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1. EXECUTIVE SUMMARY

The Haines Borough has commissioned this report to document results of a structural assessment of the
Lutak Dock located in Haines, AK. The effort was directed to reviewing existing documentation for both
maintenance and repairs, and to determine the probable remaining service life under static (non-
seismic), and seismic conditions. This structural assessment has been based on the guidance established
by the United States Army Corps of Engineers (USACE) for cellular structures as identified in manual EM
1110-2-2503 “Design of Sheet Pile Cellular Structures, Cofferdams and Retaining Structures”.

Notwithstanding the maintenance and repairs/modifications to the structure since the original USACE
design and construction in 1953, it is the opinion of PND Engineers, Inc. (PND) that the structure has
reached the end of credible 60-year service life. Further utilization is effectively on “borrowed time.”
The presence of sink holes in the working surface of the structure is consistent with loss of fill arising
through observable gaps between the main cells and the Z-sheet pile sections utilized for repairs. Per
Ref. #4, this repair work is assumed to have been completed around 2003. It could be argued that
these gaps and material loss can be repaired by re-sealing/backfilling the closure arcs.

A source of significant risk to the structure arises from failure of the “tee” connection between the
lower closure arc(s), and main arcs themselves. This risk is in addition to the damage at 5 of 11 closure
arcs that arose after the 2002 repair, and the splitting failure at Closure Arc 7.5. Other structural
weaknesses were revealed in this assessment though none as historically troublesome as the welded
connection between the main cell and the closure arc. In 1965 the connection detail utilized for the
original Lutak Dock was specifically prohibited by the USACE after a series of arc connection failures on
temporary cellular structures utilized on the island river system. Given the USACE design background,
the current corrosion loss, and the results of this assessment, it is the view of PND that failure conditions
exist at all other closure arcs.

Notwithstanding the strong evidence of distress at closure arcs, the results of this assessment
demonstrate that the Lutak Dock does not meet current USACE minimum factors of safety for cellular
structures for the classic failure mode of vertical shear under the conditions of dead load plus operating
live load, and for dead load plus phreatic water pressure. While it can be said that absent the failure of
Closure Arc 7.5 the structure has remained serviceable, the calculations by PND demonstrate that the
facility is “near the edges” and that in our view it is prudent to begin the process to replace the structure
to meet current minimum standards under operating conditions and potential seismic loading.

The seismic forces arising in Haines are modest, and the structure meets USACE critera for low intensity
earthquake with ground acceleration of .072g (50% likelihood of occurrence in 50 years). Above this
level of ground shaking the structure cannot withstand earthquakes at the current “design event” level
criterial mandated by building codes, waterfront design guides, or departments of transportation
manuals.

2. BACKGROUND

The Lutak Dock is an 1100’ long bulkhead located approximately four miles north of downtown Haines.
The bulkhead was designed by the United States Army Corp of Engineers (USACE) and constructed in
1953. Specific data regarding the original construction of the bulkhead came from a set of “As-Built”
construction drawings (Ref. #11).
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Figure 2-1. Lutak Dock - 2004 (Photo From Google Earth)

Ownership of the bulkhead is split between the Haines Borough (HB) and the [Alaska Marine Highway
(AMH)][KII]. Lutak Dock is comprised of 15 interlocking circular closed cells; the Borough'’s portion of the
structure is the 11 western-most cells. The 15 main cells are approximately 66’-8” in diameter and are
spaced approximately 69’ apart. The closure arcs have a radius of approximately 16’-4”. The top of the
dock is at El. +28.5’. Figure 2-2 shows the typical closed cell bulkhead configuration.

The cells are built from interlocking flat web sheet piles. The sheet piles
in the closure arcs have web thicknesses of 3/8”. The main cells have
OUO sheet piles with web thickness of 1/2”. PND was not able to ascertain
the original manufacturer of the sheet piles. For the purpose of this
Figure 2-2. Typical Closed Cell structural assessment, PND has assumed that these sheet piles have an
Configuration. interlock strength of 16,000 pounds per inch; this is consistent with
piles of the vintage of this bulkhead. The tip elevation of these piles is

approximately El. -46.5" along the face of the bulkhead. The tip elevation of the sheet pile tip tapers up
to approximately El. -36.5’ at the rear of the bulkhead (Ref. #1).

A concrete facing beam is mounted on the top of Lutak Dock. This facing beam is partially supported by
the closed cell sheet pile and partially by driven H-Pile. This facing beam is approximately 8’-6” tall and
runs the full length of the bulkhead, wrapping around the ends of the bulkhead on the east and west
sides. The top of this facing beam coincides with the top of the bulkhead, El. 28.5'.

3. CONDITION

The Dock has experienced significant corrosion loss of the base metal in the sheet piles over the last 61
years. Corrosion of the sheet piles has been well-documented through periodic inspections between
1976 and 2014. The inspections include:

1976 — Dock Inspection — R&M Engineers — (Ref. #7)
1988 — Dock Inspection — PND Engineers — (Ref. #6)

“m Page 2 of 16



LUTAK DOCK STRUCTURAL ASSESSMENT

PND No. 142010
HAINES BOROUGH

NOVEMBER 2014

2003 — Dock Inspection — Echelon Engineers — (Ref. #5)
2014 — Dock Inspection — Echelon Engineers — (Ref. #4)

Each of these inspections document the substantial growth of corrosion over the life of the dock. The
most recent documentation indicates corrosion loss of sections of approximately 0.16 inches. This

represents deterioration of between 30% and 46% of the original section. Note that the main cell sheet
piles have a thicker web than the closure arc sheet piles.

Lutak Dock was most recently modified sometime around 2002, according to the Shannon and Wilson
Report (Ref. #1) by an unidentified contractor. The documentation of these repairs indicates that z-sheet
pile closure walls were driven 13’-4” behind the bulkhead, as well as supporting H-Piles were driving
through the concrete facing beam. Once these additional supporting piles were installed, the closure

| arcs were cut down to El. 0. Figure 3-1Figure-3-1 is a detail excerpted from the 2002 repair drawings
(Reid Middleton) depicting repairs to the closure arcs (Ref. #8).
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Figure 3-1. Closure Arc Repair Detail

After completion of these repairs, sink holes formed behind the z-sheet pile bulkhead (Figure 3-2). The
cause of these holes is believed to be soil escaping through gaps between the z-sheet wall and the main
cells. Some attempt was made to utilize geotextile fabric along with the H-pile closure detail to ensure
soil was retained through flushing effects of successive tide cycles. The reported frequency and
magnitude of the sinkholes suggests that significant volumes of material have been lost, which de-
stabilizes the working surface of the dock. Highly loaded vehicles may suddenly fall into an undetected
hole with potentially severe consequences to persons, and equipment and property.
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Figure 3-3. Failure at Closure Arc 7.5

Recent inspections indicate Closure Arc 7.5, located roughly at the centerline of the bulkhead, has failed.
Figure 3-3 depicts the damaged closure arc. It is not known to PND precisely when this failure occurred.
However, failure of Closure Arc 7.5 must have occurred approximately around 2003 as the sheet piles in
the closure arc have clearly been cut down.
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3.1. LoweR CLOSURE ARCS AND CONNECTING “TEes” TO THE MAIN CELL

In 1965, the connection detail utilizing a 90-degree “tee” between the main and closure arc was
specifically prohibited by the USACE after a series of “tee” failures on temporary cellular structures
utilized for lock and dam construction (Figure 3-4)(Ref. #14). [Note: the USACE uses the terms
Primary Cell and Intersecting Arc, our terminology is amended to match earlier inspection reports.]

5-2. Failures.

a. Failure Modes. The primary reported causes of cofferdam failures
are:

(1) Structural.

(a) Fabricated Tees and Wyes. Numerous failures have involved welded
connector piles. Such failures in welded tees normally occurred in the web of
the main sheet pile, the web often rupturing on both sides of the tee stem and
separating the tee into three pieces. Weakness in these tee members is at-
tributed to improper welding of steel with a high carbon content and lamina-
tions in the steel sheet piles used in fabricating the tees.

Figure 3-4. Excerpt from Ref. #12, USACE Design Manual EM 1110-2-2503, Page 5-1

Figure 3-5 depicts the current USACE endorsed configuration for the connections between the
main cell and the closure. The geometry of the connection utilized at Lutak in 1953 (Figure 3-6) is
identical to those subsequently prohibited by USACE. In 2007, PND investigated options for a
private cement company to repair damage resulting from failure of an identical “tee” joint between
closure arc and main cell at a structure constructed in 1964. Photographs and observations of the
cement company failure are consistent with the mechanism observed by the USACE at other
cellular structures.
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F/:gure 3-5. Endorsed USACE Connection Post-1965 ' Figure 3-6. Connection Detail at Lutak Dock, 1953

Significant repairs have been made to the structure since original construction of the bulkhead in
1953 by Scheumann Johnson Manson Osberg Company (now Manson Construction). Sometime
around 2003, Z-sheet piles where driven between all Main Cells, behind the Closure Arcs to relieve
a portion of the closure arc load consistent with Ref. #1. This same report specifically points out
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that as a result of the repairs, structural demand to support the lower portion of the Z-sheet pile
wall would be transferred onto the remaining portion of the lower arc. An assumption was made
that this would be adequate (Ref. #1, pg. 8).

A splitting failure of lower Closure Arc 7.5 has occurred since 2003, based on inspection reports
prepared by Echelon (Ref. #4). It is uncertain whether the failure of Closure Arc 7.5 is due to
structural loading to support the lower end of the Z-sheet pile wall installation, or from damage
arising during initial pile driving. Some damage has occurred at Closure Arc numbers 1.5, 5.5, 6.5,
8.5, and 10.5 as a result of driving of H-piles. The piles sliced into the thinner corroded webs of the
lower closure arcs. Condition of the lower arcs is stated in Ref. #4 to be from fair to poor, with
heavy corrosion loss and pitting noted at the testing/sample locations.

It is evident from the recent inspection that 6 of 11 closure arcs that comprise the HB-owned
portion are compromised, and that the connecting tee between the main cell and closure arc are
equally vulnerable. The failure mechanism at (Closure Arc 7.5) is different from this “classic” failure
articulated though it is probable that distress is significant at the location where the lower arch
joins the main cell. Itis the view of PND that each remaining closure arc is at, or near, a condition
of failure as a result of corrosion loss, structural loading on weakened section, and as a result of
damage during the 2003 pile driving efforts.

4. GEOTECHNICAL CONDITIONS

The dock site is located in a fjord formed via glacial carving. The terrain around the site consists of
steeply sloping mountains on both sides of Lutak Inlet.

No specific borings were collected in the preparation of this report. Geotechnical conditions were
assessed using borings from previous subsurface investigations. (See Ref. #1 through Ref. #3.)

Generally, the site is known to consist of the following layers:

Fill (El. 28.5" to El. -20°) Fill material (per Ref. #1), consists of granular-type material with
SPT blow count ranging from 10 to 57 blows per foot.

Native Soil (El. -10’ to Bedrock) Native material (per Ref. #1), consists of a granular-type
material. SPT blow count for native material was approximately
30 blows per foot.

Bedrock Bedrock elevations were estimated using a sub-bottom profiler.
The profiling was performed by Apollo Geophysics (per Ref. #1).
The data collected indicated an irregular bedrock (or hard layer)
varying between El. -40” and El. -70’ along the face of the
bulkhead.

For the purposes of evaluating the bulkhead in its present condition, PND has assumed the following soil
properties inside the cells:

Unit Weight of Soil: 125 pounds per cubic foot
Angle of Internal Friction: 30°

These properties are consistent with the lateral pressures depicted in Figure 8 of Ref. #1.
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5. USAGE AND LOADING

PND understands that the bulkhead is currently used by AML as a container terminal, where the primary
load results from the operation of a container forklift on the bulkhead surface. Design loading on the
bulkhead from the Lutak Dock Rehabilitation Project in 2003 (Ref. #8) list loads of 130 kip vehicle axial
load as well as a 1000 psf uniform load.

6. ENVIRONMENTAL CONDITIONS

6.1. WATER SURFACE ELEVATIONS

PND has estimated the tidal conditions at the Lutak Dock by referencing tidal information available on
National Oceanic and Atmospheric Administration (NOAA) currents and tides website (Ref. #9). The
nearest source of tidal information was Skagway, Alaska which is approximately 12 miles away. The
following data is recorded for Skagway, Alaska.

Mean Higher High Water (MHHW): 16.73’
Mean Sea Level (MSL): 8.81
Mean Lower Low Water (MLLW): 0.0

Ground water elevations are estimated from borings available in the geotechnical reports (see Ref. #1
through Ref. #3.). Geotechnical reports indicate that the ground water elevation varies between El. 15’
and El. 5’. These ranges are generally consistent with the tidal elevation from Skagway. In particular, the
median groundwater elevation coincides roughly with the MSL recorded in Skagway.

6.2. EARTHQUAKE

Ground motion parameters for the Lutak Dock were estimated using a Java® applet written by the
United States Geologic Survey (Ref. #10). This applet allows the user to compute the seismic parameters
of a variety of different earthquake return periods. This computer program accepts as input the latitude
and longitude of the site in question as well as the type of seismic ground motion desired and the return
period of interest. Seismic parameters summarized in Table 6-1Fable-6-1 were computed for the Lutak
Dock site.

The seismic forces arising in Haines are modest, and the structure meets USACE criteria for low intensity
earthquake with ground acceleration of .072g (50% likelihood of occurrence in 50 years). Above this
level of ground shaking the structure cannot withstand earthquakes at the current “design event” level
criterial mandated by building codes, waterfront design guides, or departments of transportation
manuals. The .072G represents the “maximum tolerable ground acceleration” for Lutak Dock.

Table 6-1. Seismic Parameters

99% PE in 50 years  50% PE in 50 years 10% PE in 50 years 2% PE in 50 years

(10-year EQ) (72-year EQ) (475-year EQ) (2475-year EQ)
Peak Ground
Acceleration 0.016¢ 0.072¢g 0.200g 0.494¢g
0.2 sec Spectral
. .0162 4 1.1
Acceleration Gz 0.0162 g 0.459¢g 59¢g
1.0 sec Spectral 0.010g 0.070 g 0.188 g 0.438¢g
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7. SUMMARY OF 2014 ECHELON ENGINEERING INSPECTION (REF. #4)

As part of the task of preparing this report, PND tasked Echelon Engineering (Echelon) with performing
an underwater inspection of the condition of the bulkhead. Echelon inspected the condition of the Dock
as well as the level of corrosion present. Their findings can be grouped into the three separate
components of the structure: Main Cells, Closure Arc Repair and Remaining Closure Arc.

During their inspection, Echelon photographed areas where cell damage was observed. PND has
attached to this report, as Ref. #4, a plan view of the bulkhead with the notations of where the damage
depicted in the photographs has occurred.

7.1. MAIN CELLS

Echelon rated Main Cells 1 through 11 as in “fair condition” with regard to sheet pile corrosion. The
average measured thickness of the sheet pile base metal was 0.316” against an original material
thickness of 0.500”. “Heavy Pitting” was observed at “virtually all test sites” (Ref. #4), with pit-
depths ranging from 0.060” to 0.200”.

During the inspection, water was observed to be retained behind the Z-sheet sheet pile bulkhead.
Figure 7-1, excerpted from the Echelon’s inspection report, depicts water flowing out of a weep
hole several feet above the outboard water surface elevation. Based on the scale of the
photograph, the fall height of the water could be between 6’ and 11’. Further, the water surface
elevation behind the sheet pile would have to be higher than the elevation of the weep hole.

Weep hole as
evidence of

Figure 7-1. Retained Water Behind Main Cell

There is evidence, shown in Echelon’s inspection report, of the tilting of the bulkhead. Figure 7-2
depicts a full depth crack in the bulkhead facing beam, as the beam wraps around the western side
of the dock. This crack is located near the mid-line of the cellular structure.
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Face Beam
Cracks

Figure 7-2. Cracking in Facing Beam near Mid-Line of the Bulkhead

7.2. Closure Arc Repair

The Closure Arc Repair section was rated in “good condition” with regard to sheet pile corrosion.
Inspection revealed that these repairs were not sealed against the main cells. Echelon observed
that a visible gap between the main cells and the repair sheet piles at five locations. Echelon also
reports that the geotextile was not intact at any locations where gaps had developed. There was
also evidence that the fine-grained material behind the repair piles has washed away.

7.3. REMAINING CLOSURE ARCS

Echelon rated the Remaining Closure Arc
section as in “poor condition” with regard to
sheet pile corrosion. During the inspection,
perforations in sheet piles were observed in
Closure Arcs numbered 1.5, 5.5, 6.5, 7.5, 8.5,
and 10.5. This represents half of all of the
closure arcs. Two closure arcs were observed
to have been punctured by pile driving during
the repair of the closure arcs (cells 8.5 and
10.5) in approximately 2003. Closure Arc 8.5
was observed to have partially failed as
indicated by the lowering of the backfill
material.

Echelon observed indication of tensile yielding
failure at Closure Arc 7.5. Figure 7-3 depicts ﬂ .

necking of the sheet pile web prior to failing.

’ ‘

P s
’

Figure 7-3. Tension Necking and Rupture of Sheet Pile Web
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8. ANALYSIS

PND compared the dock structure against the current industry standard for the design of closed cell
bulkheads. The current design standard is the United States Army Corp of Engineers Manual EM 1110-2-
2503 (Ref. #12). This document calls for the following limit state checks to be made on the structure
during design phase (Table 8-1):

Table 8-1. Cellular Structures Limit States w/ Factors of Safety

USACE - Cellular Structures Limit States with Factor of Safety

Limit State Normal — Cond. Temporary — Cond. Seismic — Cond. Internal/External
Sliding 1.5 1.5 1.3 External
Overturning Inside Kern Inside Kern Inside Base External
Rotation 1.5 1.25 1.1 External
Bearing Capacity 2.0 (Sand) 2.0 (Sand) 1.3 (Sand) External
Interlock Tension 2.0 1.5 1.1 Internal Check
Vertical Shear 1.5 1.25 11 Internal Check
Horizontal Shear 1.5 1.25 1.1 Internal Check
Sheet Pile Pullout 1.5 1.25 11 Internal Check

The terms Normal, Temporary and Seismic are assumed to mean the following (based on provisions in
EM 1110-2-2504 [Ref. #15]):

Normal:

Temporary:

Seismic:

(Defined as Usual loading in EM 1110-2-2504 [Ref. #15]) Loads which are
associated with frequent use of the facility’s primary intended function. Loads
associated with primary function would include Dead Load, Live Load and

Hydrostatic Load.

(Defined as Unusual Loading in EM 1110-2-2504 [Ref. #15]) Construction or
Maintenance operations which produce infrequent loading of a short duration
which exceed loads define in the usual condition.

Extreme condition of short duration loading. Extreme condition loading would
include Earthquake Loading.

Limit state checks are generally divided into internal and external checks. In general, external limit states
are checks involving modes of failure outside of the cellular structure. For example, a bearing capacity
failure would be a failure of the soil beneath the driven sheet pile; therefore, it would be considered an

external check.

For the purposes of this study only internal checks are considered; this is for two reasons. First the
bulkhead has been in service since 1953. If there were issues pertaining to the stability of the soil
beneath the structure, these would have already become manifest in the performance of the structure
since constructed. Secondly, the present issue with the bulkhead stems from ongoing corrosion of the
sheet pile. Damage to the sheet pile would not tend to destabilize limit states which are independent of

N D
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the structure. Therefore, this study checks the factors of safety of the structure against the limit states
of interlock tension, vertical shear and horizontal shear/tilting.

Sheet pile pullout is an internal stability check. However, this mode of failure is independent of the
structural performance of the cells. Unlike vertical shear or horizontal shear, this limit state does not
rely upon interlock tension in the cells to resist load. Therefore, given that the wall has remained stable

since 1953, and the variables affecting this limit state are not time dependent, it is reasonable to

conclude that this limit states does not control the design.

8.1. INTERLOCK TENSION

The soil fill inside the cellular structure applies radial pressure against the sheet pile. This pressure
is resisted via interlock tension perpendicular to the vertical axis of the sheet pile. Typically peak
interlock tension occurs at approximately the bottom quarter point of the cell.

The most direct consequence of section loss is a reduction of the amount of steel resisting arc
tension. In PND’s experience, the most likely cause of failure for cellular structures is the corrosion
rupture of sheet pile at the closure arc/main cell joint.

Assessing the remaining capacity of the sheet pile is difficult to do accurately. For the purposes of
investigating the condition of the bulkhead, PND reduced the interlock capacity by the ratio of
remaining metal to original metal. On this basis, the sheet piles have lost 30% to 46% of their

capacity.

For the Lutak Dock there are three areas where interlock tensions are estimated. The first is in the
main cells away from the closure arcs. The second area where interlock tension is computed is at

the connector between the main cell and the closure arc. This area carries higher tension than the
main cell due to the geometry of the connection.

The third area considered is the interlock stresses in the remaining sections of the closure arcs. The
repairs in approximately 2003 required that the toe on the replacement sheet pile bear against
soils which in turn bear on the remaining sections of the closure arc sheet pile. This toe bearing
pressure exerts substantial lateral pressures on this remaining closure arc sheetpile. Table 8-2
summarizes the results of the analysis of interlock tension checks.

Table 8-2. Interlock Tension - Limit State Capacities/Demands

Analysis Results — Limit State Capacities/Demands

Limit State Computed Dead Live Load Live Load Hydrostatic EQ (72-yr
Capacity Load (Surcharge) | (Axle Load) (WSE=0) Return)
Interlock Tension 9.2 kips 6.4 kips 1.3 kips ~ 0 kips ~ 0 kips
(Closure Arc) per Inch per Inch per inch per inch per inch B
Interlock Tension | 10.9 kips 6.9 kips 1.3 kips ~ 0 kips 2.0 kips 0.5 kips
(Main Cell) per inch per inch per inch per inch per inch per inch
Connector 9.2 kips 10.7 kip
Tension per inch per inch B B B B

Industry standard for interlock tension factor of safety is 2.0 for normal conditions and 1.5 for
temporary conditions. The factors of safety for other tension tests are summarized in Table 8-3.

N D
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Table 8-3. Interlock Tension - Factors of Safety

Factors of Safety

.. DL+ EQ
- + . +

Limit State DL-Only | DL+ LL(Sur.) | DL+ Hydro (72-yr Return)

Interlock Tension 1.44 1.19 1.44 1.33
(Closure Arc)

Interlock Tension

(Main Cell) 1.58 1.33 1.22 1.47
Connector Tension 0.86 - - =

Table 8-3 indicates that under normal conditions the bulkhead does not meet either the normal or
temporary factor of safety requirements.

Further, interlock tension at the connector between closure arc and main cells has a factor of
safety less than 1.0. This indicates that these elements should be either about to fail or are in the
process of failing. This fact is supported by field observations made by Echelon and noted in their
report that 6 of the 10 closure arcs have perforations in their sheet pile.

8.2. VERTICAL SHEAR

Cellular structures achieve stability via the effects of the mass they possess. As a result, applied
horizontal loads are resisted via cantilever action of the cellular structure. The amount of lateral
load which can be resisted by the closed cell is governed by two primary limit states: vertical shear
and horizontal shear/tilting. These two limit states are critical to stability and represent the
“classic” structural check for a cellular structure.

The vertical shear check is analogous to the shear checks performed when sizing a timber beam.
Mobilized shear stresses at the neutral axis are checked against an estimated shear capacity. A
cellular structure resists vertical shears through interlock friction and soil shear resistance which
act together to produce total resistance.

The equations for structural/geotechnical check for vertical shear are provided in Ref. #12. The
primary mechanism to mobilize vertical shear is the confining pressure on the retained soil
resulting from the exterior ring of flat-web sheet piles. This confining pressure enables the soil to
resist vertical shears via inter-soil friction. The soil friction and the interlock friction are converted
into moment resistance by multiplying these mid-line friction by 2/3 the effective width of the cell.

Table 8-4 summarizes the vertical shear capacity and loading demand.

Table 8-4. Vertical Shear - Limit State Capacities/Demands

Analysis Results — Limit State Capacities/Demands

Computed Dead Live Load Live Load Hydrostatic | EQ (72-yr

Limit State Capacity Load (Surcharge) | (Axle Load) | (WSE=0’) Return)

Vertical Shear

4065 k-ft | 2580 k-ft 938 k-ft 204 k-ft 930 k-ft 475 k-ft
(Moment Cap.)
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Table 8-5 depicts selected factors of safety for the bulkhead checked for vertical shear.

Table 8-5. Vertical Shear - Factors of Safety

Factors of Safety

- DL+ EQ
- + . +
Limit State DL - Only DL + LL(Sur.) DL + Hydro (72-yr Return)
Vertical Shear 1.57 1.16 1.16 1.33

Table 8-5 indicates factors of safety which do not meet current industry standards. Current industry
standard require factors of safety of 1.5 for normal conditions and 1.25 for temporary conditions.

There are indications that the Lutak dock is susceptible to vertical shear. Structures which have low
factors of safety for vertical shear would be expected to tilt outward. The 1976 inspection report
(Ref. #7) indicated that the bulkhead was leaning outward several inches confirming that a slow
“creeping” of the structure is occurring. Further, photographs from the 2014 Echelon report (Ref.
#4) depict that the facing beam is cracked near the mid-line of the end cell. This may be an
indication of shear deflection occurring about the mid-line of the main cells.

8.3. HORIZONTAL SHEAR/TILTING

The horizontal shear check investigates the stability of the upper portion on the cell against
rotation. This check computes the moment resistance of both the sheet pile interlocks (see 8.2
Vertical Shear) and the moment resistance of a wedge of soil at the bottom of the closed cell. If
there is insufficient horizontal shear to resist applied loading, the bulkhead will tilt outward.

The moment resistance of the soil wedge is estimated by assuming a wedge of soil, inclined at the
friction angle of the soil, bears against the leading edge of the bulkhead. The magnitude of the
bearing force against the side of the leading edge of the bulkhead is equal to the amount of shear
on the incline plane of the soil wedge.

The moment resistance from the soil wedge is added to the moment capacity from sheet pile
friction and then compared to moment demand to compute a factor of safety for horizontal
shear/tilting.

As-built drawings provided to PND (Ref. #11) indicate that Lutak Dock sheet pile tip elevations
taper upward toward the rear of the cells. The sheet pile tips at the back of the cells are estimated
to be 10’ higher than at the front (Ref. #1). Since this is the case, estimates of capacity and demand
are computed for the tip elevation of the rear piles at El. -36.5’.

Table 8-6 summarizes the vertical shear capacity and loading demand.

Table 8-6. Horizontal Shear/Tilting - Limit State Capacitates/Demands

Limit State Computed Dead Live Load Live Load Hydrostatic | EQ (72-yr
Capacity Load (Surcharge) | (Axle Load) | (WSE=0) Return)
Horizontal See
Shear 4504 k-ft | 1739 k-ft 703 k-ft 609 k-ft 357 k-ft
Surcharge
(Moment Cap.)
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8.4.

8.5.

8.6.

Table 8-7 depicts selected factors of safety for the bulkhead for various limit states.

Table 8-7. Horizontal Shear/Tilting - Factors of Safety

Factors of Safety

o DL+ EQ
- + . +
Limit State DL-Only | DL+ LL(Sur.) DL + Hydro (72-yr Return)

Horizontal Shear

2.64 1.87 1.95 2.19
(Moment Cap.)

The results in Table 8-7 demonstrate that horizontal shear does not control the capacity of the
bulkhead. Further, the factors of safety computed for horizontal shear satisfy current industry
standards.

LIQUEFACTION ANALYSIS RESULTS

PND investigated the potential for liquefaction of the soils at the Lutak Dock site. PND considered
the data from two boreholes taken during the 2003 repairs (Ref. #1). These were borings B-2 and B-
6. These boreholes as well as the seismic data for the project site were entered into the computer
program Shake 2000. This software estimates the Factors of Safety against liquefaction versus
elevation in the soil column/stratification. This analysis indicated that the soils would not liquefy
during the maximum earthquake the bulkhead appears able to withstand (72-year return period).
The analysis did indicate that some soil layers are susceptible to liquefaction at earthquake events
of higher intensity and prolonged ground shaking. The effect of an earthquake at magnitude levels
specified by national design codes would most likely demonstrate that the bulkhead structure
would fail under prolonged ground shaking. Elaborate analysis would be necessary to demonstrate
the earthquake effects, and to reflect the weakening effects of corrosion on the various structural
elements.

ConDITION OF MAIN CELLS

The main cells retain a higher percentage of their Z-sheet pile section than the closure arcs. The
bulkhead would not meet the current industry standard of care. Interlock stress exceed allowable
factors of safety for even temporary conditions. Further, the bulkhead does not meet the standard
of care for vertical shear capacity. Field observations of the structure may indicate that tilting,
potentially due to vertical shear, has been an on-going problem. Photographs taken of the Lutak
Dock by Echelon may indicate shear deflection of the bulkhead at the mid-line.

CONDITION OF CLOSURE ARCS

The effects of corrosion loss of section at the closure arc have reduced the steel thicknesses
substantially. The modifications recommended in Ref. #1, to install a z-sheet wall has resulted in
redistribution of wall loading downward into the remaining lower portion of the closure arc. These
modifications require the toe of the Z-sheet pile walls to bear against soils behind the closure arc
and exert considerable load. Calculations reveal that applied loads are sufficient to cause the Z-
sheet pile wall to fail at the closure arc/main cell connector. This finding is confirmed by
photographs from the 2014 Echelon survey (Ref. #4). The report noted that 6 of 10 of the closure
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arcs have significant perforation in sheet piles. Two of the 10 closure arcs have either failed or
partially failed.

The consequences of the closure arc failure are significant. Structural support to the lower
embedded portion of the z-sheet piles is immediately compromised or eliminated, with
corresponding outward movement of the soil mass and potential loss of material between the
main cell and the z-sheets. This failure would also manifest itself by the formation of sink holes on
the dock surface behind the face of the bulkhead as the retained soils behind the z-sheets move
outward and down. This appears to be occurring (refer to Figure 3-2), based on the observed
formation of sink holes and by evidence, noted in Echelon’s report, that fine grained soil has been
lost from behind the closure walls.

The Shannon and Wilson geotechnical report (Ref. #1) indicates that the repair wall sheet pile are
intended to provide vertical support to the rear of the facing beam. Loss of fill would erode at the
vertical load carrying capacity of the repair sheet pile potentially leading to local collapse of the
face beam.

Soils confined by the closure arcs stabilize the new columns supporting the face beam. Without
lateral support from the closure arc sheet pile and surrounding soil the H-Piles supporting the
facing beam may have insufficient structural capacity to support applied load.

The presence of yielding at Closure Arc 7.5 indicates high tensile forces in the closure arc sheet pile.
There is the potential that these high interlock forces could begin to compromise the main cell
sheet pile. Typically, the main cells in cellular structures are most susceptible to tension stresses at
the connection between the closure arc and the main cell. Given the extent of marine growth
(Figure 3-3), it is not known if these connector piles have been inspected for perforation or
damage.

9. RECOMMENDATIONS

Given that the bulkhead is euphemistically working on “borrowed time” it is PND’s primary
recommendation that planning for full replacement begin as soon as credibly possible. The bulkhead
does not meet required factors of safety for normal operating conditions of self-weight dead load
with surface live load and operating vehicles, and cannot withstand a design level earthquake.
Therefore, due to the age of the structure and the inspected deterioration, PND does not believe
repairing the existing facility is a viable option.

Given the failure of two closure arcs, and the poor conditions of four others, it is prudent to halt
vehicle operations in areas defined by the closure arc z-sheet pile walls and the primary cells. These
areas can be marked to prevent personnel and equipment from being inadvertently placed in areas
where sink holes have developed or where a latent void may collapse.

Failure of the primary cells is less likely based on the condition assessment of Ref. 4 though keeping a
watchful eye on the connecting tee between the closure and primary cell is wise. Rupture of the
connecting tee between the closure arc and primary cell occurred on two projects (for which PND
was retained to provide repairs) and in each case there was no obvious triggering event or advance
warning. Marking the locations where damaged closure arcs exist (consistent with Ref. #4) is
recommended given the potential of these locations to fail with limited or no warning. Monitoring
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identified areas of distress (on a monthly basis) is prudent so see if there is discernable degradation
of the bulkhead as time moves forward.
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GEOTECHNICAL REPORT
LUTAK DOCKIMPROVEMENTS
HAINES, ALASKA

1.0 INTRODUCTION

This report presents the results of our subsurface explorations, laboratory testing, and
geotechnical engineering studies for proposed Lutak Dock improvements in Haines. Alaska.
The purpose of this geotechnical study was to explore subsurtace conditions and provide
stability analyses and foundation design recommendations for the proposced improvements.
More specifically, the proposed improvements will replace the corroded portion of the existing
sheet pile structures that constitute the face of the dock. To characterize the subsurtface
conditions for geotechnical design of the improvements. seven sotil borings were advanced
within the proposed arca of development. Soil samples recovered from the borings were tested
in our geotechnical laboratory. Presented in this report are descriptions of the site and project,
subsurface exploration and laboratory test procedures, an interpretation of subsurface conditions.

and conclusions and recommendations from our studies.

Authorization to proceed with this work was received in the form ol a written contract between
Shannon & Wilson and Reid Middleton on March 18, 2002. Our work scope was conducted in

general accordance with our December 2001 proposal. The total cost ot our contract was

reduced by 4 percent to accommodate project budget restraints.

2.0 SITE AND PROJECT DESCRIPTION

The project area (Lutak Dock) is located approximately 4 miles north of Haines, Alaska. Lutak
Dock 1s located on the coast of a sheltered inlet connected to the Lynn Canal. The portion of the
dock that comprises this study is adjacent to and northwest of the Haines Ferry Terminal.
Generally undeveloped land and more shoreline 1s located to the northwest. Directly upland or
southwest of the dock is the staging area for the dock and aforementioned ferry terminal. A

vicinity map 1s included as Figure 1 that shows many of the features described above.

According to technical drawings of the site provided to us, the dock was constructed with a
single row of circular cellular cofferdams (approximately 67 feet in diameter). The upland areas

behind the cells were backfilled to create a continuous, level dock surface with an elevation of
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about 28 to 30 feet (MLLW). The seaward, wedge-shaped voids or gaps between the circular
cells were bridged with additional sheet pile walls to create a relatively flat dock face. Figure 2
shows the general geometry of the existing structures at the dock. According to the City of
Haines, segment of the sheet piles closing the wedge and in the tidal fluctuation zone (above
elevation 0 feet) are corroding at the face of the dock and fill from behind the walls 1s being lost
to the ocean. From diving surveys, we understand that the sheet piles forming the main cells and

those pile segments below MLLW filling the wedges are not in need of repair/replacement.

We understand that repair of the corroded face area will take place as five general steps:

1. cut hole in the cap beam and drive vertical H piles to firm bearing to provide intermediate

support of the cap beam in the wedge arca.

2. Drive replacement Z sheet piles inside and upland of the existing corroded sheets and H
piles to form a new. smaller. soil filled wedge between the circular cells.

7 ™y N -~ . 7 - - o " . - . AT

3. Tie in the new H and sheet piles into the concrete cap beam.

4. Cut away corroding sheets to MLLW and remove soil outside new sheet piles.

(1

Install intermediate horizontal supports to new sheets, if necessary.

These proposed improvements are also identified in Figures 2, 6 and 7.

The focus of exploration effort was to identifv the nature of the existing subsurface conditions at
the site. This includes subsurface soil conditions, especially classification of fill and native sotls
and their approximate thicknesses. In addition, geophysical work was conducted to attempt to
define offshore subbottom conditions and determine the depth to which the existing sheet piles
were driven.  As-built drawings of the sheet pile lengths are (to date) not available for this
facility. This report also presents the information that will be needed to design the proposed
above repair including lateral earth pressures, allowable pile capacities, and embedment depths.
Additionally, stability results are presented to assess dredging feasibility along with

recommendations for upgrading the staging area with a higher quality unpaved surface.

3.0 SUBSURFACE EXPLORATIONS

The field explorations for this project were conducted on February 10 through February 13,
2002. Subsurface explorations consisted of advancing and sampling seven soil borings,
designated Borings B-1 through B-7, to characterize the subsurface conditions. The approximate

locations of the borings are identified on Figure 2. The depth of the borings ranged from 21.5 to
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71.5 feet below the ground surface (bgs) to yield a total drilling effort of approximately 278 feet.
Borings B-1 and B-5 were advanced over the seaward edge of the dock while the remaining

borings were advanced through the fills behind the face of the dock.

The soils encountered were visually classified in the field according to the Soil Classification
System that is presented in Figure 3: field classifications were later verified through laboratory
analysis. Frost classifications were determined for the soil types based on visual and laboratory
evaluation and are shown with grain size classification results on the boring logs. The frost
classification system is presented in Figure 4. Detailed logs of the borings are presented in

Appendix A.

Drilling services for this project were provided by Discovery Drilling, of Anchorage. Alaska.
using a truck mounted CME-75 drilling riv.  The borings were advanced with 3-'/4-inch inner
diameter (ID). continuous-flight, hollow-stem auger. An experienced engineer from our office
was present continuously during the fieldwork to locate the borings. observe drilling operations.

recover soil samples, and log the subsurface conditions encountered in each boring.

As the borings were advanced, disturbed samples were typically recovered with a 2-inch outside
diameter (OD) split spoon sampler using Standard Penetration Test (SPT) Procedures. In this
test. samples were recovered by driving the sampler into the bottom of the advancing hole with
blows of a 140-hammer free falling 30 inches onto the drilling rod. The number of blows
required to advance the sampler the {inal 12 inches of a total 18-inch penetration is termed the
Standard Penetration Resistance, which was recorded for each sample. These values are shown
graphically on the boring logs, adjacent to the sample depth. The values give a measure of the
relative density (compactness) or consistency (stiffness) of cohesionless or cohesive solils,

respectively.

Upon completion of the borings, they were backfilled as much as possible with cuttings removed
during drilling. As part of this backfilling, 2-inch, blank PVC pipe was inserted into the entire
length of Borings B-2 and B-6 for later use by the geophysics subcontractor. The deeper borings
(B-2, B-3, and B-6) did not produce enough cuttings and backfill material was borrowed from

the City of Haines fill stockpile to completely fill these borings.

Two geophysical studies were conducted on the site by Apollo Geophysics. First, a bathymetric
and subbottom over water survey was performed along the length of the existing dock (about

1,000 feet long) extending out approximately 50 feet from the dock face. Contours from the
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marine survey were used to construct sea floor profiles of the apparent bottom (top of the

mineral soils) and apparent sub-bottom (bedrock or other bottom reflectors).

For the second effort, a conduction probe was lowered into the PVC pipes in Borings B-2 and B-
6. The intent of this survey was to determine the bottom of the sheet piles as the conductivity of
the ground near the metal piles should drop off as the probe extends below the bottom of the
sheet piles. The methods and results of the bathymetric, subbottom and in-hole surveys by

Apollo Geophysics (and their report in its entirety) are included herein as Appendix B.

An engineer from our office positioned the boring locations in the field. Representatives from

the USKH Juneau office surveved the boring locations and clevations after explorations were
complete. These surveved locations are shown on Figure 2 and the surface elevations of the

borings are presented on the boring logs m Appendix A

4.0 LABORATORY TESTING

Laboratory tests were performed on selected samples recovered from the borings to confirm our
field classifications and to determine the index properties of the typical materials encountered at
the site. The laboratory testing was formulated with emphasis on determining the materials
gradation properties, in situ water content. and frost characteristics. This data plus estimated
strength and density properties determined from Standard Penetration tests provided information

used in formulating our recommendations.

Water content tests (45 total) were performed on samples collected from the borings. Water
content tests were generally conducted according to procedures described in American Society
for Testing and Materials (ASTM) D-2216. The results of the water content measurements are

presented graphically on the boring logs in Appendix A.

Seven grain size classification tests were conducted to confirm the field classifications of the
typical soils at this site and to estimate permeability characteristics and frost susceptibility. The
gradation testing generally followed procedures described in ASTM D-422. The grain size
testing results are presented in Figure 5, and are indicated on the boring logs as percent gravel,
percent sand, and percent silt. In addition, three tests were conducted on selected samples from
our borings to determine the amount of fines passing the Number 200 (P-200) Sieve or
0.075mm. This testing was conducted in general accordance to ASTM D-1140. P-200 results

are summarized on the boring logs in Appendix A.
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5.0 SUBSURFACE CONDITIONS

5.1 Soil and Groundwater Conditions

The subsurface conditions encountered at the site are depicted in detail in the boring logs in
Appendix A. Two soil profiles (Profile A-A’” and B-B") were also created and are icluded as
Figures 6 and 7, respectively. [n general we encountered varying amounts of fill material (in the
borings advanced upland of the dock face) overlving native sands and gravels, and what 1s

believed to be bedrock at depth.

Fill material encountered bv our borings was relatively variable mn thickness and composition. In
veneral. it consisted of greenish grav, silty, sandy aravel to silty, gravelly sand. As shown in the
profiles. the {1l appears to be thickest near the face of the dock in Borings B-2 and B-6 with
thicknesses of approximately 30.5 and 42 feet, respectively. Penetration resistance values in the
[ill generally ranged from 10 to 57 blows per foot, averaging around 20 blows per foot. This
suggests the fill has an average medium dense consistency. This material is also classified as
shightly to moderately frost susceptible (F1 to F2) due to the amount of silt or fines shown in
Figure 5. From cutting returns and relatively rough drilling action, the presence of cobbles to 6
inches in diameter could possibly exist in the fill materials, however, this larger material is

probably not significantly persistent through the fill soils.

Native sotls. primarily slightly silty, gravelly sand, and shehtly silty, sandy gravel. encountered
by our borings tended to be similar to the fill material, however, according to our boring logs and
laboratory testing, it appears that they are somewhat cleaner, containing a smaller fine gramed
fraction. During sampling, the native soils exhibited minor heaving at the bottom of the auger
during driiling. This is another indication of low soil cohesion and less silt content. The native
material encountered by our borings was generally dense with an average blow count value of 30

blows per foot. Average moisture content of native soils was around 10 percent.

In the two borings advanced over the face of the dock, similar native soil conditions were
encountered to those found in the upland borings. The only significant difference was a layer of
soft, black, decayed organic “‘muck” or organic debris on the sea floor. This layer was
approximately 9 and 3 feet thick in Borings B-1 and B-5, respectively. A similar organic layer,
likely representing original ground, was also found at the interface of the fill and native soils in

Boring B-2, though greatly compressed and only about a foot thick. Where it is offshore, it is
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likely bark and timber slashing dumped off the dock to clean up the upland storage area when it

was used as a timber/log loading facility.

Possible bedrock was encountered at the bottom of Borings B-5 and B-6 in Figure 7. Auger
refusal was reached on each of these borings. Additionally, samples attempted at each location
met strong sampler refusal. With each hammer stroke, the rods and sampler appeared to be
bouncing on a solid surface. Unfortunately, had both these borings been drilled early m the
program where the possibility of bedrock existing at relatively shallow depths would have been
recognized. other borings could have been carried deeper to better define these conditions across
the site.

Groundwater conditions in our borings varied across the site and are dependent on the
fTuctuating tides. As shown in the profiles in Figures 6 and 7. water levels in the borings ranged
from 17 to 23 feet bus in the vicinity of the cofferdams. It should be noted that, because of the
proximity of this site to the tidal waters of the Lynn Canal, the groundwater level can be
expected to fluctuated as much as 6 to 10 vertical feet at the dock face with the progression of

the tide cvcles, but probably much less (less than 5 feet) at greater distances back from the face.

5.2 Geophyvsics Results

The findings of geophysical studies performed by Apollo Geophysics can be found in their
report in Appendix B, In general, the study concluded that the existing sheet piles near Boring
B-2 and B-6 were driven to 64 and 35 feet below the level of the dock, respectively. According
to the bathymetric survey results, the sea floor elevation at the face of the dock ranges from
around -35 to -8 feet. The subbottom profiles generated by the overwater survey show a strong
reflective layer (possibly bedrock) continuously across the face of the dock. The elevations of

this layer fluctuated from -70 to -35 feet.

6.0 ENGINEERING RECOMMENDATIONS

We understand that the rehabilitation of the dock structure will consist of several major
adjustments: 1) a new bridging sheet pile section is to be driven approximately 12 feet upland of
each of the existing closure arcs, 2) h-piles are to be driven through the existing concrete pile
caps at the face of the dock for cap support between the cofferdam and existing closure arcs are
to be removed along with the soil behind them to an elevation of approximately O feet, 3) a pile

supported fender system is to be constructed in front of the dock face, 4) the working surface of
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the dock is to be reconstructed. In addition to these structural improvements, the sea floor n
front of the dock is to be dredged to an elevation of approximately -36 feet. The following
sections provide geotechnical engineering recommendations regarding each aspect of the project

described above.

6.1 Pile Recommendations

6.1.1 Sheet Piles

New sheet pile walls are to be constructed approximately 12 feet behind each of the existing
closure ares at the dock face. [t is our understanding that the tops of the new Z sheets will be
attached to the existing concrete cap beam as an upper restraint.  After the sheet pile walls are
constructed. the existing closure arcs (and the soil behind them) will be removed down to an
clevation of 0 teet. This will create a free-standing height of the new Z sheets of between 20 and

25 feet. It is our understanding that, in addition to lateral loading from soils in the new wedge,

the sheets will also support a vertical load of approximately 12 kips per linear foot of wall.

The sheet pile wall will derive vertical capacity primarily through tip bearing and as friction in
the embedment soils below Elevation 0 feet. According to our analysis, the piles should be
embedded to a tip elevation of -15 feet. This allowable capacity contains a factor of safety of 2

on the ultimate vertical capacity.

The recommended lateral earth pressures for the design of the new sheet pile wall segment
between the circular cells are presented in Figure 8. These pressures assume that the free
standing portion of the Z sheets retaining the soil will be tied into the cap beam and driven to a
depth that will resist toe kickout. This lateral pressure also recognizes that part of the soil in the
active wedge behind the wall will be supported within the circular cells and thus will not develop
on the face of the new wall. Based on tidal fluctuations, water will collect behind the wall and at
low tides will add hydrostatic forces on the wall. In adding hydrostatic pressures over the
drawdown zone, the buoyant weight of the soil should be assumed in this region. Also any
surcharge or live loads likely to occur from storage of equipment or supplies should also be

added to the above pressures.

To resist toe kickout, the bottom of the sheet piles must be driven far enough below Elevation 0
feet to mobilize enough passive earth pressure from the soil immediately below the top of

remaining closure arc steel not cut away, and into deeper soils that are completely confined. For
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design. we recommend that this passive pressure be taken as an equivalent fluid pressure of 200
pef in the top 6 feet below Elevation 0 feet and 400 pef below this. These pressures include a
factor of safety of 1.5 or more, but assume that the steel in the existing closure arc is adequate to
resist these loads recognizing that dredging to Elevation -36 feet is well below the bottom of
these sheet piles. Our preliminary calculations suggest that the embedment depth is about 10
feet, or 5 feel less embedment than required to support the 12 kip vertical line loads. The added
embedment depth for vertical loads will thus control in the design, meaning the increased
embedment is more than adequate to satisfy lateral load requirements or resistance against toe

kickout,

6.1.2  H Piles

In determining the vertical capacities of the new H piles supporting the concrete cap beam and
edge live loads. we assumed that the piles were driven through fill and native soils behind the
existing dock face to an elevation of -33 feet. Since the H piles will be driven behind the
existing closure arcs and derive support starting at the cutaway portion of the existing closure
arcs (Elevation 0 feet), the calculated capacity must rely on the continued hoop support of the
closure arcs below Elevation 0 feet. According to our analysis, the allowable vertical capacity of
the proposed HP14x89 piles is 70 kips if driven to -55 feet elevation. This value 1s low
compared to the nearly 400 kips that is desired. In addition to the HP14x89 piles, analyses were
run on two larger H piles, 18 and 24-inch, to determine if the desired capacities could be
achieved at the desired embedment depth. Allowable capacities for a 22-inch. closed-ended pipe
pile were also estimated for this purpose. The allowable pile capacity curves for cach pile size
are shown on Figure 9. While the capacities were increased somewhat using larger piles, none of

them approached 400 kips.

In order to achieve the desired higher pile capacities, the depth of embedment of the piles will
need to be extended further than our deepest boring where bedrock or other soils exist. It is our
opinion that if piles are carried to bedrock, an allowable capacity of 400 kips could be used for

design if the steel stresses are within tolerable limits.

Profile C-C’ shown on Figure 1 was prepared in an attempt to estimate the possible depth to
bedrock. The location of this profile is shown in Figure 2. Our borings show rock, defined by
auger refusal, to be about Elevation -45 feet at the dock face in Profile B-B” and greater than
Elevation -60 feet at Profile A-A’. Superimposing an average band of 5 feet for organics on the

Apollo Geophysics subbottom thickness data indicates that bedrock, or a dense reflector 1s

GEOTECHNICAL REPORT April 2002
Lutak Dock Improvements Page 8
Haines. Alaska 32-1-01482



SHANNON & WILSON, INC.

continuous across the dock face and may lie between Elevations -35 and -70 feet. This data is in

general agreement with our drilling data at Profiles B-B” and A-A’.

Even though these geophysical data shows reasonable agreement between borings, geophysics is
an interpretive tool for plaﬁning and should not, in our opinion, be used to estimate pile lengths
for final design without more solid information to confirm continuity between borings. To
confirm this continuity for estimating pile lengths, we recommend that probe holes be drilled at 3
additional locations along the dock face to determine refusal. At two of these locations. the
nature of the bedrock should confirmed by drilling spot rock cores. Spot cores are 5-foot core
runs to determine that rock is present and strong enough to accommodate the 400 kip loads and

not a boulder.
6.1.3  Pipe Piles for Fender Systems

According to plan drawings provided to us, a new fender system is proposed for the face of the
dock to accommodate horizontal ship loads. Each fender generally consists of two 22 142 nch
adjacent piles (with conical driving tips) driven off of the dock face. The plan shows the piles
connected to each other via a durable, rigid plastic face and the top of each pile will be
connected to the dock with a large shock absorber. Our analysis of these piles takes mto account
that a limited amount of horizontal deflection will be allowed by the shock absorbers at the top
of each pile. It also accounts for the fact that total force on the piles is shared by both shock
absorbers and foundation soils at the top and bottom of the piles. respectively. Estimated
deflections and anticipated lateral forces were provided by Reid Middleton for our analysis.

Because these fender piles will be rigidly attached to the top of the dock face, we believe some
degree of fixity is needed at the bottom of the pile to accommodate toe kick-out. To analyze this
condition, we assumed a maximum deflection of 6 inches at the top of the pile (‘e‘levation 28.5
feet), and a shear force acting on the piles of 10 kips at Elevation 20 feet. Under these boundary
conditions, we recommend that the piles be driven a minimum of 15 feet into the dense, sandy
gravel to gravelly sand soils encountered by our borings in front of the dock. This depth does
not achieve complete pile fixity, however, it is our opinion that it will allow enough resistance so

that the pile tips will not lose lateral resistance at their tips under repeated loading.

According to the provided plans, the ocean floor in front of the dock is to be dredged to an
elevation of -35 feet. Assuming that this dredging completely removes the very soft, decaying

organic layer encountered by our two off-shore borings, a 15-foot embedment into the
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underlying granular soils will make the elevation of the pile tip approximately -30 feet. Based
on Figure 10, it is apparent that some areas over the dock face may have bedrock conditions

shallow enough to prevent the above embedment.
If rock is too shallow. we recommend that the driven piles be seated in or anchored to the
bedrock to create additional lateral resistance. This may be accomplished by several possible

methods including:

I. Predrilling the rock and physically anchoring them .

(R

Installing an h pile stub on the tip with a rock driving show and drive the pile until some

D

embedment 1s achieved.

(S}

Drilling through the pipe pile into the rock and installing rock anchors below the tip.

As stated previously. we recommend that additional probe holes be advanced off of the dock
face to confirm the depth and nature of the bedrock. Once cores of the rock are obtained. it

should be possible to determine which of the above anchoring methods are best suited for this

project.
6.1.4 Pile Driving

For the above piles. we recommend that a pile driving hammer having a rated energy ol about
50.000 foot pounds be used for the above piles. Hammers with greater or less than the above
value could be used provided the contractor can demonstrate that he can drive the piles to the
desited embedment depths without damage to the piles. Piles driven to bedrock will meet refusal
once the pile tip contacts and penetrates the upper foot or more of bedrock. Refusal on or within

bedrock should be considered to occur when driving resistance exceeds 20 blows per inch.

As shown in Figure 10, the elevation of the bedrock surface varies from -40 feet to -65 feet. For
this reason, we recommend that the previously described probes be advanced behind the dock
face to confirm the bedrock elevations assumed in this report. We also recommend that a
continuous driving record (in blows per foot) should be taken for the entire depth of all
constructed piles. Shannon & Wilson is available to perform these observations or to provide

on-call consulting services as conditions are encountered that need to be evaluated.

6.1.5 Pile Setftlements
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According to our borings, the embedment soils are largely dense and granular and many of the

piles driven for the proposed improvements will be driven to bedrock. Therefore, it is our

opinion that total statically induced settlements of piles supported in the native sands and gravels

would be small, generally on the order of Y-inch or less. Because of the dense, granular nature

of the native soils, the differential settlements for piles founded on soils driven adjacent to piles

founded on bedrock should be about half of the above total value. Piles driven to bedrock should
1/

be subject to settlements less than Y4-inch. Most of these settlements will occur nearly as fast as

the foads are applied such that long term static settlements should be negligible.

6.2 Dock Resurfacing

It 1s proposed that the unpaved surface of the dock is to be resurtfaced with the new gravel
section to provide a smooth, well drained staging area for containers, dock machinery. etc....
We understand that the current dock surface performs poorly during spring breakup and periods
of high rainfall. Water collects in large puddles causing soft surface conditions and deep rutting.
We believe that the poor dock performance is due to the generally low quality fills penetrated by
our borings in the upper 2 to 3 feet under the dock surface. Our borings encountered a relatively
silty, sandy fill material with small amounts of gravel. [t is our opinion that the upper levels of

the existing fill should be replaced with a more gravelly fill with less fines.
6.2.1 Subgrade Preparation

Before reconstructing the dock surface, steps should be taken to prepare the site to receive the
new structural fill material. Assuming that the design grade of the new dock surface is to be
approximately the same as the existing swrface, the upper 2 feet of existing material should be
excavated and disposed of off site. The exposed subgrade should then be examined and probed

to detect possible loose or soft zones that may be present.

Special attention should be given to identification of potential areas of high organic
contamination in the existing fills. We understand that the dock was used extensively in the past
for logging purposes and that the potential for related detritus (wood chips, sawdust, timber,
bark/slash, etc...) is relatively high. If persistently loose or organic rich zones are detected at the
subgrade level, we recommend that these areas be excavated locally and replaced with
compacted Select Material Type A structural fill. A description of the recommended structural

fills and compaction procedures are presented in Section 6.2.3.

GEOTECHNICAL REPORT April 2002
Lutak Dock Improvements Page 11
Haines, Alaska 32-1-01482



SHANNON & WILSON, INC.

Once the subgrade is exposed and repaired as described above, it should be sloped at a 2 percent
grade to allow for drainage to the edges of the dock to prevent ponding in the structural fills to
be placed on the subgrade. The final subgrade surface shouid be “proof-rolled” with several
passes of a vibratory roller to provide a firm surface to receive the structural fill material. This
process should compact the existing fill soils that may have been disturbed during the

preparation processes described above.
6.2.2  Structural Section and Drainage

We recommend a 24-inch structural fill section to be placed above the preparcd subgrade. In

descending order. this section should consist of 6 inches of surface course (C-1 Aggregate) over
18 inches of base course (Select Material Type A). The recommended structural fill material
along with compaction procedures are described in Section 0.2.3. We believe that this section
will provide adequate support for the anticipated loads imposed by dock equipment. vehicles.

and containers.

To provide for adequate drainage of surface water on the new dock surface, we recommend that
the final grade of the dock surface be constructed to maintain the drainage paths set by the
prepared suberade toward the edges of the dock. In other words. all points of the surface should
be sloped to a 2 percent grade to allow water to shed away from the dock surface toward the
edges of the dock. Doing so should prevent possible ponding and soil softening during spring

break-up and periods of high ramnfall.

As long as this unpaved surface does not become contaminated with silt or organics with use, the
above design section, in our opinion. is suitable for future direct paving with asphalt. [f the
surface becomes contaminated with use, it should be removed locally and upgraded to the above

section before paving.

6.2.3 Structural Fill and Compaction

Structural fill will be required for the reconstruction of the dock surface. Classified structural fill
that is placed should be clean, granular soil to provide drainage and frost protection. These soils
should contain less than about six percent (by weight, based on the minus 3/4-inch portion)
passing the No. 200 sieve. Both C-1 Aggregate and Select Material Type A mentioned in the
recommended structural section meet these requirements. The gradation requirements for each

of these materials are shown on Figure 11. A detailed description for Select Material Type A
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can be found in Paragraph 1 of Section 703-2.07 of the ADOT&PF’s Standard Specification for
Highway Construction. A detailed description of the C-1 material is also specified in Section
703-2.03 of the above reference. According to our borings, the on-site silty sands and silty
gravelly sands do not meet the requirements for either the base course or surface course

described above.

Base course to be used in the reconstruction of the dock surface should be placed in lifts not to
exceed 10 inches loose thickness, and compacted to 95 percent of the maximum density as
determined by the Modified Proctor compaction procedure (ASTM D-1557). To construct the
surface course laver. the material should be placed in two 3-inch lifts. Compact the first lift so
that the coarse aggregate partly embeds its way into the sandy subbase materials to develop a
strong hottom lift. Place the second lift and compact to 95 percent of the maximum density as

determined by the Modified Proctor compaction procedure (ASTM D-1557).

6.3 Cofferdam Stability

To determine the existing dock stability and the stability of the dock after the proposed
improvements are constructed. a generalized profile was analyzed using a Windows compatible
computer-aided program, GSTABL7, Version 2. GSTABLE7 1s a two dimensional, limit
equilibrium slope stability program used with STEDwin, a graphical user interface to evaluate
and print out the results. The summarized results for each static analysis are included as Figures
12 and 13, respectively. Stability results under dynamic (earthquake loading) are exhibited on

Figures 14 and 15, respectively.

Several assumptions were made to carry out the stability analysis. Approximate soil parameters
were determined for the soil conditions depicted in our borings. These parameters are listed on
the attached stability output graphs on Figures 12 through 15. In addition to soil parameters, the
bedrock profile was assumed given the limited data provided by our field investigation and
geophysical results. It was assumed that the existing sheet piles for the cofferdams were driven
to a tip elevation of -46.5 feet at the dock face and -36.5 feet at their upland extents. Final dock
geometry after the proposed renovations was interpreted from a set of preliminary plan sheets
provided by Reid Middleton. Lastly, a seismic loading coetficient of 0.1g was assumed for

stability analysis under earthquake (dynamic loading) conditions.

Because of the existence of shallow bedrock and the presence of the cofferdam structures, we

believe that if this structure were to fail, it would do so as a block confined by the closed cell
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cofferdam. In defining the case parameters, failure zone initiation points were designated at both
the toe and head of the dock, and a probable failure zone beneath the sheet pile cells was
assumed. When initiated, the computer program randomly searches for a failure surface (in this
case, through the predetermined failure zone beneath the cofferdam) and calculates the factor of
safety for each possible failure surface given the above listed assumptions. The ten most critical
failure surfaces produced are then detailed in the program output. Static analyses output are
displayed on Figures 12 and 13 and dynamic loading analyses results are included as Figures 14
and 15. The most unstable surface generated for each analyses are marked “a” and are drawn in

red on each figure. The resultant factors of safety for critical surfaces are presented in the table
in the upper left hand corner of each of the figures. It should be noted that (due to limitations in
the analysis program) the elevation scale on the right side of each figure have been adjusted so
that none of the point or line coordinates would have a negative value. Therefore. MLLW

(Elevation 0 feet) appears as Elevation +70 feet on these four figures.

The results shown from the stability analyses clearly indicate that the existing dock structure is
stable under the assumed static and dynamic loading conditions. According to our analysis, the
change in the stability factor of safety, from the existing structure fo the structure after
improvements are made, is very small. We believe structural enhancements including additional
structural support gained by new H and pipe piles and some unloading of the head of the slope
(removal of closure arcs and soils) counteract some of the stability lost due to dredging at the toe

of the cofferdams.

Because the bedrock elevation in the area was observed to be somewhat variable, the model was
altered to determine the sensitivity of stability with varving bedrock conditions. This sensitivity
analysis revealed that the stability of the structure did not significantly change as the bedrock
clevation was lowered. In addition, the factor of safety of the structure against sliding increased
as the bedrock elevation increased. When the top of the bedrock approached the bottom
elevation of the existing sheet piles, the factor of safety (under dynamic loading conditions)

increased to over 2.0.

6.4 Dredoing Considerations

As mentioned previously, dredging of the seafloor directly in front of the dock will take place as
part of the improvements to the existing dock. According to the available preliminary drawings,
the proposed elevation to which the floor will be lowered to is approximately -35 feet. This

clevation has been marked on the soil profiles on Figures 6, 7 and 10. On preliminary drawings,

GEOTECHNICAL REPORT April 2002
Lutak Dock Improvements Page 14
Haines, Alaska 32-1-01482



SHANNON & WILSON, INC.

the elevations of the existing sheet piles are represented as -40.5 feet. For the purposes of
performing the above stability analysis on the proposed improvements, we assumed that the
elevations of all of the sheet pile wall tips are -46.5 feet. It is important the note, however, that if
this assumed elevation is not correct, and the existing cofferdams are in fact undermined by
dredging, the stability analysis performed above would not apply. Undermining could cause
significant subsidence in the dock surface and capacities of the new piles would be adversely
affected especially lateral resistance in the new sheet piles. To assure that dredging below the
front tips of the existing sheet piles will not occur, we recommend that initial dredging be carried
out in a few local areas to Elevation -40 feet at the face. This should be followed by diving to
confirm that the sheets are present at those depths. Once confirmed, wider spread dredging may

take place.

According to our borings and the geophysical results summarized in Figure 10, the material to be
removed by dredging will consist of mostly sandy gravel to gravelly sand. Soil classifications
indicate that these soils are relatively clean with a low silt content (estimated at less than 10
percent). In addition to the granular soils, the soft organic layer encountered by both offshore
borings will be dredged from the bottom. Using several cross sections provided by Reid
Middleton, and the cross sections in Figures 6 and 7. we estimate that. of the total amount of

dredged material, 15 to 25 percent will be this soft, organic matter.

Figure 10 shows that the rock surface may also be encountered at a few locations. Since this
rock surface only rises a few feet above Elevation -35 feet. we expect that dredging in these
areas will stop when and if rock is encountered in these areas. The recommended five probes.
described previously, should help further provide confidence as whether bedrock will or will not

be encountered during future dredging.

7.0 CLOSURE AND LIMITATIONS

The analyses, conclusions, and recommendations contained in this report are based on site
conditions as they presently exist. It is assumed that the exploratory borings are representative
of the subsurface conditions throughout the site, i.e., the subsurface conditions everywhere are

not significantly different from those disclosed by the explorations.

If, during construction, subsurface conditions different from those encountered in these and prior
explorations are observed or appear to be present, Shannon & Wilson should be advised at once
so that these conditions can be reviewed and recommendations can be reconsidered where
necessary. If there is a substantial lapse of time between the submittal of this report and the start
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of work at the site, or if conditions have changed due to natural causes or construction operations
at or adjacent to the site, it is recommended that this report be reviewed to determine the

applicability of the conclusions and recommendations considering the changed conditions and
time lapse.

We recommend that we be retained to review those portions of the plans and specifications
pertaining to earthwork and foundations to determine if they are consistent with our
recommendations. In addition, we should be retained to observe construction, particularly the
driving of piles at this site.

Unanticipated soil conditions are commonly encountered and cannot fully be determined by
merely taking soil samples or advancing borings. Such unexpected conditions frequently require
that additional expenditures be made to attain a properly constructed project. Therefore, some
contingency fund is recommended to accommodate such potential extra costs. Shannon &
Wilson has prepared the attachments in Appendix C “Important Information About Your
Geotechnical/Environmental Report” to assist vou and others in understanding the use and
limitations of the reports.

Sincerely,
SHANNON & WILSON, INC.

Prepared by, Reviewed by,

Kyle Brennan Fred R. Brown, P.E.

Geotechnical Engineer Senior Vice President
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GRADATION REQUIREMENTS

SELECT MATERIAL TYPE A
PERCENT PASSING-

u.s. STANDARD SIEVE SIZE BY WEIGHT
4in. 100 mm 100
2in. 50 mm 85 - 100
No. 4 475 mm 20 -55
No. 200 0.075 mm 0-10

C-1 AGGREGATE

PERCENT PASSING

U.S. STANDARD SIEVE SIZE BY WEIGHT
1.5in. 37.5mm 100
1in. 25.0 mm 70-100
3/4 in. 19.0 mm 60 - 90
3/8 in. 9.5 mm 45 -75
No. 4 475 mm 30-60
No. 8 2.36 mm 22 - 52
No. 40 0.425 mm 8-30
No. 200 0.075 mm 0-6

NOTE:

Gradation requirements referenced from
Paragraph 1 of Section 703-2.07 of the
ADOT&PF's Standard Specification for
Highway Construction.

ingra/Gambell Street Rail Overpass
Anchorage, Alaska

GRADATION REQUIREMENTS
February 2001 32-1-01384

E ll'SHANNON & WILSON, INC. Fig. 11

Geotechnical & Environmen tal Consultants




.
SIUD3INSUOD IDILUIRIDAAUT 3 10DULIII0IY
o |5 ns
2| A [ONE ‘NOSTHM 8 NONNVHS —

Z8¥10—-L-2¢ Z00Z 14y
IHUNLONHLS ONILSIXT — ALITEVLS DILV1S 191=US 3 2A £1891SO

D¥SDly ‘SSUIDH 0 < Y300 1yd § D JO 350D Yy JOj POUIAW NOUD PaIAuWS 34l Ag P3IDINDIOY Sy 54030 4 SEFAUN
sjyuswaroudwy %20g ¥DINT

00g 0Le 0¥ o1e 081 0S1 0ct 06 09 o€E 0

£ .
2 ® - L&A
£ o \ / L €97 Y
o 2 2 4 £31 6
] €91 3
L mm 1n 0Sy 000001 USEl  00SI ¥ H004p3g 291 2 4 oul
H 1 06E 00 0001 0sEL £ 9AIRON 191 P
n OEE 00 006 o6el 2 nJ 191 5
|5 00 00 089 008 1 K SO
oN  (Bops ¢35d) (42dy  ¢3ddy ON 9T g
3503ung  21Buyidaduaiul  IM ILNAA WUN 3dAL IS 9y ©
‘ZAGUOR DI UOISIYOJPIIDINIDS 10301 1OS 108 S #
) . A
| | i | | t } t ovl

34n3oNnu3s Buipsix3y —— A3N003S 213033




A
SIUDLINSUDT (DIUNRMOMALT T 10HMY3II0I0
Old |- ¢ -- _—
¢l 4 |"ONI ‘NOSTTIM 8 NONNVHS —

Z8¥10—-1-2¢ Z00zZ mady
SINIWINOYUWI ¥3L4Y -- ALITIEVLS J1LVIS

DYSD|Y 'SSUIDH
sjyuawdaoadw] ¥20(Q %oy

0og 0se ove

6ST=UMS 4 2'A LTEVISO

0 < Y100 1yd 3 D 4O BSDD AU} 404 POURSW NAUDr Pagnduis 3yl Ag PIIVINDVY 3.4y 5403304 ISTFLIN

012 081 0G1 021 06

09

R > £ 1LE
£]___—o B
£ v i
£ F
/ M 1) tm
o - 5 .
o 3 £91
\ 2/ €91 Y
o 2 £91 6B
m \ﬁ 0 00 00 €0 £0  § 3310A0IX3 291 3
= 5 oY Im oSy 00000 0SEl 0051 v >304pag 291 o 4
A m D6 00 000 DSEl  E 3ARON 091 P
m oEE 00 ooe  opsal 2 i S5
1m0 00 p8y 008 1 W 091
oN  (Bap) 459 (4ody (399  ON g9t o
3504ung  21Buy3dadcusiu] A MMM N 0K "I53g 651 ©
ZAJUOIRIIAJ UDISIYOJPIVUNI DY 1°30] 1O§ 08 WI.._ #
| 1 1 | | “ t t

SIUBWBAOUdW] 4313y -- ARNIYOLS I3RS

0L-

ov~

01-

08

o1t

ovl




AN
SIUDLINSUDT I0IUILUOMAUT § 10UYDIL0IT
old | ¢ —- _
Vi 4 7ONI 'NOSTIM 8 NONNVHS —

8v10-1-2¢ Z00g iHdy

JHNLONYLS ONILSIXT —- ALITEVLS JIWYNAQ
22'1=uUS 4 2'A LTEVYLSH

OXSD|Y 'SSUIDH 0 < U300 1yd § D JO 3SVD Y} 04 POUISW NOUDN PalNduIS oyl Ag Pa10NDID] Suy $403D04 A3340S
sjuswanocsduwi %20Q ¥oinT

00E 02 ove 012 081 0S1 021 06 09 0g 0

!
/7 o
® 8]
w gl 4
- w i oGy  DODOOI 0GEL 0061 ¥ 20upag ce1 e H o
U In 06E 00 DODI  OGEl  E IMAON J21 P
m 0EE 00 006  O6el 2 wi 221 o
A 00 0D 089 008 1 HONW
‘oN  (Bapy (35¢> 398 (33 ON 221 @
8 goto Mb3 z1woH||so0suns  #iBuyidadaaiul A AMNIA JUN adAy 253( 221 ©
| | | , 3NOA _uoo._ .nm_acm_uutu co_mmc_ouuwvegaaom douoh_ oS oS S4q k-4
. . . . 1 O¥l

aun3onurs Buirsix3z —— A3Ni003S DIWOUA(]




4

SIUDINSUC] |DJUILUIDLAUT 3 10043049
o |5 n=
Sl 4 {"ONI ‘NOSTIM 8 NONNVHS 7

Z8Y10~-1-2¢ Z00Z widy
SINTWIAOUAWI 314V =- ALITIBVLS JINVNAQ 221=uuS 4 2A £7EYLSO

DYSDjY 'SSUIDH

A A
Syuswanodw| 900 AOINT 0 ¢ Y300 IYd B D 3O BSDD S} O3 POUIIW NOUDT PAFNTUIS 34l A PSIVINDIO] 34y 5403304 433408

oog 02 ove o1e 081 0S1 0ecl 06 09 0g 0

v |
31
€
- - 0%
o Eo & L E
e} o B
£ “ ™
£ +
[T M 0.y P
L °l F 08
® A b Gl !
2 B .
/ , , 21 Y
gzl o
\W o 0 00 00 €0 €0 § 910ADIX]) G2l 4
L =23 1A OGSy 000001 osEl 00l ¥ 1204pag p21 2 H ol
E In O6E 00 0001  O0GEl € 2ARON co1 P
Im OEE 00 006 o0gal 2 ny 250 o
[0 00 00 089 o008 ! HOOW c w ] -
oN  (6ap) [FELH ¢33dy (32 ON Er-R
>6 0010 ¥b3 Z1uoH|[9o0suns  Buyidadudiul s IMNIA N auk} 3%3( 221 o
anoAa poon ‘ZIJUONL DI S UDISIYOJPIAFVANLDS  1030) IO oy S #
| | i 4 s } : “ ovl

SpUsWaA0UdU] UdY Gy —-— ARNIGORS DiwouA(g




APPENDIX A

BORING LOGS




SS&WGEQ1 LOG A1482.GPJ S&W GEO1.GDT 4/12/02

MATERIAL DESCRIPTION sl § v, I Penetration Resistance
|8l = § e = (140 Ib. weight, 30" drop)
_ gla % 55 & A Blows per foot
Elevation: Approximately -28 Ft. [ w v ) 0 25 50 75 100l
Very soft, black, non-fiberous organics. Top AN g
. AN N
of layer approximately 56 feet below grade of o o
dock. No samples attempted in this material, o z 5
not strong enough to support weight of rods or o™ %
augers. Material type confirmed when augers oo ﬁ -
were retrieved from the hole. ' DTé 10
. . o
Medium dense, black, slightly silty, sandy )
GRAVEL; wet Ne!
o5t [ 15 —A®
D,
h O B
Transitioning to tan coloration below 19 feet )‘]O s2 [ 20 —@—A—
below surface 2.0 |2 :
S2: Gravel = 50%, Sand = 42%, Silt = 8% (F1)/— O
Medium dense to dense, gray, slightly siity, e ss | 25
gravelly SAND; wet )b
(] ;
o fsa [ 30| @ A
315 faid
Bottom of Boring
Boring Completed February 13, 2002 35
40
45
50
56—
60
65 |-
70
LEGEND 0 25 50 75 100r
) ® °% Water Content
*  Sample Not Recovered < Ground Water Level At Time Of Drilling Plastic Limit |—@—{ Liquid Limit
: astl el igul mi
. . ¥ Static Water Level Natural Water Content
T° 2" 0.D. Split Spoon Sample
NOTES
1. The stratification lines represent the approximate boundaries between soil types, Lutak Dock Improvements
and the transition may be gradual. Hai Alask
2. The discussion in the text of this report is necessary for a proper understanding of aines, Alaska
the nature of subsurface materials.
3. Water level, if indicated above, is for the date specified and may vary. LOG OF BORING B-1
April 2002 32-1-01482
aumERE SHANNON & WILSON, INC. :
=|I' nical and Environmental G Fig. A-1




S&WGEQ1 LOG A1482.GPJ S&W GEO1.GDT 4/12/02

MATERIAL DESCRIPTION Tls 0 o . T Penetration Resistance
TE S =gl 2 5% ¢ (140 Ib. weight, 30" drop)
g1a % ) = g A Blows per foot
Elevation: Approximately 29 Ft. o n 0 0 25 50 75 1OOJ
Medium dense to dense, brown, slightly silty, Oo\é :
sandy GRAVEL; moist to wet (FILL) D
Ne!
Lofst T e a
D ‘
. s 10
Below 10 feet bgs, some layer of greenish ofYs2 [ ) A
gray colored soils are observed in the samples ;OQ
2
oY T 5—¢ A
Ke)
;! ., T . )
Medium dense to dense, brown, slightly silty, 220 1 g
gravelly SAND; wet (FILL) o ; g 25
S5: Gravel = 17%, Sand = 77%, Silt = 6% (F1) )O s | z ® A
Sands heave 5 feet into auger before taking d %
Sample S5 . T - 30 '\
Sands heave 10 feet into auger before taking \‘;
Sample S6 S §
Medium dense, brown, slightly silty SAND; wet s7 [ 35 »
C\(FILL) =<
Soft, black decaying organic matter. Found in 375 o)
\the shoe of Sample S7. Thickness interpreted o s | 40 ®A
from smooth drilling from 36.5 to 37.5 feet aQ '
lbgs. ) s 45
Loose to dense, tan to gray, slightly silty, :DOQ so [ ® A
" sandy GRAVEL to slightly silty, gravelly o)
SAND; wet D, | 50
Sands and gravels layered relatively thinly (1 ;Q S a
to 3 feet thick) as determined by relatively o)
. SEps . (o]
irregular drilling action LO|st T 55 -
o
o
. = AEO — A0 = Q0 L O 60
S12: Gravel = 45%, Sand = 47%, Silt = 8% TR [ A
(F2) D,
L O 65 Refusal: 58 blows |n 9 inches
Sands heave 5 feet into auger before taking o[- @
Sample S13 ©
L Q)
70.0 == 70
Bottom of Boring - _
Boring Completed February 12, 2002 B} .
LEGEND 0 25 50 75 100}
S le Not R d v G d Water Level At Time Of Drill ® % Water Content
* ample Not Recovere y round Water Leve ime rilling o o
¥ Static Water Level Plastie Ll\[lrgtltJrS;Nater Conlzelaqn‘;ld Kt
T 2"0.D. Split Spoon Sample
NOTES
1. The stratification lines represent the approximate boundaries between soil types, Lutak Dock Improvements
and the transition may be gradual. .
2. The discussion in the text of this report is necessary for a proper understanding of Haines, Alaska
the nature of subsurface materials.
3. Water level, if indicated above, is for the date specified and may vary. LOG OF BORING B-2
April 2002 32-1-01482
- SHANNON & WILSON, INC. .
=“', techmical and Ervi | Gonsul Fig. A-2




SRWGEQ1 LOG A1482.GPJ S&W GEC1.GDT 4/12/02

MATERIAL DESCRIPTION el S 0 o . 0 Penetratio.n Resistance
=gl = S8 ¢ (140 Ib. weight, 30" drop)
a|sl E e =2 o A Blows per foot

. A oAl 8 0 o p
Elevation: Approximately 29 Ft. O = 0 25 50 75 100l
Very dense, gray, silty, gravelly SAND; moist o
(FILL) o v
B 5 Refusall 60 blows in 10 inches
S1: Silt = 20.4% (F3) , % $1-+ ® A
- 0
Loose to very dense, greenish gray, silty, %
sandy GRAVEL to silty, gravelly SAND; moist ) —_ 10 Y
(FILL) | O s2_|. o
o ()
S3: Gravel = 35%, Sand = 45%, Silt = 20% D)ss T Pra
(F3) of
p - - 19.0 1§ -
Medium dense, greenish gray, silty, gravelly 000 s T 20 ® A
SAND to silty, sandy GRAVEL; moist to wet )O" g ‘ ‘
(FILL) Yo} E
Sand and gravel sized patrticle fractions for )o@ ss | g{ 25 Y
Samples S4 through S7 are relatively equal. ’OQ =
> g
o) 3 30
b 1se | oA
O
o ()
o {57 I 35 . A
Medium dense, black, slightly silty, gravelly 370 5%
SAND, wet o —— 40
s8 | @
[o2
b 45
S9 oA
Sand heaves 3 feet into auger before taking 465 |~ L
Sample S9
Bottom of Boring 50
Boring Completed February 10, 2002 )
55—
60
65
70
LEGEND 0 25 50 75 100§
S le Not R d v G d Water Level At Time Of Drilli ® % Water Content
* e NO ec e
amp over o rogn ater Leve me g Plastic Limit |—@— Liquid Limit
¥ Static Water Level Natural Water Content
1. 2" 0.D. Split Spoon Sample
NOTES
1. The stratification lines represent the approximate boundaries between soil types, Lutak Dock improvements
and the transition may be gradual. .
2. The discussion in the text of this report is necessary for a proper understanding of Haines, Ala,Ska
the nature of subsurface materials.
3. Water level, if indicated above, is for the date specified and may vary. LOG OF BORING B-3
April 2002 32-1-01482
NN SHANNON & WILSON, INC. .
=“' ical and Environmental Consul Fig. A-3




SRWGEO1 LOG A1482.GPJ S&W GEQ1.GDT 4/12/02

MATER'AL DESCRIPTION E "6 g T E Penetratioln Resistance
|8 = 5% < (140 Ib. weight, 30" drop)
‘ . gla E 5% & A Blows per foot
Elevation: Approximately 30 Ft. [ | w a) 0 25 50 75 100}
Medium dense, greenish gray, silty SAND; dry l [
to moist (FILL) LI
. - - 4.0 o
Medium dense, greenish gray, silty, sandy ° s, T 5 ® Y
GRAVEL; moist 70 gbz
S1: Silt=22.7% (F3) oY o
Medium dense, greenish gray, silty, gravelly o2 | 10 ® A
SAND; moist Ol ,
;O
o 15—z
Lafss [ B L
- - 18.0 &Q =
Dense, tan, silty, sandy GRAVEL,; moist o o~
Since no recovery in Sample S4, soil type s Nk o 20 A
W interpereted from rough drilling action and ' %
\confirmed by examining soils on auger flights Lé 25
from the 15 to 20 foot interval. g
Bottom of Boring ?;,,
Boring Completed February 12, 2002 s 0
8
g
3 35
&
3
B 40
e
3
o
45
50
55 |
60
65 |—
70
LEGEND 0 25 50 75 100}
Sample Not R d ¥ Ground Water Level At Time Of Dril ® % Water Gontent
* ample NO ecovere roun ater Leve me TN
P v State Wator Leval 9 Plastic Limit }—@— Liquid Limit
= N { Water Cont
T 2" 0.D. Split Spoon Sample atural Water Content
NOTES
1. The stratification lines represent the approximate boundaries between soil types, Lutak Dock |mprovements
and the transition may be gradual. Hai Alask
2. The discussion in the text of this report is necessary for a proper understanding of aines, Alaska
the nature of subsurface materials.
3. Water level, if indicated above, is for the date specified and may vary. LOG OF BORING B-4
April 2002 32-1-01482
r | SHANNON & WILSON, INC. .
=|I' hnical and Envi Ic Fig. A-4




S&WGEQ1 LOG A1482.GPJ S&W GEOQ1.GDT 4/12/02

MATERIAL DESCRIPTION Clsl 8 |g5 & Penetration Resistance
|8l 5 58 ¢ (140 Ib. weight, 30" drop)
= £ £ o0 =
‘ } 13 ® 5= & A Biows per foot
Elevation: Approximately -23 Ft. e [95) < ) 0 25 50 75 1OOJ
Very soft, black, non-fiberous organics. Top A g = :
. AN N
of layer approximately 51.5 feet below grade 3.0 B o i °
\of dock. Material type confirmed when augers / o () s [ 2 5
| \were retrieved from the hole. 7o e 5
\Medium dense, black to tan, silty, sandy / B T - PN
GRAVEL,; wet o 10
Dense, tan, slightly silty, sandy GRAVEL to 5
slightly silty, gravelly SAND; wet dss [ ® A
Sands and gravels layered relatively thinly (1 © 15
to 3 feet thick) as determined by relatively e
irregular drilling action olss | ® A
. — — T 20
S3: Gravel = 28%, Sand = 67%}, Silt = 5% (F1) 5 d . Refusal|30 blows inl0.5 inches
[\ Auger refusal at 22 feet below mud surface. /| S I A
Possible large boulder or bedrock. / 25
Bottom of Boring
Boring Completed February 13, 2002
30
35
40
45
50
55
60
65—
70
LEGEND 0 25 50 75 100
S le Not R d VA G d Water Level At Time Of Drilli ® % Water Content
ample NO ecovere roun ater Leve ime ritin
P ! Static Water Level g Plastic Limit —@— Liquid Limit
T 2"0.D. Split Spoon Sample Natural Water Content
NOTES
1. The stratification lines represent the approximate boundaries between soil types, Lutak Dock Improvements
and the transition may be gradual. i lask
2. The discussion in the text of this report is necessary for a proper understanding of Haines, Alaska
the nature of subsurface materials.
3. Water level, if indicated above, is for the date specified and may vary. LOG OF BORING B-5
April 2002 32-1-01482
e RuE SHANNON & WILSON, INC. ;
| | | Fetrbbmtit Fig. A-5




S&WGEQ1 LOG A1482.GPJ S&W GEO1.GDT 4/12/02

A 4 Static Water Level

T 2" 0.D. Split Spoon Sample

NOTES

-

and the transition may be gradual,

n

the nature of subsurface materials.

w

. The stratification lines represent the approximate boundaries between soil types,
. The discussion in the text of this report is necessary for a proper understanding of

. Water level, if indicated above, is for the date specified and may vary.

MATERIAL DESCRIPTION Tlsl @ o . T Penetration Resistance
=gl = 58 ¢ (140 Ib. weight, 30" drop)
Sla g 55 & A Blows per foot
Elevation: Approximately 29 Ft. ) [42] 0 25 50 75 100l
Medium dense, brown, slightly silty, sandy /‘o.s 5%
XGRAVEL; moist (Fill) /1,0 oy
Concrete / e 5
Medium dense, brown, slightly silty, sandy 20 pal STl [
GRAVEL; moist (Fill) g
Concrete (Pile Cap) RS 10
Medium dense to very dense, brown, slightly "
silty, sandy GRAVEL to slightly silty, gravelly o 15
SAND; moist to wet (FILL) |2 1T v oA
S3: Gravel = 27%, Sand = 63%, Silt = 10% 6 Ej e
(F2) o - :
o S3 I ‘; 20 ' A
D 2
o 3
s Jse T 25 A
g 30
Clss [ A
d
o)
s6 | 35 ® A
‘O
e 40
Sample S7: significantly rusty colored. o fs7 | @ A
Dense to very dense, tan to gray, slightly sitty, |- i% ‘
sandy GRAVEL to silty, gravelly SAND; wet R 45
Sands and gravels layered relatively thinly (1 QO se | ® A
to 3 feet thick) as determined by relatively o () ‘
irregular drilling action o | 50 |—
S9: Gravel = 31%, Sand = 51%, Silt = 18% % L o 4
(F2) o' -
;QO s10 | S A
Auger refusal at 65 feet below ground surface. ©
Tried to penetrate with hammering on rods. 9% 60
100 blows with no penetration. Possible large D
boulder or bedrock. s5.0 P 65 |—
Bottom of Boring
Boring Completed February 11, 2002
70
LEGEND 25 50 75 100
® % Water Content
*  Sample Not Recovered A4 Ground Water Level At Time Of Drilling

Plastic Limit }—@—1 Liguid Limit

Natural Water Content

Lutak Dock iImprovements
Haines, Alaska

April 2002 ' 32-1-01482

LOG OF BORING B-6

E“l SHANNON & WILSON, INC.

Fig. A-6

ical and Envir




S&WGEQ1 LOG A1482.GPJ S&W GEO1.GDT 4/12/02

MATERIAL DESCRIPTION iC B3 g’) - . L Penetration Resistance
gl = 58 ¢ (140 Ib. weight, 30" drop)
= £ o0 =

' _ Sl s 5= & A Blows per foot
Elevation: Approximately 31 Ft. o o e 0 25 50 75 1OOJ
Medium dense to dense, greenish gray, silty, o :
sandy GRAVEL; moist (FILL) o
D
. 5
$1: Silt = 29.7% (F3) Oc st | ® A
O
° 10
D
13.0 O
Loose to medium dense, greenish gray, silty, ' %
i a
gravelly SAND; moist ) 52 T B eoa
S3; Gravel = 22%, Sand = 47%, Silt = 31% Xe % '
(F3) o) o
) < 20—
215 [© ] 83 I § - ‘
Bottom of Boring 3
1 [
Boring Completed February 12, 2002 s T §’ 25 A
8
2
s 30
[s]
8
2
g 35
Iy
k>
g 40
3
g
3
45
50
] N B :
60
o5 |-
70
LEGEND 0 25 50 75 100}
S le NotR d \vA G d Water Level At Time Of Drilli ® % Water Content
* ample Not Recovere s roun ater Leve ime rillin
P . ; g Plastic Limit —@— Liguid Limit
Y Static Water Level Natural Water Content
T 2" 0.D. Split Spoon Sample
NOTES
1. The stratification lines represent the approximate boundaries between soil types, Lutak Dock Improvements
and the transition may be gradual. Hai Alask
1 2. The discussion in the text of this report is necessary for a proper understanding of aines, Alaska
the nature of subsurface materials.
3. Water level, if indicated above, is for the date specified and may vary. LOG OF BORING B-7
Aprii 2002 32-1-01482
r SHANNON & WILSON, INC. .
Sl oS et | Fig. AT
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APOLLO GEOPHYSICS CORPORATION

Enginecring, Hydro-Geology, Environmental, & Construction

Monday, April 15, 2002

Fred Brown

Shannon & Wilson, Inc

5430 Fairbanks Street
Anchorage, Alaska 99518-1263

AGC File No.:  02.1003

Re: Borehole Conductivity & Marine Geophysical Exploration
Lutak Dock Rehabilitation
Haines, Alaska

Dear Mr. Brown,

This report presents the results of our Borehole Conductivity measurements and
Marine Geophysical Exploration located at Lutak Dock in Haines, Alaska. A two-person
field crew from APOLLO GEOPHYSICS completed the field exploration on February 13
-16, 2002 and February 24 - 25, 2002. This revised report supercedes a previous
submittal dated March 29, 2002.

BOREHOLE CONDUCTIVITY MEASURMENTS

Borehole conductivity measurements were completed in wells 2 and 6. The data from
Well-2 shows a slight dipole at a depth of approximately 64 feet. This may be an
indication of the base of the sheet pile, but the data is not conclusive. An increase in
conductivity occurs in the data between depths 37 to 44 feet. This zone corresponds
fairly well to an area in the boring log that contains organics and may relate to the
natural bottom materials. The conductivity plot in relation to depth for Well-2 is shown

in Figure 1.

+ A COST-EFFECTIVE WOMAN OWNED BUSINESS with PROFESSIONAL ASSURANCE ¢

PO BOX 28520 Bellingham, Washington USA 98228-0520 FAX (425) 671-0865 Web Site www.apollogeophysics.com
Seattle (206) 365-3063 Spokane (509) 326-2010 Portland (503) 234-4001 Bellingham (360) 647-8303



Haines, Alaska April 15, 2002
Lutak Dock Rehabilitation ' AGC'’s File No.: 02.1003
Borehole Conductivity & Marine Geophysical Exploration Page 2

The data from Well-6 shows a strong dipole at a depth of approximately 55 feet that
may correspond with the base of the sheet pile. There are a few minor variations in the
data above 55 feet that are probably associated with the local geology. The most
notable variation would be a slight increase in conductivity between depths 34 and 39
feet. This zone corresponds fairly well to an area in the boring log containing rust
colored soils that lie directly above a dense to very dense unit. This area may relate to
the natural bottom materials. The conductivity plot in relation to depth for Well-6 is

shown in Figure 2.

The instrumentation utilized for this effort consisted of an industry standard downhole
logging system with an electromagnetic sensor tool. The tool senses changes in
conductivity within the adjacent borehole materials approximately 2 to 6 feet out from

the tool location.

MARINE GEOPHYSICAL EXPLORATION

Data from five sub bottom profiles were collected running parallel to the dock in a 10-
foot grid to the northeast, Profiles 10, 20, 30, 40 and 50. Profile 10 is located
approximately 10 feet northeast from the dock, Profile 20 is located approximately 20
feet northeast from the dock and so on. Location control for the profiles was obtained
using a mobile GPS unit attached to the survey boat. Vertical control is based upon
bathymetry measurements and referenced to MLLW. The approximate location of the

Profiles is shown in Figure 3, Profile Location Map.

The sub-bottom information was obtained with an Edgetech X-Star Chirp Sub Bottom
Profiler and recorded on optical disk media. The assumed velocity of the overburden
soil (bottom material) was 5800 feet per second. The bottom and sub bottom data from
Profiles 10 through 50 is presented in topographic format in Figure 4, Bathymetric Map
and Figure 5, Sub-Bottom Elevation Map. The obtained data corresponds to soil
borings located in the vicinity of the survey. Based upon correlation to the soil borings,
we believe the first interpreted interface below the bottom represents the local bedrock.

The interface was continuous throughout the data. A review of the data was performed

Apollo Geophysics Corporation
www.apollogeophysics.com

-3,
Y This Document is Printed on Recycled Paper



Haines, Alaska April 15, 2002
Lutak Dock Rehabilitation AGC'’s File No.: 02.1003
Borehole Conductivity & Marine Geophysical Exploration Page 3

at your request, late in the analysis, and did not reveal credible data with regard to the
location of potential organic debris on the bottom. In addition to the data presented for
each surface an interpreted isopach map of the bottom material thickness is shown in

Figure 6, Bottom Thickness Map.

The bathymetric data was obtained utilizing industry standard equipment and methods.
A bar check was completed at a known water depth for calibration of the
instrumentation. The bathymetric data is presented as a topographic map (Figure 2). It
should be stressed that the bathymetric data is presented to assist your analysis, but is
not of sufficient density or quality for design purposes. The primary purpose of the
bathymetric map was to provide a basis by which to determine interpreted thickness of

the bottom materials above the bedrock as applied to the collected field data.

WARRANTY OF SERVICES

All geophysical information presented is based upon geophysical measurements made
by generally accepted methods and field procedures and APOLLO GEOPHYSICS’
interpretation of these data. The geophysical results are, therefore, interpretative in
nature and are considered to be a reasonably accurate presentation of existing
conditions within the limitations of the methods employed. Services performed by
APOLLO GEOPHYSICS under this agreement are conducted in a manner consistent
with, but no less than, that level of care skill ordinarily exercised by members of the
profession currently practicing under similar conditions. We cannot guarantee the
accuracy or correctness of any interpretation, and we shall not be liable or responsible
for any loss, cost, damages or expenses incurred or sustained by the Client resulting
from any interpretation made by any of our officers, agents or employees. No other
warranty, expressed or implied, is made. APOLLO GEOPHYSICS recognizes that
subsurface conditions may vary from those encountered at the location where
geophysical or other explorations are made. The data interpretations and

recommendations made by APOLLO GEOPHYSICS are based solely on the

Apollo Geophysics Corporation
www.apollogeophysics.com

-3
%@ This Document is Printed on Recycled Paper



Haines, Alaska April 15, 2002
Lutak Dock Rehabilitation AGC’s File No.: 02.1003
Borehole Conductivity & Marine Geophysical Exploration Page 4

information available to them at the time of performance; and APOLLO GEOPHYSICS

shall not be responsible for the interpretation, by others, of the information developed.

We trust this will complete your requirements for this portion of the project and look
forward to working with you on the next portion of this project. If you have any further

questions or need further assistance, please don’t hesitate to call.

Sincerely,

APOLLO GEOPHYSICS CORPORATION

QW e féfc;/u’wwi

Lynn M. Ringstad
Project Geologist

Clyde A. Ringstad, RG, CEG
Senior Geophysicist

Apollo Geophysics Corporation
www.apollogeophysics.com
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Figure 1 - Borehole Conductivity Well 2

3000
2500
2000
1500
1000

500

-500 ,
-1000 - ‘ ' ; e
-1500 ‘ L

-2000
-2500
-3000

Apparent Conductivity
(]
5
ny
fany
{6%)
{an)
.
fan
(Tl
<
S
0

Depth in Feet

Figure 2 - Borehole Conductivity Well 6
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APPENDIX C

IMPORTANT INFORMATION ABOUT YOUR
GEOTECHNICAL/ENVIRONMENTAL REPORT
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SHANNON & WILSON, INC. Attachment to 32-1-01482
Geotechnical and Environmental Consultants Dated: April 2002

To: Reid Middleton

Re: Lutak Dock Improvements

Important Information About Your
Geotechnical/Environmental Report

CONSULTING SERVICES ARE PERFORMED FOR SPECIFIC PURPOSES AND FOR SPECIFIC CLIENTS.

Consultants prepare reports to meet the specific needs of specific individuals. A report prepared for a civil engineer may
not be adequate for a construction contractor or even another civil engineer. Unless indicated otherwise, your consultant
prepared your report expressly for you and expressly for the purposes you indicated. No one other than you should apply
this report for its intended purpose without first conferring with the consultant. No party should apply this report for any
purpose other than that originally contemplated without first conferring with the consultant.

THE CONSULTANT'S REPORT IS BASED ON PROJECT-SPECIFIC FACTORS.

A geotechnical/environmental report is based on a subsurface exploration plan designed to consider a unique set of
project-specific factors. Depending on the project, these may include: the general nature of the structure and property
involved; its size and configuration; its historical use and practice; the location of the structure on the site and its
orientation; other improvements such as access roads, parking lots, and underground utilities; and the additional risk
created by scope-of-service limitations imposed by the client. To help avoid costly problems, ask the consultant to
evaluate how any factors that change subsequent to the date of the report may affect the recommendations. Unless your
consultant indicates otherwise, your report should not be used: (1) when the nature of the proposed project is changed (for
example, if an office building will be erected instead of a parking garage, or if a refrigerated warchouse will be built
instead of an unrefrigerated one, or chemicals are discovered on or near the site); (2) when the size, elevation, or
configuration of the proposed project is altered; (3) when the location or orientation of the proposed project is modified,
(4) when there is a change of ownership; or (5) for application to an adjacent site. Consultants cannot accept
responsibility for problems that may occur if they are not consulted after factors which were considered in the
development of the report have changed.

SUBSURFACE CONDITIONS CAN CHANGE.

Subsurface conditions may be affected as a result of natural processes or human activity. Because a
geotechnical/environmental report is based on conditions that existed at the time of subsurface exploration, construction
decisions should not be based on a report whose adequacy may have been affected by time. Ask the consultant to advise
if additional tests are desirable before construction starts; for example, groundwater conditions commonly vary
seasonally.

Construction operations at or adjacent to the site and natural events such as floods, earthquakes, or groundwater
fluctuations may also affect subsurface conditions and, thus, the continuing adequacy of a geotechnical/environmental

report. The consultant should be kept apprised of any such events, and should be consulted to determine if additional tests
are necessary.

MOST RECOMMENDATIONS ARE PROFESSIONAL JUDGMENTS.

Site exploration and testing identifies actual surface and subsurface conditions only at those points where samples are
taken. The data were extrapolated by your consultant, who then applied judgment to render an opinion about overall
subsurface conditions. The actual interface between materials may be far more gradual or abrupt than your report
indicates. Actual conditions in areas not sampled may differ from those predicted in your report. While nothing can be
done to prevent such situations, you and your consultant can work together to help reduce their impacts. Retaining your
consultant to observe subsurface construction operations can be particularly beneficial in this respect.
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A REPORT'S CONCLUSIONS ARE PRELIMINARY.

The conclusions contained in your consultant's report are preliminary because they must be based on the assumption that
conditions revealed through selective exploratory sampling are indicative of actual conditions throughout a site. Actual
subsurface conditions can be discerned only during earthwork; therefore, you should retain your consultant to observe
actual conditions and to provide conclusions. Only the consultant who prepared the report is fully familiar with the
background information needed to determine whether or not the report's recommendations based on those conclusions are
valid and whether or not the contractor is abiding by applicable recommendations. The consultant who developed your
report cannot assume responsibility or liability for the adequacy of the report's recommendations if another party is
retained to observe construction.

THE CONSULTANT'S REPORT IS SUBJECT TO MISINTERPRETATION.

Costly problems can occur when other design professionals develop their plans based on misinterpretation of a
geotechnical/environmental report. To help avoid these problems, the consultant should be retained to work with other
project design professionals to explain relevant geotechnical, geological, hydrogeological, and environmental findings,
and to review the adequacy of their plans and specifications relative to these issues.

BORING LOGS AND/OR MONITORING WELL DATA SHOULD NOT BE SEPARATED FROM THE
REPORT.

Final boring logs developed by the consultant are based upon interpretation of field logs (assembled by site personnel),
field test results, and laboratory and/or office evaluation of field samples and data. Only final boring logs and data are
customarily included in geotechnical/environmental reports. These final logs should not, under any circumstances, be
redrawn for inclusion in architectural or other design drawings, because drafters may commit errors or omissions in the
transfer process.

To reduce the likelihood of boring log or monitoring well misinterpretation, contractors should be given ready access to
the complete geotechnical engineering/environmental report prepared or authorized for their use. If access is provided
only to the report prepared for you, you should advise contractors of the report's limitations, assuming that a contractor
was not one of the specific persons for whom the report was prepared, and that developing construction cost estimates was
not one of the specific purposes for which it was prepared. While a contractor may gain important knowledge from a
report prepared for another party, the contractor should discuss the report with your consultant and perform the additional
or alternative work believed necessary to obtain the data specifically appropriate for construction cost estimating
purposes. Some clients hold the mistaken impression that simply disclaiming responsibility for the accuracy of subsurface
information always insulates them from attendant liability. Providing the best available information to contractors helps
prevent costly construction problems and the adversarial attitudes that aggravate them to a disproportionate scale.

READ RESPONSIBILITY CLAUSES CLOSELY.

Because geotechnical/environmental engineering is based extensively on judgment and opinion, it is far less exact than
other design disciplines. This situation has resulted in wholly unwarranted claims being lodged against consultants. To
help prevent this problem, consultants have developed a number of clauses for use in their contracts, reports and other
documents. These responsibility clauses are not exculpatory clauses designed to transfer the consultant's liabilities to
other parties; rather, they are definitive clauses that identify where the consultant's responsibilities begin and end. Their
use helps all parties involved recognize their individual responsibilities and take appropriate action. Some of these
definitive clauses are likely to appear in your report, and you are encouraged to read them closely. Your consultant will
be pleased to give full and frank answers to your questions.

The preceding paragraphs are based on information provided by the
ASFE/Association of Engineering Firms Practicing in the Geosciences, Silver Spring, Maryland



Unified Soil Classification System

Soil Classification
GROUP NAME Group Symbol
Criteria for Assigning Group Names and Group Symbols with Generalized
Group Descriptions
Clean GRAVELS GW | Well-graded Gravels
GRAVELS Less than 5% fines
50% or more of GP | Poorly-graded Gravels
coarse fraction —
rgtamed on No. 4 GRAVELS with fines GM | Gravel & Silt Mixtures
COARSE-GRAINED sieve More than 12% fines
SOILS ° GC | Gravel & Clay Mixtures
more than 50%
retained on Clean SANDS SW | Well-graded Sands
No. 200 sieve SANDS Less than 5% fines
More than 50% of SP | Poorly-graded Sands
coarse fraction e nas
passes No. 4 sieve SANDS with fines SM | Sand & Silt Mixtures
of 5
More than 12% fines SC | Sand & Clay Mixtures
ML Non-plastic & Low-
INORGANIC plasticity Silts
SILTS AND CLAYS CL | Low-plasticity Clays
Liquid limit
50% or less Non-plastic and Low-
plasticity Organic Clays
FINE-GRAINED ORGANIC oL Non-plastic and Low-
g(g?’/loLCS)r more plasticity Organic Silts
passes the No. 200 CH | High-plasticity Clays
sieve INORGANIC : —
SILTS AND CLAYS MH | High-plasticity Silts
Liquid fimit — .
greater than 50% g'%grﬁfgig%
ORGANIC OH ) L
High-plasticity
Organic Silts
HIGHLY ORGANIC Primarily organic matter, dark in color, PT | Peat
SOILS and organic odor

Plasticity Index
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Liquid Limit

Descriptive Terminology Denoting Component Proportions

Description Range of Proportion
Add the adjective "slightly" 5-12%
Add soil adjective® - 12- 50%

Major proportion in upper
case, (e.g., SAND)
(a) Use gravelly, sandy, or silty as appropriate

NOTE: The soil descriptions used in the boring logs lists
constituents from smallest percentage to largest percentage.

>50%

Lutak Dock Improvements
Haines, Alaska

UNIFIED SOIL CLASSIFICATION SYSTEM
April 2002 32-1-01482

E 'l'SHANNON & WILSON, INC.

Geotechnicai & Environmental Consultants

Fig. 3
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GB'I Approximate location of Boring B-1, advanced by
Shannon & Wilson, February 2002 ) o )
1. Drawing odapted from preliminary plans provided by

' Approximate location Profile A—A", see Figure 6 Reid Middleton.
A A Profile B—B’ is located on Figure 7
Profile C—-C’ is located on Figure 10 2. Elevations shown on map provided by USKH site
survey. Vertical datum established at Mean Lower Low Lutak Dock Improvements
. Approximate elevation in feet Water (MLLW) level. Haines, Alaska
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. e — .
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Unified Soil Classification System

Soil Classification
GROUP NAME Group Symbol
Criteria for Assigning Group Names and Group Symbols with Generalized
Group Descriptions
Clean GRAVELS GW | Well-graded Gravels
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Add the adjective "slightly" 5-12%
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Major proportion in upper
case, (e.g., SAND)
(a) Use gravelly, sandy, or silty as appropriate

NOTE: The soil descriptions used in the boring logs lists
constituents from smallest percentage to largest percentage.

>50%

Lutak Dock Improvements
Haines, Alaska

UNIFIED SOIL CLASSIFICATION SYSTEM
April 2002 32-1-01482

E 'l'SHANNON & WILSON, INC.

Geotechnicai & Environmental Consultants

Fig. 3




SHANNON & WILSON, INC.
FROST CLASSIFICATION

(after Municipality of Anchorage)

GROUP P-200 USC SYSTEM
Sandy Soils Oto3 SW, SP
NFS
Gravelly Soils Oto6 GW, GP, GW-GM, GP-GM
Sandy Soils 3to6 SW, SP, SW-SM, SP-SM
F1
Gravelly Soils 6to13 GM, GW-GM, GP-GM
Sandy Soils 61019 SP-SM, SW-SM, SM
F2
Gravelly Soils 13 to 25 GM
Sands, except very
fine silty sands® Over 19 SM, SC
F3 Gravelly Soils Over 25 GM, GC
Clays, PI>12 CL, CH
All Silts ML, MH
Very fine silty sands*  Over 19 SM, SC
Fa Clays, PI<12 CL, CL-ML
Varved clays and CL and ML
other CL, ML, and SM;
fined grained, banded SL, SH, and ML;
sediments CL, CH, ML, and SM

P-200 = Percent passing the number 200 sieve

* Very fine sand : greater than 50% of sand Lutak Dock Improvements
fraction passing the number 100 sieve Anchorage, Alaska

FROST CLASSIFICATION
April 2002 32-1-01482

] SHANNON & WILSON, INC. .
= ] Fig. 4
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NOTES

1. Soil boundaries are approximate and interpolated from boring data.
Actual soil contacts may vary between borings.

2. Existing sheet pile embedments shown in black are interpreted from
geophysical analysis performed by Apollo Geophysics. Dashed green
lines show sheet pile embedment according to design drowings for the
existing dock structure.

3. Red features above indicate proposed improvements to the existing
dock structure. Not shown above are the suggested resurfacing
structural section ond the new fender systems.

4. Elevations for borings and ground surface were interpreted from a
site survey conducted by USKH. Elevation contours from this survey
are presented on the Site Plan in Figure 2.

5. Elevations shown cbove are relative to Mean Lower Low Water
(MLLW).

LEGEND

GB'l Approximate location of Borin B 1, advanced by
Shannon & Wilson, February 200

v Approximate elevation of groundwater surface inferred

from boring data

GO

Approximate embedment of existing cofferdom and
closure arc sheet piles according to design plans for
the existing dock structure

Lutak Dock Improvements
Haoines, Alaska

April 2002

PROFILE A-A'

32-1-01482
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Approximate location of Borm% B-5, advonced by
Shonnon & Wilson, February 200

v Approximate elevation of groundwater surface inferred
= from boring data

Approximate embedment of existing cofferdam and
closure arc sheet piles according to design plans for
the existing dock structure
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Lutok Dock Improvements
Haines, Alaska
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NOTES:
v1  (unconfined equivalent fluid pressure) =200 b/’
v2 (confined equivalent fluid pressure) =400 I/’
Yo (wetunit weight of soil) =125 I/t
¥s  (buoyant unit weight of soil) =64 Io/fY’
K, (active earth pressure coeflicient) =033

H =heightof soil from dock surface (28.5 feet) to tip of sheet pile
d; =embedment in unconfined soils
d, =embedment in confined soils

Lutak Dock Improvements
Haines, Alaska

4 8 16 SHEET PILE WALL EARTH PRESSURE DETAIL
APPROXIMATE SCALE IN FEET April 2002 32-1-01482
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Estimated Embedment Depth, (feet)
(below MLLW)

EMBEDMENT VS. ALLOWABLE PILE CAPACITITES

35

40

45

50

55 1
| AL\

65

70
0 15 30 45 60 75 90

105 120 135 150 165

Allowable Compression Capacities (kips)*

LEGEND
W 14-inch H pile
A 18-inch H pile
& 24-inch H pile

22-inch diameter
closed ended pipe pile

* Factor of Safety of 2 on ultimate capacities

Lutak Dock improvements
Anchorage, Alaska

April 2002

ALLOWABLE PILE CAPACITIES
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be significantly different from those depicted above.

4. Subbottom elevotion is an interpretation of seismic reflection dato
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LEGEND

Approximate location of Boring B—1, advanced by
Shannon & Wilson, February 2002.

Sea floor profile from USKH bathymetric survey.
~» Sea floor profile from Apollo survey

Subbottom (possible bedrock) profile from Apolio
survey

/00

Lutak Dock Improvements
Haines, Alaska

PROFILE C-C'

Aprit 2002
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INTRODUCTION

The Department of Transportation and Public Facilities proposes the
construction of a new ferry terminal to replace the existing structure at
Haines, MP 0.0 on the Haines Highway. At the request of the Harbors &
Marine Facilities, the DOT Engineering Geology Branch conducted a founda-
tion investigation at the proposed site in January 1983 under the
supervision of Wilson Brown, Engineering Geologist. The purpose of the
report is to describe the methods of exploration, the sampling and testing
procedures and the site conditions at the time of the exploration.
Preliminary information available at the time of the field study indicates
that the proposed structure will consist of a 140 foot long transfer
bridge, two 1lift structures, and three new dolphins and catwalk. The

proposed structure is located at the site of the present ferry terminal.

Climate

The climate is predominantly marine and is characterized by mild winters
and cool summers. The maximum temperature recorded was 90°F; the minimum
was -16°F. Mean temperature is approximately 40°F. Average precipitation
is approximately 60 inches and average snowfall is 133 inches. Winds,
chiefly southeast and west, have been reported at 54 mph with gusts

estimated to 65 mph (Alaska State Housing Authority, 1964).




Field Studies

The field exploration involved a surface geology examination and a subsur-
face soil study consisting of one wash boring and 4 friction penetrometer
borings. The wash boring was drilled from the existing transfer bridge
using BX casing, AW drill rod, and water as the circulating medium. The

casing was advanced with a 140 pound trip hammer with a 30 inch free fall.

All of the borings were drilled with a track-mounted CME 45B rotary drill
equipped with a CME automatic trip hammer. In boring 1 standard
penetration tests were taken with the trip hammer approximately every 5
feet and consisted of driving a standard split barrel sampler (1.4"I.D.,
2.0"0.D.) with a 140 pound weight having a free fall of 30 inches. The
friction penetrometer test borings consisted of driving a 1.75"0.D., flush
coupled, blunt-tipped steel AW drill rod with a 140 pound trip hammer
having a free fall of 30 inches. Pullout (uplift resistance) pressure was
determined by means of the hydraulic rams of the drill pulling the casing

or penetrometer rod immediately after driving.

Soil samples recovered during the standard penetration test were examined,
visually field classified and logged in the field by the geologist. All
samples were sealed and transported to the Southeast Region Materials

Laboratory located in Juneau, Alaska.

Graphic logs of the borings and penetrometer test are shown on the "Log of

Test Holes" sheets included in this report.




Laboratory Testing

Soil samples obtained in the exploration were tested in the Southeast
Materials Laboratory in Juneau for determination of the following proper-
ties.

1. Particle size distribution

2. Atterberg Limits

3. Moisture Content

4, Soil Classification

5. Specific Gravity

All samples tested were assigned the appropriate AASHTO Soil Classifica-
tion designation, Alaska DOT Engineering Soil Classification, and the
Frost Susceptibility Value. All test procedures were performed in
accordance with methods approved by the Alaska Department of Transporta-
tion and Public Facilities, AASHTO and/or ASTM. The results of the
laboratory testing are listed on the "Summary of Test Data Foundation

Soils" sheets included in this report.

General Site Conditions

Regional

Recently published data by the USGS disclosed that the Haines area has

risen 101 cm in the period from 1939 to 1979-80. The center of the uplift




area is near Glacier Bay and is apparently due to melting of glaciers and
rebound of the land mass. It is assumed that it will continue to take place

in the future.

Surface

The Haines Ferry Terminal is located in southeast Alaska on the southwest
shore of Lutak Inlet approximately 4 miles north of Haines. The site is
characterized by a typical "U" shaped glacial valley which is now a drowned
fiord in which glacial, colluvial, marine, and modern beach deposits have
been deposited over meta-basalts, phyllites, and diorites. Offshore the
water depths reach over 300 feet and the mountain above the site rises to

3563 feet.

Subsurface

The subsurface materials commonly consist of slightly silty sandy gravel,
sand, gravelly sand, and silt, all containing possible cobbles and
boulders, which at Boring 1 may be generally divided into the following

principal stratigraphic units:




Layer No. General Description Approx.Thickness

1 Very loose - loose sandy gravel, 22 feet
silty gravelly sand, and silty
sand containing possible cobbles

and boulders (Recent beach deposits).

2 Firm to compact silty sandy 33 feet
gravel, sandy gravel and silty
gravelly sand containing
cobbles and boulders. (Marine

deposits or glacial till.)

3 Dense to very dense sandy and 16 feet
gravelly silt containing possi-
ble cobbles and boulders.

(Glacial till.)

4 Dark green meta~basalt, highly unknown
fractured, hard, slightly

weathered to fresh

Free water should be anticipated near the ground surface or at the tidal

elevation, whichever, occurs first.




The penetrometer data should be used with caution when making conclusions

regarding the configuration of the bedrock surface. The data does indicate

the presence of a very hard stratum, but this stratum may or may not be the

bedrock surface.

Respectfully submitted,

S -

Monte Weaver
Foundation Geologist
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GEOLOGY DATA REPORT

SUMMARY

The general soil conditions at the AMHS Haines Ferry Terminal {Lutak Dock
sheet-pile bulkhead cells 1-4) consist of a layers of clean granular fili overlying a
system of sheet pile cells. The cells form a 60-foot high retaining bulkhead for
the staging area and terminal building. The sheet pile cells were driven into
granular deposits and back filled with material ranging in size from silt o
boulders. The depth of penetration of the sheet piles was not determined in this
investigation. Test borings, penetrometers and piling fogs indicate an irregular
bedrock surface below the sheet piles.

INTRODUCTION

DOT&PF is planning to upgrade the AMHS Ferry Terminal facilities in Haines.
The existing sheet-pile cellular bulkheads have been in service for over 50 years
and have suffered corrosion and steel sectional loss. At present, plans have not
been finalized, but the range of upgrades will consider cellular bulkhead
reconstruction, or bulkhead removal and replacement with armored rock slope
and the insfillation of stand-alone mooring piling. Marine Engineering Manager
Bern Savikko, P.E. requested this geotechnical investigation. The purpose of
this report is io present site geology information, test drilling data and laboratory
testing resuits. This report does not attempt to describe or delineate the
extensive concrete bull rail constructed on the outer edge of the bulkhead.

PREVIOUS INVESTIGATIONS

We have records from three previous geotechnical investigations in the project

area. No geotechnical report has been located covering the original Lutak Dock

construction, circa 1953. These geotechnical reports are available at the SE

Region Geotechnical Section offices:

s Haines Ferry Terminal, Project Number F-095-5 (5), Bridge No. 804, AK
DOT&PF, January 27, 1983. The investigation consisted of one test hole and
three penetrometers near the AMHS transfer-bridge, east of the Lutak Dock.
We also have copies of the pile driving logs from the 1983 Haines Ferry
Terminal Reconstruction.

s Geotechnical Report Lutak Dock Improvements, Shannon & Wilson, Inc.,
Aprit 2002. They drilled seven test borings and conduced a marine
geophysical exploration for that portion of the Lutak Dock owned by the City
of Haines (west of the AMHS facilities).

s Geotechnical Report to USKH for Haines Highway Reconstruction, Alaska
Marine Highway Ferry Terminal to the Junction with Mud Bay Road, Golder
Associates, October 2003. This investigation was for the Haines Highway
reconstruction; one test boring and one test pit were located near the ferry
terminal.

SITE DESCRIPTION
Topography




The Haines AMHS Ferry Terminal is located on the southern shoreline of Lutak
Infet. The ridge behind (south of) the terminal facility raises from sea level to
3563’ (Mt. Ripinski) in a little over two miles. The terminal building and the
western portion of the mooring facility are on a level embankment retained by a
sheet-pile celiular bulkhead. The transfer-bridge and mooring dolphins east of
the bulkhead are constructed over a gently sloping beach.

Drainage
During periods of torrential rainfall, the runoff down the slopes of the Mt. Ripinski

ridge can result in very high stream flows. The stream west of the terminal
sometimes washes sand, gravel and large boulders onto the road. The
engineered drainage from the Lutak Dock adequately accommodates heavy
runoff.

Man-made features

Lutak Road follows the Lutak inlet shoreline, passing between the AMHS Ferry
Terminal/ Lutak Dock facilities and the Mt. Ripinski ridge. The terminal building
and staging area are located on the eastern portion of the Lutak Dock facility.

Flood prone stream

Water pipeline :* e

Lutak Road

| POL storage
| tanks

Cells1to4

AMHS Ferry
Terminal Bldg.

Fiure 1. AMHS Haines Ferry Terminal, 2003.




AREA GEOLOGY

Glaciation

Lutak Inlet is a glacial scoured fiord. Ice to depths of 5000" occupied this area as
recently as 10,000 years ago (Coulter, 1961). The glaciers gouged out U-shaped
valleys and deep fiords; and in many locations scraped the ridges down to bare
rock. After the melting and retreat of the glaciers, seawater flooded the valleys,
rivers began depositing thick sequences of sediments on the valley floors and
marine sediments settled into the fiords. The flank of the bedrock ridge bordering
the southwest shore of Lutak Inlet is covered with a thick sequence of colluvium.

Flooding. The stream drainages that flow down the slopes of the south ridge
can carry heavy bedloads that include a large number of cobbles and boulders.
During periods of torrential rainfall material from these streams have covered
Lutak Road (Figures 1 & 2). It is likely that flooding has deposited substantial
amounts of cobbles and boulders into Lutak Inlet.

Coliuvium covered
slopes

Lutak Inlet

Flood prone stream

AMHS Ferry Terminal

Haines
4.1 miles

US Army POL Pipeline
Terminal (deactivated)

ig 2. AMHS Haines Fwérry Terminal, Lutak inlet, August 2003.




Seismicity

Haines is in a seismic area with infrequent earthquakes. Within a radius of 35
miles of Haines, the Alaska Earthquake Information Center lists only 11events of
magnitude 4 or greater since 1898. The strongest event was 6.9 magnitude, with
its epicenter 24 miles southwest of Haines.

Two major known fault systems are capable of producing earthquakes that would
effect the Haines area. The Chatham-Denali Fault crossing just west of Haines,
in the Chilkat River & Inlet, and the Queen Charlotte fault located 95 miles to the
southwest of Haines, offshore of the SE Alaska coastline.

An earthquake on the Chatham-Denali Fault could have a strong impact on the
project area. A strong earthquake could cause considerable damage from
avalanches, rockslides, liquefaction induced foundation failures and strong
shaking of struciures.

The effects of an earthquake along the Queen Charlotte Fauit would be
attenuated by the fauit’s distance from the Haines area. A number of magnitude
7 and greater earthquakes have occurred along this fauit zone within the last two
hundred years. Strong earthquakes along the Alaska coast have produced large
waves that caused major damage io coastal towns. To our knowledge, Haines
has not experienced any damage due 1o seismically induced waves.

Following is a list of some commonly used seismic design parameters.

e PGA 0.2 for an event with 475 year return period, USGS National Seismic
Hazard Mapping Project, fip://ghtftp.cr.usgs.gov/pub/hazmaps/deagg

e AASHTO Soil Profile Type |, Standard Specifications for Highway Bridges,
2002, pg. 449

o Site Class D, International Building Code, 2000, Table 1615.1.1, pg. 350

FIELD INVESTIGATION

January 8 to 16, 2005 we conducted geotechnical drilling operations at the
Haines AMHS Ferry Terminal. The purpose of the investigation was to
determine the soil conditions within and underlying the existing sheet pile cellular
bulkheads. Geologist Mitch McDonald planned and supervised the investigation.
Statewide Drilling Services provided the drill crew and equipment.

We drilled the test holes using rotary wash boring technigue and 3.5” ID dfrill
casing. We took drive samples with either a standard 1.4” OD x 24" long sampler
driven with a 140 Ib. auto hammer, in accordance with AASHTO T 206-87 (SPT),
or with a 2" ID x 24" long sampler driven with a 340 |b. auto hammer (MPT). A
double tube BX core barrel was used to confirm the presence of bedrock.

We drove coniinuous soundings with a 2.5” OD blunt-tibp.e .}\Fb'*d using a 340
pound hammer falling 30 inches. Test hole and penetrometef logs are included
in Appendix B.




LABORATORY TESTING

Samples were tested in the Southeast Region Materials Laboratory to determine
one or more of the following propetrties: sieve analysis (AASHTO T27 & T 11),
Atterberg limits (AASHTO T 89 & T 90), moisture content (AASHTO T 265),
Organic Content (AASHTO T 267), Specific Gravity (AASHTO T 133) and Unified
Soil Classification (ASTM D2487). The laboratory test resuits are included in
Appendix C.

SOIL UNITS DESCRIPTION

We used the test hole logs, penetrometer logs and sample test results to

interpret the soil conditions encountered during this investigation. For the

purposes of description and analysis, we divided the material into five units:

surface fili, cell back-fill, beach deposits, diamicton and bedrock. The surface of

the staging area is paved.

e Surface fill, sand with gravel {(SW and SP), 9.5" to 10’ thick at TH 1 and 2.

o Cell back-fill (TH1 and TH 2), silty sand with gravel (SM) and sand with silt
and gravel (SP-SM), 33.0" to 42.5 thick.
Beach deposits, sand (SP) and sand with gravel (SP), 21.5' to 31.5’ thick.

s Diamicton (probably glacial-marine sediments), silt (ML), silt with sand (ML)
and sandy silt (ML), 19’ to 29.5’ thick.

¢ Bedrock was encountered below the existing surface at 103.5’ in TH 1 and at
93 inTH 2.

The percentage and size of cobbles and boulders cannot be accurately
determined by the drilling process. Gravel is the largest particle that can be
recovered by the drive samplers. However, interpretation of the drilling response
of the soil indicated the presence of cobbles and boulders. In addition, very large
boulders were encountered during the maintenance excavation of cell 4.

The water level in the test holes shortly after drilling varied from 13.5’ {0 17.9’
below the surface. The water level near the sheet-pile bulkheads is effected by
the stage of the tide, but will also vary depending on recent rainfall events and
the season of the year.
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TEST HOLE LOG EXPLANATION" =~

EXPLANATION OF DESCRIPTIVE TERMS

=
:c Gravels Gf;i:vﬂer?s GW | Weli-graded grove!
- O
35 S50% of <5% fines {GP | Poorly graded gravel
- e coarae fraction
ks retained 4 h
5 é Gl?;i;lseed :ei\?ene on # Gravels GM Silty grovel
o . >12% fines
c % Seils GC Clayey grovel
= TH_1 Test Hole or test pit number S50% Sgnds Clean  ISW Welt—graded sand
= retained on sox <§§nfd5
; or more nes
S ?54+85, Rt 5 —=——Stotion ond offset (feel) 4200 saivs of courae SP | Poerly groded sand
Rt= right e 4y -
49 Lt= left S Sands [0 Sty sand
>12% fines SC Cluye)’ sond
1.0—4.5; Medium dense, brown, poorly groded SEI(tjls and _P|<4_ ML Siit
— SAND (SP), dry, —FILL Qys [~ inorganic
48 ORGANICS (sP). dry Fine ¥ ps7  |CL Leen ciay
Grained <5 N Crganic el
Example of soil unit description Soils <%0 Organic 101, Gz;cmlic S-:,ty
including the depth below the N Pl below -
47 existing ground, density or S0X or Silts and Ating MH Elostic slit
consistency, color, Unified Soil Class :1:5':3; the Cioys ;on}ao;ove CH Fat clo
CLAY and abbreviction, moisture #200 saive A~line y
s description, ond interpretation of the LL 50 or Organic  JOH Crganic_clay
unit origin. Qrgonic_silt
46— \ Highly Organic Soils =1 peat
INDICATES A STRATA WITH COBBLES
GRAIN SIZE DISTRIBUTION (ASTM 2487
45 Description Sieve (in) Sieve (rmm
Boulders >12in >300mm
Cobbles 3—-12in 75mm—300mm
Grave! No.4-3in 2.00mm~-75mm
Sand No.200—-No.4 O75mm~2.00mm
SILT Silt <No.200, Pi<4 <.075mm, Pi<4
Clay <N0.200, Pl>/=4 <.075mm, Pi>/=4
SILTS / CLAYS SANDS / GRAVELS
STRATA CONTACT (APPROXIMATE) PLASTICITY {AASHTO) ANGULA.RITY {ASTM D2488) . ‘
DESCFiDHOﬂ BEOWS/Ft. Angular. sm?rp &dges, plone sides, unpolished
SAND none 0—5 Subangular: reunded edges
low 5—10 Subrounded: necriy plone sides, well
interval somp!ed with: moderate 10-20 ] rounded ccm:.rs and edges
Blow counts for stondard slastic 20— 40 Rounded: smaoothly curved sides, no edges
penetration test in blows/6 inches highly plastic >40 SHAPE {astu 2483}
Flot: w i 3
DRY _STRENGTH (asiM ozese) Elonoozgé!:hrc::;shs/;am >3
A NONE: crumbles te powder with handling Fiat ‘nnd EEor-mguted: both
Low! crumbles to powder with finger
4 SLMT)UF TYF:SE . T R RELATIVE DENSITY(sashro}
Ybo cempie iype 2d: breaks Into pieces with high finger Description Blo Fi.
4 SPT Standard Penetrotion Tesd _ pressure E""_[g'g's"g Q“i_4
400 ¢ GRAVEL MPT Medified Penetration Test High: wan't crumbie, braak biw thrb mgge 5--10
an ard surfgce
%0 o ggRE gmb gcmple Very Migh: con't break biw thumb med dense 11-24
P) ock Core . and hard surfoce dense 25--50
O AUGER Greb from ouger flights very dense > 50
3q ©,y L0 MS Sheiby Tube PLASTICITY (asnv D2488)
Nonplastic: can't be rofled
@ Low: thread can barely be roiled SUPPLEMENTARY DESCRIPTIVE TERMS
Medium: threod sasy and fost to rof
High: thraad tokes fong tme to rat MOISTURE, (a5 02485)
Dry: custy, dry te touch
38 — @ COBBLES DILATANCY (asTv 02488) Maist: damp, but no visible water
kv NGNe: no viaible change Wel: visibla frea water, usvally below woter table
= Slow: wot ! 4 dis—
538 e sy shen sauessed HCI_REACTION (s o24se)
Rapid: water cppears quickly ond dis— None: ne visibla recction
37 appears quickly when squeczed Weak: some reaction, bubbles forming stowly
Strong: vislest tion, bubbles immedictely
TW::.TER;E‘VEL (EEPTH)GIVEN N FEET BELOW TOUGHNESS (asTi 02458) g: vislent regclion, bubbles immedicte
HE EXISTING GROUND, LOW: thread & Wmp is weak and soft CEMENTATION AT FIFLD MOISTURE
Med: thread & iump has med stitfness (asm 0z488) ] _
36— BOULDER  [SAMPLE DATA Hight threas & uma hoe igh stHinese e e v
Example  Explanation CONSISTENCY (AASHTO) Moderate: Crumbies o breaks with
GW Abbreviated Unified Soil Class ) rioti ai /Ft considerable finger presaure
p200=12 Zpossing the No 200 sieve eserplion LT AN Srong: wil aot crumble or break with
35 M.C.=21% Matural muoisture content Veg soft g_l finger pressure
o] ic=1% O i tent 50 -
Uors g Lt med stiff 5-8 PERCENTAGES (uscs b2+4se)
Pi=4 Plastic Limit stiff 9-15 Trace <5%
very stiff 16-30 ﬁg 155—1 2?7
hard 31--60 e il
34— BEDROCK Some I0—-45%
CONSISTENCY (asTi p2483) Mostly  50-—100%
Descriptign  Criterig ]
very soft thumb penetrates > 1 inch
33 soft thumb penetrates 1 inch
B0H —e—————— BOTTOM OF HOLE firm thumb indents } inch
hard thumb won't indent, thumbnail will
very hard  4pombngil wep't jodept

GENERALIZED UNIFIED SOIL CLASSIFICATION SYSTEM




LOG OF TEST HOLE SE 3 68433_HNS FERRY TERMINAL IMPROVEMENTS.GRJ SE_AKDOT.. MOD_0510.GDT H11/05

TEST HOLE LOG Sheet Numbar 1 of 3
Hole No. TH-1 STATE OF ALASKA DOT/PF Geologist M. McDonald. Jr. e
Project Haines : Ferry Terminal Improvements SE Region Ma“'f”afs Field Crew _AK DOT: Ed Carman/iason Love
Project # 68433 Geology Section Date Begin 1805
Location _Ceil 1 f center - Date End 1-10-05
Latlong _59°16'54.6" N/ 135°27'44.6" W (Swing ties +/- 2 feet. GPS +/- 20 feet) Weather 15-35° F, cloudy
Elevation _28.5 feat Depth _ 113 fest Equipmeni CME 75
Horizental Datum _WGS 84 Hammer CME Auto Hammer {140 and 340 ihs)
Sample D
ample DA, Drilling Notes: z
- . g ! B g oot Hole located in the approximale center of Cell 1. Corresponding tide level at 7:58 &
g1 3 £ € § g amis 23.5'. P
I - 127 2 0 oz i & 5
2!l s lehie 2o ¥ 2 & H
= B IeEiE. E = g = = o
= D o 3 13 a o 3 & =] -
[ =] L i 2] w WL o [3] i
: . SUBSURFACE MATERIAL
i L —————++—————f} | 0-0.15%ASPHALT T 28
" Bl 22ifef ) MC=AT% -2 0.15-1.5":Dense, light greenish gray, well-graded SAND with Gravei 27 4
i o Bl E 12 i} f p200-10.% E. (8W), dry, : (FILL) ]
1 I A " e gravel: subangular, fing-coarse grained 28
[ 3 W I S MC.=5.4% sand: medium grained 25
B 4 EiE pnb)e P2E0=8.5%. silt: frace }
1 5 — 1.5-10’:Medium dense, brown, medium grained, well-graded SAND 24
B 5 I with Gravel(SW), moisi, some cobbles throughout, boulders 53 i
B 6 expected but not encountered; (FILL) ]
1 2s L gravel: mostly fine grained with lesser coarse grained particles, 2o 4
— 7 subangular to subrounded 7
1 8 112 sand: subrounded to reunded, medium sphericity but some flat particles 21 i
] i — = sift: trace 20 H
B 9 B 2 395 MEs12s% b 1
| 101 G2 AT ez 147 oy 197
[ R A A . . RS
i 11 1 2N . 10-52.5":Medium dense, dark greenish gray SILTY SAND with Gravel 18
1 a2 Mo VT {SM), moist to wet, ; (FiLL} 17
- 12 pertmaten Ly gravel: angular to subrounded, fragments of dicrite, fiat and elongated 1
1 20 schist and greenstone 16 ]
i 13 ] sand: very fine - coarse grained, subrounded to subangular, mostly flat 15 -
2 14 and elongated ]
- = 7 silt: nonpiastic to low piasticity 14
- e | 157 YA T Oflygl MG=o5% LT 13 4]
& SRR R -~ p200=35.2% |- ]
2 16 7 S T ) 40 4
3 2 17 23 17" Observed wocd debris in the drill cuttings 11 ]
- T B
= 8 1 +— I Tide level was at 23.5" below the ground surface at the time the water 10 4
@ 19 'idf': :’_’ 0| gl MozaT table measurement was taken. o .
. S | op O[T e [T 200233 ;
g i : B Q oEolpii a8 -
(T 22 7 -
- g 22 4
s 1 17 6
-0 | 23 7
@ 1 P F3SERE RO CHES NSRRI 5
C o= | 24 e TB ol MR 8% 4 ]
B ] L ~5 1 5|15] peoo=ziaw |
25‘ . e 5
- 26
119 2
B 27
o8 1 50 14
1 - 13 0 ]
] o -
- 30 KL BE R . o Uit var ]
| ; L 10-52.5' The silt content of this unit varies between 5% and 20% and 2 -
- 31 soils range between Silty Sand with grave} {SM) and poctly graded Sand 1
B 30 ] 18 with Silt and Gravei (SP_SM) 3]
+ 15 -4
N 33 1
] = -5
- 34 - _E_:::'?:_'s...oqﬁ 9“39%'79“3’ , 5
o N O NSO Ko Y L) =19.8% |
- 35 1 I e ! I e 5 2]
- 36 4
117 -8
B a7
4 16 -G
i % 104
- 39 wlE eotasn [ 38.5-39.5' Boulder .
| 20 - BIUEN L p200=18:9% .o T
Sample Deiinition:SPT - 2' fong, 2° C.D. split spoon driven with a 140 i, hammer dropped 30 inches. MPT - 2° long, 2.5" C.D. spiit spoon driven with a 340 lbs harmmer dropped 30 inches.




LOG OF TEST HOLE SE 3 68433_HNS FERRY TERMINAL IMPROVEMENTS GPJ SE_AKDOT_ MOD_0510.GDT 3/11/05

TEST HOLE LOG Sheet Number 2 of 3
Hole No. TH».I STATE OFALASKA_ DOT/PF Geologist M. McDonald, Jr.
Project Haines : Ferry Terminal improvements SE Region Margna.’s Field Crew AKX DOT: Ed Carman/Jason Love
Project # 68433 Geology Section Date Begin ~ 1-8-05
Location Celi1/center Date End 1-10-05
Lationg 59°16'54.6" N/ 135°27'44.6" W (Swing lies +/- 2 feet. GPS +/- 20 feet) Weather 15-35° F, cloudy
Elevation 28.5feet Depth 113 1eet Eguipment CME 75
Horizontal Datum  WGS 84 Hammer CME Auto Hammer {140 and 340 [bs)
Sampie Dal
Ll Drilling Notes: =
- = T B E gl Hole located in the approximate center of Cell 1. Corresponding tide level at 7:56 i
2 1 £: 2 3 & am is 23.5', E
b = s |2 2 PO < =
A R S i@ g 8 2 3 2
AT s e |z
a S |8a|é: & @ EiZ: B4 & o]
: Do SUBSURFACE MATERIAL
118 12
- 413 i
15 -134
- 42 .
1 13 14
- 43 -
a4 ) 1 o g c ] -154
- =T 6 10| A MC=27% | 29 ]
1 | R 12| poce=23.1% //Z_ 16
45 | - i 9 . g | -iT7 -
- 48 1
19 -184
o 47
B 39 '39_
B 48 :
49 1 - 11 .20
3 Bl By 8 i,
| 50 1 3-) T doild ; -214
1 [ Z & o 25
- 51 4
21 -23
B 52
{38 24
3 53 I 52.5-74": Medium dense, light gray to brownish gray, fine to coarse 25
3 54 R AT B L grained, poorly graded SAND (SP), wet, ; (BEACH and
| ol L }? : f_’. 27 :pégdzég{/: L INTERTIDAL DEPQOSITS) -26
- @ | 55 R I e v B DR 2 gravel: fine grained, subrounded
| 5 [ silt; content varies 277
G | 56
ot 1 a7 -28-
-~ 1 57
E 1M 20
XD 30
[t ] R I 29 M
- = | 59 e | = 1
@ - N -31
- S | B0 VL R
= | i i 15 32
LT 33-
L = | g2 .
5 i 33 — -34-
- | 63 a5 1
5 1 R 0] | - T
3 % 64 E § 2 AP 13 MAC-.:&SZ/:» -36
L2 | 65 G| [ 4oy peain 84.5-66" Soil is very loose
= <37
- 66 _ I E
4 20 '38"
- 87 4
65 i 24 -39
59 1 N T AN R -40
i T TR e ] MO SR 3
| 70 dm k| E 351525 p200Ta% 41
TR 16 [ ST IEI e 42
. 7-; B
11 -43
— 72 .
{1 -44
- 73 " ] ]
T -45
B 74 7
| 1 12 /; 74-81.5": Soft to very stiff, gray, elastic SILT (MH), very moist, ~46]
754 0 / consistency increases with depth, some clay content expected; 47
B 78 /- (DEEP MARINE / GLACIOMARINE DEPOSITS) :
119 / i sand: frace 48
- 7T T /f siit: non-dilatant, medium plasticity, low-medium toughness 4G
- 78 - 1
79 E JES=anu IO I D S P /' -50-]
i Elima T ole i /_‘ .
| 50 R o o [ SRR A_ -51
Sampie Definitfon:SPT - 2' iong, 2° C.D. split spoon driven with a 140 1b. hammer dropped 30 inches. MPT - 2" fong, 2.5" Q.D. split spoon driven with a 340 Ibs harnmer dropped 30 inches.




TEST HOLE LOG

Sneet Number 3 of 3

Hole No. TH-1 STATE OF ALASKA DOT/PF Geologist M. McDonald, Jr.
Project Haines ; Ferry Terminal Improvements SE Region Ma"c‘_’”afs Field Crew  AK DOT. Ed Carman/ason Love
Project# 68433 Geology Section Date Begin 1-8-05 e
Location  Cell 1/center Date End 1-10-08 B
Lat/Llong  59°16'54.8" N/ 135°27'44.6" W (Swing ties +/- 2 feet. GPS +/- 20 feet) Weather 15-35° F, cloudy
Elevation 24.5 feet Depth 113 feet Equipment CME 75
Horizontal Datum  WGS 84 Hammer CME Auto Hammer (140 and 340 Ibs)
Sarmpte Data .
: X T T Driliing Notes: z
o - zi g T gl Hole located in the approximate center of Cell 1. Corresponding tide level at 7.56 oy
£ 13 £ E - § g amis 23.5", =
2] = |22 05 i e = s
= = o- |2 @ z 8.5 2 = ]
= E ce{da: & m o ElE [ 0] @
s g s ETE TR g3t ER |3 5
a O (S350 BE RN W IEIZE: 7=} @ ]
: oo SUBSURFACE MATERIAL
NE BE v,
< Hi e Tig)s | MC=26.1%. 1 53
i 82 gy | E o d0hetosg=| ot op200=81.7%: ( ) . . ) )
[0 it S DO (R / 81.5-83.5":Hard, gray, efastic SILT (MH), moist, similar to the previous 54
| 83 /_, unit but very hard; casing refusal in this interval; (DEEP MARINE /
77 EN GLACIOMARINE DEPQOSITS) ;=554
- 84 /_‘ 83.5-103.5°: Stiff (consistency varies from medium stiff to very siiff in 551
N 85 /_ discreet layers), gray, elastic SILT with Sand(MH), moist to very ]
/ 3 moist, some clay content expected; (DEEP MARINE/ BT
- 86 /* GLACIOMARINE DEPOSIT) 1
Lo | a7 1 /; gravel: trace, fine grained '58‘_
5 4 L sand: very fins-coarse grained LG
- 9 | 88 BN R By RN /— silt: low-medium plasticity, non-dilatant, low toughness 50 4
&3 1 Elom A ol al ME=1TT% / -V
R L R e e 92-‘“"‘!?“!3'7%'/7 514
s e I i 8 )
2 90 / 86" Rock of unknown size B
B ‘g g1 /* E
S| o2 / i -63-
: Z 2
- ] 93 /- 1
S | oar / A 97
5 1 / 56
— E 95 /_ 3
QG b / BT
e "('U' 96 B /— 4
g 4 /' -58
= 97 /_ .
/ -59
- o8 /_
o S/ § 70
i 99 B Goto| Ll memans /‘ ;
o o -:6‘:'92:0@:543%‘/- 714
B 100 W T N B — i
- 101 / 101’ Cobble 73]
- 102 ron 1
<7 [ /_ 74
- 103 // 1
1 T . San=1035 757
i 104 ST NS ol Reeag0% R 103.5-113":BEDROCK —
[ 105' B 1 RQDS58 5% i A
2 1 g x 77
s L3 Qo wy | J
3 1067 Qb =+ -78-]
i E §
-2 107 SR ; o |
2 1 : 3 -79-1
- o 108 r |
; ] B B B R TS E N -80]
@ | 1097 Sl S Recsggw i -89
- o 110 | B E - :
S 1 N ) < -824
- O 111 RO N NS = o
11,,“ 0;_ i 90 T AT -83
""_ ol IS PRI S I oL | B4
113 BOH 5;
L el I Bottom Of Hole 113’ -85
] L -85
- 1 [ - 4
15 I g7
o 116 N 1
7] ! -85
- 117 - 1
J -89-1
- 1 fud - o
18 ] 1 -80+
- 119 o 1
) ] -91
B 120 - 1
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Sample Definition:S$PT - 2" long, 2* O.D. split spoon driven with a 140 Ib. hammer dropped 30 inches. MPT - 2’ long, 2.5° Q.D. split spoon driven with a 340 Ibs hammer dropped 30 inches.




LOG OF TEST HOLE SE 3 68433_riNS FERRY TERMINAL IMPAOYEMENTS.GPJ SE_AKDOT_ MOD_0510.GDT 3/11/05

TEST HOLE LOG Sheet Mumber 1 ot 3

Hole No. TH-2 STATE OF ALASKA DOT/PF Geologist M. McDonald, Jr.
Project Haines : Ferry Terminal improvements SE Region Ma!einals Field Crew  AK DOT: Ed Carman/Jason Love
Project # 68433 Geology Section Date Begin _1-30-05
Location _Cell 2/ center Date End 1-11-05
Lat/long  58°16'55.0° N/ 135°27'46.3" W (Swing ties +/- 2 feel. GPS +/- 20 feel) Waeather 5-15° F, cloudy, windy
Elevation 28.51feet Depth  97.8 feet Equipment CME 75
Horizontal Gatum  WGS 84 Hammer CME Auto Hammer {140 and 340 Ibs}
Sample Data .
- - — Drilling Notes: =
o = e % E gl Hole lccated in the approximate center of Cell 2. &
2 4 2. 4 z 1B K
5 | &£ g 5 ¢ e - £
= =t =12 £ E i, =2 5
AR RED R T 3 5
S| $1g9E]E £ g8 £s = 3
S g 188id: & & &2 ad & i
: Lo SUBSURFACE MATERIAL
s ) TS T 1_0-0.15*: ASPHALT Foo28
b 5 T ML=5a% L 0.15-0.5":Dense, brown, well-graded SAND with GraveSW), dry, ; o7 ]
1 2 = i 16 lod .pZOG:‘l.‘?.E:% (FILL) ]
" < - 2 T T : L gravel: fine to coarse grained, rounded-sutrounded, medium-high 26
3 3 R e ol o MCs42% Freod ] sphericity o5
| 4 S| | | #200R% e sand: fine-medium grained, subrounded, high sphericity [ 1
1 - 6 et silt: trace 24 -
B 5 T 0.5-3.5":Medium dense to dense, light greenish gray, weli-graded 575 ]
| 6 12 SAND with Grave(SW), dry, ; (FiLL) s
i 34 gravel: fine-coarse grained, subangular 25 ]
- 7 sand: mediurn grained 1
1.5 sift; trace 21-]
- 8 : - - :
i 3.5-8.5": Medium dense, brown, poorly graded SAND with Grave{SP), 20
- 9 =2 e S I DO, moist to wet, some cotbles and race boulders; (FIiLL) ;
] .35. I T A A e S 1 gravel: fine-coarse grained, rounded-subrounded, medium- high 19 7
- 10 | Rkt O A0 O I o R sphericity 18
- 11 s sand: fine-medium grained with lesser amounts of coarse grained .
1 28 1 F articles, subrounded, high sphericity 17
: P
- 12 v A silt: trace 16 -
3 13 9.5-36.5":Medium dense, dark greenish gray, poorly graded SAND ]
1 — 13 with Silt and GraveSP-SM) moist to wet, ; (FILL) 15
- 14 = 1 gravel: fine grained, subangular-subrounded, medium sphericity ]
3 15 4 %l [0 sand: very fine-medium grained 14
2 ] S8 A S ) silt: green 13
-3 18 1
= ; {1 18 12 -
. ~— 1 |
e {15 11
SBRLE 10
-G |9 S :
L 8 20 | 2 Q __
z 16, g -
R 7 -
L % 22 i
5 i 15 6
- L | 23 5
) 1 S T 4 O D [ ]
-2 | 24 ) [l o ol M8 - 4
L2 | o5 o b g O SY pa00=23.0% B ]
] N T 5 ]
= 26 — — 4
27 2
|- 27 .
P 30 1 1
- 28 O E
) A TR 10 _,
i 29 gl : e -1 -
- 30 0| E
) z e -2 -
= 31 - .
52~ ]
14 -4 -1
- 33 ;
24 - 4 R SET -5 4
™ = 5. ol ol ME=a8%: ]
| 55 1 o g z o1 patoatgan L -6
i ran S DR 7]
- 36 4
12 -8 1
B 37 7 10 36.5-43.5":Loocse to medium dense, dark gray, poorly graded SAND 5
B 38 with Silt and GravelSP-SM) wet, some cobbles and possibly
1 SRS s - R Rt SIS boulders; {FiLL) -10
- 39 Bl T ool MC=Ba% | gravel: fine grained, subangular, low sphericity with some flat particles i
| 20 ] @] E TS seoestean | A sand: fine-medium grained 11

Sample Definition:SPT - 2' long, 2* C.D_ split spoon driven with a 140 in. harmmer dropped 30 inches. MPT - 2'long, 2.5" O.D. spiit spoon driven with a 340 los hammer dropped 30 inches.




LOG OF TEST HOLE S5C 3 68433_HNS FERRY TEAMINAL IMPROVEMENTS. GPJ SE_AKDOT MOD_0510.0DT 311/05

TEST HOLE LOG Sheet Number 2 of 3
Hole No. TH-2 STATE OF‘_“-ASKA DOT/PF Geologist M. McDonald, Jr
Project Haines : Ferry Terminal improvernents SE Region Mar&_‘”‘r"ls Field Crew _AK DOT: Ed Carman/Jason Love
Project # 68433 Gealogy Section Date Begin _1-10-05
Location  Cell 2/ cenier Date End 1-11-05
Lat/llong  59°16'55.0" N/ 135°27'46.3" W (Swing ties +/- 2 teet. GPS +/- 20 feet) Weather 5-15° F, cloudy, windy
Elevation 28.5feet Depth 976 feet Equipment CME 75
Horizental Datum WGS 84 Hammer CME Auto Hammer {140 and 340 jbs)
Sample Data .-
- — Drilling Nofes: g
o — T B E ol Hole iocated in the approximate center of Ceil 2, g
2 F 2. £ 3 3 =
E g 3k © e = c
= = #9122 E 1Plgo 3 5
gl =z |gsig & = 133 2 & 3
£ | 51858 & & 188 £E |z H
8 8 1SBfd: @ G gl &8 & o
A SUBSURFACE MATERIAL
] .. 1 - 9
R 41 2 C_ silt: green 127
14 . .13
i 2T Bss 14+
5 43 L 42.5' Cobble o
- - - - - =154
11 §: - T R e N R i ]
- 44 i k- z 3 @, MO~b4% - Ry 43.5-48.5’:Medium dense, light gray, poorly graded SAND with Gravel 18-
- ssl——w) ¥ 5o pP00=87% (SP), wet, traces of wood debris, some cobbles, this unit appears to ]
6 : = be bedded with layer thicknesses approximately 1’ thick; {BEACH 17+
3 46 DEPOSIT) :
[ P gravel fine grained, angular-subangular “181]
i 12 sand: madium-coarse grained, subangular 194
- | 48 = sitbace o -20-
- 49 O B Jol) ME=82% - 48.5-50": Stiff, light gray, elastic SILT with Sand(MH), wet, distinctly _2}_'
B 50 a |k 11 _f ] pEi=65% spongy feel to this material; (INTERTIDAL / SHALLOW MARINE ]
4 Ial ; 12 1ol - DEPOSIT) 59
- 51 1.C.=27.0% sand: very fine-fine grained, as much as 15% sand sized shell fragments 1
i P p200=37.9% silt; medium plasticity, non dilatant_low toughness 234
i a4 50-74’: Loose to medium dense, light gray to gray, poorly graded 4
= 53 SAND(SP), wet, shell fragments noted in the fine grained layers; 1
5 gy - e N T T B EP e (BEACH DEPQSITS) -251]
@ | B 8 w6 M ES12.8% gravel: noted only as anguiar fragments in the drill cuttings and trace 25
5 Y e e 48] pooo=12:9% | . 26
- 9 | 55 | B0 S A B Dt amounts in the samples
= 1 sand: fayers of very fine-fine grained mixed with layers of madium to 27
ERawr: coarse grained, subangular g
L S | 57 silt: trace amounts from 50-65" becoming iess below 65 ]
= N - -29
= 58 ]
L8 | g FEE N T 07
L2 leol— B £ [wisp 1
. ] R g -32 4
REL
3 { 28 33
. é 62 J
s i 29 -344
ERRE 35
= 64 g
{ 21 -36
- 65 4
120 '3?_
— 66 E
119 -38-
» &7
1 17 -394
] 68 40-
. 69 = 13,1.155";:. bt e s 1
L 0|8 F[Tes)| mere -
] : T -42
- 71 4
115 -43+
- 72
1 14 445
- 73 1
{ 12 o -45-
- 74 — T 1
i 75 7 e | MEE206% y 3 74-78.5"; gray, elastic SILT with Sand(MH) wet, ; (SHALLOW -484
ST £ | P200=39.0% / MARINE DEPOSITS) 47+
- 76 t‘g Q- o /- sand. fine-medium grained 1
1015 g . / silt: medium plasticity -484
- 77 L . /— E
1 57 pise YA -49
- ?8 P i
) I R e -k o N DERONE T - . -507
3 78 - Gl ] NP £ =Y s DRI I 78.5-87.5":Medium dense, light gray, poorly graded SAND with Gravel _51_‘
B 80 5| E o L (SP), wet, with cobbles and boulders between 78 and 83"; (BEACH
Sample Definition:SPT - 2' long, 2° O.0. split speon driver with 2 140 Ib. hammer dropped 30 inches. MPT - 2'iong, 2.5" Q.D. split spoon diven with a 340 ths hammer dropped 30 inches.




LOG OF TEST HOLE SE 3 68433 _HNS FERRY TERMINAL IMPROVEMENTS.GPJ SE_AKDOT_MOD_0510.GDT 3/11/05

TEST HOLE LOG

Sheet Number 30t 3

Hole No. TH-2 STATE OF‘?LASKA‘ boT/PF Geologist M. McDonald, Jr. e
Project Haines : Ferry Terminal Improvements SE Region Mar?na!s Field Crew _AX DOT. Ed CarmantJason Love
Project # 433 Geoiogy Section Date Begin _1-10-05
Location  Cell 2/ center Date End 1-11-p5
Lat/long  59°1655.0" N/ 135°27'45.3° W (Swing ties +/- 2 feet. GPS +/- 20 feef) Weather 5-15° F, cloudy, windy
Elevation 285 feet Depth __ 97.6 feet Eguipment CME 75
Horizontal Datum  WGS 84 Hammer CME Auto Hammer {140 and 340 Ibs)
5 o
R — Driling Notes; =
o = LR E ool Hole located in the approximate center of Cell 2. &
I = 11 2 3 oo =
£ 3 z: E 3 2 £
S1E .53 3 3 igel o | B 5
¢ fg2)8 2 2955 @ o Z
= @ E- E |l = R - =2 = &
5| & 433 3 & 83 &8 |3 2
: Do SUBSURFACE MATERIAL
3 g1 DEPOSITS) -52-]
i 81’ Boulder -53
- o | 82 54-
9 | g3 82.5' Cobble ‘
£ j -55]
- - 84 4
% j -56
- 8 E
PR 57
- O 86 1
i -58-1
- @ | 87 ‘ ]
2 : A -591
- . | 887 A 87.5-93’:Medium siiff to stiff, light gray SANDY SILT(ML), wet, ; 60
L 5 | g9 -2 S N S VPO /_ {DIAMICTON / GLACIOMARINE DEPQSITS) 1
s ) & g Sl1a -pﬂb%jfé’& / gravel: trace, angular-subangular, low sphericity 61
- | gp RS e e S T % sand: very fine-fine grained 62;
| 2 91 | A sili: non plastic, slow-rapid dilatancy, low foughness, none-low dry il
‘% ] / I strength -B3
2 A .5- ecomes extremely hard, some cobbles ‘
g2 91,5-93 xtremely hard bbl
B % 64
-2 1 g3 ]
& ] — — ST R 93-97.6: BEDROCK similar rock type to TH-1 with same structural 657
- 947 - - Rec=29% b orientation -6
L 2 | o5 = : RQD=0%. .} ]
; I 16: 8 o S e 87+
. @ 96 o . — L ]
] 1 =1 : -68
-3 | o7 o - ]
T ] — s 697
RS = Bottom Of Hole 97.6’ 704
) o .
5 99 1 _ i
- 10C ] i -72-
- 101+ i 73]
- 102 1 | 74
= 103+ ) 75+
- 104 - ]
] i 76+
- 105 ] -77
- 106+ i 78]
E_ 1 7 - 4
077 i -794
- | 108+ 50
- | 109+ a1
- 110+ C 827
- 1115 -83
- 112y g4
- 11 I~ ]
3 ] r -85
- 114 -
] -86
- 115+ -87+1
o 116 ] -8 af
- 1177 - 80
- 118 [ -90]
- 119 r 1
] -91
- 1120 -

Sample Delinition:SPT- 2" long, 2° O.D. split spoon driven with a 140 Ib. hammer dropped 30 inches. MPT - 2’ long, 2.5" C.D. split spoon driven with a 340 Ibs hammer dropped 36 inches.




TEST HOLE LOG

Sheet Number 1 ¢f 2

MOR_0510.GDT 3/11/05

£OG OF TEST HOLE SE 3 68433_HNS FERARY TERMINAL IMPROVEMENTS GPJ SE_AKDOT

Hole No. TH-3 STATE OFALASKA_ DOT/PF Geologist M. McDonald, Jr.
Project Haines - Ferry Terminal Improvements SE Region Marsj'rrals Field Crew _AK DOT: Ed Carman/Jason Love
Project # 68433 Geology Section Date Begin ~_1-15:05
Location  Cell 4/ behind the sheet pile structure Date End 1-15-05
Lat/tong  59°1655.1" N/ 135°27'48.8" W {Swing fies +/- 2 feet. GPS +/- 20 feet} Weather 15°F, cloudy -
Elevation 28,5 foet Depth _ 73.5 feet Equipment CME 75
Horizontal Datum  WGS 84 Hammer CME Auto Hammer (140 and 340 bs)
Sample D
SRR Drifling Notes: s
. = 7. 8 E ol Hole located at the limits of the temporary excavation made to repair Celi 4. y
£8 0 g 5 &g < £
EllEs 2 iis g B E
S5 EEIE E o2 5E Es oG
5 ai1dald. @ o owoE:  Ho @ ]
: Do ' SUBSURFACE MATERIAL
] 1 G S BTV 1 0-0.15": ASPHALT 28
T2 1= g = 0.15-1.5": Frozen, light brown, poorly graded SAND with GraveKSP), 27 ]
- 2 A TR O £ dry, trace sil; (FILL) :
158 [wTE F 1.5-29": Medium dense, dark greenish gray, poorly graded SAND with 26 7
B 3 3 B Siit (SP-SM) moist to wet, with cobbles and boulders; (FILL) 55
| 4 i = 4 gravel: fine-coarse grained, angular-subangular, elongated-iow sphericity ‘
1 T IO e v MC.28:6% f. 1 particles; 24
i 5 1 % 2 Rk g 24) poco=21.9% | sand: medium grained; 93 |
i 6 i g R g o N sift: green; ]
2 -
i ;1% 2.5-3.5' Boulder ¢
{ 24 21
A g L2 3.7' Cobble ]
4 25 20 7
- g ] - P 12 | B i I FEN 19 ;
] NG &l yml ME=T8%: ‘
5 10 7 3 A 13| p20o=21:4% || T 18
B 11 R = I R I AL ]
4 33 17 1
- 12 - ]
i 31 16
B 13 \ 1
4 35 13' Cobble 15
N 14 - 1
] S - fg,i ne 14
— o 2 ]
%) 15 B DE 12 e S 13
& 4 38 12
L5 47 18.5" Cobble 1
2 {3 17’ Cobble 19 -
REIEE 10
-5 |19 — ]
b3 1 S g
O 20 nl 3
z : |- 8 -
Pz 2 T 7
- S22 :
e 19 F 6
o} 23 T ]
PR I 5
" © S N S LU RS TR ERE U o B 3 g i i ) i -
| g 1 | Tl | e 1t 24’ Decrease in the relative density and increased gravel content 4
25_ el 7 o p200=116 | B 3 ]
| 28 - ' ) Do b ]
13 L 2
- 27 b ]
1 8 F 1 4
B 28 + ]
19 3 0
B 29 T A NS N D i
B 30 ) e O 44 SME.=151% 29-33": Medium dense, dark gray, slightly organic SILTY SAND(SM), -1
] @ | E LB ) p200=22.8% ¢ wet, traces of shell fragments and fibrous organics; (BEACH/ 2
- 31 SR AL K- N 38 — SHALLOW MARINE DEPOSIT) :
40 20 gravel: trace amounts, biocky, angular particles; -3
20 -4 -
- 33 -
B " 36 33-42": Medium dense, light gray ta gray, poorly graded SAND with 5]
347 U EO P20 ) B Gravei (SP), wet, (BEACH DEPOSIT) -6 -
= 35 e ey gravel: fing grained, rounded-subrounded; ]
1 SR o o IS TS R sand: coarse grained, subrounded-subangular; 7]
3 36 5 silt: trace amounts but generally less below 367, .8
- 37 i
38 21 -3 §
25 3 -10
B 39 it iy A MR SN 1
| 40 9 L MG EB 8% Ve T ]

Sample Detinitior:SPT - 2 long, 2° 0.D. split spoon driven with a 144 3h. hammer dropped 30 inches. MPT - 2" long, 2.5° 0.D. split spoon driven with a 34¢ ibs hammer dropped 30 inches.




LOG QOF TEST HOLE SE 3 68433_HNS FERRY TERMINAL IMPROVEMENTS GPJ SE_AKDOT_ MOD_0510.GDT 3/11/05

TEST HOLE LOG Sheet Number 2 of 2
Hole No. TH-3 STATE OF ALASKA DOT/PF Geologist M. McDonald, Jr.
Project Haines ; Ferry Terminal Improvements SE Region Materiais Field Crew _AK DOT: Ed CarmandJason Love
Project# 58433 Geology Section Date Begin _1-15-05
Location  Cell 4 / behind the sheet pile structure Date End 1-15-05
Laylong  59°16'55.1° N/135°2748.8° W (Swing ties +/- 2 feel. GPS +/- 20 feet) Weather 15°F, cloudy
Elevation 28.5feet Depin _ 73.5 feet Equipment CME 75
Horizontal Datum  WGS 84 Hamimer CME Auto Hammer {140 and 340 ibs}
Sampla D
SR s Drilling Notes: z
. - T B g s Haole located at the limits of the temporary excavation made to repair Cell 4. £
21 B 2008 0 B iR £
2080 4|2 2 % 5 F
gl s | 29|a 5.8 22 2 5 3
= T a3 £: ¢ Eogiss e = 2
= o o 2 I 3 o @ (i g C =3 .
(=} o Loa (2 TR ] 17 B ol o [ i
‘ AN SUBSURFACE MATERIAL |
; ISR I8} p2li=3.2% . .12
| 41 s ; 1o . ]
1 43 = -13
- @ 14-
] - ] SEedes 42-34: BOULDER -144
3 437 T RaD=0% 1541
] a I s 0 O B 1
] Sa = R e 44-73.5: Very stiff to hard, greenish gray SANDY SILT to SILTY -16+
3 4517 O E e / SAND{ML / SM} wet, possible traces of fine grained shelt 17
- 46 e G /— fragments; this unit s very hard and required 1200 to 1500 lbs of 1
1 o o BRI 700§ down pressure to driff with a tri-cone bit, no samples were recovered -184
™ 47 7 /' in this interval and it was logged from driil cuttings only; (ORIGIN 194
5 48 e . / L LUNKNOWN)
1 T — / sand: very fine-fine grained, approximately 40-50%; -20-
B 49 = %‘ silt: green; 214
- 50 e /_. 4
J S -224
B 51 1 /" 2]
= 52 ; %T _24-
ERNE 7/ 25
.. Q - ]
g% % 26
- = | 55 /— 1
£ 1 / 1 -27
- % | 56 / r 1
3 | 574 o 28
.8 4 /. _29,..
. O - 3
g | %87 7 -30-
C o | % 2 31-
= g 80 /"' i
-~ i% 81 ] % L -32 ]
L2 | e 21 337
© ] i .34]
= / i 347
83 / j -35
| o] 7
S / . 377
n 87 | /; 384
| | g5 % 397
- ! 40
i 697 % L 41+
0T % 421
- 71 %_— 23]
- 72 /- ;
. g ‘-3 _44u
5 73+ / - -45-
A sorr Bottom Of Hole 73.5 261
L s - 47
A - 48+
L |77 - 40
B 78 3 50]
B 79 o ]
B E _51 -
- 80 - ]
Sample Definition:SPT - 2’ leng, 2° O.D. split spoon driven with a 140 Ib. hammer dropped 30 inches. MPT - 2' leng, 2.5" O.D. split spoon driven with 2 340 tbs hammer dropped 30 inches.




FQUNDATION PENETROMETER SE 68433 HNS FERRY TERMINAL IMPROVEMENTS GPJ SE_AKDOT_ MOD_0D40504.G0T 3/10/05

LOG OF PENETROMETER

Sheei Number 1 of 3

Hole No, P-1 STATE OF/'?”-ASKA_ POT/PF Geologist M. McDonaid, Jr.
Project Haines : Ferry Terminal Improvements SE Hegion Mar?”a[s Field Crew AK DOT: £d Carman/Jason Love
Project # 68433 Geology Section Date Begin 1-13-05
l.ocation  Closure aic/ betweencell 1 & 2 Date End 1-15-05
Lat/long  59°16'55.1" N/ 136°27'45.4" W Weather 0° F, cloudy
Elevation 28 fest Bepth  107.2 feet Equipment CME 75/ CME Autg Hammer {340 fos)
Drilling Notes:
Hole iocated at proposed mooring structure. g
2% s b
° U © £
= 1 ¢ | Es 5
S g &3 GRAPH OF PENETROMETER IN BLOWS/FOOT &
D 10C 200 300 400 500 750 1004 g
) : 5 5 ! ' : . 0-0.15" Asphalt
2 L )
4 0.15-1.5
] R " 2 Frozen soil 26
-~ 3 - 3 25
17
= 4 -4 24
18
- 5 r 5 23
1 38 3
- 6 - & 5.5 Rocks 22
;140 7 21
3 7-9' Concrets,
i 8 7 © 8 cored with NQ 27
- 9 p C 9 wireline 19
- 10 - 10 18
B 7 L
i 11 - 11 17
4 '? L
- 12 - 12 16
Fi 8 L
- 13 - 13 15
4 8 L
- 14 ro14 14
4 6 L
B 15 - 15 13
513 16 12
. 15 L
o | 7T, - 17 11
-9 | 18— - 18 10
fre} 1186 r
r o 19 7 - 19 9
- 3 | 20 - 20 8
£ 1 6 [
-5 | @17 7 r 21 7
-2 22 7 N 22 B8
Lo | 23 L 23 5
1 14 - 23.2° Rock
- 24 - 24 4
i 10 L
- 25 - 25 3
4 10 l
- 28 - 26 2
1114 L
= 27 - 27 1
{7 [
1 o8 - 28 0
4 g L
- 29 - 29 -1
4 -17 L
o 30 e 30 -2
- a1 47 L a1 3
4 14 £
B 32 3 - 32 -4
- 33 = C 33 -5
- 34 - 34 -6
4 9 L
- 35 - 35 -7
8
- 36 - 36 -8
18
- 37 - 37 -9
E 12 {
- 38 - 38 -10
4 12 t
- 39 - 39 -11
4 15 L
- 40 - 40 -12

Note: Liniess otherwise noted the penetrometer 128t is a 2.5 inch O.D., fiat fipped, thick walled rod driven continuousiy with a 340 fos. CME auts hammer.




LOG OF PENETROMETER

Sheet Number 2 of 3

MOD_040504.GDT 3/10/05

Hole No. P-1 STATE OF“_‘LASK‘”{ DOT/PE Geologist M. McDonald, Jr.
Project Haines : Ferry Terminal !mprovements SE Region Mat?rrafs Field Crew  AK DOT: £d Carman/Jason Love
Project # 68433 Geolagy Section Date Begin  1-13-05
Locaticn  Closure arc / betweencelf 1 & 2 Date End 1-15-05
Latbong  59*16'55.1" N/ 135°27°45.4" W Weather 0° F, cloudy
Elevation 28 teet Depth _ 107.2 feet Equipment CME 75/ CME Auto Hammer (340 1bs)
Driliing Notas:
Hole located at proposed moaoring structure. 3
2% s £
ko w T &
- 3
a 8 | e&n GRAPH OF PENETROMETER IN BLOWS/FOOT w
o 100 200 300 400 500 750 1003 42 4
413 : : : : : : ]
- 41 - 41 -13
L | el 2 42 14 -
i1 42’ Strata
i SERE [ 3 change 15 ]
o 44 - 44 -16 o
4 12 L i
s 45 - 45 A7 -
| 45 11 L 46 18 ]
i 11 E
o 47 - 47 -19 S
112
o 48 3 - 48 20
s 49 L 49 21
4 12 L
- 50 - 50 -22 ]
119
- 51 r 51 23
4 27 L
- 52 - 52 -24
i 14 E
o 53 5 - 53 -25
. 54 = - 54 .06 -1
3 S - - 55 27
- 56 3 - 586 -28
- 57 r o7 -29
g 58 4 13 58 30
- & - 58 30
7! 113
- o 59 3 - 58 -31
- 60 -32 A
B o1 - 10 - 61 33 A
£ {15
-2 62 62 -34
[ 118
- o 63 r 63 -35
1 24
- 84 - 64 -36
126 1 1
= 65 - 65 -37
115
- 66 - 66 -38
4 17 4
- 67 - 67 -39
A 20 ]
- 68 r 68 -40
1 42 1
- 69 - 69 -4% 4
1116 1
B 70 r 70 -42 S
1128
B 71 - 71 -43
197
- 72 - 72 -44 4
177
- 73 - 73 -45 -
1 80
= 74 - 74 -46
1105
B 75 - 75 -47 -
4 88 L
- 76 - 76 -48 -
L | 718 L 77 49
143 77 Sirata 1
] SEED - 78 change -50 ]
H- 79 - 79 -51
144 L .
- 80 - 80 -52

FOUNDATION PENETROMETER SE 68433,_HNS FERRY TERMINAL IMPROVEMENTS.GPJ SE_AKDOT,

Note: Unless otherwise noted the penetrometer test is a 2.5 inch 0.D,, flat tipped, thick walled rod drven continuousty with a 340 Ibs. CME auto hammar.




/ LOG OF PENETROMETER

Sheet Number 3 of 3

MOD 040504 ST 3/10/05

FOUNDATION PENETROMETER SE 68433_HNS FERRY TERMINAL IMPROVEMENTS.GPJ SE_AKDOT

Hole No. P-1 STATE OF ALASKA DoTtPF Geologist M, McDonaid, Jr.
Project Haines : Ferry Terminal Improvements SE Region Maténals Field Crew AKX DOT: Ed Carman/Jason Love
Project# 8433 Geology Section Date Begin _1-13-05
Location Closure arc/ betweencell 1 8 2 Date End 1-15-05 o
Lat’long  59°1€'55.1" N/ 135°27°45.4" W Weather 0° F, cloudy
Elevation 28 fest Depth 1072 feet Equipment CME 75/ CME Aulo Hammer (340 ibs)
Drilling Notes:
Hole located at proposed mooring structure. 5
2051 £
2 w o =
= | ¢ 5= &
21538 g
&8 |d&s GRAPH OF PENETROMETER IN BLOWS/FOOT @
D 100 200 300 400 500 750 1004 .52
RED S : ' ; z ' !
5 81 r 81 -53
137
o 82 - 82 -54
1 32 ]
- 83 - 83 -55
P 37 L 3
- 84 r 084 -56
141 L ;
- 85 F 85 -57
{31 | |
B 86 - 86 -58
141 : :
- 87 - 87 -59
4 40 L 3
B 88 - 88 -60
39 - -
- 89 - 89 -51
] 22 L
- 90 - 90 -62
| o | 5128 o1 63
O 148 91’ Strata
LR T - 92 change -6 1
[ 2 93 - 93 -65
a 48 I ]
- © 84 - 94 -66
g o5 1128 I 95 67 |
§ o {242 1 o 9;11.8 Strata 58
- - change -
& 1260 i g ‘
B 97 - 97 -89
1509 g 70 -
2 g8 T116 - 98 , =70
- 89 [ g 98.2' Strata 71
184 change
- 100 - 100 -72
178 I ]
- 101 F 101 -73
i 66 4
- 102 - 102 74
4 72 .
F 103 - 103 -75
177 L ]
= 104 r 104 <78
4 67 - 4
o 105 F 105 =77
L el [ 108 78
C172 : z ; 1300 psi
5 107 refusal on presumed bedrock : - 107required to 79
1531 ’ I ]
i 108 BOTTOM OF HOLE at 107.2  108break the rods 80
B 109 L 1pgfree 81 -
i 10 - 110 -82
= 111 - 111 -83
- 112 r 112 -84
i 13 - 113 -85
I - 114 -85
- 1S - 115 -87
- 116 - 116 -88 ]
- 17— b 117 -89
- 118 r 118 -90 i
- 149 119 -91 1
B 120 F o120 -92

Note: Unless othermsa aoted the pensizometer test is a 2.5 inch 0.D., flat tipped, thick walled rod driven continuously with & 340 Ibs. CME auto hammer.




LOG OF PENETROMETER

Sheet Number 1 of 3

Hole No. P-2 STATE OFA‘LASKA_ DOT/PF Geologist M. McDonald, Jr.
Project Haines : Ferry Terminal improvemenis SE Region Maf"_'”afs Figid Crew  AK DOT: Ed Carman/Jason Love
Project # 68433 Geology Section Date Begin ~ 1-13-05
Location  Closure arc/ betweencell 2 & 3 Date End 1-13-05
tat/long 59°16'55.4" N/135°2746.6™ W Weather -4° F, clear
Elevation 28 fest Depth _ 94 feet Equipment CME 75/ CME Auto Hammer (340 jbs)
Crilling Notes:
Hole located at proposed mooring structure. "§
SR AE <
=) C | ge §
£ 582 g
5| & |23 GRAPH OF PENETROMETER IN BLOWS/FOOT B
D 100 200 300 400 500 750 100 28
] , ' 5 : : : L 0-0.15" Asphalt oy
' s 0.15-1.%
i 2 133 T 2 Frozen soil 26
i 3 - 3 25 -
124
- 4 - 4 24
- 5 125 r 5 23
143 5" Rocks :
i 6 - 6 22
7 124 7 21
7-9 Concrete, .
i 8 - - 8 cored with NQ 20 7]
i 9 - 9 wireline 18 1
4 12 L E
- 10 - 10 18
4 22 L
B t1 - 11 17 S
. 16 L
- 12 “+——— - 12 16 S
B: 13 L
- 13 - 13 15 7
B 13 |
- 14 14 14
113
- 15 - 15 13
16 L3 16 12 -
i 25 16-17 Rocks
-5 |17 - 17 11
P 129 1
o |18 " 1817.8-18.5° 10 7
© 129 . . ]
B 14 - 19 Rocks 9 -
_% 20 -3 ~ 20 8 7
L€ | o4 L 5y 20.2’ Rock _
2 118 L~ 20.8" Rock
L6 | 23 L 23 5 -
i 14 ‘
- 24 24 4 4
113
B 25 14 - 25 3
B 26 - 26 2 A
a2 27 i
110 27" Strata :
i 27 " 28 change 0 7
o 28 - 29 -1 4
6 I ]
- 30 - 30 2
9 - .
- 31 - 31 -3
El 9 L 1
- 32 L a2 .
113
i 33 - 33 -5
F 18 4
i 34 -~ 34 8
4 12 .
B 35 - 35 -7
4 11 | E
- 36 7 r 36 -8 7
- ¥, - 37 -9
- 38 5 - 38 -10
B 39 F 39 -11
4 11 L
- 40 - 40 -12 1

FOUNDATION PENETROMETER SE 68433_HNS FERRY TERMINAL IMPROVEMENTS.GPJ SE_AKDOT_ MOD_D40504.GDT 3/10/05

Mote: Unless otherwise noted the penstrometer test is a 2.5 inch 0.0, flat tipped, thick walled rod driven continuously with a 340 lbs. CME auto hammer.




MOD_040504.GDT 3/10/05

FOUNDATION PENETROMETER SE 68433_HNS FERAY TERMINAL IMPROVEMENTS.GPJ SE_AKDOT,

Hoie No. p-2

LOG OF PENETROMETER

Sheet Number 2 01 3

STATE OF ‘_“'—ASKA_ DOT/PF Geologist M. McDonald, Jr.
Project Haines : Ferry Terminal Improvements SE Region Mare"nals Field Crew  AK DOT: Ed Carman/Jason Love
Project # 88433 Geajogy Section Date Begin _1-13.06
Location  Closure arc/ betweencell 2 & 3 Date End 1-13-05
Lattong  59°16'55.47 N/ 135°2746.6" W Weather -4° F, clear
Elevation 28 teet Depth 94 teet Equipment CME 75/ CME Auto Hammer (340 lbs}
Drilling Notes:
Hole located at proposed mooring structure. 3
k=] = v
AR AR: £
<8 :
= = S0 =
£1 5|88 :
a & | &m GRAPH OF PENETROMETER N BLOWS/FOOT i
D 190 200 300 400 500 750 1000 A9
16 : : : 3
L a1y - 41 -13
= 2T - 42 -14
L B3 - 43 -15
B 44 > - 44 -16
— 45 P - 45 -17
3 640 - 46 -18
- S - 47 -19
- 48 3 - 48 -20
- 49 9 - 49 -21
H 50 17 - 50 -22
- 51 10 - bt -23
- 52 11 r 52 -24
- 53 3 - 53 -25
- 54 3 - B4 -26
-~ 55 7 ~ 55 -27
B 56 3 - 56 -28
- a | 57 - 57 -29
- O | 58 170 - 58 -30
- 2 59 7 I 59 -31
B § 80 - 60 s -32
2 115 60’ Strata
55T 5, - 81 change 33
-3 | 62 - B2 -34
[ & | a1 L 63 35
127 63 Strata
i 84719 " 64 change 36
B 65 71 - 65 -37
B 66 66 r 66 -38
- 67 57 - 57 -39
B 68 30 — 68 -40
o 69 - 69, -41
122 3 69" Strata
- 0 - 7% change A2
BT - 7170 Strata -43
- 72 30 L 72 change 44
B 73 9 - 73 -45
- 4T e - 74 -46
= 75 - 75 -47
I 2; | 46 75.4-75.9' Rock s
o 77 "Ts' 77 -49
- 73 41 - 78 -50
- 79 - 79 -51
L 80 - 80 -52

Mote: Unless othenwise noted the penstrometer test is a 2.5 inch O.D., fiat tipped, thick walled rod driven continuously with a 340 ibs. CME auto hammer.




LOG OF PENETROMETER

p-2

Sheet Number 3 of 3

Hole No. STATE OF ALASKA DOT/PF Geologist M. McDonald, Jr.
Project  Haines: Ferry Terminal improvements SE Fegion Materials Fieid Crew _AK DOT: Ed Carman/Jason Love
Project# 68433 Geology Section Date Begin _1-13-05
Location  Closure arc/ between celi 2 & 3 Date End 1-13-05
Latlong  59°15554° N/ 135°2746.6" W Weather -4° F, clear
Elevation 28 feet Depth 94 feet Equipment CME 75/ CME Auto Hammer (340 Ibs)
Drilling Notes:
Hole iocated at proposed mooring structure. 3
21 %1 ¢
£ 5|88 E
& & | &8 GRAPH OF PENETROMETER IN BLOWS/FOOT &
0 100 200 300 400 500 750 1004 52
44 \ : : : : :
- 81 - 81 -53
I I L 82 54
- 23 135 83 55
I P 84 56
3 o128 .84 Strata i
& 1 49 I change )
- oi | 86 200 - 86 58
- & | 87 | 4, 86.2°Strata g
@ 1309 change
- £ | 88 - 88 -60
= 1356
- | 89 - 89 -61
5 1119 ’
- 0. | 90 %0 - 00 89.5" Strata -62
5 91 | ¢¢ Change 63
1 70
- 92 ~ 92 -64
i 65
- 93 : : : = 93 -65
1 89 | refughion presumed bedrock : 3
94 94 . -86
1000/3" BOTTOM OF HOLE at 84’ L "7 1600 psi
i 957 - 95 required to -67
- 96 - 98 break the rods  -68
- 97 - g7 free -69
B 98 - 98 =70
- 99 - 99 -71
i 100 - 100 72
= 101 - 101 -73
- 102 - 102 -74
- 103 - 103 75
- 104 - 104 -76
i 105 ~ 105 77
- 105 L 108 -78
- 107 - 107 -78
- 108 - 108 -80
- 109 ~ 109 -81
- 110 - 110 -82
- i - 111 -83
| 112 - 112 -84
~ 113 - 113 -85
- 114 - 114 -86
B 115 F 115 -87
- (116 - 116 -88
= 117 - 117 -8%
- 118 - 118 -90
- 1y - 119 -91
N 120 - 120 -92

FOUNDATION PENETROMETER SE 68433 _HNS FERRY TERMINAL IMPROVEMENTS.GPY SE_AKDOT  MOD_040504.GDT 3/10/05

Note: Unless otherwise noted the penetrometer test is a 2.5 inch O.D., flat tipped, thick walled rod driven continuously with & 340 Jos. CME auto hammer,




APPENDIX C
AKDOT & PF
LABORATORY TEST DATA




US GRAIN SIZE MOD 2 688433 HNS FERRY TERMINAL IMPROVEMENTS.GPJ SE_AKDOT  MOD 040504 GDT 3/14/05

U.S. SIEVE OPENING IN INCHES i U.S. SIEVE NUMBERS ! HYDROMETER
4 2 1 1/2 3 5] 10 ,,16 30 50 100 00

8 3 34 Yeyg T o4 al0 1416 py 30 4 S0 g5 100,402
100 RTINS, TR e I Ui 1 h e v

S

95

. L@\%*

Y
j: | : .\ 5
: \®>‘

70

i

60

55

45

T

y

PERCENT FINER BY WEIGHT
3
/%
]
.

IR

35

30

25

20

15

i

10

N

100 i0 1 G.1 0.1 6.001
GRAIN SIZE IN MILLIMETERS

@{TH-1-1 05 | 05C-21 WELL-GRADED SAND with SILT and GRAVEL(SW-SM) 47 | 27 | NV | NP | NP
@®|TH-1-2 25 | 05C-22] POORLY GRADED SAND with SILT and GRAVEL(SP-SM) 5.4 28 | NV | NP i NP
A[TH-1-3a 85 | 05C-23 SILTY SAND with GRAVEL(SM) 12.5 NV | NP | NP
*|TH-1-3b 10.0 | 05C-24 SILTY SAND with GRAVEL(SM) 7.3 NV | NP | NP
®ITH-3-4 145 | 05C-25 SILTY SAND with GRAVEL(SM) 95 | 29 | NV

@ TH-1-1 05 148 i 49.68 38 3225 | 0.556 32.4 56.7 10.9

WiTH-1-2 25 | 095 | 32.24 38 3.178 | 0545 | 0098 | 337 57.8 8.5

A TH-1-3a 85 25.4 | 2.952 | 0.418 31.8 53.5 14.7

* TH-1-3b  10.0 38 3,002 | 0.203 32.0 43.8 24.2

@ TH-1-4  14.5 25.4 | 1.053 18.9 459 35.2

Alaska D.O.T/P.F. Southeast Region SUBSURFACE DATA: Results of Laboratory Testing Sheet10f 9
6860 Glacier Hwy. Location: Haines

Juneau, Ak 99801-7999

Teiephone: (907) 465-4454 Project: Ferry Terminal Improvements

Fax: (907) 465-3506 Number: 68433




PERCENT FINER BY WEIGHT

US SIEVE OPENING IN INCHES f

5 4

U.8. SIEVE NUMBERS t HYDROMETER

10,186 30 50 100 200

100

3
t N

1477 20 40 T 60 140
T T T T 7 F

95

90

85

80

75

70

65

Pt

80

55

50

45

40

35

30

25

|

20

XCE 2%

15

10

100

0.01

10 1 0.1
GRAIN SIZE IN MILLIMETERS

0.001

® TH-1-5 185 | 05C-26 SILTY SAND with GRAVEL{SM) 8.7 2.9 NV | NP | NP
®iTH-1-6 235 | 05C-27 SILTY SAND with GRAVEL{SM) 7.9 NV | NP | NP
A |TH1-7 285 | 05C-28 SILTY SAND with GRAVEL{SM) 7.4 NV | NP § NP
* |TH-1-8 335 | 05C-28 SILTY SAND with GRAVEL{SM) 7.4 Ny | NP | NP
®@{TH-1-9  38.5 | 05C-29 SILTY SAND(SM) 12.5 NV | NP | NP
®|TH-1-5 185 254 1.861 0.083 24.8 45.8 28.3
X |TH-1-6 235 38 2706 | 0.243 30.7 46,9 22.4
A |TH-1-7 285 25.4 3679 | 0.389 35.4 44,4 20.2
*|TH-1-8 33.5 38 2.731 0.385 28.6 51.6 19.8
@|TH-1-9 385 19 1.646 | 0.378 121 70.9 16.9

US GRAIN SIZE MOD 2 68433 HNS FERAY TERMINAL IMPROVEMENTS.GPJ SE_AKDOT MOD_040504.GDT 3/11/05

Alaska D.O.T./P.F. Southeast Region
6860 Glacier Hwy.
Juneau, Ak 99801-7999

Telephone; (907) 465-4454
Fax: (907) 465-3506

SUBSURFACE DATA: Results of Laboratory Testing Sheet2of 9

Location: Haines

Project: Ferry Terminal improvements
Number: 68433




U.S. SIEVE OPENING IN INCHES ! U.5. SIEVE NUMBERS | HYDROMETER

g 43 = 1an V235 810 1418 5p 30 40 g

5
100 r ;Kuz;xmlazi T T 1
o AN

\\\\\}A T e

%)
|
|

i

1.
I
i

80

85

T T

80

75

70

[=>]
&)

N

3
——
| &
]

55

° NIRRT

. I Nl \
NI

35 : : : y

: [ EAY

25

PERCENT FINER BY WEIGHT

20

15

10

100 10 1 0.1 .01 0.001
GRAIN SIZE IN MILLIMETERS

TH-1-10 43.5 | 05C-30 SILTY SAND with GRAVEL(SM) 7.7 3.0 NV | NP | NP
TH-1-12 53.5 | 05C-32 POORLY GRADED SAND with SILT and GRAVEL(SP-SM) 7.5 2.9 NV | NP | NP
TH-1-14 83.5 | 05C-33 WELL-GRADED SAND with GRAVEL(SW) 6.6 NV | NP | NP
TH-1-15 685 | 05C-34 WELL-GRADED SAND with SILT and GRAVEL{SW-SM} 87 NV | NP | NP
SILTY CLAY with SAND{CL-ML})
] TH-.1-1(} 43.5 38 3377 .0.281 - ”34.3 42.6 23.1
@{TH-1-12 53.5 0.49 27.23 25.4 3.64 0.487 | 0134 321 61.4 6.5
.A TH-1-14 635 2.49 19.72 18 3.851 1.403 oz 33.6 681.8 4.8
*iTH-1-15 68.5 1.74 31.95 19 3.086 | 0.715 | 0.096 28.9 63.7 7.4
®ITH-1-17 80.5 25.4 0.012 6.1 12.3 36.7 45.0 68.5

SUBSURFACE DATA: Results of Laboratory Testing Sheet3 of 9

Alaska D.O.T./P.F. Southeast Region

6860 Glacier Hwy. Location: Haines
Juneau, Ak 99801-7999
Telephone: (907) 465-4454 Project: Ferry Terminal Improvements

US GRAIN SIZE MOD 2 68433 HNS FERRY TERMINAL IMPROVEMENTS.GPJ SE_AKDOT  MOD 040504 GDT 3/11/05




U.8. SIEVE OPENING IN INCHES | U.S. SIEVE NUMBERS f HYDROMETER
6 4 3 2 11’23'r8 3 4 6 8101416 20 30 40 50 80 100140200

1
A 3/4
100 T Ere M T T T P TR T Tr T

g 1 AR
\Q
\

80

. LA

) (ST TN
5 \

50 NI ¥

55

%

50 ; % f : f
: : : a

PERGCENT FINER BY WEIGHT

35

30

15

: N

100 10 1 0.1 0.01 0.001

GRAIN SIZE iN MILLIMETERS

®|TH-1-18 88.0 | 05C-36 SILTY, CLAYEY SAND(SC-SM}) 1.7 27 20 13 7
X\ TH-1-19 98.5 | 05C-37 SANDY SILT{ML) 13.2 2.7 17 | NP | NP
{4 [TH-2-1 05 | 05C-38 SILTY SAND with GRAVEL(SM) 5.4 NV | NP | NP
*|TH-2-2 25 | 05C-39 POORLY GRADED GRAVEL with SILT and SAND(GP-GM) 4.2 NV | NP | NP
®:TH-2-3 8.5 | 05C-40 SILTY SAND(SM) 7.1 NV | NP | NP
® |TH-1-18 88.0 254 C.174 | 0.014 6.5 44.9 26.3 225 33.3
@ TH-1-19 98.5 38 0.115 | 0.016 6.9 38.8 34.8 19.5 32.4
’A TH-2-1 0.5 38 2753 | 0.367 30.7 52.2 171
*iTH-2-2 25 0.74 78.68 50.8 | 12308 | 1.186 ; 0.156 52.7 40.4 6.9
®|TH-2-3 8.5 25.4 0.876 11.6 528 358 B

Alaska D.0.T./P.F. Southeast Region SUBSURFACE DATA: Resulis of Laboratory Testing Sheet4of 9

6860 Glacier Hwy. Location: Haines
Juneau, Ak 99801-7939 ) .
Telephone: (907) 465-4454 Project: Ferry Terminal improvements

S GRAIN SIIEE MOD 2 68423 HNS FERRY TERMINAL IMPROVEMENTS.GPJ SE _AKDOT  MOQ 040504.GDT 3/11/05

Fax: (90?) 465-3506 Number: 68433
jus}




LS GRAIN SIZE MOD 2 68433 HNS FERRY TERMINAL IMPROVEMENTS.GPJ SE_AKDOT  MOD 040504.GOT 3/11/05

U.S. SIEVE OPENING IN INCHES

5 4 3

2

15

U.S. SIEVE NUMBERS f
10 14 16 200

HYDROMETER

100

}

I R R R O A A

85

80

85

80
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70

65

60

55

50

45

40

PERCENT FINER BY WEIGHT

35

30

rd

25

20

SEENCIED

15

10

100

10

1 0.1 0.01

GRAIN SIZE IN MILLIMETERS

G.001

® TH-2-4 13.5 | 05C-41 SILTY SAND with GRAVEL{SM} 10.0 NV | NP | NP
XTH-2-5 18.5 | 05C-42 SILTY SAND with GRAVEL({SM) 8.7 NV | NP | NP
A |TH-2-6 235 | 05C-43 SILTY SAND with GRAVEL(SM} 86 NV | NP | NP
*{TH-2-7 285 | 05C-44 SILTY SAND with GRAVEL(SM) 9.4 NV | NP | NP
®iTH-2-8 335 | 05C-45 SILTY SAND with GRAVEL(SM) 8.8 NV | NP | NP
® TH-2-4 ] 1 35 254 1.208 17.2 48.5 342
RiTH-2-5 185 25.4 1.831 25.0 44.3 30.7
A TH-2-6 235 38 2,683 | 0.207 29.9 48.2 23.9
* {TH-2-7 285 25.4 2229 | 0.119 28.0 44.8 27.3
®|TH-2-8 335 25.4 3.897 | 0478 36.6 45.1 18.2

Alaska D.O.T./P.F. Southeast Region
6860 Glacier Hwy.
Juneau, Ak 99801-7999
Telephone: {907) 465-4454
Fax; {907} 465-3506

SUBSURFACE DATA: Results of Laboratory Testing Sheet5of 9

Location: Haines
Project: Ferry Terminal lmprovements
Number: 68433




5 3

U.S. SIEVE OPENING IN INCHES
4 2 1

12

i U.S. SIEVE NUMBERS i

HYDROMETER
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GRAIN SIZE IN MILLIMETERS

0.01

0.c01

US GRAIN SIZE MOD 2 88433 HNS FERRY TEAMINAL IMPRAOVEMENTS.GPJ SE_AKDOT  MOD 040504 GDT 3/11/08

®iTH-2-9 385 | 05C-46 SILTY SAND with GRAVEL(SM) 84 NV | NP | NP
XTH-2-10 43.5 | 05C-47 POORLY GRADED GRAVEL with SILT and SAND(GP-GM) 6.4 NV | NP | NP
IA TH-2-11a 48.5 | 05C-48 WELL-GRADED SAND with SILT and GRAVEL{SW-SM) 9.2 NV | NP | NP
* |TH-2-11b 49.5 | 05C-49 SILTY SAND(SM) 27.0 2.8 NV | NP | NP
®|TH-2-12 53.5 | 05C-50 SILTY SAND with GRAVEL(SM)} 12.8 NV | NP | NP
E. TH-2-¢ 385 as 3.788 | 0.507 355 46.1 18.4
I[XJ TH-2-10 435 3.16 | 113.66 as 9.105 ; 1.517 0.08 54.0 36.3 9.7
A |TH-2-11a 48.5 2,77 32.50 254 5395 | 1.575 | 0.166 44.5 48.0 6.5
* | TH-2-11b 49.5 19 0.162 0.01 3.2 58.9 16.6 21.3 32.7
®|TH-2-12 53.5 25.4 0.827 | 0.182 305 56.7 12.9

6860 Glacier Hwy.
Juneau, Ak 99801-7999

Fax: (907) 465-3508

Telephone: (807) 485-4454

Alaska D.O.T./P.F. Southeast Region

SUBSURFACE DATA: Results of Laboratory Testing Sheet6 of 9

Location: Haines
Project: Ferry Terminai Improvements
Number: 88433




US GRAIN SIZE MOD 2 68433 HNS FERRY TERMINAL IMPROVEMENTS. GPJ) SE_AKDOT  MOD 040504 GOT 3/11/05

U.S. SIEVE OPENING IN INCHES i U.S. SIEVE NUMBERS i HYDROMETER
4 2 3 & 10 30 50 100 200

g 3 o P 8101418 g 30 49 S0gg 10044,
100 ; ; T A R Y1 N R O < ]
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| \ N
85 m—%\ \A}“ %
N

80

90

75

70

[+3]
Q

&
i
[
/

=

o
[$3]
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s
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vl
P

Ne | N

e

s f 1 -i N
! HIEAN
- - - - K
Q0

A 0.01 0.001

100 10 1
GRAIN SIZE iN MILLIMETERS

®|TH-2-13 58,5 | 05C-51 WELL-GRADED SAND with SILT and GRAVEL(SW-SM) 9.8 NV | NP | NP
X|TH-2-14 68.5 | 05C-52 WELL-GRADED SAND with GRAVEL(SW) 5.5 NV | NP | NP
A |TH-2-Cuttimd.0 | 05C-53 SILTY SAND(SM) 20.6 2.7 17 15 2
*|TH-2-16 88.5 | 05C-54 SILTY SAND(SM) 9.1 2.7 14 NP I NP
®|TH-3-3 4.0 | 05C-55 SILTY SAND with GRAVEL(SM} 8.6 NV | NP | NP
L 4 TH-233 585 ”‘2.l75 50.54 25.4 3235 | 0871 0.106 27.0 65.6 7.4

X|TH-2-14 68.5 175 §.95 38 4196 | 1.758 | 0422 35.3 62.4 23

A {TH-2-Cuttifid.0 9.5 0.348 | 0.015 4.1 56.9 19.3 19.7 31.7

* TH-2-16 88.5 19 0.145 1.9 49.0 49.1

®|TH-3-3 4.0 38 2.608 | 0.235 30.0 481 21.9

Alaska D.O.T./P.F. Southeast Region SUBSURFACE DATA: Results of Laboratory Testing Sheet7 of 9

6860 Glacier Hwy. Location: Haines
Juneau, Ak 99801-7999 )
Telephone: (907) 465-4454 Project: Ferry Terminal Improvements

Fax: (207) 465-3506 Number: 68433




U.S. SIEVE QPENING IN INCHES |
4

UG SIEVE NUMBERS | HYDROMETER
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GRAIN SIZE IN MILLIMETERS

NAL IMPROVEMENTS.GPJ) SE_AKDOT MOD _040504.GDT 3/11/05

US_GRAIN SIZE MO 2 68433 HNS FERRY TERMI

® TH-3-4 8.0 | 05C-58 SILTY GRAVEL with SAND{GM) 7.8 NV | NF | NP
T|TH-3-5 14.0 | 05C-57 SILTY SAND with GRAVEL(SM) 7.8 NV | NP | NP
ATH-3-6 19.0 | 05C-58 SILTY SAND with GRAVEL(SM) 9.0 NV | NP | NP
* TH-3-7 24.0 | 05C-59 POORLY GRADED GRAVEL with SILT and SAND(GP-GM) 57 NV | NP | NP
®{TH-3-8 29.0 | 05C-60 SILTY SAND with GRAVEL(SM) 15.1 NV | NP ¢ NP
® TH-3-4 90 7 38 | 4.962 0.385 40.8 37.8 21.4

fx TH-3-5 140 38 4056 | 0.393 373 43.8 18.8
A|TH-3-6 190 19 2076 | 0.133 240 50.6 25.4
* | TH-3-7 240 10.16 | 455.76 38 16.84 | 2.515 62.5 25.9 118
©|TH-3-8 290 19 0.705 ;} 0.115 19.7 57.5 228

Alaska D.O.T./P.F. Southeast Region
16860 Glacier Hwy.

Juneau, Ak 99801-7999

Telephone: (907) 465-4454

Fax: (807) 465-3508

SUBSURFACE DATA: Resuits of Laboratory Testing Sheet 8 of 8

Location: Haines
Project: Ferry Terminal Improvements
Number: 68433
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GRAIN SIZE IN MiLLIMETERS

.|

0.01

0.001

® TH-3-9

34.0

05C-61

WELL-GRADED SAND with GRAVEL(SW)

6.8

NV

NP

NP

LGPJ SE AKDOT  MOD 040504.GDT 341105

X{TH-3-10

39.0

05C-62
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ECHELON ENGINEERING, INC.

Civil/Marine Consulting Engineers

April 22, 2002

Reid Middleton, Inc.
4300 B Street, Suite 403
Anchorage, Alaska 99503

ATTN: Mr. Craig Freas
Project Manager

RE: FINAL REPORT - Underwater Inspection Lutak Dock, Haines, Alaska

Dear Mr. Freas:

This letter is submitted to document the findings of our recent inspection of the City owned portion of the
Lutak Dock, located on Lutak Inlet, Haines Alaska. The project was carried out in support of your
ongoing evaluation and rehabilitation project for the structure.

INSPECTION METHODOLOGY

The project included a sample inspection of the steel sheet pile cells that comprise the structure.
Specifically, the scope of the investigation included a Level I visual swim-by inspection of the submerged
portion of the 10 Main Cells located at the northwestern end of the wharf. Additionally detailed Level Il
cleaning and Level 111 ultrasonic thickness measurements were obtained at representative test sites on 3 of
the 10 Main Cells. On each of these 3 Main Cells, two piling were cleaned and tested at representative
intervals from the concrete cap to the mudline.

Due to the dense marine growth and the silty glacial sediments that were contained within the marine
fouling, Level Il cleaning of the 6 sample piling was carried out prior to the actual inspection. During the
cleaning operations, the underwater visibility reduced to near 0 ft. as the glacial sediments contained
within the animals and/or their attachment matrix was released into the surrounding water. As shown by
the accompanying photographs, cleaning prior to inspection allowed for much greater visibility of the
cleaned piling.

The Main Cells selected for detailed inspection and ultrasonic testing were Cells 3, 6 and 10. Two
separate locations were selected on each of the these cells; one at or near the outer radius of the cell
closest to the berth; and the second near the southeastern intersection with the adjacent closure arc. These
intermediate sites are identified as locations 3.5, 6.5 and 10.5. Along each of the 6 test piles, specific sites
were selected for detailed ultrasonic measurements. Due to the scale and pitting present at most of the
test sites, further surface preparation was required in order to obtain surfaces smooth enough to facilitate
ultrasonic readings. This preparation was accomplished using a pneumatic grinder which proved effective
in removal of surface irregularities such that consistent and repeatable thickness measurements could be

3837 13" Avenue West, Suite 205 P.O. Box 45056, Ocean Park, R.P.O.
Seattle, Washington 98119 Surrey, B.C. Canada V4A9L1
Tel: (206) 286-6699 Tel: (604) 687-0712

Fax: (206) 286-6677
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obtained both above and below water. Test sites were selected at various elevations ranging from the
concrete cap to the mudline and dependant upon specific conditions and accessibility.

Thickness readings were obtained utilizing a Cygnus Ultrasonic Thickness gauge, which through it’s
multiple echo design will display only those measured thickness which have consistent repeatable
readings (3 echoes), thus ensuring that only accurate actual measured values are recorded. In addition to
the wall thickness measurements, localized pit depth measurements at several sites were also obtained
utilizing a Thorpe Pit Depth Gauge.

QUALIFICATIONS OF INSPECTORS

The investigation was conducted by a crew composed of a combination of professional and technical
personnel capable and experienced in both the underwater and topside inspection and assessment of
structural members. The inspection crew utilized on this project included the following Echelon
Engineering personnel:

S.D. Sommerfeld, P.E. Project Manager/Engineer - Diver
Licensed Professional Engineer, WA, Guam
17 Yrs Experience Specializing in Marine Structures Inspection &
Design
E.B. Vegsund, B.Sc. Marine Specialist/Biologist - Diver
BS in Marine Biology - Emphasis on Marine Borer Studies
29 Yrs Experience Specializing in Marine Structures Inspection

J. Svornich Inspection Technician/Commercial Diver
25 Yr Experience Specializing in Marine Structures Inspection
I. Thomas Inspection Technician/Commercial Diver

1 Yr Experience Specializing in Marine Structures Inspection
OBSERVED CONDITIONS

The field investigation was carried out during the interval of April 3 -7, 2002. Weather during this
period was clear and cold with strong winds and seas ranging from calm to small craft conditions and
wave heights of up to 2 ft. Tidal elevations during the daylight inspection periods were found to range
from a low of + 1.9 ft. (MLLW) to a high of +13.5 ft. (MLLW). Underwater visibility ranged from near 0
ft. during the cleaning and site preparation work to approximately 10 ft. during inspection activities.

To facilitate the identification of the test site locations, the Main Cells have been numbered consecutively
1 - 10 from the northwest end. Test site locations have been referenced to the Cell number and to the site
at which the readings were taken. Test sites were numbered sequentially from the top of the pile to the
mudline.

Representative photographs depicting typical conditions encountered are presented in Appendix A. A
drawing identifying the identification system used is presented in Appendix B. Pile thickness
measurements as obtained using an Ultrasonic Thickness Gauge, are presented in Appendix C, Table 1.
Table 2 of Appendix C presents the data by grouping it into ranges of elevation or exposure zones along
the pile, (i.e. Splash Zone ~EI. +19.25 ft. to +15.0 ft.; Intertidal Zone ~EI. +15.0 ft. to + 0.0 ft.;

3837 13" Avenue West, Suite 205 P.O. Box 45056, Ocean Park, R.P.O.
Seattle, Washington 98119 Surrey, B.C. Canada V4A9L1
Tel: (206) 286-6699 Tel: (604) 687-0712

Fax: (206) 286-6677
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Submerged Zone ~EI. +0.0 ft to mudline. Table 3 presents a percentile ranking of the 48 individual test
site locations at which ultrasonic thickness readings were obtained.

The findings of the inspection are as follows:
Steel Sheet piling

1. The overall condition of the steel sheet piles within the Main Cells is fair. No evidence of perforation
of the piling was noted and all of the closure knuckles connecting the individual sheets were observed
to be intact with no evidence of separation.

2. A variable covering of marine fouling organisms which consisted primarily of blue muscles and sea
urchins was found to be typical on the exposed face of the piling. In some areas the fouling was so
dense as to preclude visual assessment of the wall integrity. In other areas the amount of marine
fouling was minimal exposing the steel piling and allowing for visual inspection of the member.

3. Throughout the inspected length of the wharf from Cell 1 — 10 generalized surface corrosion was
found from the intertidal zone to the mudline.

4. One pile was noted to have a number of drilled holes ~3-4 inches in diameter and spaced 2-3 ft. apart.
These holes were found to extend along the submerged length of the pile.

5. A sampling of six (6) piles were subjected to Level I11 ultrasonic thickness testing. All of the selected
test sites were found to be in fair to good condition based on visual inspection. The individual piles
were cleaned for the majority of their length from the intertidal zone to the mudline. Cleaning was
conducted across the width of the pile including both closure knuckles. Further scraping, wire
brushing and grinding was conducted at the individual test sites to facilitate the ultrasonic thickness
readings. Throughout the inspected cells, no perforations of the piles was observed.

6. Thickness readings obtained on the sample piling ranged from a maximum thickness of 0.453 in. to a
minimum of 0.147 inches. Analysis shows the mean of the readings to be 0.355 in. with a standard
deviation of 0.073 inches.

7. Heavy pitting was found at virtually all test sites. Pit depth measurements were found to range from
0.04 in. to 0.11 inches.

General Observations

1. Although not included in the scope of this investigation, the overall condition of the closure arc piling
was found to be poor. Extensive corrosion was observed within the intertidal zone resulting in
numerous perforation of the individual piles. Cursory inspection of the submerged and mudline zones
of these piling showed them to be in better condition than that found in the intertidal zone. Below the
waterline, the piles were found to be in similar condition to that encountered on the Main Cell piling
with evidence of surface corrosion. Additionally, the connection knuckles were noted to be
undamaged.

2. The bottom along the length of Main Cells 1 — 10 was found to slope gradually downward from
~El. =13 ft. to ~El. =22 ft. Glacial sediments were noted predominantly from Cell 1 to Cell 9, where
the composition then changed to primarily small rock (~2-4 inch diameter).

3837 13" Avenue West, Suite 205 P.O. Box 45056, Ocean Park, R.P.O.
Seattle, Washington 98119 Surrey, B.C. Canada V4A9L1
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3. Cursory observation of the steel H-piling located along the berth noted areas of severe corrosion and
deterioration from the lower intertidal zone to the mudline. A number of these piling were also noted
to be loose at their top.

EVALUATION

In summary, this sample inspection found general surface corrosion of the Main Cell sheet piles, as well as
thinning of the pile sections. Although no perforation of the sheet piles was noted, heavy marine fouling
may have provided cover preventing detection of damaged areas. Based on the thickness readings
obtained, review of the nonparametric percentiles and the normal probability curve (Figure 1 and 2)
indicate that 85% of the readings are above ¥4 inch thickness (0.250 in.) and that 50% of the readings are
above /g inch thickness (0.375 in.). Conversely, 15% of the observations show a remaining thickness
below ¥ inch (0.250 in.) and 50% show a minimum thickness below %/g inch (0.375 in.).

Typically, there can be an elevation effect on corrosion with the higher corrosion rates evident in the
splash zone just above MHW and in the submerged zone just below MLW. The inspection data do not
demonstrate pronounced accelerated corrosion at any particular elevation (Figure 3). Based on the data,
the mean thickness within the range of El. 0 to El. -5 ft was found to be 0.295 inches (Figure 4). This is
approximately 20% below the median remaining thickness of 0.375 inches. However, the statistic is
derived from a limited number of measurements with a large variation.

Corrosion of the steel sheetpile cells appears to be fairly uniform with a median remaining wall thickness
of 3/ inch and 85% of the observations above ¥ inch thickness. No perforations or severe localized
corrosion of the steel piles was noted during the investigation.

In contrast to the main cells, the condition of the steel sheet piles in the closure arcs appear subject to
accelerated non-uniform corrosion typical of corrosion caused by differential conditions or differential
metallurgy. Alternatively, assuming that the sheet piling in the Closure Arcs was originally thinner than
that of the piling in the Main Cells, the greater deterioration of these piling may be the apparent failure at
the end of the corrosion allowance. Given the corrosion loss of the main Cell piling to date, this would
demonstrate the need for corrosion control to protect the remaining section.

We sincerely appreciate the opportunity to assist you with this project. Should you have any questions
regarding this report, or if we can be of further assistance, please do not hesitate to contact our office.

Yours Truly,
Echelon Engineering, Inc.

helley D. Sommerfeld, P.E.

SDS: jds President

Enclosures
3837 13" Avenue West, Suite 205 P.O. Box 45056, Ocean Park, R.P.O.
Seattle, Washington 98119 Surrey, B.C. Canada V4A9L1
Tel: (206) 286-6699 Tel: (604) 687-0712

Fax: (206) 286-6677
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PHOTO No.1: Lutak Dock, Cells No. 1-10, Looking NW - Note Cell No. 1 on
the far right and Cell No. 10 on the left. Also note the
intermittent fender system along the face of the wharf.

PHOTO No. 2: Cell No. 3, Looking NW - Note the surface corrosion and scale
in the splash zone and upper intertidal zone of the piling. This
was found to be typical of the conditions encountered. Also
note the good condition of the upper portion of the 2.5 Closure
Arc in the background.

\2163-PTO.Xls ECHELON ENGINEERING, INC.
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PHOTO No. 3: Cell No. 3, Test Site 3.5-1, El

+13.3 ft. - Note the technician
using a pneumatic grinding disc
to prepare the test site for Level
[l ultrasonic thickness testing.

PHOTO No. 4: Cell No. 3, Test Site 3.5-5, EI.

+2.2 ft. - Note the Level Il
cleaning of the sheet pile and
knuckles and good condition of
both the pile and the closure
joint knuckles. Also note the
approximately 2 in.- diameter
localized Level Il test site near
the water surface.

ECHELON ENGINEERING, INC.
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PHOTO No.5: Cell No. 10, Test Site 10-0, El. +18.5 ft. - Note the Level IlI
cleaned site approximately 1 ft. below the bottom of the
concrete cap. Also note the heavy scale, which was typically
found in the splash zone of the inspected piles.

PHOTO No. 6: Cell No. 3, Test Site 3-1, El. +13.0 ft. - Note the Level Il cleaning
of the pile and the connection knuckles. Also note the test site
prepared for Level lll thickness measurements (bottom center).

\2163-PTO.xls ECHELON ENGINEERING, INC.



02-2163, Lutak Dock
‘ Page A-4

PHOTO No.7: Cell No. 6, Test Site 6-4, El. +3.2 ft. - Note the thick layer of
black iron oxide surrounding the test site. This layer was
removed to facilitate ultrasonic readings.

PHOTO No. 8: Cell No. 10, Test Site 10.5-4,
El. -6.8 ft. - Note the yellow
crayon mark indicating the test
site (right center) located on
Cell No. 10. Also note the
uniform surface corrosion and
minimal marine fouling evident
on the Closure Arc pile to the
left.

\2163-PTO.xIs ECHELON ENGINEERING, INC.
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PHOTO No. 9: Cell No. 10, Test Site 10.5-5,
El. -11.8 ft. - This location was
found to have uniform surface
corrosion. Note the Level Il
cleaned site prepared for
ultrasonic thickness
measurements. Also note the
typical marine fouling of blue
mussels and sea urchins
surrounding the cleaned area.

PHOTO No. 10: Cell No. 10, Test Site 10.5-6, El. -16.8 ft. - Note the uniform
surface corrosion on the pile and the fill material visible through
a 3 in. diameter hole immediately below the test site. Also note
the yellow crayon marking the location where ultrasonic
thickness readings were taken at El. -16.8 ft.

\2163-PTO.xIs ECHELON ENGINEERING, INC.
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PHOTO No. 11: Cell No. 10, Test Site 10-6, El. -23.3 ft. - Note the surface
corrosion on the pile and the heavy pitting evident in the
cleaned test site. Thickness measurements at this location
ranged from 0.147 - 0.225 inches, the minimum encountered.

PHOTO No. 12: Cell 6, Test Site 6-9, El. -18.8 fi. - Note the surface corrosion
around the Level Il cleaned site. Thickness readings at this
location were found to average 0.277 in.

\2163-PTO.xls ECHELON ENGINEERING, INC.
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PHOTO No.13: Cell No. 3, Test Site 6.5-7, El. -11.0 ft. - Note the smooth
surface of the cleaned steel at the Level Il test site. The
ultrasonic thickness readings at this site averaged 0.417 in.
Also note the minimal marine growth at this location.

PHOTO No. 14: Cell No. 6, Test Site 6-8, El. -14.8 ft. - Note the approximate 1/4
in. build up of corrosion products at this test site. The average
ultrasonic reading at this location was found to be 0.277 in.

\2163-PTO.xls ECHELON ENGINEERING, INC.
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PHOTO No. 15: Cell No. 3, Test Site 3-6, El. -7.5 ft. - Note the smooth steel
surface revealed by Level Il cleaning. Ulfrasonic thickness
readings indicated the average thickness at this location of
0.440 in. Also note the more dense covering of marine fouling
at this elevation.

PHOTO No. 16: Cell No. 3, Test Site 3-7, El. -12.5 ft. - The average ultrasonic
reading at this site was 0.222 in. This photo was taken 1 day
after cleaning was conducted. Note the amount of surface
corrosion that has occurred during this short period of exposure.
Also note the dense covering of marine fouling.

\2163-PTO.Xls ECHELON ENGINEERING, INC.
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PHOTO No.17: Cell No.5 & Closure Arc, Mudline - Cell No. 5 is located to the right
with the closure arc on the left. Note the upward slope of the
accumulated silty sediment against the face of the cell. This type

of accumulation was typical throughout Cells No. 1 - 9.

PHOTO No. 18: Cell No. 10, Mudline - Note the

absence of silty sediment at
this location. It appears that
the sediments have been
displaced at this location, likely
by prop/thruster wash. Also
note the small rocks which
have become bonded to the
bottom 2 - 3 ft. on the sheet
piles.

\2163-PTO.Xls ECHELON ENGINEERING, INC.
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TABLE 1

STEEL THICKNESS READINGS

02-2163, Lutac Dock
Page C-1

LOCATION

Elevation "

THICKNESS READINGS (inches)

CONDITION / DAMAGE

Cell - Site No. (Chart Datum) " Reading 1 Reading 2 Reading 3 Reading 4 Average
MAIN CELL No. 3
3-0 18.3 0.265 0.265 0.270 0.267
3-1 13.0 0.425 0.430 0.435 0.430
3-2 9.1 0.450 0.455 0.455 0.453 Max. Pit Depth = 0.045 in.
3-3 6.3 0.430 0.435 0.430 0.432
3-4 3.8 0.345 0.345 0.350 0.360 0.350
3-5 -2.5 0.390 0.395 0.390 0.392
3-6 -7.5 0.440 0.435 0.445 0.440
3-7 -12.5 0.215 0.225 0.225 0.222
3-8 -17.5 0.435 0.430 0.435 0.433 Mudline
MAIN CELL No.3 @ East Closure Arch
35-0 18.1 0.320 0.315 0.320 0.318
35-1 13.3 0.315 0.320 0.318
35-2 9.3 0.405 0.400 0.405 0.403
35-3 6.8 0.355 0.345 0.340 0.347
35-4 4.2 0.330 0.335 0.330 0.332
35-5 2.2 0.390 0.400 0.395 0.395
35-6 0.0 0.215 0.225 0.225 0.222
35-7 -4.5 0.225 0.230 0.240 0.232
35-8 -9.5 0.225 0.315 0.325 0.275 0.285
35-9 -14.5 0.405 0.410 0.410 0.408 Mudline
MAIN CELL No. 6
6-0 Not Accessible
6-1 12.6 0.320 0.355 0.360 0.345 Max. Pit Depth = 0.040 in.
6-2 9.4 0.430 0.435 0.440 0.435
6-3 Not Accessible
6-4 3.2 0.245 0.415 0.395 0.352
6-5 0.8 0.215 0.290 0.325 0.295 0.281
6-6 -5.8 0.435 0.435 0.450 0.440
6-7 -9.8 0.430 0.435 0.430 0.432
6-8 -14.8 0.270 0.275 0.285 0.277
6-9 -18.8 0.435 0.430 0.430 0.432 Mudline

\2163-TBS.xls, Table 1
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TABLE 1 b Coo
age C-
STEEL THICKNESS READINGS g
LOCATION Elevation | THICKNESS READINGS (inches)
CONDITION / DAMAGE
Cell - Site No. (Chart Datum) " Reading 1 Reading 2 Reading 3 Reading 4 Average
MAIN CELL No.6 @ East Closure Arch
6.5-0 Not Accessible
6.5-1 Not Accessible
6.5-2 Not Accessible
6.5-3 Not Accessible
6.5-4 4.0 0.380 0.380 0.380 0.380
6.5-5 -1.0 0.320 0.350 0.335
6.5-6 -6.0 0.420 0.415 0.435 0.423
6.5-7 -11.0 0.420 0.415 0.415 0.417
6.5-8 -16.0 0.390 0.395 0.390 0.392
MAIN CELL No. 10
10-0 18.5 0.440 0.390 0.400 0.410
10-1 11.2 0.415 0.425 0.430 0.423 Max. Pit Depth = 0.11
10-2 8.2 0.250 0.255 0.260 0.255 0.255
10-3 5.3 0.355 0.360 0.365 0.360
10-4 -9.3 0.420 0.410 0.425 0.418
10-5 -18.3 0.390 0.390
10 - 6, 1st Set -23.3 0.145 0.145 0.150 0.147 Mudline
10 - 6, 2nd Set -23.3 0.220 0.220 0.225 0.225 0.223 Mudline
MAIN CELL No.10 @ East Closure Arch
105-0 18.1 0.370 0.380 0.380 0.377
105-1 11.1 0.415 0.425 0.430 0.423
105-2 6.3 0.320 0.340 0.340 0.333
10.5-3 4.0 0.315 0.325 0.335 0.325 Max. Pit Depth = 0.08 in.
105-4 -6.8 0.305 0.340 0.335 0.327
105-5 -11.8 0.335 0.305 0.315 0.318
10.5-6 -16.8 0.310 0.315 0.305 0.310
10.5-7 -21.8 0.370 0.365 0.365 0.367 Mudline

\2163-TBS.xls, Table 1
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TABLE 2
STEEL THICKNESS READINGS - BY ELEVATION RANGE
ELEVATION Elevation AVERAGE THICKNESS READINGS (inches) M Standard
ean
RANGE (Chart Datum) Cell 3 Cell 3.5 Cell 6 Cell 6.5 Cell 10 Cell 10.5 Deviation
Elevation 18.5 0.410 0.343 0.063
+19.25 to +15 18.3 0.267
18.1 0.318 0.377
13.3 0.318 0.388 0.052
Elevation 13.0 0.430
+15 to +10 12.6 0.345
11.2 0.423
11.1 0.423
9.4 0.435 0.377 0.066
9.3 0.403
Elevation 9.1 0.453
+10 10 45 8.2 0.255
6.8 0.347
6.3 0.432 0.333
53 0.360
4.2 0.332 0.345 0.038
4.0 0.380 0.325
Elevation 3.8 0.350
+5to +0 3.2 0.352
2.2 0.395
0.8 0.281
0.0 0.222 0.295 0.082
Elevation -1.0 0.335
+0to -5 -25 0.392
-4.5 0.232
-5.8 0.440 0.395 0.063
-6.0 0.423
Elevation -6.8 0.327
5 10 -10 -75 0.440
-9.3 0.418
-95 0.285
-9.8 0.432

\2163-TBS.xls, Table 2

ECHELON ENGINEERING, INC.



02-2163, Lutac Dock

Page C-4

TABLE 2
STEEL THICKNESS READINGS - BY ELEVATION RANGE
ELEVATION Elevation AVERAGE THICKNESS READINGS (inches) M Standard
ean
RANGE (Chart Datum) Cell 3 Cell 3.5 Cell 6 Cell 6.5 Cell 10 Cell 10.5 Deviation
-11.0 0.417 0.328 0.084
Elevation 118 0318
1010 -15 -12.5 0.222
-14.5 0.408
-14.8 0.277
-16.0 0.392 0.337 0.103
-16.8 0.310
-17.5 0.433
Elevation -18.3 0.390
-15 to MDL -18.8 0.432
-21.8 0.367
-23.3 0.147
-23.3 0.223
Mean of all readings = 0.355
Standard Deviation of all readings = 0.073

\2163-TBS.xls, Table 2
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02-2163, Lutac Dock

TABLE 3
NONPARAMETRIC PERCENTILES
Average LOCATION Elevation
Ranking Percentile
Thickness (in) Cell - Site No. (Chart Datum)
1 0.147 2 10 - 6, 1st Set -23.3
2 0.222 4 3-7 -12.5
3 0.222 6 35-6 0.0
4 0.223 8 10 - 6, 2nd Set -23.3
5 0.232 10 35-7 -4.5
6 0.255 12 10-2 8.2
7 0.267 14 3-0 18.3
8 0.277 16 6-8 -14.8
9 0.281 18 6-5 0.8
10 0.285 20 35-8 -9.5
11 0.310 22 105-6 -16.8
12 0.318 24 35-0 18.1
13 0.318 27 35-1 13.3
14 0.318 29 10.5-5 -11.8
15 0.325 31 105-3 4.0
16 0.327 33 105-4 -6.8
17 0.332 35 35-4 4.2
18 0.333 37 105-2 6.3
19 0.335 39 6.5-5 -1.0
20 0.345 41 6-1 12.6
21 0.347 43 35-3 6.8
22 0.350 45 3-4 3.8
23 0.352 47 6-4 3.2
24 0.360 49 10-3 5.3
25 0.367 51 105-7 -21.8
26 0.377 53 105-0 18.1
27 0.380 55 6.5-4 4.0
28 0.390 57 10-5 -18.3
29 0.392 59 3-5 -2.5
30 0.392 61 6.5-8 -16.0
31 0.395 63 35-5 2.2
32 0.403 65 35-2 9.3
33 0.408 67 35-9 -14.5
34 0.410 69 10-0 18.5
35 0.417 71 6.5-7 -11.0
36 0.418 73 10-4 -9.3
37 0.423 76 6.5-6 -6.0
38 0.423 78 10-1 11.2
39 0.423 80 105-1 11.1
40 0.430 82 3-1 13.0
41 0.432 84 3-3 6.3
42 0.432 86 6-7 -9.8
43 0.432 88 6-9 -18.8
44 0.433 90 3-8 -17.5
45 0.435 92 6-2 9.4
46 0.440 94 3-6 -7.5
47 0.440 96 6-6 -5.8
48 0.453 98 3-2 9.1

\2163-TBS.xls, Table 3

Page C-5
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Condition Survey Lutak Dock — Prepared by PND Engineers. Date October 1988.
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INTRODUCTION

Recognizing that the Lutak Dock is an important asset to the local
economy, and that the dock has deteriorated considerably since its
construction in 1953; the City of Haines has retained Peratrovich,
Nottingham and Drage to inspect the dock and make recommendations for

repairs to the facility.

Fie]d inspections were conducted August 29 through 31 and again on
October 5, 1988. The following discussion describes current conditions

and makes recommendations for repairs.

HISTORY

The dock was originally constructed in 1953 by the U.S. Army Corps of
Engineers.  An impressed current cathodic protection system was included
in the initial construction. It is uncertain when the cathodic protection
system was deactivated, but the dock has not been protected from corrosion

for at least two decades.

Prior to this survey the facility was inspected on 3 earlier occasions.
In 1975, Steen and Matlock, Consulting Engineers, conducted a condition
survey of the dock. They did not discover any damage to the concrete cap
or the sheet pile cells, although they made recommendations for

replacement of the fender system.

In 1976 Dennis Nottingham, working for R & M Consultants, Inc. conducted a
second condition survey of the dock for the Alaska Division of Waters and
Harbors.  That report indicated that significant metal loss had occurred
in main cells and connector arcs. However, the report indicated that the

dock was structurally sound at that time.

-1 -



Peratrovich, Nottingham and Drage, Inc. was retained by the Alaska
Department of Transportation and Public Facilities in 1982 to conduct
research into corrosion in the Alaskan marine environment. As part of
that effort, the Lutak Dock was again inspected. This report stated that
"... corrosion damage to this structure deserves serious consideration and

remedial action.”

GENERAL DESCRIPTION OF FACILITY

The Lutak Dock consists of a series of circular 1/2" thick steel sheet
pile cells which are connected by closure arcs constructed of steel sheet
piles 3/8" thick. (See Figure 1.) The closure arcs have been penetrated
by numerous weep holes to allow the movement of groundwater through the
wall. The sheet pile structure is topped by a concrete curb and pile cap

system.

Ownership of the dock is shared between the City of Haines and the State
of Alaska. The northern 11 of the 15 total sheet pile cells are on City
of Haines property. Approximately 3/4 of the total dock Tength- (960 feet)

belongs to the City of Haines.

The original fendering system has been damaged and replaced by a system

and which is now ineffective or has been completely damaged and removed.

CORROSION DAMAGE

Our inspection focused primarily on the conditions of the steel sheet
piles. The structural soundness is based on the remaining steel; that
material not lTost to corrosion. We found corrosion to be greatest in a

band between -2 ft. to +8 ft. M.L.L.W.

-2 -
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Corrosion was most severe in the closure arcs where adjacent gaping holes
up to 5 feet long were observed. Virtually all closure arcs had Tocations
of full corrosion penetration. The closed sheet pile cells while having
suffered severe metal loss to corrosion, were not completely penetrated
anywhere on the dock. The purpose of the ciosure arcs is to tie the main
cells together; therefore, their condition is critical to the structure.
There are two reasons closure arcs exhibited much greater damage than the
hain closed cells:

1. The closure arcs were constructed of thinner material; i.e. 1/2"

thickness for full cells verses 3/8" thickness of closure arcs.

2. A large number of weep holes were cut into the closure arcs to
provide an outlet for groundwater flowing between the closed cells.
This allows highly oxygenated water to pass along both faces of the
sheet piles during each tide cycle. Consequently active corrosion
has taken place from both faces simultaneously. The closed ce]1§

corroded from the outer face only.

Steel "H" piles that were originally designed to support 1lateral Tloads
from the fender system are severely corroded at the low tide zone and will

not perform their intended function.

FENDER SYSTEM

The fender system from cell 11 1/2 to the north has been removed with only
broken remnants remaining. The fender system from cell 11 1/2 south to
the City's property boundary is in poor condition. This system depends on
the vertical steel "H" piles to provide lateral resistance to loads. As
mentioned earlier these "H" piles have been severely corroded at the low

tide 1line and have only a fraction of their original strength remaining.

-4 -



CONCRETE PILE CAP

Although some cracking of the concrete pile cap has occurred, functionally

it remains intact.

SAFETY LADDERS

Safety ladders on the existing dock are unusable or totally broken.
Anyone falling into the water would have an extremely difficult time

climbing out.

RECOMMENDATIONS

Closure arcs must be repaired where corroded. This can be accomplished

by pressure grouting inside the corroded zones to stabilize the material
inside the damaged cells. (Figure 2) The area above each damaged cell
would be excavated to the concrete pile cap. A line of casings would be
drilled through the concrete cap to the zone behind the corroded cells.
Cement grout under pressure would be injected into the soil creating a

solid mass. This would seal off and stabilize the damaged areas.

Once corrosion damage is repaired a cathodic protection system must be
installed to prevent further corrosion damage. The recommended system is
to attach sacrificial zinc or aluminum anodes to the sheet pile docks.
The recommended system would suspend, the anodes from above by a
galvanized steel cable at 0 ft. M.L.L.W. elevation. (Figure 3) A heavy
copper cable would allow the anodes to be observed at minus tides without
the necessity to haveqa diver. It wou]ﬁ also make rép]acing anodes a

relatively simple operation.
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Finally a modern energy absorbing fender system should be installed along
the dock face. Steel pin piles supporting a timber faced, steel fender
backed up by rubber doughnut energy absorbers at the center of éach full
cell would provide a maintenance free system for the remaining useable

life of the dock. (Figure 4) Saféty ladders at the center of each fender

would be included.

The existing fender system should be removed including steel "H" piles.

CONSTRUCTION COST ESTIMATE

REMOVE EXISTING FENDER SYSTEM Lump Sum $ 20,000
PRESSURE GROUTING 11 Cells @ $15,000 165,000
CATHODIC PROTECTION 22 Anodes @ $5,000 110,000
FENDER SYSTEM 11 Fenders @ $40,000 440,000
MOBILIZATION (10% other items) 74,000
Subtotal $809,000

15% Contingencies 121,006

Total $930,000
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REF #7

Haines-Lutak Inlet Port Facility Engineering Condition Report — Dated April 1976.
Prepared by R&M Consultants.
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April 5, 1976

State of Alaska
Department of Public Works

. Divislion of Water and Harbors

130 Seward Street
Juneau, Alaska 99801

Attn: Mr. Don Statter
Director

Re: Haines-Lutak Inlet Port Facility
Engineering Condition Report
R & M Project No. 633110

Gentlemen:

We have campleted work as per our agreement of March 24, 1976 regarding
an evaluation of the Haines-Lutak Port Facility and are transmitting two
copies of a report containing our findings.

Samples of steel sheet piling taken from the dock are also being trans-
mitted.

Diving and survey work was hampered somewhat by the presence of ship
log loading operations near the northwest end, however, we tried to work
around this and get the best results possible.

We hope this report will give an accurate piéture of the condition and
remaining life of the basic structure and will be sufficient for your
needs.

Should there be questions or if we may be of further service in any
manner, please do not hesitate fo contact us at your converndence.

Sincerely,
R & M CONSULTANTS, INC.

O Tz

Dennis Nottingham, P.E. ames A. Pung, P.E.
Associate Civil Engineer
DN:fej

Attachment
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ENGINEERING CONDITION REPORT
HATNES-IUTAK INLET PORT FACILITIES
(HAINES DRY CARGO DOCK)

INTRODUCTION

Civil engineering "condition" reviews requested of this firm by the
State of Alaska, Depax*hn?nt of Public Works, Division of Water and
Harbors have been completed. The request for a condition engineering'
review of the Haines - Lutak Inlet Port Facility, owned by the General
Services Administration, was requested by Mr. Don Statter, Director,
Division of Water and Harbors on March 19, 1976 with a formal agreement
being reached and initiated on March 24, 1976. Research of design and
"as-built" records of this facility began immediately. Field reviews
began.on March 29, 1976 and were completed on April 4, 1976.

The following is our report of findings for this port facility condifion

study.

SCOPE OF WORK

By the contract for engineering services, the character and extent of

said services is such that the engineer was to conduct such correspon-
dence, research, site investigations, surveys and analysis as may seem
neceséar'y to camplete a facilities conditibn report which specifically

shall include, but not necessarily be limited to, the following:

R&M CONSULTANTS, INC.



1).

2).

3).

b.

5).

Run vertical control surveys along the dock face to determine
the amount of settlement of the dock area, if any.

Conduct sufficient horizontal location surveys to determine
the amount of horizontal displacement within the dock, if any.

Obtain samples of the circular sheet piles by methods deemed
feasible by the Englneer, ascertaining the condition of the
circular sheet pile structure at four locations along the dock
face at three elevations;

a). splash zone .
b). approximate Elevation -15 MLIW
¢). near bottom

These samples or measurements are to determine any sheet pile
deterioration due to corrosion, electrolysis and/or othe
causes. _

Perform visual inspection by a diver or divers of the entire

" dock face with particular attention focused on all sheet pile

Interlocks and welded joints.

Perform any other tests determined by the Engineer .to be
necessary to establish the existing structural integrity of
the dock structure and probable remaining structure life.

As in many Instances within Alaska, historic records for many facilities

~are limited to non-existent. We have obtained various "as-built" and

design documentation from the U.S. Army, Corps of Engineers concemiﬁg _

the structural composition of this port facility. No records appear to

exist relative to driving characteristics of the sheet piles; construc-

tion field survey notes; and/or ease/difficulty of construction for this

~ facility. The following is our report of findings.

ENGINEERING SURVEYS (MOVEMENT)

Drawing dated July 30, 1953 of the "as-bullt" port facility by

—Schuman Johnson Manson-Osberg of Seattle, Washington was prepared by

R&M CONSULTANTS, INC.
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W. Muncaster, L.S. of Haines, Alaska. This drawing has been used exten-

sively to determine vertical/horizontal movement of the existing facilities.

A review of the drawing denotes that the elevation (vertical) control
for construction was by U.S.C. & G.S. (United States Coast and Geodetic
Survey) triangulation station "Pile" located within Iutak Inlet at
approximate Latitude 69°17'N and Longitude 135028'VI . In employing this
data, the field surveyor (Muncaster) had Mean Lower Low Water (MLIW) of
0.00' equal to Elevation 100. Field reviews were able to recover this
triangulation station_enabling necessary vertical control surveys for
this project on the same (original) datum.

Vertical Control

Speéifications .employed on this project for vertical control surveys
were those published by the Department of Commerce, National Ocean and
Atmospheric Administration, National Ocean Survey in February 1974. ‘ The
| title of this specification is "Classification, Standards of Accuracy,
and General Specifications of Geodetic Control Surveys". Table 3 -
"Classification Standards of Accuracy and General Specifications for
Vertical Control" was employed throughout this survey. In particular,
Third Order, Class Ii measurements were made. Vertical control surveys
were conducted utilizing as a basic survey instrument, a Zeiss Ni2 self--
indexing level staﬁdardized for the procedurés required. A Chicago,
calibrated leveling rod with iéve_l bubble, was used in the rodding
purposes. In all cases, thljee wire precision levels were conducted

—

exceeding the particular order and class outlined for Third Order levelihg

R&M CONSULTANTS, INC.




b
within the above referenced specifications. In doing this, programmed
adjustments of loops were performed with balanced errors not exceeding

.005 of a foot.

Horizontal Control

In addition to the vertical control surveys, a horizontal control base
line was established utilizing as basic instrumentation a Wild T2E (one-
second) Theodollte as well as a Hewlett-Packard Model 3800 short range
electronic distance measuring device. Conducting this horizontal control
survey, Table 2 - "Classifications, Standards of Accuracy and General
Specifications for Horizontal Control ('I‘ravers.e)'" was followed through—
out. In this instance, Second Order, Class I procedures were followed
exclusively to detenniné mbvement, if any, of the wall face and the curb

stop.

Surveys (General)

The vertical 'contro-l survey was conducted such that fifteen to twenty-
five foot lineal base "spot" measurements were conducted along the |
top of the concrete curb, integrally tied to the circular sheet piié
structure. In additioﬁ, vertical lean of all main cells and spot éhecks
on lean of connector arcs was done utilizing a four foot level with all

measurements being taken at outer seaward face of sheet plle cells.

Results of these surveys are shown on Drawing No. 110-1.

R&M CONSULTANTS, INC.
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The survey was conducted under the general instructions of M. A. Menzies,
P.E., L.S. and executed by Mr. James Pung, P.E. and Mr. Robert Hungerford,

Surveyor.

UNDERWATER SURVEYS

Underwater surveys were conducted on April 2, 3 and 4, 1976 by Messrs.
Dennis Nottingham, P.E. and William bonyers, P.E. In addition to a A
general visual review of the main circular sheet pile cells and con-

" nector arcs, samﬁles were extracted fram the spiash zone and the sub-
merged zone which represent the condition of these circular sheet pile
cells. By .employing a K & E pneumatic drill uﬁderwater borings at
specific areas on the circular cells were taken and splash zone and
below mud line samples were taken using a cutting torch at low tide.
The results of these sample thickness measurements are shown by Table

110-A.

Underwater work was conducted utilizing dry diving suits and Scuba
(self contained underwater breathing apparatus) equipment. Two diver/
engineers were employed for safety reasons while face position measure-

ments of the diving team's location was conducted by the "land team".

DRY CARGO BULKHEAD AND EMBANKMENT REVIEW
Presently the Haines, G.S.A. Port Facility has duel utilization by

individual corporations of the Alaska Timber Industry as well as State
of Alaska, Department of Public Wor'ks Division of Marine Transpor'tation.

[
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The westerly portion of this facility is used for loading/off-loading of
various cargo facilities as well as cant and round logs by the Haines
Sawmill to exporting ships. In addition, the easterly limit of the
facility is used by the Division of Marine Trénsportation for loading/
off-loading of passenger and vehicle traffic of Alaska's Marine Ferry
S&stan. Existing on the bulkhead embankment is the Marine Transportation
ferry terminal which is a one-story, wood frame constructed building.

In 1973, R & M conducted an explorai:or:y subsurface investigation of the
bulkhead embankment to determine the feasibility of foundation conditions
for the Marine Highway System ferry temﬁna; building. For informationél
| purposes a copy of the three test borings conducted, utilizing a QME 4sc
drill and rotary auger methods of subsurface exploration, are shown on

Drawing No. 110-2.

The findings of this work conducted in 1973 denote that there are three
soil types identified by two subsurface test borings. The uppermost
soll was Ia £ill material, usually constituting a sand of granitic origin
This material 1s pervious and has 'been compac;,ted to a relatively high
degree, undoubtedly by_ construction equipment and vehicle tfaffic over

- the parking areé.. The second soil type can be classified as a sandy '
gravel. The material source was apparently a sidehill cut of a nearby
bluff. The graxfel or rock portion of the material found within is a

. weathéred green schist and surpentine. The degree of’ compaction of this
méterial decreases with depth. The third soil type extending below

Elevation 1'(MLLW) appears to be.a natural beach deposit, in place prior

R&M CONSULTANTS, INC.
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to embankment filling of the area. Density of this material can be

classified as very good.

On the log of Test Borings, both the material encountered at relative
depths as well as the soil density, are shown by the split-spoon samp-
ling "blow count™. This blow count was achieved generally at 5' inter-
vals or stratum changes of soil and was obtained by driving a 1.4" I.D.
split-tube sampler in accordance with methods outlined by ASTM Test
Designation 1586-67. This test utilizes a 140 pound drive hammer having
a free-fall of 30". 'All samples were examined in the field by the
geologist in charge of the drill;’Lng operation and logged in accordance

with the Unified Soils Classification System.

A general, surficial review of the c-oncrete curb and pile cap system
denotes concrete of the highest quality was utilized for this construc-
tion. Very little pitting, erosion, popping or other detrimental condi-
tions camonly found with pier and/or low air entrairment concrete are

evident throughout the apron face.

The circular sheet pile cells with 90°.tee ‘connections, connector arcs |
and "H" piling, appear, at first glance, to be preserved quite well to..
the atmospheric and 'fidal action conditions that are existent within the
“arsh northern regions of Sputheastem Alaska. Partial fender system _
replacement at the easterly end is currently underway as designed by the
State of Alaska, Department of Public Works, Division of Water'and

Harbors.

R&M CONSULTANTS, INC.



The Haines - Lutak Inlet circular cofferdam structure is a self-support-
ing, gravity type system which is particularly applicable to large

areas and deep water construction where both area and depth preclude

the use of a single wall, internally braced structure. Cellular type
sheet pile retaining walls are, as the name implies, complete closed
circles of sheet piling. Each cell is an independent unit that 1s
filled with a "gravity" mass of ;ambamanent material. The comnecting
arcs of circular sheet piles between cells are Joined by a varlety of
methods. In the case of the Lutak Inlet port facility, the cells are

interlocked and welded.

Driving dimensions rendered for various sheet piling profiles and plan
dimension are nominal. Because of normal load tolerances and probable
variations of on—sighi: conditions, sheet piles may be driven either
short c;r long in a wall. Even when they are carefully lined-up and'
driven with a tem;ﬁlate variations in plan and vertical lean can be ex-

pected.

CORROSION

Steel corrodes because of its natural téndency to revert to a more
stablé eiectrical or chemical state and aimost all metals exhibit this
“eharacteristic. While a corrosion process can be quite c_:omplex owing to
the interaction of various natural and marmade factors, there is suf-
ficient experience and data on hand to both understand and effectively
control 1t. The type of environmént ﬁhat most piles may encounter

include;

R&M CONSULTANTS, INC.
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a). atmospheric (air)
b). soil (both disturbed and undisturbed)

c). water (fresh, polluted and salt)

Exposure of sheet pile structures in water can be described as occur—
ring in one or more of five different exposure zones. These exposure
zones are designated; atmospheric, splash, tidal, submerged gnd burial.
These zones are denoted by Dr-awﬁng No. 110-A. The overall perfohnance
of sheet piling can be judged by its weight loss and/or by its corres-
ponding reduction of" thickess in these various zones. While scattered
pitting of various depths will occur, the overall significance of these
pits is not usually critical in terms of piling performance. It is the
load bearing ability or "beam" strength that is proportionate to the
amount of metal remaining and availability for maintaining safety
factors against structural yield forces.

Average thickness measurements or the average amount of metal remaining
in critical stress areas and/or zones rather than appearance represents
fhe criteria to be used in judging the corrosion effect the environment
has on sheet piling and the potential service life of this structure.

@Iistérically, steel piling have 'been contirmousiy u_sed with great suc-
cess and with lqng life in a variety of applications. In areas of rural
atmosphere, mild industrial conditions and relatively clean, fresh
water,. it is found that corrosion rates of sheet pile vary between two
to about f'ive rﬁils per year for the first several years, after which,

R&M CONSULTANTS, INC.
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the weight reducticn or corrosion drops to a very low value. In retro-
spect, for local polluted conditions, heavy industrial atmospheres and
heavier concentrations of sea (salt water), the life of sheet pile

structures is reduced and may require some type of surface treatment to

reduce exposure and increase the sheet pile life.

Various technical papers appearing in the American Society of Civil
Engineer's magazine as well as publications by such cor';;orations as
United. States Steel denote that in marine envirorment, examination 6f
sheet plles over a multi-year period, the submerged zone has revealed
that the _corrosion rate averages about five mils per year for the first
several years of exposure after which the rate tapers off to approxi-
mately two mils per year. It is apparent, therefore, that the under-
water surface of plain carbon steel sheet pile structures have performed
quite v(rell in relativ.ely clean salt water. The most éritical zone for
salt water service of sheet piles is the splash zone, that is the area
from Mean Low Water (Tide) to the upper limits of wave action. This |
area experieﬁcés a corrosion rate several magnitudes in excess of either

the atmospheric or submerged zones. Drawing No. 110-A denotes typical

-pile wall thickess loss at various zones for corventional A328 steel in

the various stages of atmospheric/subtmerged and burial depths of the

_Ssheet pile. The life/loss charts are plotted for both five and nine

years.

The Haines TLutak dock was reportedly, for a short fime, provided pro-

tection by a proven method for that portion of the sheet pile which is

R&M CONSULTANTS, INC.
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continually emersed in salt water. The protection method utilized was
cathodic protection which utilizes the current flow obtained from an on-
shore source or from submerged sacrificial metal. In either case, the
corrosion of the submerged portion of the structure is usually arrested
as long as the protective system is well maintained and obemtional.
However, cathodic systems are only slightly effective in tidal zones and

ineffective in the splash and atmospheric zZones.

The "as<built" plans of the structure denote a 1/2" thick seaward sur—
face cellular pile while the comnecting arcs are reported as 3/8" thick.
Our measurements dénote that the loss of wall thickness is significant
in the splash zone (see aforementioned table), especially at the cormec—
tor arc portions. These arcs have a large number of hole cuts which

appear to increase corrosion at these points.

STRUCTURAL STABILITY

From the "as-built" and pre-construction surveys, it can be shown that the
existing ocean floor slope of Iutak Inlet near the dock has an average
‘seaward trend of up to 40% (2.5:1). Subsurface soils investigation
taken to an Elevation of approximately -8' Mean Lower Low Water, denotes
a relatively dense in-place gravelly SAND throughout.' It is felt that
‘(:his gravelly SAND is relatively campressed by the glacial ice age last
occurring in relatively recent geological times (10,000 years past).
Comparison of soundings, underwater inspection and design drawings

indicate the stability of this mater;.al is significant to withstand
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erosion from tidal current from Lymn Canal and Lutak Inlet and ship
induced turbulence as well as imposed dock loads.

Results of vertical and horizontal surveys shown on Drawing No. 110-1
indicate:

1). Little relative elevation change along the central portion of
the dock with deviations near each end of up to about four
inches dowrmard. - '

2). Utillzing "as-built” plan datum and elevations as a base all
present elevations appear to be approximately one foot lower.
This could be due to very uniform settlement or some deviation

. In the base datum utilized. No effort was made to verify base
datum from tidal observations because of wind and seas.

3). Vertical plumb measurements indicate that main cells for the
most part are near vertical, some having slight back slope and
some with slight seaward lean. All appear to have been built
near to these positions as plan deviation of the curb line
fram the average is three inches or less and a minimm of
concrete cracking is noticeable. "As-built" plans also indi-
cate fairly large dimension deviations.

4). Sheet pille connector arcs almost all lean seaward and appear

to have been built in this position or attained this position
during fill operations before top concrete was placed.

Fram the above discussion, it appears that stability of the cellular
system as a wfxole is intact with.some moveme1;1t being in evidence. Same
long term soll creep and movement should be expected when a soll mass
such as pJ_.aced.in this type of cellular structure imposes large stress
- on underlying materials. Since records of movement and settlement with
\$ime are not available to absolutely guarantee that s;::il creep and
movement is stabilizing, it may be desirable to periodically monitor

this dock in the future.

Component-wise deterioration of sheet piling In splash zone above low

tide is beginning to be a consideration in some areas. Connector arc

R&M CONSULTANTS, INC.
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sheets have been reduced in thickness in some places to less than 2/3 of
the original. Structurally speaking loss of these components would not
seriously endanger the dock as a whole, but would add greatly to mainten-~

ance and repair expense.

Main cell exposed face sheets in general have not yet deterioratéd to

the 3/8" thickess used in fill areas » thus these must still be considered
structurally sound at this time. Interlocks and welds inspected gppear
to be in good condition. All steel that is below scour effects of wave
and debris action is coated with two protective la;);er's derived from
chemical action, the outermost being a reddish color and the inner layer a
black color overlying fairly bright to grey unlform appearing steel

sheet piles. Table 110-A indicates that steel under this coating has a

lower thickness rate loss than steel exposed to elements that may damage
formation of this material.

"H" piling supporting portions of concrete top are in good structural
condition with the exception of a few that appear to have been bent near
points where fender systems had been attached

Concrete is in adequate structural shape with a minimm of cracks and

other deterioration.

At this time there is every indication that this dock, excluding the .

fernder syétem, 1s in safe structural condition.

STRUCTURAL LIFE

Ultimate structural life of this sheet pile cellular structure will

R&M CONSULTANTS, INC.
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probably depend on the integrity of seaward main cell piling in the
splash zone. High repair costs will probably occur when connector arc
sheet piling cn the seaward face become severely corroded in thé splash
zone above or near low tide. High repair costs will also be associated
with the present deteriorated fender system although this study is not a

part of this report.

Based on limited thickness measurements and rates of thickness loss over
23 years at this location approximate estimates of remaining life can be
made.

Using a soil weight of 160 psf, live load surcharge of 600 psf and an
active soil pressure coefficient of 6.3 a design interlock pressure of
about 3 kips/inch is calculated at MLIW in main cells. This should be
coﬁsidered an absolute mim.mum design load since tidal fluxuation could
create water pressure within the cell which could produce pressure up to
twice the minimm value. Sﬁress in 3/8" main cell sheets at MLIW could
.then range from 8 to 16 ksi.

Safe allowable sheet stresses should probably not exceed 25 ksi to 30
ksi at the end of its structure life. . Thus on the conservative side

main cell sheets should not be allowed to deteriorate much more than to

"about 1/4" in thickness. At a conservative rate of 7 mils ber year and

with a present thickness of 0.40 inches this could take 20 more years.

Lateral pressure in comnector arcs is about 1/3 that in main cells thus

indicating that only about 1/8" or less of sheet thickness is required.

R&M CONSULTANTS, INC.
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At such thin thicknesses and with the presence of numerous perforations
in the piling, vertical load support would be impaired and corrosion
could also advance at higher rates. Average thicknesses less than 3/16"
at the end of its structure life should not be eonsidered desirable.
Using the same corrosion rates as the preceeding and starting with a
present effective thickness of 0.25 inches potential maintenance problems
could develop in 8 to 10 years. .

REPLACEMENT COSTS

Sheet pile cell type docks are expensive to build but do offer an ex—-
cellent solution capable of handling large storage and transfer loads.

Excluding fender systems but including sheet plling, concrete and fil1 a
bésic dock and fill of the type at Iutak Inlet could be expected to cost
five to six million dollars to replace new and in kir;d. Very approxi-

mate quantities and unit costs are listed:

Ttem  Units Unit Cost  Cost .
Steel Piling 6,000,000 1b. $0.50 $3,000,000
Concrete Cap . "~ 2,000 yd. - $400 $ 800,000
(slab not included) _
Fill 300,000 cu.yd.- $5 $1,500,000
Total _ $5,300,000
CONCLUSIONS

Based on results of land and underwater surveys and engineering computa-
tions the following points appear valid:

R&M CONSULTANTS, INC.
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6).
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There has been some vertical and horizontal movement occuring
in the sheet pile dock structure or underlying soil support.
The magnitude of this movement is not large (a matter of a few
inches) and at this time does not appear to be a problem.

Since no time-movement records were examined it is recommended
that after a pericd of time another survey be done to establish
rates of movement and to further verify the system stability.

Examination of "as-built" plans and field observations indicate
that sheet pile cells were constructed with some deviation
fram vertical and design plan dimensions.

Most severe corrosion of seaward sheet piling occurs near the
lower tide levels and 1s considerably less below this eleva-
tion. Apparent maintenance efforts in the past including
painting in the splash zone have helped reduce corrosion as
some paint is still evident at higher levels. A cathodic
protection system installed in the past is not operable.

Maximum remaining structural life of the main cell system is
estimated to be about 20 years.

"Remaining life of sheet pile comnector ares is estimated to be

less than 10 years. Maintenance efforts may be required in
these areas before the 20 year remaining structural life of
the basic main cells can be realized.

Concrete portions of this dock should be capable of 1astmg up
to 20 more years w1th some maintenance.

Existing fender systems over the majority of the dock are
deteriorated and inadequate and require extensive repair.

R&M CONSULTANTS, INC.
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TABLE 110-A

I. Samples from 3/8"(0.38) Connector Arcs

Elevation

¥El.
¥E1.
¥¥E1.
R¥E] .,

IT.

+4t
+2F
~15%
30t

Elevation

*EL.
%g1.
#31.

#E1,
g1,

- ¥¥E]1,

¥¥E].

¥¥E],

+4t

+3%

+3F

+2t
+2F
5t
-15%

-30%

Sample No.
1

2
3
I

5
6
7
g
9

10
11
12

Thickness
0.29
0.22
0.31
0.34

Samples from 1/2" (0.50) Main Cells

Sample No.

Thickness
0.44
0.36
0.1
0.41
0.41

. 0.44
0.47
0.47

¥Samples taken by cutting torch at low tide.

Thickness Loss

0.10

0.16 (Near Hole)
0.07
0.04 (Near Mud Line):

Thiclness Loss

.0.06

0.14

0.09

0.09 (Below Mud Line)

0.09 (Below Mud Line)"

0.06

0.03
0.03 (Near Mud Line)

¥%¥Samples taken by underwater drilling and thickness measurement.
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23 Year Averag:
mil/year loss

L
7
3
2

23 Year Average
mil/year loss

3

6
b
b
b
3
1
1
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REF #8

Lutak Dock Rehabilitation Project Drawings. Prepared by Reid Middleton. Dated
November 2003.
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REF #9

NOAA Tides and Current. Data from Skagway, AK recording station.
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Datums - NOAA Tides & Currents Page 1 of 5

9452400 Skagway, AK

Home (/) / Products (products.html) / Datums (stations.html?type=Datums) /
9452400 Skagway, AK v

Station Info ~ Tides/Water Levels ~ Meteorological Obs. (/met.html|?id=9452400)

Phys. Oceanography (/physocean.html?id=9452400)

Datums for 9452400, Skagway AK

Certain geographic areas are experiencing rapid land movement due to uplift or subsidence, which
results in anomalous relative sea level trends compared to most other coastal regions in the United
States (see http://tidesandcurrents.noaa.gov/sltrends/ (/sltrends/)). In these areas, NOAA has
adopted a modified procedure for computing accepted tidal datums for the National Water Level
Observation Network (NWLON). The long-term control stations in these areas have tidal datums
updated approximately every 5 years using the modified procedure, with the most recent update
being the 2007-2011 Modified Procedure. The adoption of this procedure was necessary to ensure
that these tidal datums accurately represent the existing stand of sea level relative to the land. A
detailed report explaining this modified procedure can be found in the publications section of the CO-
OPS Tides & Currents website at http://tidesandcurrents.noaa.gov/pub.html (/pub.html).

Elevations on Station Datum
Station: 9452400, Skagway, AK
Status: Accepted (Apr 29 2014)

Units: Feet
T.M.: 135 W
Epoch: (/datum_options.htmI#NTDE) 2007-2011
Datum: STND
Datum Value Description
MHHW (/datum_options.htmi#MHHW) 19.06 Mean Higher-High Water
MHW (/datum_options.htmI#MHW) 18.06 Mean High Water
MTL (/datum_options.htmI#MTL) 11.00 Mean Tide Level

http://tidesandcurrents.noaa.gov/datums.html?id=9452400
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Datums - NOAA Tides & Currents Page 2 of 5

Datum Value Description

MSL (/datum_options.htmI#MSL) 11.14 Mean Sea Level =

DTL (/datum_options.html#DTL) 10.69 Mean Diurnal Tide Level

MLW (/datum_options.htmI#MLW) 3.95 Mean Low Water

MLLW (/datum_options.htmI#MLLW) 2.33 Mean Lower-Low Water

NAVD88 (/datum_options.html) North American Vertical Datum of 1988
STND (/datum_options.htmI#STND) 0.00 Station Datum

GT (/datum_options.html#GT) 16.73 Great Diurnal Range

MN (/datum_options.htmI#MN) 14.11 Mean Range of Tide

DHQ (/datum_options.html#DHQ) 1.00 Mean Diurnal High Water Inequality

DLQ (/datum_options.htmI#DLQ) 1.62 Mean Diurnal Low Water Inequality

HWI (/datum_options.htmI#HWI) 9.75 Greenwich High Water Interval (in hours)
LWI (/datum_options.htmI#LWI) 3.51 Greenwich Low Water Interval (in hours)
Maximum 28.80 Highest Observed Water Level

Max Date & Time 10/22/1945 14:30 Highest Observed Water Level Date and Time
Minimum -4.12 Lowest Observed Water Level

Min Date & Time 12/14/2008 04:42 Lowest Observed Water Level Date and Time
HAT (/datum_options.html#HAT) 23.38 Highest Astronomical Tide

HAT Date & Time 10/16/1993 22:06 HAT Date and Time

LAT (/datum_options.htmI#LAT) -2.75 Lowest Astronomical Tide

LAT Date & Time 12/24/1999 04:42 LAT Date and Time

Tidal Datum Analysis Periods
01/01/2007 - 11/30/2008

02/01/2009 - 12/31/2011

To refer water level heights to NAVD88 (North American Vertical Datum of 1988), apply the values located at
National Geodetic Survey ().

Datums for 9452400, Skagway, AK

All figures in feet relative to station datum

http://tidesandcurrents.noaa.gov/datums.html?id=9452400 9/2/2014



Datums - NOAA Tides & Currents

Page 3 of 5

Showing datums for

9452400 Skagway, AK

Data Units (@ Feet
(O Meters

Epoch (@ Present (1983-2001)
(O Superseded (1960-1978)

Submit

Show nearby stations

Products available at 9452400 Skagway, AK
TIDES/WATER LEVELS

Water Levels (/waterlevels.htmlI?id=9452400)

http://tidesandcurrents.noaa.gov/datums.html?id=9452400

9/2/2014
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NOAA Tide Predictions (/noaatidepredictions/NOAATidesFacade.jsp?Stationid=9452400)
Harmonic Constituents (/harcon.html?id=9452400)

Sea Level Trends (/sltrends/sltrends_station.shtmlI?stnid=9452400)

Datums (/datums.htmlI?id=9452400)

Benchmarks (/benchmarks.html?id=9452400)

Extreme Water Levels ( /est/est_station.shtml?stnid=9452400)

Reports (/reports.htm|?id=9452400)

METEOROLOGICAL/OTHER

Meteorological Observations (/met.html?id=9452400)

Water Temp/Conductivity (/physocean.html?id=9452400)

PORTS®
This station is not a member of PORTS®
OPERATIONAL FORECAST SYSTEMS

This station is not a member of OFS

INFORMATION
Station Home Page (/stationhome.html?id=9452400)
Data Inventory (/inventory.html?id=9452400)

Measurement Specifications (/measure.html)

Information
About CO-OPS (/about.html)
Disclaimers (/disclaimers.html)
Contact Us (/contact.html)
Privacy Policy (/privacy.html)

Products
PORTS (/ports.html)
OFS (/models.html)
Tide Predictions (/tide_predictions.html)
Currents (/cdata/StationList?type=Current+Data&filter=active)
More about products... (/products.html)

Programs
Mapping and Charting Support (/mapping.html)
Maritime Services (/maritime.html)
COASTAL (/coastal.html)
More about programs... (/programs.html)

http://tidesandcurrents.noaa.gov/datums.html?id=9452400 9/2/2014
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Partners
Hydrographic Survey Support (/hydro.html)
Marsh Restoration (/marsh.html)
GoMOOS (/gomoos.html)
TCOON (/tcoon.html)

Revised: 10/15/2013

NOAA (http://www.noaa.gov) / National Ocean Service (http://oceanservice.noaa.gov)
Web site owner: Center for Operational Oceanographic Products and Services

http://tidesandcurrents.noaa.gov/datums.html?id=9452400 9/2/2014
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United States Geologic Survey Applet.
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REF #11

1953 Haines Expansion Port Facilities Project. As-Built drawings of the Bulkhead.
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REF #12

EM 1110-2-2503 — Design of Sheet Pile Cellular Structures, Cofferdams and
Retaining Structures.
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Department of the Army
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Engineering and Design
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“Cellular Cofferdams — Developments in Design and Analysis,” Clough and Martin,
1988.
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Proceedings: Second International Conference on Case Histories in Geotechnical Engineering, June 1-5, 1988, St. Louis, Mo., Invited Paper

Cellular Cofferdams—Developments in Design and Analysis

G. Wayne Clough
Professor and Head, Civil Engineering Department, Virginia
Polytechnic Institute and State University, USA

SYNOPSIS:
particular focus on movements.

James R. Martin, li
Research Assistant, Civil Engineering Department, Virginia
Polytechnic Institute and State University, USA

Cellular cofferdams are reviewed from the point of view of recent developments, witl} a
It is found that applications for cofferdams are expanding, with

uses extended beyond the conventional temporary systems to permanent navigation and retaining

structures.

for predicting interlock force and internal

Results from instrumented cofferdams show that some conventional analysis procedures
stability are excessively conservative.

Where

conditions do not deviate far from the norm, movement patterns for cofferdams can be quantified and

predicted. For more exotic cases,
predictions of behavior.

INTRODUCTION

Cellular cofferdams are normally temporary,
serving to surround an area in a body of water
so that it can be dewatered and used for con-
struction. A plan view of this type of system
is shown in Figure 1 for the Stage 1 cofferdam
used for construction of a portion of the re-
placement Lock and Dam 26 on the Mississippi
River. The cofferdam is formed by means of
linked cells, each of which is created by driv-
ing interlocking steel sheetpiles. The cell
may be circular, diaphragm, or cloverleaf in

shape, although circular is the most common.
As shown in Figure 1, the circular shape
actually only applies to the main cells, with

the circular cells connected by smaller arc
cells. The wall that the main cell and arc
cell share is termed the common wall. Where
the common wall joins the converging main and
arc cells, a special wye or tee element is
used.

For many years,
relatively static.

cofferdam technology was
Design methods remained

untested, and in many cases gave conflicting
answers. In recent years, this situation has
changed. Cofferdams have found use in a wider

variety of applications, including retaining
structures, waterfront and harbor structures,
and flocdwalls. This has led to new foxrms of
loading, increased concern about movements,
and the use of the cofferdam as a permanent
system.

The past 15 years have also seen a number of
new investigations of cofferdam behavior. In a
few, key cases, cofferdams have been instru-
mented, leading to data that allows behavior
trends to be better understood, particularly as
to movements. Also, several groups have
adapted the finite element method to coffer-
dams, leading to insights into the nature of
the soil-structure interaction process in these
systems, and a 1linkage of movements in the
structure and the soil. Finally, other workers
have developed modifications to the conven-
tional design technology. This paper reviews

1597

finite element procedures are available that yield reasonable

each of these subjects, and assesses the
potential for future developments.
LOCK AND DAM NO.26 (R)—STAGE !
3z 13)(14
513 2" Y5
-8 DIAIOIKIOOIGIOOIEY B
’é 2 17
/18
<19
\ 20)
1on25& don8 2]
[ \
Ramp 7% || Grade —== 104
29)
) (33) 3 L8
0 200
LEGEND P
® OPTICAL SURVEY MARKERS  Scoleinft
Fig. 1 - Layout and Instrumention of

Stage 1 Cofferdam
CONVENTIONAL ANALYSIS AND DESIGN PROCEDURES

Conventional geotechnical design considerations
for cofferdams include internal and external
stability (Figure 2). Internal stability is
concerned with the degree of 1loading of the
sheetpile interlocks and connecting elements,
and the ©possibility of a shear failure
developing through the cell f£fill under the
distortions that occur during lateral loading.
External stability considers the possibility.
that the cofferdam behaves as a unit and is
subject to bearing failure, sliding on the
base, or overturning. Special considerations
for cofferdams on rock relate to the
possibility of sliding on weak planes in the
rock. Broader aspects of cofferdam design
involve overtopping, marine impact, ice
loading, and construction related problems.



afka
.u}q

Internal Shear

Interfock Splitting

Interna! Failure Modes

—

}

77T 7R z
Sliding on Foundation

[~

Bearing Capacity

g |

S ——

2
1
)
i
External Failure Modes —_ /

77 LN
Overturning

Fig. 2 ~ Typical Failure Modes of
Cellular Cofferdams

lacroix, et al. (1970) and Rossow, et al.(1987)
have provided thorough reviews of conventional
design approaches. These efforts will not be
repeated in this section, rather only those
areas where some new knowledge has been
developed will be discussed. These include
methods for calculating interlock 1loads for
main or arc cell elements, interlock loads for
the common wall, and internal stability.

There are a number of conventional methods for
determining interlock loads. All are based
upon the equation:

£ = P XL covreeenavsanses (1)

in which t = interlock load, p = Dpressure
exerted by the £ill, normally as applied to the
inboard side of the cell, and r = radius of
the cell. Differences in the methods lie in
the distribution assumed for the fill pressure,
and in the maximum value assigned for the pres-
sure. In Figure 3 four commonly used alterna-
tives are given: Terzaghi (1945), Tennessee
Valley Authorxrity (1957), Corps of Engineers, as
outlined in NAVDOCKS Design Manual DM7 (1971),
and Schroeder and Maitland (1979). For pur-
poses of convenience, these will henceforth be
referred to by the symbols TZ, TVA, COE, and
S&M. The S&M approach represents the most
recent development. As is seen in Figure 3,
the TZ and COE methods assume triangular pres-
sure distributions which continuously increase
with depth, while the other two increase to a
certain depth, and then decrease to zero. It
is important to note that the TVA and S&M dis-
tributions are not intended to reflect the
actual earth pressure distribution. Rather,
they are designed to be used to generate the
correct distribution of interlock load when
using Equation (1). These methods reflect the

fact that the interlock load must decrease near
the dredge 1line because of the restraint of-
fered by the embedded portion of the cell.
Instrumentation data from cofferdams and finite
element analyses support this concept. Further
comment on this will be made later in this
paper.

The common wall is subjected to a pull from
both the main and arxc cells. Thus, it is
generally accepted that the common wall is sub-
jected to a higher force than either the main
or arc cell wall. The calculation of forces in
the common wall is usually based on one of two
approaches: (1.) The secant formula of the TVA:

toy = P L(seC 8) cievenennniaens (2)

in which L = centerline distance between main
and are cells; and ¢ = angle between center-
line of main cell and wye connection point;
and, (2.) The Swatek (1969) formula:

oy TP L eeeeiaens et (3)
0f the two, the secant formula gives the larger
force prediction, and as will be shown subse-
quently, field data support the Swatek ap-
proach.
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A number of alternative methods have been
proposed for analysis of internal shear failure
under the action of lateral loading. Probably
the most widely accepted procedure is that
postulated by Terzaghi (1945). As shown in
Figure 4, he assumes that the soil in the cell
undergoes shear along a vertical plane due to
the overturning moment generated by the re-
sultant of the 1lateral loads acting on the
coffexrdan. The external shear force on the
base of the cofferdam fill, Q, is a function of
the external or driving moment, M. Q is re-
lated to the driving moment as Q = 3M/2b, where
b = the diameter of the cell. The force Q is
resisted by the internal soil friction on the
assumed vertical shear plane, and the friction
in the interlocks, and the factor of safety

against internal shear failure by this
technique is:
bH
F = —_— d +
vy K (tan ¢ £)
where, f = coefficient of friction on the
interlocks, K = the earth pressure coefficient

acting on the vertical plane, Y unit weight
of the soil, and H the height of the cell.
The principal unknown in this approach is the
value of the parameter K. Terzaghi assumed it
to be 0.5. Schroeder and Maitland (1979) argue
that this is too conservative, and that a more
reasonable value is 1.0, thus doubling the
allowable resultant lateral 1load. Finite
element analyses have tended to support this
finding (Singh and Clough, 1988).

b —
i

H____
Z (=

7777777 777777777777

-Q

N

[
e 2b/3—of T Q

rrrr7

Pressure
diagram
at base

4 - Terzaghi's Design Method
for Cellular Cofferdams

Fig.

Alternative methods for internal failure in the
fill to that of Terzaghi were proposed by
Krynine (1945), Hansen (1953), and Cummings
(1957) . Reasonable doubt still exists over
which of the procedures is correct, and no
cofferdam has been documented to have failed in
this manner. Model tests by Maitland and
Schroeder (1979) support the Terzaghi approach
if the earth pressure coefficient used is 1.0,
and not 0.5 as suggested by Terzaghi. However,
in the model tests, the cofferdam had to be
tilted 50 % of the cell height to generate the
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failure. Thus, it appears that a better ap-
proach to design would be to use limiting de-
formations as the control, since the large
movements required to cause internal shear
would obviously be unacceptable. In following
sections of this paper, methods are suggested
to allow calculation of the likely movements of
a cellular cofferdam.

FINITE ELEMENT ANALYSIS PROCEDURES

Conventional analysis techniques for cofferdams
are largely semi~empirical, and are limited to
conditions similar to those for which we have
an experience base. The concepts of soil-
structure interaction upon which the
conventional methods are based are elementary,
and do not reflect the true nature of the
problem in many instances. Further, they are
unable to predict cofferdam movements and
deflections. The latter drawback is important
in where the cofferdam is deformation sensi-
tive, or in the case deformations are to be
monitored and used to judge the performance of
the cofferdam.

Early efforts at finite element analyses of
cofferdams were conducted without a full ap-
preciation of the complexity of the systen,
particularly relative to the extra flexibility
in the «cells provided by the interlocks.
Clough and Hansen (1977) first applied the
method to a real cofferdam in the analysis of
the Willow Island Cofferdam. This effort
focused on the effects of lateral locading using
a two-dimensional "vertical slice" model. The
cell was represented by front and back bending
elements connected by a series of flexible
springs. The spring stiffnesses were derived
on the basis that the cell acted as a perfect
pressure vessel. The cell f£ill model incor-

corporated allowances for nonlinear behavior,
and provisions were made for slip between the
cell walls and the cell fill. Deformation
predictions using this model were reasonable
for lateral loading, but were unrealistically
small for the filling stage. Stevens (1980)
later used the Clough and Hansen model to re-—
analyze the Willow Island Cofferdam, but he
reduced the stiffness of the connecting springs
for the front and back walls to allow for more
flexibility, and hence to indirectly account
for interlock induced deformations in the cell.
This approach produced reasonable predictions
of movements for both filling and lateral load-
ing, but there was no general method available
to determine the degree by which the flexi-
bility should be reduced for interlock in-
fluences.

An intensive investigation into finite element
analyses of cofferdams was triggered by the
construction and instrumentation of the Lock
and Dam 26 Replacement (R) cofferdam. Using
the results of a series of tests on sheetpile
assemblies, the senior author and his co-
workers were able to develop three two-
dimensional models which incorporated many of
the key aspects of cofferdam behavior (Clough
and Kuppusamy, 1985; Kuppusamy, et al., 1985).
Each of the two-dimensional models addresses a
different aspect of the problem. All incor-
porate allowances for interlock yielding, non-
linear soil behavior, slip between the cell
fill and natural soils and the steel sheet-
piles, and construction sequence. Further



work by Mosher (1988) has extended these con-
cepts to three-dimensional finite element
analyses.

Figure 5 shows the results of an axisymmetric
analysis of the f£filling of one of the main
cells of Lock and Dam 26 (R). The results are
given in terms of radial deflections of the
cell, and interlock forces as a function of the
degree of flexibility of the cell. The flexi-
bility of the cell is described in terms of the
parameter "E-Ratio," which is the ratio of the
modulus used for the cell in the horizontal
direction to that used for the vertical direc-
tion. To allow for interlock stretching, the
E-Ratio must be 1less than one. It can be
shown from interlock tests, and by comparison
of predicted results to observed that the
appropriate E-Ratioc for the cell filling stage
is in the range of 0.03-0.05. Inmportantly,
with this level of E-Ratio, the cells typically
expand enough on filling to cause active condi-
tions within the cell fill, and lead to the
lowest possible interlock forces.
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5 — Results of Axisymmetric Analysis-
End of Cell Filling - Lock & Dam
26 (R)

Fig.

The contours of lateral stresses predicted for
the cell fill for Lock and Dam 26 (R) Stage 1
cofferdam after completion of filling are given
in Figure 6. The stress contours reveal a
pattern of arching, caused by significant
portion of the vertical weight of the f£ill
being picked up by the shear between the cell
sheetpiles and the fill. As reported by Clough
and Goeke (1986), the arching was reflected in
differences in insitu test results performed
near the sheetpiles and near the center of the
cells for the Lock and Dam 26 (R) Stage 1
cofferdam.

Figures 7 and 8 show comparisons of results
predicted by the axisymmetric and three-
dimensional finite element models for cell
filling, and those obtained in the instrumen-
tation program for Lock and Dam 26 (R) coffer-
Gam. Results from both of the finite element
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models reasonably match the averages of the
observed data for deflection and interlock
loads. Movements of the instrumented cells are
also closely predicted for differential loading
caused by dewatering and flooding, Clough and
Ruppusamy (1985). Further analyses of other
cofferdams by Singh and Clough (1988) using the
finite element tools support the idea that if
proper parameters are defined for the models,
realistic predictions of cofferdam behavior can
be obtained.
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o n
& o
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H
(o]
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(o]

L-3000 >

i { 60
Lateral Stress Contours (PSF)

—-——— Qverburden Stress
Finite Element Anclysis

Fig. 6 -~ Lateral Stress Contours -
End of Cell Filling -
Lock & Dam 26 (R)

Recent design applications of the finite
element models have been made for cofferdams
used as floodwalls (Peters, 1987), and wq.ter-
front structures. Figure 9 shows predicted
deflections for a cell used for a gropos.ed
offloading facility in Alaska which is sub-
jected to strong ice loading just at the water
line. The ice loading causes the cell to be
distorted at the water line, and also to be
translated as a unit by the ice loading.
Analyses of this type were used to help selgct
cell fill properties and foundation‘preparatlon
techniques for the offloading facility so as to
hold cell deflections within tolerable limits.
Instrumentation results will be available in
the near future for several projects to check

the validity of the finite element predictions.
However, the methods have already proven much
of their merit in providing information to aid
in critical design decisions.
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DESCRIPTION OF COFFERDAMS USED IN CASE HISTORY
REVIEW

In Table 1 the key aspects are given for the
six cofferdams used in this case history re-
view. The first four are more conventional
cases where the cofferdam serves as a temporary
system to allow dewatering for construction
within a body of water. The latter two are
permanent systems, serving as waterfront and
soil retaining structures. Instrumentation to
monitor the cell filling stage was successfully
installed for only two of the cases, the Lock
and Dam 26 Stage 1 cofferdam, and the cofferdanm
for the Trident Drydock.

The diameter of the six cofferdams ranged from
62 to 76 ft, and their height above the dredge
line varied from 36 to 80 ft. Sheetpile embed-
ments varied widely, with the smallest at the
Willow Island cofferdam where a rock foundation
was present, to the largest at the Lock and Dam
26 (R) Stage 1 cofferdam with 35 ft of embed-
ment.

Fill for all of the cofferdams was sand, al-
though in the Seagirt case a 10 ft layer of
soft silt soil remained in the cell beneath the
f£ill. In the case of the Trident and Fulton
Terminal 6 cofferdams the cell fills were
densified using vibratory compaction after they
were placed. The Trident case is also unique
in that with unwatering of the interior of the
cofferdam, the cells themselves were dewatered
to increase the weight of the cell fill. In
other cases, the cell fill remains partially
saturated with water seeping from outboard to
inboard side. The Lock and Dam 26 (R) coffer-
dams used special wellpoints just on the in-
terior of the cofferdam to insure that the
seepage water level was kept below dredge line.

Foundations for all of the case histories were
generally sound, with the materials composed of
dense sands, rock, or hard clays. The poorest
foundation was for certain areas of the Seagirt
cofferdam, where in some places it-was conposed
of a fissured stiff clay.
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Load
3.8 in.
(.5% H)
(.4% H)
3.0 in.
(.3% H)
NA

5.5 in.
(.8% H)

Avg.Defl.
NA

Max.Diff'l
3.5 in, **

Diff'l
Load
5.7 in.
(.8% H)
5 in.**
(.6% H)
4 in.
(.4% H)
1.5 in.
(.2% H)
Several
Feet
11 in.
(1.5% H)
Not Available

Max,Diff'l

Max.
Diff'l
Load
60 ft.
Water
80 ft.
Water
80 ft.
Water
40 ft.
Water
55 ft.
Slurry
60 ft.
Compacted
Backfill

Ht.of

(Ft.)
H/4
NA
H/8
NA
NA
NA

Fme
respectively; NA

Fow*
(K/in,)
NA
NA
NA
NA

CASE HISTORY INFORMATION
Common Wall,

NA
NA
NA

(1.3 Ka)
NA

(2.1 Ka)

Fmc*
(K/in.)
Main Cell,

TABLE 1.
Foundation
Conditions

Sand, med. to
med. to

dense
Dense Sand &

gravel
Sand & Stiff

Sand,
dense
Rock & Hard
Clay
Clay

Cell
Diam.
(Ft.)
63
76
65
62
66

Cell
Ht .
(Ft.)
60
80
55
36
60

60-80
Interlock Force after filling:

Max.
**As of December 1986

Stage 1
Stage 2

Lock & Dam 26
Lock & Dam 26
Trident Drydock
Willow Island
Seagirt Terminal
Fulton Terminal 6

Cofferdam
*Frer Few

loading was provided by water for most of the
cofferdams, except for the Seagirt and Fulton
Terminal 6 cases. The Seagirt cofferdam, was
designed to support dredged spoil, and the
Fulton Terminal 6 cofferdam carried the load of
the sand fill used to form the base for a
wharf.

REVIEW OF CASE HISTORY DATA FOR CELL FILLING

Relatively few cofferdams have bkeen instru-
mented and monitored for the cell filling
stage. This is attributable to the problems of
maintaining workable instrumentation on the
sheetpiles as they are driven, and in obtaining
reasonable zexro readings on them before they
are stabilized by f£illing the cells. Fortu-
nately, as noted earlier, in two instances in-
strumentation has been successfully implemented
during cell filling. In the case of both the
Trident drydock (Sorota, et al., 1981) and the
Lock and Dam 26 (R) Stage 1 cofferdams (Moore
and Kleber, 1985), strain gages were applied to
cells to allow determination of interlock
forces during filling. Only in the case of
Lock and Dam 26 (R) Stage 1 cofferdam were the
inclinometers in place to measure cell move-
ments during £illing. A section through the
Lock and Dam 26 (R) Stage 1 cofferdam is shown
in Figure 10. As can be seen from the date in
Table 1, the two cofferdams are similar in many
characteristics, although the Trident cells had
a greater height, less sheetpile embedment, a
smaller diameter to height ratio, and was sup-
ported by a better foundation material.
Notably, after fill placement, the cell fill in
the Trident case was densified using a vibra-
tory technique.

Interlock Forces on Filling

In Figure 11 the ranges of the measured main
cell interlock forces for the two cases
immediately after £fill placement are shown.
The trend in the data is for the interlock
forces to increase with depth to a point
slightly above the dredge 1line, and then to
decrease after that. With compaction of the
fill for the Trident cofferdam, the interlock
stresses showed a clear 1increase over the
placenent values. For purposes of comparison
with predicted interlock forces the measured
values at the completion of cell f£filling are
shown with those determined using the the TVA

S az0

= 40— 'sondFilt - ;| (inboard)

b - Mississippi PRI

[ 390_RWﬂ(EmM U AR T

5 L varies sand Berm<

c 370 Dredgeliney .- ... .. :::._Tﬁv

§ VO LA A A

8 5o il - River Alluviam
3 C- . .

Wooaag [

' B.oHom of Cell s

Fig. 10 - Typical Cell Schematic of
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and S&M methods in Figure 12. General conclu-
sions that are drawn from the measured inter-
lock forces from the filling stage are:

The observed interlock force distributions
follow a similar trend to that defined by
the TVA or S&M methods.

1.)

2.) The TVA method tends to predict interlock
forces for cell placement which fit the
average observed values for the Lock and
Dam 26 (R) case well, but are on the low
side for the Trident case. Conversely,
the S&M method is on the high side for
Lock and Dam 26 (R), and fits the average
well for the Trident case.

3.) The maximum interlock force typically
occurs at distances of 0.125H and 0.25H
above the dredge line for the Trident and
Lock and Dam 26 (R) cofferdams respec-
tively. The higher location for the maxi-
mum interlock force is associated with the
greater embedment of the Lock and Dam 26
(R) cofferdam versus that of the Trident
case.

4.) The earth pressure coefficient for the
compacted £ill in the Trident cofferdam is
higher than could be reasonably predicted
by either the TVA or S&M methods. This is
likely due to either built-in compaction
stresses, or break down of arching effects
in the fill as a result of the disturbance
in the £ill by the compaction.

As would be expected from conventional theory,
the measured values of interlock forces in the
common walls of the two cofferdams are higher
than those in the main cells. However, the
measured values are less than would be expected
by the TVA secant formula, and more consistent
with the predictions of the Swatek approach.
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Cell Displacements on Filling

The different measurements of cell displace-~
ments generated by filling for Lock and Dam 26
(R) Stage 1 cofferdam inclinometers yielded the
same general trends, but there was a rather
wide spread in magnitudes (Figure 7). This is
likely due to the extreme flexibility of the
cofferdam before and during filling. The
deflected shape 1indicates increasing cell
bulging down to a point about 0.25H above the
dredge line, and decreasing movements after
this. The location of the maximum bulge is
consistent with the location defined for the
measured maximum interlock force, as it should
be. This location of maximum bulge is also
consistent with that suggested by Lacroix et
al. (1970) for other cofferdams with similar
conditions.

REVIEW OF CASE HISTORY DATA FOR COFFERDAMS
SUBJECTED TO DIFFERENTIAL LOADING BY WATER

The data available for the four temporary
cofferdams varies 1in extent and consistency.
In some cases, there was only a survey net to
measure movements of the top of the cells
(Stage 2 cofferdam of Lock and Dam 26), while
in others data were obtained from inclinometers
and strain gages as well.

Interlock Forces

In the application of differential loads to the

two cofferdams instrumented for interlock
force, conditions differed. At Lock and Dam 26
(R) Stage 1, a restraining berm was placed on

the interior of the cofferdam before unwatering
began. During unwatering, a dewatering system
was activated which controlled the underseepage
beneath the cofferdam. The Trident cofferdam
was unusual in that upon unwatering of the in-
terior, the cell fills themselves were de-
watered.



For Lock and Dam 26 (R), the maximum interlock
forces showed decreases during berm placement,
unwatering, and flooding by percentages of 3,
40, and 27 respectively. These decreases are
all counter to conventional theory which would
predict no change for berm placement, and an
increase on initial unwatering and flooding.
Interestingly, the finite element analyses of
this cofferdam correctly predicted these trends
{Clough and RKuppusany, 1985). The reason for
the lack of agreement between conventional
theory and the actual behavior is shown in the
finite element analyses to lie in the effects
of the stabilizing bern. The initial bern
loading works against the pressures exerted by
the cell £ill, and lowers the net load at a
point near. the maximum interlock force. Upon
unwatering and flooding, the cell walls are
pushed against the berm which then mobilizes
the strength of the soil in the berm, and
generates additional resistance to lower the
net loading on the sheetpiles.

In the Trident cofferdam, where no berm was
present, unwatering led to an increase of
interlock forces on the unwatered or inboard
side, and a decrease on the outboard side.
This response is consistent with conventional
theory, and reflects the fact that there is no
element requiring further consideration of
soil-structure interaction beyond the simplest
concepts. The contrast between the Trident and
Lock and Dam 26 (R) Stage 1 cofferdams shows
the importance of soil-structure interaction in
cofferdam behavior.

Cell Movements

The inclinometer-based movements of the
instrumented cells for the Trident and Lock and
Dam 26 (R) Stage 1 cofferdams allow the cell
wall displacement patterns to be determined.
Figures 13 and 14 show the measured profiles
for the outboard and inboard sides for two of
the typical cells for each cofferdam. The pro-
files reflect the effects of the unwatering
isolated from the previous displacements in-
duced by filling. The Trident cell tended to
rotate in a relatively uniform pattern, while
the Lock and Dam 26 (R) cell underwent more of
a distortion effect with the lower portions of
the cells restrained. This difference can be
attributed to: (1) The differences in cell
embedments, with those for the Trident cell
small, and those for the Lock and Dam 26 (R)
cell large:; (2) The presence of the restraining
berm against the inboard sheetpiles for Lock
and Dam 26 (R):; and, (3) the especially dense
condition of the £ill at the Trident cofferdam.
One notable common trend in the results is that
the outboard side moved more than the inboard
side, a behavior that is confirmed in other
measurements shown subseguently.

The inclinometer measurements are interesting,
but they only represent the movement of one
cell. Thus, it is also useful to study the
survey data for top of cell movement since this
is available for many cells, and allows an
insight into the scatter of behavior as well as
other aspects of response. In Figure 15 the
survey data obtained during the unwatering of
Lock and Dam 26 (R) Stage 1 cofferdam for
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movements of the tops of 11 typical upstreanm
and downstream cells are plotted versus the
differential head between the outboard and
inboard side of the cells. The differential
head is a simple measure of the locading applied
to the cells. The range in cell movements as
well as the averages are shown. The following
trends stand out:

1.) Although there is scatter in the data,
tllxere is a consistent trend for the cell
displacements to increase almost line-
arally with differential head.

2.) The average of the inboard cell movements

is uniformly larger than those of the out-
board cell movements.

Review of the data from other cofferdams shows
the same response as indicated in these conclu-
sions, and a similar response is seen in finite
element analyses (Martin and Clough, 1988).

Figure 16 extends the movement data for the 11
typical cells of Lock and Dam 26 (R) Stage 1
cofferdam to include the behavior that was ob-
served as the water levels fluctuated after
completion of unwatering. The changes in dif-
ferential water head first involved a small
decrease. This was followed by a flood event
in December of 1982. As the head reached es-
sentially 60 ft and threatened to overtop the
cells, the Corps of Engineers began voluntary
flooding of the interior of the cofferdam using
an emergency spillway. This immediately 1led
to a decrease of the differential head acting
on the cofferdam. As is seen in Figure 16, the
response of the cofferdam to these loadings was
not the same as that which developed on initial
unwatering. Each event led to cumulative in-
creases in movenents. The response to the
December high water was particularly sharp with
deformations increasing with differential head
faster than during unwatering. It is believed
that this is caused by the fact that the moment
arm of the high water about the cofferdam cen-
terline is greater than that of the normal
pool, and that the high water leads to more
submergence of the cell fill, thus reducing the
effective stresses and stiffness of the fill.
It is also notable that the outboard sheetpiles
moved more than the inboard sheetpiles during
the high water loading, where the opposite was
true on unwatering. This reversal is caused by
the fact that the high water loading is
directly applied to the outboard sheetpiles.

To compare the four temporary cofferdam
movements, the measured displacements of the
tops of the cells are normalized by dividing by
the free height of the cell, and then plotted
against the differential head which is also
normalized by the free cell height (Figure 17).
The amount of data tabulated for each project
varies; only limited inclinometer information
was available for Willow Island, but for the
others, each point represents the average of
many survey measurements. As is seen in the
figure, the nondimensionalized movements follow
the loading directly, and in an almost linear
fashion until the very high levels of loading
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are reached. In order of increasing non-

dimensionalized movements, the cofferdams are

ranked as Willow Island, Lock and Dam 26 (R)

Stages 1 and 2, and Trident. This ranking is

consistent with the relative conditions for the

cofferdams. Willow Island has the largest
diameter to height ratio, the strongest
foundation, and a stabilizing berm, and it

shows the smallest displacements. The Trident
cofferdam has one of the smallest diameter to
height ratios, no interior stabilizing berm,
and the greatest height, and it shows the
largest displacements. The Lock and Dam (R) 26
cofferdams have conditions which fall between
the other two, and displacements which do like-
wise.

The general level of the nondimensionalized
movements are of interest since the consistency
of the trends shown for the cofferdams suggest
that they can be used to help predict the
likely level of movement of cofferdams with



Similar conditions. There are two other
reference points of this type worthy of men-
tion. Swatek (1967) reports that in his ex-
perience the typical temporary cofferdam moves
1 % of its free height at the top of the cell.
This would be high for the average movement
data in Figure 17, where none of the values
exceeded 0.6 %. However, if the extreme
movements were considered at each cofferdam,
then the 1 % figure would not be far from the
observed value. In finite parametric studies,
Singh and Clough (1988) report that the move-
ments should not exceed 0.5 % for a conserva-
tively designed cofferdams, particularly if
there is a stabilizing berm present. It would
appear from all of the information that for
prudent design of a cofferdam on good
foundation conditions, a value of 0.5 to 1 % of
the free cell height could be used to estimate
displacements.

20
- 0o zwm, CELL 66 Dredge Spoil
w
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Fig. 18 - Typical Cell Schematic of

Seagirt Cofferdam

REVIEW OF CASE HISTORY DATA FOR COFFERDAMS
SUBJECTED TO OTHER THAN WATER LOADINGS

The Seagirt and Fulton Terminal 6 case
histories represent unique situations in that
these cofferdams are subjected to loading other
than by water. Figure 18 shows typical section
for the Seagirt cofferdam in the area where it
was founded on sand. In other areas, this
cofferdam was founded on a fissured hard clay.
The Seagirt cofferdam was originally intended
as a temporary system for the containment of
the slurry created by excavation for the I-95
Baltimore Harbor tunnel. Several years sub-
sequent to the construction of the tunnel, it
was decided to use the cofferdam and its re-
tained. fill as a waterfront terminal. This
review focuses on the cofferdam performance
before the time changes were  instituted to
upgrade the system for its permanent use. The
upper soils at the site were soft organic
clays, and these were underlain by either stiff
fissured clays, or dense sands. The cells were
‘driven through the upper soils to a shallow
embedment in the underlying stiffer soils. A
sand fill was placed into the cells without
removing the soft soils that remained inside
the cells.

The Fulton Terminal 6 cofferdam case history is
described by Schroeder (1987). This structure
serves as a container wharf, and is founded on
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dense sand. Before driving the sheeting, an
upper layer of soft silt was dredged. Wwith the
sheets in place, fill was dredged into the
cells, and in the area behind the cells to
create a level working surface. The fills in
the cells and behind the cells was vibrated

into a dense condition, with an estimated
relative density of about 80 %.
Both the Seagirt and Fulton Terminal 6

cofferdams underwent significant deformations
as a result of the lateral locads applied to
them. In Figure 19, the lateral novements
measured at the tops of selected cells for both
cofferdams are plotted versus date, with key
activities at the sites noted. For the Seagirt
case, two sets of data are shown, one for a
section of the cofferdam on a clay foundation,
and one for a section on the dense sand. The
movements for the Seagirt cofferdam do not
represent the entire deformation history of
this system, since some movement occurred
before measurement benchmarks were installed.

Maximum lateral movements for the Seagirt case
reached about 5 ft for the cell on founded on
clay, and 1 ft for the cell founded on dense
sand, values equal to 13 and 3 % respectively
of the free cell height. While most of the
displacements of the cells occurred during
active construction, a significant portion of
those for both foundation condition are time-
dependent. Because no inclinometers were in
place during the construction, the exact
sources of the movements cannot be determined.
However, it seems reasonable that the large
deformations are in part ©related to the
presence of the soft organic silts in the cell
and in the so0il on either side of the cell.
Also, where the hard clay formed the foundation
material, it is likely that the sheetpiles in
the front of the cells plunged into the clay
causing a rotation of the cells forward.

As is seen in Figure 19, lateral displacement
due to placement of £ill behind the cell was
only 1.0 ft, or about 1.5% of the cell height.
Inclinometers installed on the cofferdam cells
allowed a definition of sources of mnovements.
A significant amount of displacement was ob-
served at the dredge line and below, indicating

movements of the embedded portion of the
sheetpiles.
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The performances of the Seagirt and Fulton
Terminal 6 cofferdams lead to the following
observations:

1). Despite large deformations of the coffer-
dams, they continued +to perform ade-
gquately, showing the resilence of these
flexible structures.

2.) The lateral movements of the cofferdans
loaded by soil were larger. than those of
the cofferdams loaded by water.

The movements of the Seagirt cofferdam are
larger than those for the Terminal 6 cof-
ferdam, presumably due to poorer founda-
tion conditions and the presence of the
weak silt in the fill.

SUMMARY AND CONCLUSIONS

Until the early 1970's, the technology for
cellular cofferdams was relatively static.
Design methods were largely empirical, and the
main use for cofferdams was as a temporary
structure to allow construction in the dry in a
body of water. Since that time, a number of
studies of the subject have taken place in the
form of model and full-scale instrumentation
projects. Also, investigators have developed
finite element models with realistic allowances
for many of the important aspects of the
complex cofferdam problem. Conclusions from
the work to date include:

1.} Model studies have led to new methods for
calculating interlock forces and internal
stability. These generally lead to less
conservative answers than are obtained by
the early design techniques.

2.) For finite element methods to successfully
model the cellular cofferdam, they must
account for the nature of the construction
process, the nonlinear soil behavior,
flexibility added to the system through
sheetpile interlock deformations, and slip
between the sheetpiles and the soils.

3.) the
the
the
the

Finite element analyses show that
soil-structure interaction process in
cofferdam is complicated because of
flexibility of the system and
large deformations that occur.

4.) Earth stability berms placed on the in-
terior of the cofferdam have an impact on
the behavior both in reducing overall cell
deformations, and in limiting the develop-
ment of interlock forces in the cell by
providing a restraint at the 1location
where the interlock forces are usually the
largest.

5.) For cells with significant embedment, the
maximum interlock force and cell bulge
occurs at a distance of about 0.25H above
the dredge line.

6.) For cells with small embedments, the maxi-
mum interlock force and cell bulge occurs
at a distance less than 0.25 H above the
dredge line.

7.) The maximum interlock force can be reason-
ably calculated using either the TVA or
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'S&M methods when a earth berm is not pre-
sent. If an earth berm is present, then
these methods will lead to conservative
predictions of interlock forces for condi-
tions after filling.
8.) Average lateral displacements at the top
of conservatively designed cofferdams
under the action of water loading will be
in the range of 0.5 % of the cell height.
Repeated loading by high water can lead
to cumulative increases of cofferdam move-
ments.
9.) Lateral displacements of cofferdamns are
controlled by the magnitude of the lateral
loading, and follow the loading magnitude
almost linearally so long as the factor of
safety of the system is well above one.

Densification of the cell fill causes in-
creases in interlock forces and cell dis-
placements over those induced during cell
filling.

10.)

11.) In the cases considered herein, cofferdams
loaded by soil moved more than those

locaded by water.

Cellular cofferdams are resilient struc-
tures, and are able to sustain large dis-
placements and distortions without fail-
ure.

12.)
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CELLULAR STRUCTURE FAILURES*

ROBERT GRAYMAN**

This paper discusses the prime causes and location of structural failures in cellular structures. The
author suggests that failures can be mitigated by using 30° riveted wyes, designed for internal load of
saturated fill and considering load from the connecting arc.

INTRODUCTION

The validity and adequacy of the design and
construction of steel sheet pile cellular structures
can be partially judged and evaluated by the study
of known failures. However, presenting infor-
mation on such failures is difficult because conclu-
sions may be drawn which fix the responsibility of
the various parties concerned when many inter-
related factors and litigation may be involved.

Much has been written and published on the
stability aspect of cellular cofferdam design but
little has been published on the structural aspects.
There have been failures which can be attributed
to structural deficiencies in the ‘‘state of the art,”
that have had little publicity. These failures most
of which are classed as minor because there was no
loss of life can be costly. This does not mean that
there have not been stability failures such as those
caused by sliding of a cellular structure. This
presentation will be primarily devoted to those
structural aspects that are of principal concern and
pictures shown that illustrate these features.
Although a cellular structure is usually considered
a relatively simple structure, the failures show that
it is actually a complicated one with many
complex interactions.

TEES

The prime location of structural failures of
circular cells has been at the connecting tees both
welded and, to a considerably lesser degree, riveted
tees. A pull on the outstanding leg of the welded
tee with a 3/8 in. thick web of 300-400 pounds
per lineal inch can cause a theoretical bending
stress in the web of the main sheet in the yield
point range. A riveted tee can carry a somewhat
higher load because of the extra metal in the
connecting angles. A section of a welded tee cut
and reassembled from a cell that failed is shown in
Fig. 1. The figure was traced from a photograph.
Note the extreme deflection which is many times
the deflection in the plastic range. It is this
deflection in the plastic range which permits the
tee to adjust to and carry its load. There are few
other structures in which such an extreme use is
made of the plastic range of structural steel. The
use of 30° connecting riveted wye piles in lieu of
connecting tees will mitigate this type of failure
because the load is applied more nearly tangential
rather than at right angles.

e ——
*The views expressed in this paper are those of the

Four photographs illustrate the failure of the
cellular structure associated with the failure of the
tée shown in Fig. 1.

Figure 2 illustrates the general appearance of a
cellular structure when a connecting tee ruptures
in three pieces.

Figure 3 shows a closer view of the same
cellular structure after the rupture of a tee.

Figure 4 shows the three pieces of the same
ruptured tee after it has been removed to a viewing
area for inspection. The outstanding leg of the 3/8
in. welded tee is shown in the center.

Figure 5 shows one half of the same ruptured
tee, approximately 15 ft. from the bottom of the
sheet pile. Note the bow in the web above the
zone cut out for metallurgical inspection. The
pieces are reconstructed in Fig. 1.

SATURATION

Saturation of the internal fill is associated with
many failures. It is the high lateral pressure of the
water when added to the pressure of the fill that
can produce the magnitude of hoop tension in the
main cell and also the pull in the outstanding leg
of the connecting tee resulting in the condition
shown in Fig. 1. The saturation of the fill in the
connecting arc is a particularly potent danger
because of the magnitude of the tension that can
be created on the outstanding leg of a connecting
tee. It is suggested that the cells and connecting
arcs should be investigated for a saturated condi-
tion unless specific measures are taken and en-
forced to prevent saturation. It should be noted
that saturation can be caused by things other than
the common leakage through the interlocks, holes,
splices and filling by hydraulic dredge method.
Waves splashing over the top of the cofferdam
cells, leakage or breaks in the discharge lines from
unwatering pumps over the cells can quickly cause
saturation of the cofferdam cells.

Figure 6 illustrates the fill in a cellular structure
being saturated from two causes simultaneously,
namely, waves breaking over the top of the
structure and a broken discharge line spilling water
into the top of the cell fill.

**aut_hor and not necessarily those of the Corps of Engineers
Chief, Structural Section, Ohio River Division, U.S. Army Corps of Engineers, Cincinnati, Ohio
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INTERLOCK TENSION

It is common practice to calculate the interlock
tension in the sheet piling based solely on the
internal pressure in the main cells. However, the
tension from the internal pressure in the connect-
ing arc should also be added, taking into account
the location and type of connecting member that
is either tee or wye. This is particularly true when
the connecting arcs are filled by hydraulic
dredging which increases the tension on the
outstanding leg of the connecting tee or wye. The
use of the wye will tend to mitigate the tension on
the main cell because the load is applied more
nearly tangential rather than at right angles. The
pull on the outstanding leg of a tee can, in
addition to the previously mentioned load, induce
an indeterminate tension in the adjacent pile of
the main cell. This is somewhat analogous to the
pull induced in a horizontal string when a weight is
suspended vertically at its mid-point.

Figure 1 illustrates the results of the pull on the
outstanding leg of a welded tee. Figure 7 shows a
similar effect of the pull on the outstanding leg of
a riveted connecting tee. The pull having been
induced by a saturated load from a hydraulically
placed fill in the connecting arc between circular
cells. In each case note the severe bow in the web
of the main sheet of the tee. The force that
produces this bowing also induces an exira, but
indeterminate, hoop tension in the main cell,
primarily near the connecting tee.

SPLICES

A source of stress concentration can occur at a
splice in a sheet pile. The precise width of a
specific type of sheet pile may vary from pile to
pile and particularly so from manufacturer to
manufacturer. Thus at a splice the narrower pile
would pick up considerably more load than the
unit tension at a particular depth of fill. This can
be avoided by not splicing piles or by controlling
the width of sheets. Dependence cannot be placed
on A.S.T.M. A328, the specification for steel sheet
piling. This specification has very few controls on
the quality of sheet piling as to size, tolerances,
interlock shape or strength.

Figure 8 shows a failure in the web of a sheet
pile immediately below a splice of steel sheet pile
MP10l at the bottom and a WS 1 on top. The
MP101 is approximately 1/4 in. narrower than the
WS 1, as shown on Fig. 9 traced from a sample of
each of the two piles. This failure occurred in a
sheet pile, a couple of piles away from the tee
shown in Fig. 7 previously described.

This failure shown in Fig. 8 may be said to
illustrate the combination of all the potential
weaknesses previously described, that is—tees,
saturation, induced interlock tension and splices.

STABILITY

The author has no knowledge of a failure which
may have been caused by a stability inadequacy
such as overturning or sliding except the one

illustrated by Figs. 10 and 11. The cells are
believed to have slid approximately 5 ft. toward an
open excavation on a strata below the bottom of
the cells. The fill behind the cells was level with
the top of the cells prior to the movement.

INVESTIGATION OF CELLULAR FAILURES

A checklist may be of assistance when making
an investigation of a failure of a steel sheet pile
cellular structure. It has been found helpful in
making a systematic investigation when the cause
is unknown and to help in preventing a premature
conclusion. Items to be considered:

1. Stability
a. Overturning
b. Tilting
c. Sliding
d. Loading

2. Stresses
a. Interlock tension
b. Connecting tees or wyes
c. Web tension
d. Web bending

3. Material
a. Steel
New or used
Type
Size and manufacturer
b. Interlock gage
c. Welded or riveted tees or wyes
d. Laminations

4. Fill
a. Degree of saturation
b. Type and Action
c. Cell cap

5. Construction

Layout

. Height

Size of cell

. Overburden

Toe-in into rock

Berm

Driving Conditions

. Interlock arrangement

S o oo op

6. Miscellaneous

. Impact

. Temperature

. Failure chevrons

. Location of discharge pipes
. Splice detail

oo

7. Pictures (Show following items on sheet piles
prior to taking pictures)

. Number

. Top or bottom

. Inside or outside

. Distance from top or bottom

. Size and manufacturer

oo




AREAS OF INADEQUATE OR
INSUFFICIENT KNOWLEDGE

Also recognizing that there are unresolved and
controversial features in the design and construc-
tion of a cellular :structure, a list of such items is
presented in order to highlight and thus help in
obtaining the answers to these problems:

1. Fabricated Connections
a. Stresses in both welded and riveted tees
b. . Strength of tees, both welded and riveted
c. Stresses and strength of wyes
d. Comparison of tees and 30 wyes for
circular cells

2. Stresses induced in piles adjacent to tees and
wyes

3. Saturation of cell fill
a. Leakage
b. Wave overtopping
c. Breaks in discharge lines
d. Sandbagging

4. Omission of connecting arc load when deter-
mining hoop tension in main cell.

5. Splicing sheets from different manufacturers
a. Stresses induced when widths are dif-
ferent
b. Offset in webs

6. External impact

7. Strength of interlocks
a. Under varying conditions of junction
b. Joining sheets from different manufac-
turers )
c. Gaging of interlocks and strength in re-
lation to tolerances
d. “Murphy” or reversed interlock

385

. Internal fill in cells
a. Loading conditions
b. Effect of method of filling

9. Construction practices

Driving out of interlocks

Effect of welding such as at splices
Driving past a bulge

Driving impact when load is applied to
part of an assembly

poow

10. Bending stresses in webs of straight sheet
piling in a circular cell

11. ASTM A328 does not adequately cover re-
quirements for sheet piling

12. How and when is ‘‘brittle” steel a problem
(notch sensitive steel)

13. Omission of a tee during initial construction
of a cell

SUMMARY

The prime causes and location of structural
failures of cellular structures are:

1. Pull on outstanding leg of welded connecting
tees and to a lesser extent riveted connecting tees.

2. Saturation of the internal fill

3. Neglect of the tension induced in main cell
sheets by loads in the connecting arcs and additive
tension induced by pull on outstanding leg of
connecting tee.

Failures of cellular structures can be mitigated
by using 30° riveted wyes, designing for internal
load of saturated fill and considering load from
connecting arc.




Points of failure

Fig. 1 Sheet pile tee failure

Fig. 2 General appearance of a cellular structure when a connecting tee ruptures in three pieces
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Fig. 4 The three pieces of the ruptured tee shown in Fig. 1. Outstandmg leg of the 3/8 in. welded
tee in center
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Fig. 5 Half of the ruptured tee approximately 15 ft. from bottom. Note the bow in the web above
the cut out

Fig. 6 Fill in cellular structure being saturated by wavesand discharge from broken pipe
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on outstanding leg

Fig. 8 Failure in web of a pile below a splice of an MP101 on bottom and WSI on top. Near the
connecting tee shown in Fig. 7
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USS MP-10Il section
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Weirton steel WS-I section

Fig. 9 Tracing of MP10l superimposed on WSI

Fig. 10 Cellular structure on rock after slide of foundation. Fill behind the cells was level with top
of cells prior to the slide :
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Fig. 11 Cellular structure on rock after slide of foundation. Fill behind the cells was level with top
of cells prior to the slide
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REF #15

EM 1110-2-2504 — Design of Sheet Pile Walls.
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