rock) could be created from the coastline granite particularly at”
Kalc Point. Blocks up to 10 feet in diameter were commonly observed in the cliffs and

boulders along the coast were easily this size. It is unknown how the joints continue into

the granite. If the joints die out into the body, then sizes may depend more upon on the

quarry is developed as oppose to geological controls. The granite would in general be

durable and weather resistant. The large crystals of feldspars may create areas of
preferential weathering, however this was not observed in the field.

Aggregate for road, airport construction could be made from other areas along the coast
particularly those-areas with finer spacing of fractures within the granite. Depending
upon the size of the aggregate need, beach sand and gravel could be used. Based on the
laboratory results, the granite should make suitable aggregate. The LA abrasion loss tests
were slightly out of specifications (47 percent to 45 percent), however, this may be due to
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the inclusion of the highly weathered granite from the Hot Springs trail area. The
degradation values indicate that the granite would hold up well for use as aggregate.

Building stones may also be developed from this material. This would involve cutting of
blocks and depending upon the need, polishing. Granite is hard and generally requires
the use of diamond cutting blades. Polishing takes a longer time than with other rocks
primarily due to its hardness. The pink, white and black granite with the large crystals
would be particularly suited to this use.

Marble Material

Marble occurs along the coastline and north for about 12 to 15 miles. A majority of this
material may include schist and be unusable. The white and gray marble is the more
usable. Marble is softer and weathers faster than the granite, and although large blocks
up to about 6 feet in diameter may be created, it should not be used as riprap material.
Riprap is generally used as erosion protection. Photograph 8 shows how the marble
weathers and it can be seen that the surf has eroded the marble. The granite has
weathered into large boulders and the boulders are still intact. Marble and limestone may
be used as building stones or éggregate. Since the marble is soft, it is easy to carve and
cut into needed sizes. Also once polished the white and gray marble may be quite
attractive. The black marble that is thinly bedded should be avoided for any type of use.
It is soft and the thin beds would make material possible crumble and become unusable.
The more massive black marble could be used, however, it may fall apart easier than the
white and gray marble and care should be taken if developing this material.

Aggregate can be created from the marble such as at the borrow location at Stop 1 on the
road to Moses Point. The aggregate may be softer and of small size as oppose to the
granitic aggregate. The laboratory analyses indicate that the marble has very low
degradation values but good LA abrasion loss numbers. The degradation value indicates
how the marble would hold up to weather and erosion. If the marble was used as an
aggregate, it would most likely become soft with time and will not be as durable as the
granite.

Sand and Gravel Material

The vast quantities of sand at Portage Bay beach and Moses Point would provide
valuable resources of aggregate. In addition, the numerous beaches could be developed
for aggregate. The laboratory analyses of the sand and gravel indicated that the sand and
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gravel at Moses Point was a well graded sand. The sample had less than one percent
fines. Material that contains less than about six percent fines is considered non-frost
susceptible. The sand and gravel could be mixed with the marble for specific projects
requiring more fines. The material in general would be suitable for aggregate use as a
subbase or base course for roads.

Infrastructure Needs

A quarry/borrow source located along the coastline would require an infrastructure to
support the operation. This infrastructure would include a dock facility for loading and
unloading of equipment and the material; crushing and sorting facilities; facilities for
personnel; and roads. Typical costs for dock facilities alone in western Alaska are from 2
to 5 million dollars. In addition to these facilities, power sources will be required for
some of the equipment especially if crushing and sorting facilities are located at the site.

Quarry/borrow sources located within the hills along the hot springs trail would still
require some infrastructure. Currently, the trail is only open to four wheelers, if a
quarry/borrow source was developed along this trail, it would have to be upgraded for
large haulers. Dock facilities may still be required to move the material out of Elim, as
well as specialized equipment for the quarry/borrow source.

Development of quarry/borrow source along Moses Point road would reduce the road
building costs however, moving the material out of Elim or Moses Point via a dock
would still be needed. Specialized equipment may also be needed depending upon what
type of source is developed.

Recommendations

The granite and marble sources have excellent potential for development of riprap,
aggregate or building stones. Marble would not provide the best material for riprap
however, it would be easier to work than the granite for building stones. The sand and
gravel that is available at Moses Point and along the beach areas provide an excellent
source for aggregate. The fine content of these materials is less than one percent, which
may require the material to be mixed with finer material generated from the marble
sources depending upon the use.

Although the rock and sediments observe would make excellent quarry/borrow sources,
infrastructure needs and market demand may seriously impede the development of any of
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these sources. The aggregate sources of sand and gravel at Moses Point may provide the
easiest way to develop a borrow source, however dock facilities would still be needed.

Prior to development of any of the sources on a large scale, we recommend that
additional site-specific studies be conducted. Detailed studies of a specific area should be
conducted in order to evaluate the full size of the potential site, and the quality of the
material within the site. Depth of the rock material should be investigated, by drilling to
evaluate the quality of the material, fracture patterns, and where the base of the material
is located. In addition to these studies, economic, social and environmental issues should
be considered prior to development.

LIMITATIONS

This report presents the results of our preliminary reconnaissance level study of potential
quarry/borrow sources. No subsurface data was collected and the scope of work was
broad in extent. As such, this report should not be construed as providing definitive
information at any particular site, but rather provides a general overview of the material
quality in the study area.

Recommendations provided in this report were based on observed rocks and sediments at
specific locations during the ficld study. If a substantial amount of time passes between
development of a quarry/borrow source and the issuance of this report, our
recommendations should be reviewed.

We appreciate the opportunity of working with you on this project. If you have any
questions, regarding the contents of this report, please do not hesitate to contact me at
your convenience.

HATTENBURG & DILLEY, LLC

RS L LI /0

SRWGATE g,

9797 %

Lorie M. Dilley, P.E., C.P.G.
Principal Geologist
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APPENDIX A

PHOTOGRAPHS OF THE SITE

Geologic Reconnaissance November 2000
City of Elim




Photograph 1: Gfanite torrs occur throughout the hills north and west of
Elim. Kwiniuk River seen in the background.

Photograph 2: Up close view of the granite. Notice the large pink and
white feldspar crystals. The texture of the granite is coarse grain.
Minerals include quartz, feldspars, biotite, and amphiboles.




Photograph 3: Large granitic boulders occur along the coastline particularly
near Portage Roadhouse. Boulders are greater than 10 feet in diameter and
rounded from the surf.

Photograph 4: Typical coastline along Kalc Point. Notice the gray
weathering of the granitic material on the surface and the fracturing along the
coast. Typical spacing between joints was 4 to 10 feet.




Photograph 5: Marble occurs as rounded, bare, gray-colored hills north
and west of Elim. Trail in the foreground is the Hot Springs trail.

Photograph  6: Black marble occurs as thin layers interbedded with
white marble and the schist. Notice the fine layering. Compare this
photograph to the granite and white marble shorelines. Notice the
talus and fine grain nature of this material.



Photograph 7: The white and gray marble was blocky and massive along
the coastline. There is a general lack of joints within the marble.

'Photograph 8: The white marble is easily eroded by wave action
indicating a soft material. This material can be worked easier than the
granitic material.
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APPENDIX B

LABORATORY RESULTS
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1.0 INTRODUCTION

Golder Associates Inc. (Golder) is pleased to present the results of our nearshore marine geophysical survey for
the Elim Navigation Improvement Feasibility Study. The project site is in the community of Elim, Alaska on the
north shore of Norton Bay in the northeast corner of Norton Sound and approximately 95 miles east of Nome
(Figure 1). The area of this investigation is approximately 4,000 feet along the shoreline and extends out
approximately 2,000 feet offshore and a combination of two areas termed Elim Beach and Airport Point. Elim
Beach is approximately 1,800 feet in length and composed of sands, gravel, cobbles and limestone bedrock
outcrop at the surface (Figure 2) while Airport Point is southeast of the tank farm and State-operated Elim Airport
and is primarily bedrock outcrop, boulders, and cobbles along shoreline but with a naturally deeper draft
immediately off shore.

The Elim Navigation Improvement Feasibility Study includes evaluating the feasibility of installing a breakwater
wall, jetty, and/or dock at one of these locations to increase navigation capabilities for small and medium size
vessels and increase barge access for fuel and supplies to the community. Presence of rock along portions of the
shoreline and just offshore indicate possible shallow depth to bedrock and bedrock removal may severely impact
the cost of developing the selected project site.

1.1 Understanding of Project

The US Army Corps of Engineers (USACE) is selecting a preferred location for navigational improvement and
developing the design for the project. Golder understands the placement of future navigational improvements
may depend on sub-surface geologic conditions. Specifications for the type or placement of project features can
be refined by understanding the thickness and lateral extent of the subsurface stratigraphy, particularly soft
sediment, and the depth to the top of bedrock.

1.2 Scope of Work

The scope of work consisted of conducting both a shallow marine and onshore geophysical investigations to
define subsurface conditions needed for project design. The marine geophysical data were acquired on a grid
with pre-planned survey track lines that ran parallel and perpendicular to the shoreline (Figure 2). Details of the
survey methods are presented in Section 3.0.

2.0 BACKGROUND DATA REVIEW

Limited historical geotechnical data was available for review prior to the field investigation. A multibeam survey
was conducted for bathymetry earlier this year by eTrec, Inc. and earlier bathymetric data was presented by
DOWL in 2012 (performed by Hughes and Associates; conducted from June 17 to June 22, 2012 using a ODOM
ES3-M Multibeam Sonar System, with a 30 degree angle head) provided to Golder by USACE. Electronic copies
of the 2012 bathymetric data and preliminary bathymetric data from 2019 were made available to Golder.

2.1 Geological Setting

The Elim area was mapped as Quaternary sediments and Younger metamorphosed sedimentary rocks (ymu) by
Cass' in the 1950’s, “sedimentary igneous or metamorphic rock” by Kaufman in 19862, and more recently
mapped as Cretaceous-age carbonate-clast conglomerate, sandstone, and shale by Patton et. al. In 1981 a

" Cass, J.T., 1959, Reconnaissance geologic map of the Norton Bay Quadrangle, Alaska, USGS IMAP 286, 1:250000 scale.
2 Kaufman, D.S., 1986. Surficial geologic map of the Soloman, Bendeleben and southern part of the Kotzebue quadrangles, western Alaska,
USGS Miscellaneous Field Studies Map MF-1838-A.




November 4, 2019 19125762

surficial geology mapping area of coastal areas concluded the Elim shoreline is primarily pre-Quaternary rock
Bedrock outcrops in the investigation area appear to be limestone and dolomite with lesser amounts of schist and
marble folded within the outcrops. On shore, bedrock appears to be covered by relatively thin surficial deposits of
alluvium, colluvium and windblown silt. Shannon and Wilson (S&W) conducted a geotechnical investigation in
Elim for a proposed new High School in 1979. Given the elevation of the ground surface in the project area (~130
feet), it is believed that the 1970 investigation was performed in an area that may now be part of the existing
runway. In the test pits, S&W reported approximately 1 foot of tundra/organics overlying 1 to 2.5 feet of eolian silt.
Underlying the silt, S&W reported weathered bedrock becoming more competent with depth ranging from 3 to 7.5
feet below the existing ground surface. The depth of exploration ranged between 5 and 22 feet bgs (below
ground surface) and S&W did not identify permafrost as part of their investigation.

3.0 GEOPHYSICAL SURVEY METHODS

The onshore geophysical survey was conducted in Elim on August 14 and again on August 17, 2019, by David
Hrutfiord, project geophysicist and Connor Toth, a field geologist from Golder's Redmond, Washington office.
Field notes are presented in Appendix C.

The offshore geophysical survey was conducted in Elim on August 15 to August 17, 2019, by David Hrutfiord,
Connor Toth, and Jessica Feenstra (geologist and geophysicist from Golder's Anchorage office). A marine
mammal observer (MMO; Chris Floyd, Biologist with US Army Corps of Engineers) was provided by USACE to
observe and notify/stop work if any potential conflicts with wildlife and our survey efforts arise.

The onshore geophysical survey included collection of two seismic refraction lines along Elim beach and
collection of two long transects of ground penetrating radar (GPR) data along approximately the same transects.

The methods used for the marine survey included a single-channel echosounder to measure the water depth, a
sub-bottom profiler (SBP) to identify and map the thickness of fine-grained sediment, side scan sonar to map
surficial features and a seismic reflection system to map the thickness of coarse-grained sediment and to
determine the depth to the top of acoustic basement or interpreted top of bedrock.

3.1 Seismic Refraction

Two seismic refraction lines were collected along the beach. One at the top of the beach head, Line 1, and one
just above the surf zone, Line 2 (blue lines in Figure 2). The two lines consist of multiple seismic spreads. Each
spread was collected using 24 geophones at 10 foot spacing along the line. Data from each spread was collected
before moving on to the next spread down the line.

Seismic refraction is the traditional method for mapping the thickness of overburden soils and depth to bedrock
using a controlled energy source (hammer, blank shotgun shells, chemical explosives) to generate a seismic
signal into the earth. The seismic signals are received by a series of geophones (24, for example) that are
connected to a seismic cable laid on the ground in a linear manner. The geophones are placed several inches
into the ground and spaced approximately 5 to 15 feet apart along the geophone cable.

The seismic energy source is discharged at several places along the array and off both ends of the array. The
seismic wave front travels through the earth to the geophones. The geophones transfer the acoustic energy in
the ground to an electric signal in the geophone cable. This process is illustrated in Graphic 3.1. The
seismograph detects the arriving electric signals with respect to time and stores the records for future data
processing. The seismic data is processed to determine the seismic velocity of the earth material through which
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the energy has traveled and to model the subsurface geology. The geophysical model depicts the earth in cross-
sections showing the velocity and thickness of the subsurface layers below the seismic line.

Graphic 3.1: Seismic Refraction Survey Process

Seismic refraction often works well for characterizing subsurface conditions along a continuous profile when used
in conjunction with other types of exploration methods. This method is well-suited for mapping both weathered
bedrock and competent bedrock. In cases where no competent bedrock is detected, the seismic refraction
method still provides valuable geotechnical information such as the variation in velocity structure, which is often a
proxy for variation in geologic structure, or to document that no competent bedrock exists within the construction
depths of the project. The depths to interpreted subsurface boundaries are generally accepted as accurate to
within 15 percent of the true depths to the boundaries. In some cases where there are large velocity contrasts at
sharp geologic boundaries and borehole test data are available for model calibration, it may be possible for
seismic refraction interpretations to match geotechnical borings to within 5 to 10 percent. In cases where bedrock
is very shallow, the expected resolution is related to the geophone spacing and is often limited to between 1 and 2
geophone intervals.

Overall, there is a decrease in the accuracy of the seismic refraction method with depth. This is often due to the
natural variability within the shallow geologic layers. This effect can be minimized by using a combination of
closely spaced geophones, long survey lines, and large numbers of shot points. In practice, this results in a
survey design where the length of the geophone array is approximately five times longer than the expected depth
to bedrock and the geophone spacing is one third of this depth. By using seismic refraction, complemented by
traditional test borings, a more accurate subsurface characterization can be performed for a reduced cost, with far
less uncertainty, and with a lower impact to the environment than drilling alone.
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3.2 Ground Penetrating Radar

GPR data is collected by transmitting electromagnetic (radar) pulses into the ground from an antenna.
Reflections of these pulses from subsurface features are produced where there is a contrast between the
electrical properties of subsurface objects (e.g., the surrounding soil, buried utilities). Reflected electromagnetic
pulses are received by the antenna, converted into an electric signal, and recorded by the GPR unit. The GPR
unit compiles these pulses to produce an interpretive profile image of the subsurface beneath the path of the
antenna.

The penetration depth of the GPR signal is a function of the antenna frequency and the conductivity of the
subsurface material. As the frequency of the GPR antenna increases, the resolution (ability to detect small
objects) increases, but the depth of subsurface penetration decreases. A lower frequency antenna is capable of
greater subsurface penetration, but with reduced resolution. Materials that are electrically conductive, such as
clay, tend to attenuate the GPR signal, resulting in a decrease in subsurface penetration.

Ground penetrating radar data were acquired along two transects on Elim Beach (green lines in Figure 2), along
nearly the same locations as the seismic refraction lines.

3.3 Survey Vessel

The geophysical, navigational, and hydrographic instruments were installed on 40-foot vessel ‘Anchor Point’
owned by Adam Boeckmann of Nome, Alaska (Image 3.1). The vessel was operated by Mr. Boeckmann during
the survey. The vessel was outfitted with fixed mounts on the starboard side for the seismic reflection system.
The sub-bottom profiler transducer and echo sounder transducer were mounted off the port side. The side scan
sonar was deployed from the bow and the seismic hydrophone was deployed off the starboard stern corner. The
hydrophone was retrieved and deployed at the ends of each line to facilitate boat maneuvering. The navigational
antenna for position acquisition were installed on the roof of the cabin, just forward of the side mounted
transducers. Following installation of the instrumentation, all systems were calibrated according to manufacturer
specifications.

Image 3.1: Survey Vessel
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3.4 Navigation

The position of the survey vessel was determined with a differential global positioning system (DGPS). All data
were collected in NAD83, and projected into Alaska State Plane Zone 7, US Survey Feet. Navigation data were
acquired with a Trimble R8 real-time kinematic (RTK) receiver interfaced to an acquisition computer running
HYPACK 2018 software, an industry standard navigation software package. The shipboard DGPS receiver and
navigation software provided RTK-corrected latitude and longitude coordinates once per second with sub-foot
accuracy. The position of the survey vessel was displayed in real-time on a monitor located at the helm in front of
the survey vessel operator. This monitor also displayed additional navigation parameters, such as distance down
line and distance off line, water depth, vessel speed and heading. This information enabled the vessel operator to
pilot the boat along pre-plotted survey transects displayed on the monitor, in addition to viewing the location of
completed transects.

3.5 Single Beam Echosounder System

The water depth data were acquired with a single beam Odom CV200 survey grade echosounder interfaced with
a 200 kilohertz (kHz) transducer. The transducer was deployed from an over-the-side mount. Cross-checks and
calibrations were performed by Golder as described in the International Hydrographic Organization S-44
standards and specifications. Standard "Bar Check" procedures were performed but were of marginal quality due
to the motion of the boat. This procedure involves lowering a metal object (bar or plate) below the echosounder
transducer to a known depth and then adjusting the velocity of sound on the instrument in order to obtain the
correct depth measurement to the bar or plate. This procedure is repeated at several depths until the
echosounder measurements are consistent for all depths. A standard velocity of 4,800 ft/sec. was used during
the survey as this data was not intended to be used to chart the bottom, rather to be collected in conjunction with
the SBP and seismic data to aid in determining seafloor depths along the track lines.

3.6 Sub-bottom Profiler System

A Datasonics Model SBT-2200 SBP system, using a 3.5 KHz transducer, was used to identify and determine the
thickness of surficial deposits of fine-grained sediment. The system uses a single transducer/receiver to send and
receive acoustic pulses directed at the seafloor. The acoustic pulses can penetrate tens of feet in homogeneous
fine-grained sediment but are not able to penetrate dense sand or coarse-grained material. The reflections from
the seabed and sub-bottom layers, that are acquired four times per second as the vessel travels along the survey
transect, are displayed in real-time as a profile or vertical cross section on the digital acquisition system color
monitor.

3.7 Seismic Reflection System

A Datasonics SPR-1200 low-frequency seismic reflection profiling system, referred to as a bubble pulser, was
used to acquire information on the thickness of dense and coarse-grained, unconsolidated sediment and to
identify the top of acoustic basement or bedrock. The data from this system was acquired simultaneously with the
sub-bottom profiler data and displayed in real-time using the Chesapeake digital acquisition system. The digital
acquisition system was interfaced with the navigation system to provide real-time position information on the
acquired data. Table 3.1 below summarized the geophysical instrumentation used for this investigation and a
schematic of the instrument setup is shown in Image 3.2.
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3.8 Sidescan Sonar System

A GeoAcoustics dual frequency side scan sonar, operating at 100 KHz was used for this survey. The transducer
was deployed off the bow of the boat. Data were set to collect a 50 meter per side swath width. The data were
recorded using the Chesapeake acquisition system.

Table 3.1: Geophysical Instrumentation

Equipment

RTK GPS

‘ System

Trimble R8 with 35w UHF data radio

Application

High-accuracy positioning

Precision Echosounder

Odom CV200, 24/200 KHz

Dual frequency, single-beam
bathymetry

Sub-bottom Profiler

Datasonics Model SBT-2200 (3.5 to 12
KHz) with GeoAcoustics T135 transducer

Identify and map thickness of fine-
grained sediment deposits

Seismic Reflection

Datasonics SPR-1200

Identify and map thickness of
coarse-grained sediment and depth
to top of till and/or bedrock

Side Scan Sonar

GeoAcoustics operated at 100 KHz

Side scan sonar seafloor coverage

Ground Penetrating Radar

Geophysical Survey Systems Model
Utilityscan HS

Shallow bedrock subsurface
shoreline investigation

Seismic Refraction System

Geometrics Model Geode Seismograph

Onshore depth to bedrock
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Image 3.2: Survey Instrumentation Schematic

4.0
4.1

GEOPHYSICAL DATA PROCESSING
Seismic Refraction

Seismic refraction data were processed using industry standard, commercially available Seisimager 2D PRO
software from Geometrics Inc. The processing steps used to produce the 2-dimensional velocity models
presented in the results section are provided below:

Edit source and geophone locations

Pick first arrival times

Export file of first arrival times and geophone locations

Generate initial velocity model-10 layers, 20-feet thick, constrained to 900-12,000 feet per second (fps)
2-dimensional inversion to determine velocity model

Export model results as three-column data files containing x, z, and velocity

Plot model results

Seismic refraction models are interpreted with respect to geologic conditions and based primarily on the seismic
velocity structure. A typical range of seismic velocity values for weathered bedrock is 5,000-to-8,000 fps, while for
competent bedrock the range is accepted as 8,000-to-16,000 fps. Weathered and fractured bedrock seismic
velocity is often significantly lower than competent bedrock of the same type. These distinctions are the basis of
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our interpretations for overburden, weathered bedrock, and more competent bedrock for each of the seismic
refraction models.

4.2 Ground Penetrating Radar

Golder collected GPR data along a total of five line segments ranging from approximately 183- to 1152-feet in
length. GPR data was collected along each of the seismic refraction survey lines, using the four-wheel GPR cart.
Figure 2 shows the approximate locations of the GPR lines in green.

GPR data was collected using a mid-frequency, 350-megahertz (MHz) GSSI UtilityScan radar system and was
processed on a desktop computer using RADAN 7 software. GPR data was collected to a depth of approximately
18 feet-bgs

4.3 Marine Data

The marine data were collected and analyzed using HYPACK 2018 and Chesapeake Sonarwiz 5 for the
bathymetry, sidescan, subbottom and seismic reflection data. A detailed discussion of the processing and
analysis methods is discussed below.

4.4 Bathymetry Data

The digital bathymetric data were filtered for consistency and removal of anomalous values using Hypack single
beam processing software. This software analyzes the data spatially and for signal quality on all survey lines.
The sound-speed velocities used to calculate the water depths were based on the results of the bar-check
calibration. The echosounder data were output as an ASCII XYZ file, which was then used to check SBP and
seismic track line water depths. Bathymetric data collected during this investigation generally agrees with the
preliminary multi-beam bathymetric data collected by Etrac, Inc. earlier in 2019. Bathymetric data collected during
this investigation was not used for determining a new bathymetric surface. A mosaic contour map of 2012 and
2019 Etrac bathymetric data is presented in Figure 5.

4.5 Sub-bottom Profiler Data

Raw SBP data were imported into the Hypack system where a series of frequency and intensity filters were
applied to increase prominence of subsurface acoustic reflectors. The data were then reviewed to determine the
depth to the first acoustic horizon or reflector; interpreted to be the base of the surficial unconsolidated sediment.
We interpret this top sub-bottom layer to be composed of material similar to that found along Elim Beach (namely
coarse sand and gravel). Unconsolidated sediment thickness is determined by multiplying the compressional
velocity of sound through sediment (5,500 feet per second [fps]) by the two-way travel time for an acoustic pulse
to travel from the top of sediment to the top of the underlying interpreted consolidated and/or course-grained
sediment or rock.

4.6 Seismic Reflection Data

The seismic reflection data were imported into the Hypack software system where a series of frequency and
intensity filters were applied to increase prominence of acoustic reflectors. The data were then digitized and
interpreted to determine the depth to the acoustic horizons or deeper reflectors interpreted to be the acoustic
basement. The acoustic reflectors may be the base of the unconsolidated sediments, a paleo seafloor, or glacial
till while the acoustic basement is interpreted to be top of bedrock. The basement is the deepest layer detected
on the seismic reflection records that is not a multiple reflector.
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Multiple reflectors are ‘layers’ that appear in the data but are produced by ringing of the outgoing acoustic pulse
between the seafloor and surface. This ringing can occur many times but are characteristically found at multiples
of the bathymetric depth. Multiples can also occur between interbedded layers but are very rarely detected due to
the lower energy source.

The sediment thickness and depth to the top of bedrock was determined by multiplying the compressional velocity
of sound through sediment (estimated at 5,500 fps) by the two-way travel time for an acoustic pulse to travel from
the top of sediment to the top of acoustic basement. A database of sediment thickness was then generated, and
these values were used to produce an isopach map of the sediment including coarse-grained sediments over the
acoustic basement interpreted to be the top of bedrock.

5.0 GEOPHYSICAL SURVEY RESULTS
51 Onshore Seismic Refraction

As discussed in the method description, subsurface material properties can be interpreted based on
compressional seismic velocity. Without nearby borehole information to correlate to, any material descriptions
(i.e. lithology) are based solely on velocity structure. Seismic refraction results for each line of data collected are
shown in Figure 3. For each line, the velocity models are plotted using colored contours between 900 and 12,000
fps with a contour interval of 100 fps. Cool colors (e.g., blue and green) represent relatively low seismic velocity
(colluvium, alluvium, and highly weathered bedrock) while hot colors (e.g., orange and red) represent relatively
high seismic velocity (bedrock).

There are three distinct layers of subsurface material interpreted in the models presented here with a further
distinction provided relative to rippability. These layers are:

m  Soil/soft alluvium that is easily rippable
m Hard alluvium/weathered rock that is easily rippable
m Fresh to weathered rock that is marginally to non-rippable

A velocity contrast at 5,000 fps is used to delineate softer and harder alluvium which grades into weathered rock.
From the perspective of planning and cost assessment for excavations, rippability is a critical element in
excavation costs. Ability to excavate or “rip” the material is highly dependent on equipment-specifications.

Topography along SL-1 (Seismic Line 1), collected furthest from the water, is mostly flat and bedrock was visibly
outcropping approximately 80 feet to the east and 5 feet to the west. The seismic velocity model shown in the top
panel of Figure 3 is interpreted to indicate softer sediments (shown in blue and dark green) are 0 to 9 feet in
thickness. Dense and/or hard alluvium is interpreted to range from 3 to 7 feet thick. Very dense material that is
difficult to rip appears to be no deeper than 12 feet below ground surface (bgs) along all of SL1 and is as little as 3
feet bgs along the eastern portion of SL-1 which includes a creek crossing at approximately 1,000 feet line
distance.

SL-2 (Seismic Line 2) was collected near the high-water mark and is flat (Figure 2). Bedrock outcrops from the
western end of SL-2 and is visible sporadically to the large rocks outcropping at the west end of Elim Beach. The
seismic velocity model for SL-2, shown in the lower panel of Figure 3, is interpreted to indicate softer sediments
(shown in blue and dark green) which are 0 to 5 feet in thickness; with very dense, difficult to rip material from
approximately 5 to 10 feet bgs. A photograph of the rock outcrops (provided in the RFP as Figure 4) is shown in
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Figure 3 and the geographic position provided on the photo is shown in Figure 2. Similar rock outcrops were
observed along the length of the western portion of Elim Beach during the seismic refraction field investigation
and it was decided that no further refraction data was needed to determine depth to rock in these areas.

5.2 Ground Penetrating Radar

GPR data were collected to determine if shallow bedrock could be imaged and mapped onshore; particularly
along Elim Beach. Scaled graphic images of the GPR data (radargrams) are shown in Figure 4. A GPR contact
is apparent in the radargrams and is shown in brown on all panels of Figure 4. It is assumed this contact is
correlated to the seismic contact between softer (slower velocity) materials near the surface and harder (higher
velocity) materials at depth. If this GPR contact is confirmed to be a rock surface, GPR data indicate pockets of
bedrock within the 5 to 10 feet of GPR signal penetration observed along the Elim Beach shoreline. Deeper
penetration was not possible due to GPR signal attenuation from saline soils at greater depths.

5.3 Sub-bottom Profiling Survey

Figure 2 (trackline map) includes labeled number of each marine trackline. Graphic images of the processed SBP
records along each line are presented in Appendix B. The line/file name is shown in the lower right, and cross
line locations depicted along each record. While picks of acoustic reflectors were made electrically, a graphic
connection between reflectors in the SBP and seismic reflection (bubble pulser) datasets and interpreted geologic
cross sections is shown in Figure 10.

A thin layer of unconsolidated material is interpreted to exist across most of the site generally ranging from 3 to 7
feet thick. An isopach map of the unconsolidated sediment is presented in Figure 6 and is interpreted to be the
thickness of sand and gravel. Sub-bottom profiling penetration was limited to this layer of material which indicates
deeper material is more consolidated and/or very course materials (cobbles and boulder). It is assumed either
harder, dense/consolidated sediments or a weathered bedrock layer lay above the bedrock.

Interpreted geologic cross sections were generated for twenty transects within the Elim Beach and Airport Point
investigation areas. A transect location map is presented as Figure A-1 in Appendix A with interpreted geologic
cross sections presented in subsequent Appendix A figures. For each interpreted geologic cross section (Figures
A-2 through A-9) the Y-axis is elevation MLLW, based on the 1983-2001 tidal epoch, with the assumption that the
bathymetric elevations provided by others in 2012 and 2019 have the same datum. The top of each section is an
arbitrary zero cutoff for the top of water at mean low water level. The bathymetric surface was used to drape
interpreted thickness of other geologic contacts shown in Figures A-2 through A-9 to maintain the same vertical
datum.

5.4 Seismic Reflection Survey

The seismic reflection records suggest a deeper (than seen in the SBP data) second acoustic reflector exists.
This layer is a mostly continuous deeper reflector that is the acoustic basement. This reflector may be a glacially-
smoothed bedrock surface or a paleo seafloor that has solidified or is armored with hard enough material that the
acoustic signal was not able to penetrate further. When the onshore seismic refraction results are considered, it
can be assumed that this reflector is mostly a rock surface. Interpreted depth to the acoustic basement (in feet
below seafloor) is shown in Figure 7 and ranges from less than two feet near onshore bedrock outcrops at Airport
Point to nearly 22 feet offshore of the eastern end of Elim Beach. The elevation (relative to mean lower low water;
MLLW) of the deepest reflector is shown in Figure 8. The acoustic basement is shown as the lowest layer in
interpreted geologic cross sections presented in Appendix A figures (Y-axis is elevation MLLW).
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5.5 Sidescan Sonar Survey

Sidescan sonar (SSS) data were acquired with Chesapeake software, and processed using Hypack software.
The side scan sonar data were processed to generate a mosaic acoustic image of the seabed showing outcrops
and seabed forms (Figure 9). The seabed showed few features away from shore. There were only a couple
locations were outcrops or boulders were noted away from the shoreline.

6.0 CONCLUSIONS

Onshore, bedrock appears to be very shallow close to visible outcrops (such as RFP Figure 4, shown in Figure 3
of this report). Similar rock outcrops were observed along the length of the western portion of Elim Beach during
the seismic refraction field investigation and, where seismic refraction data was collected along Elim Beach,
sediment thickness appears limited to approximately 12 feet near the middle of Elim Beach. GPR data along Elim
Beach indicate a geologic contact that may represent either the contact between softer/less dense sediment and
more dense sediment or weathered rock. The GPR contact is somewhat discontinuous but generally less than 8
feet bgs.

Offshore, interpreted depth to the acoustic basement or potentially competent rock varies at this site. The site
appears to have a thin layer of soft material up to seven feet thick in the un-scoured offshore area. Side scan
imagery indicates that there are large boulders or outcrops along the shoreline of Airport Point but few features
away from shore at either Airport Point or along Elim Beach. Bedrock depths appear variable; with a few outcrop
exposures appearing at the seabed near the Airport Point shoreline to approximately 36 feet below sea level
offshore.

Figures 6 and 7 present the interpreted thicknesses of geologic layers from on shore to off shore with the
transition between the on shore and off shore datasets being interpreted as relatively smooth. Based on the
geologic history of glacial deposition and erosion, as well as current coastal processes, it is reasonable to assume
the sediment layering and bedrock geometry does not vary significantly from where geophysical data does exist.

Because the subbottom profiling and seismic reflection data did not yield conclusive sediment type identification of
unconsolidated material, it is recommended that a jet probing investigation be conducted over the potential
footprint(s) of any navigational improvement structures. While 3 to 7 feet of unconsolidated material is interpreted
to exist across most of the site, sub-bottom profiling penetration was limited to this layer of material which
indicates deeper material is more consolidated and/or hard. The lack of acoustic reflectors in SBP data at depth
suggests hard rock-like material or rock may be very shallow. The marine seismic reflection data suggest the
deeper material is more consolidated and/or hard but does not provide an estimate of rippability. Jet probing
and/or drilling would provide geotechnical information necessary to further the design of any navigational
improvements at Elim.

7.0 LIMITATIONS

This report has been prepared exclusively for the USACE for use in design of the proposed navigation
improvements. If there are significant changes in the nature, design, or location of the facilities, we should be
notified so that we may review our conclusions and recommendations considering the proposed changes and
provide a written modification or verification of the changes.

There are possible variations in subsurface conditions between explorations and also with time. Therefore,
inspection and testing by a qualified geotechnical engineer should be included during construction to provide

11



November 4, 2019 19125762

corrective recommendations adapted to the conditions revealed during the work. In addition, a contingency for
unanticipated conditions should be included in the construction budget and schedule.

Golder geophysical services were conducted in a manner consistent with the level of care and skill ordinarily
exercised by other members of the geophysical community currently practicing under similar conditions, subject to
the time limits and financial and physical constraints applicable to the services. Echosounding, sidescan sonar,
sub-bottom, ground penetrating radar, and seismic refraction / reflection profiling are remote sensing geophysical
methods that may not detect all surface or subsurface features of interest or concern. Furthermore, it is possible
that interpreted subsurface may, upon intrusive sampling, prove to have been misinterpreted and or a different
material type than that observed onshore. The geotechnical work program followed the standard of care
expected of professionals undertaking similar work in the State of Alaska under similar conditions. No warranty
expressed or implied is made.

Thank you for the opportunity to assist the USACE during the feasibility phase of the Elim navigational
improvement project. If you have questions, please contact us at 907-344-6001.

Golder Associates Inc.

bk by

Peter E. Fahringer, LG, PGp Mark R. Musial, PE
Associate, Senior Geophysicist Principal, Senior Geotechincal Engineer

PEF/MRM/mip

Golder and the G logo are trademarks of Golder Associates Corporation

https://golderassociates.sharepoint.com/sites/111347/project files/6 deliverables/final report/19125762 elim geophysical survey final-11.4.19.docx
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APPENDIX B

Graphic Images of Processed
Seismic Reflection Records
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