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1.0 INTRODUCTION

This construction documentation report presents a summary description of construction activity
conducted during the interim remedial action (IRA) at the Cascade Pole site in 1996 and 1997. Landau
Associates prepared this report in general accordance with the Remedial Action Report: Documentation for
Operable Unit Completion (EPA 1993) and with verbal guidance provided by the Washington State
Department of Ecology (Ecology). The Port of Olympia, owner of the real estate formerly occupied by the
Cascade Pole Company (Ci’C), submits this report to Ecology to fulfill the requirements for post-construction
reporting specified in the Model Toxics Control Act (MTCA). .

1.1 SITE DESCRIPTION ‘
The Cascade Pole Site (site) is located on Port of Olympia (Port) prbpefty, approximately 1 mile

north of downtown Olympia, Washington, on the northeast corner of a peninsula extending northward into
Budd Inlet (sée Figure 1). Figure 2 shows thelloéation of the former wood-treating facilities and _thé site
features that existed at the tim_e the IRA was constructed. Subsequent site grading and paving to provide
stormwater hydraulic control has altered site gradés and roadway aiignments from those shown on Figure 2.

The climate in the vicinity of the site is typical of the southern reaches of Puget Sound. Mean air
temperatures fangé from about 63°F in July and August to 37.6°FinJ anudry. The area receives substanfia,l
annual rainfall, averaging about 50 inches, which falls primarily during the winter and spring months of
October through April NOAA 1998).

1.2 HISTORY OF THE SITE

The site is the location of former wood-treating facilities operated since the early 1940s by several
 entities, the most recent being CPC. Wood-treating operations at the site ended in 1986, and CPC femoved
or demolished the treatment plant and most of the aboveground structures by mid 1990.

CPC and the previous owners/ope;rators'of the wood-treating facilities reportedly used several
chemicals to treat wood. Reports indicate that creosote (a mixture of coal tér and petroleum constituents in
varying proportions) was the primary preservative used at the treatment plant prior to 1967. In the 1960s,
CPC began using pentachlorophenol (PCP) as the primary preservative at the facility, although CPC also
continued to use creosote [Environmental Science and Engineering (ESE) 1992a]. CPC reportedly dissolved

the PCP in a medium aromatic oil to form a S-percent solution that was used in the wood treatment
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operations. ESE also reported that inorganic wood preservatives, such as copper, may also have been used
historically at the site (ESE 1992a). v
~ In 1983, the discovery of soil contaminated by wood-treating chemicals in a utility alignment
southwest of the former wood treatment plant, along the alignment of Marine Drive, triggered a series of
e_nvironmental investigations. Since that time, consultants for the Port and CPC have completed numerous
sampling events and investigations. These investigations included a remedial investigation (RI) of the
onshore portion of the site in 1985 by Applied Geotechnology, Inc. (AGI), followed in 1986 by the original
onshore feasibility study (FS) (ERT 1988). ESE and Landau Associates, Inc. (Landau Associates) each -
conducted supplemental site mvestrgatrons in 1992 of onshore areas and offshore sedlments respectrvely
Ecology placed. the s1te on the state Hazardous Sites List subsequent to the passage and
1mp1ementat10n of MTCA. Major portions of more recent work conducted at the site proceeded under the
| terms of a consent decree between CPC and the Port (the Parties) and Ecology The Partres and Ecology
filed the consent decree with the Thurston County Superior Court on May 29, 1990 .
CPC implemented two interim remedial actions in 1992 and 1993. An interim groundwater - '
extraction and treatment system was installed in December 1992 to control llght nonaqueous phase liquid :
(LNAPL) (ﬂoatmg free product) and dissolved constituents. This extraction system provides gradient control
of groundwater and recovery of LNAPL in the immediate vicinity of the former wood-treatmg facrhtres (ESE o
1993). In February 1993, CPC initiated a second interim action at the site, which included the construction
of a product recovery trench and extraction pumping equipment along the northeastern border of the site, to ;
enhance recovery of dense nonaqueous phase liquid (DNAPL) (sinking free product). CPC's contractors

: concluded the mstallatron of this system in June 1993. In November and December 1993, CPC installed a

g ‘, - steel sheet pile bamer wall downgradlent of the trench to minimize the transport of DNAPL to the East Bay

of Budd Inlet and to minimize the infiltration of saline water into the recovery trench (ESE 1993). Figure 2

1llustrates the primary features of these interim actions.

13 TOPOGRAPHY AND HYDROGEOLOGY OF THE SITE

The topography of the site at the time of the IRA. was generally flat, with elevations at the site
ranging from about 15 to 23 ft above mean lower low water (MLLW) The CPC site and adjacent parcels
consisted of vegetated and nonvegetated areas. Vegetation included grasses and light brush along the
northern portion of the site and grasses and evergreen trees along the southeastern portion of the site. The
nonvegetated areas of the site were generally asphalt or grave] surfaced; however, portions of the gravel and

* asphalt surfaces are covered with bark debris from log sort yard activities.
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The site was formerly tidal flats until dredge and fill activities created the current upland peninsula.
Generally, the site is underlain with dike and miscellaneous fill material, including sand, gravel, silt, and clay
dredged from the West and East Bays of Budd Inlet from 1920 to 1985, The fill also contains zones of wood
waste, organic debris, and concrete rubble at random locations and depths throughout the area. The fill
material ranges from about 17 to 26 ft in depth.

‘ Underlying the fill are tidal marine clay deposits. These clay deposits form an aquitard between
shallow and deep grouridwater zbnes? and range in thickness from about 8.5 to 15.5 ft across the site (AGI
1986). The upper surface of the aquitard typically varies in elevation and is encountered from about 17to
26 ft below ground surface (BGS). ‘ | _

_ Groundwater occurs in the fill material beneath the site at about 2 to 7 ft BGS under unconfined
conditions (the shallow acjuifer). Gr_c'>u.ndwater also exists below the marine clay deposits (the aquitard) in
the lower sand deposit under confined conditions (the lowef aquifer). Tests indicate that the aquitard may
have a mean permeability of 5x10°® cm/sec. .

- Under Vnonpumping conditions, the groundwater in the shallow aquifer generally flows radialyly:
outWa;'d from the vicinity of the former wood-treating facility, \as shown on Figure 3. Tidal influences to the
groundwater flow system apbears‘ to be confined to the outer edges of the péninsula and to the immediate

vicinity of the city and Port storm drain systems.

1.4 NATURE AND EXTENT OF CONTAMINATION |

Environmental investigations conducted at the site have identified and documented the presence of
_ creosote, polynuclear aromatic hydrocarbons (PAH), and PCP contaminants, all of which are associated with
hisforical wood-treating activities at the sité, in soil, groundwater, and sediments. Dioxins, furans, and some
volatile organics [benzene, toluene, ethylbenzene, and xylenes (BTEX)] are also present in soil and
sediments at certain locations. Groundwater in portibns of the shallowaquifer is contaminated with copper
and some volatile organics.

Based on data collected during the onshore investigations, the lateral extent of soil and groundwater
contamination at the site generally extends to the limits of the CPC leasehold, but also extends beyond those
limits to include some property to the south of Marine Drive and an area currently identified as the Citifor
log yard, a parcel directly west (and across North Washington Street) from the CPC leasehold. The depth
of soil contamination varies across the site; much of the soil contamination is located at or near the

groundwater table, although in some areas contamination extends to a depth of about 20 ft BGS. The areas
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that contain the highest concentrations of soil contamination, and where soil contamination is the deepest,

are in the vicinity of the former wood treatment facility.

A more complete description of the nature and extenit of contamination in soil and groundwater is
presented in the Supplemental Site Investigation (SSI) report (ESE 1992a) and the SSI addendum (Landau
Associates 1992). The findings of the SSI formed the basis for the revised onshore feasibility study (thé
revised FS) (ESE 1992b).

1.5 COMPONENTS OF THE INTERIM REMEDIAL ACTION
The IRA conducted during 1996-1997 consisted of the following components

« Construction of a cutoff wall to encncle site soil and groundwater contammated with wood-
treating chemicals along the alignment shown on Figure 3; tying the cutoff wall to the existing

sheet pile wall to form a continuous, low permeability barrier to minimize subsurface migration

of contamination .

¢ Construction of new stormwater dramage systems w1thm or adjacent to the cutoff wall to convey

stormwater ‘runoff to existing drainage features, including the construction of a new -

sedxmentatton basin

¢ Remediation of a storm dram, located in the southwest corner of the site, that intersected the
allgmnent of the cutoff wall.

Construction Drawing Sheet 3 111ustrates the interim action components and prov1des notatlons to-

other construction drawings where details of the work may be reviewed. The remainder of this section
describes the interim action components in greater detail. Construction record drawings are presented in

Appendix A for reference during review of this and subsequent sections.

1.5.1 CUTOFF WALL
_ The cutoff wall construction consisted of a 3,528-ft long wall surrounding the primary source area
of contamination resulting from CPC wood-treating operations. The design of the cutoff wall incorporated
the existing 350-ft section of steel sheet pilé wall constructed in 1992-1993. As illustrated on Construction
‘Drawing Sheet 3 and in greater detail on Constx'uction Drawing Sheets 8 through 16, the cutoff wall borders
the top of the shoreline on the northern and eastern sides of the former CPC léasehold, crosses North
Washington Street and encompasses a substantial portion of the Citifor log yard leasehold, and then parallels
a éegment of Marine Drive as it curves around to tie into the southeastern end of the sheet pile wall.
The wall was extended 3 ft into the aquitard underlying the shallow aquitard. The depth to which

the cutoﬂ‘ wall was to be constructed varies along the alignment of the cutoff wall, reflecting the variability
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of the estimated surface of the aquitard. The depth of the cutoff wall is typically shown as approximately
23 ft, with the total depth ranging from 20 to 29 ft BGS. The specifications called for a minimum cutoff wall

width of 24 inches for soil-bentonite cutoff wall construction.

1.5.2  STORM DRAIN

The primary objective associated with the construction of the cutoff wall was to eliminate the
migration of contaminants to offsite areas due to the movement of groundwater. However, achieving this-
objective required a reconfiguration of several stormwater management facilities. In the Citifor log yard
leasehold, two stortﬁ drain systems collected stormwater runoff and conveyed the runoff to Budd Inlet. One
piping \ system drained directly to Budd Inlet, without providing for sediment and debris capture and
segregation. That piping system, constructed of poorly jointed concrete pipe, also would have allowed
stormwater and marine waters of Budd Inlet to leak into the containment cell formed by the cutoff wall while
_aiso potentially allowing contaminated groendwater to leak through the joints and into Budd Inlet. A second
piping system, also constructed of poorly jointed concrete pipe, facilitated a hydraulic connection between
grouhdwater within the containment cell.and the matine wetér of Budd Inlet. A sedimentation basin installed
between the second piping system and the outfall to Budd Inlet facilitated removal of some suspended debris
and barfk from the stormwater prior to discherge. Unfortunately, the sedimentation basin did not have
watenight walls and a floor, and, therefore, collected stormwater could‘inﬁltrate into the containment cell
and increase the volume of contaminated greundwafer to be managed. The Citifor log yérd_ storm drain
system constructed as part of the interim action, consisting of new high density polyethylene (HDPE) piping
and a cast.-in-plaee sedimentation easin (as shown on Construction Drawing Sheets 22 through 24),
elinﬁnated the hydraulic connection between groundwater in the containment cell and stormwater and tidal
marine waters outside of the containment cell. . .

In the southeastern portion of the containment cell, an open drainage.ditch conveyed collected
stormwater to an existing pibing syStem that was connected to the City of Olympia's 30-inch storm drain
trunk line (see Construction Drawing 20). Maintaining the open ditch would have allowed storinwater to
infiltrate and increase the hydraulic loading on the existing and future groundwater extraction system.
Additionally, available data indicated that at high tides, marine waters could back up the piping system and
cause minor flooding in the open ditch. Construction of the new 24-inch diameter‘ storm drain pipe south
of Marine Drive (see Construction Drawing Sheet 21) as part of the interim action allowed the Port to
reconfigure the storm drainage basins in the vicinity of Marine Drive and to convey the collected stormwater
to the City of Olympia's 30-inch outfall via a water-tight pipeline that was located outside of the containment
cell. The construction plans called for a small portion of the old pipeline that connected the ditch to the city's
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) 30-inch storm drain to be removed and remaining portions of the pipeline to be isolated by grouting the ends

of the pipe with concrete.
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2.0 CONSTRUCTION CHRONOLOGY OF EVENTS

This section provides a summary of the major events associated with the IRA. Each activity is
briefly summarized with respect to schedule and timing,. .

- The Port authorized the design of the IRA in June 1995 with the intent of initiating construction of
the project in the fall of 1995. Landau Associates produced‘an engineering design report (EDR) in April
1996 (Landau Associates 1996a). The EDR evaluated six cutoff wall technologies and recommended that
the construction design allow prospective contractors to choose one of the following technologies: soil-
bentonite cutoff wall, HDPE panels installed in a cutoff wall, steel sheet pile wall, aluminum sheet pile wall,
and deep soil mixing wall. The EDR also concluded that construction of a new HDPE storm drain along an
alternate alignment provided the best solution to stormwater management requirements

Following Ecology's approval of the EDR, Landau Associates completed the construction drawings
' and specifications. The Port 1ssued the bid documents to prospective bidders on August 12, 1996 and opened
bids on September 18 1996. In response to the Port's request for proposals, eight bldders submitted
proposals-to complete the work. Table 1 lists the bldders, the cutoff wall technology proposed in their bid,
and the cost breakdown included in their proposals. |

The Port, throuigh the action of its commissioners, issued a notice of intent to award a contract to IT
Corporation, the second .lowest biddet, after determining the;low bidder (S:M.W. Seiko) was not responsive

to the bid request. The Port executed a contract with IT Corporation for a bid price of $1,170,538.

2.1 NOTICE TO PROCEED AND TECHNICAL SUBMITTALS

The Port authorized IT Corporation to begin formal construction activity with the issuance of the
Notice to Proceed on October 23, 1996. The Notice to Proceed set the Contract Time to begin October 24,
1996 and requined construction to be complete by February 20, 1997, a period of time encompassing 120
days. In January 1997, after consultation with the Department of Ecology project manager, the Port and
Landau Associateslissued a conditional approval for cutoff wall construction to begin, effective J anuary 20,
1997. The conditional approval permitted cutoff wall constru.ction to proceed from Point G to Point D (see
Construction Drawing Sheet -3), but prohibited construction beyond Point D until the erosion and
sedimentation control plan met the minimum requirements of the Specifications. The transmittal of
additional required submittals continued throughout the project duration. Approval for construction of the

remainder of the slurry wall was provided on January 30, 1997 subsequent to acceptance of IT Corporation's

erosion and sedimentation control plan.
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2.2 CUTOFF WALL CONSTRUCTION

IT Corporation constructed the slurry wall in two "legs." The first leg extended from Point G to
Point A. The second leg extended from Point I to Pomt A. The as-built slurry wall alignment is shown on
Figure 4. IT Corporation initiated cutoff wall construction on January 20, 1997 at Point G. Construction
delays were experienced during construction of the first leg. IT Corporation encountered waste concrete and
cemented debris on a revised cutoff wall alignment (a new alignment running from Point G dlrectly to
Point E, thereby bypassing Point F), which caused a delay of about 2 days. IT Corpdration constructed a
bermed impoundment cell for cutoff wall spoils in the northern quadrant of the site (see Fighre 4), .
completmg most of the berm on or about February 6, 1997 Several utilities, mcludmg one or two unknown
utilities buried about 2 to 3 ft BGS, were encountered durmg excavation of the wall segment between Point
. D and Point C. U. S. West Communications required that the telephone cable be- relocated prior to any
continuation of cutoff wall construction, whrch delayed cutoff wall constructxon for about 2 days. IT
Corporatron completed the first leg of the cutoff wall on February 18, 1997 when excavatlon of the cutoff
wall reached Point A at the southwest corner of the containment cell

Wh11e excavatmg wall segment C-D, IT Corporatlon encountered a subsurface obstructron dlrectly
beneath the LOTT outfall pipe. IT Corporatlon suggested the obstruction could be one or more wood piles
or other wood structure. Concemed that continued excavation effort directed toward removal of the
obstruction could -damage ‘the LOTT outfall, IT Corporatron suspended work on the removal of the
obstruction. Record Drawing No. 9 shows the probable extent of the obstruction, However, backfilling
operations and subsequent construction of a concrete saddle beneath the LOTT outfall may have resulted in
the removal of the obstruction or the reduction of the permeablllty of soil retained by the obstructron on the
cutoff wall alignment. A memorandum describing further activity with respect to this obstructron is mcluded
as Appendix B.

After completmg the first leg, IT Corporation repositioned its equrpment from Point A to Pomt I, at
the south end of the sheet pile wall and reinitiated cutoff wall construction from Point I-to Point Ja on
February 19. Wall construction proceeded with minimal problems until Point L, where IT Corporatron
delayed constructron for 3 days due to a 12-inch water main on an alignment that differed from that shown
on the constructlon drawmgs '

On March 8, as the cutoff wall excavation advanced to a pomt on wall segment N-O near manhole
MH 1-D (see Construction Drawing 15), excavation operations struck an abandoned outfall pipe that
formerly connected the City of Olympra s 30-mch storm drain to Budd Inlet (before the peninsula was filled
to its present northerly boundary). The rupture of the old outfall allowed several thousands of gallons of
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slurry to flow out into Budd Inlet and caused the collapse of a portion of the cutoff wall that had not yet been
backfilled. A concrete plug was installed in the abandoned pipe segment at its connection to manhole MH
1-D to address the problem. Plugging of the storm drain pipe and repair and re-excavation of the collapsed
cutoff wall segment delayed cutoff wall pfogress by 2 to 3 days.

IT Corporation's efforts to complete .cutoff wall excavation from Point O to Point P suffered
additional delays caused by excavator equipment failures. Wall construction was largely suspended between
March 20 and 24, 1997 while these mechanical problems were addressed. Excavation of the wall was
completed on March 26, 1997 and backfilling continued for an additional 2 days. Capping of the cutoff wall
segments began about the first week of March and continued up to about April 15, 1997.

The total time period required to construct the cutoff wall was 66 calendar days. This construction

period was significantly longer than the 17 days estimated by IT Corporation in its construction schedule.

2.3  STORM DRAIN CONSTRUCTION

IT Corporation subcontracted the installation of the storm drain pipes to Pape & Sons Construction
(Pape) of Gig Harbor, Washington. Pape began construction of the storm drain segménts on February 5,
1997. Construction of the 24-inch storm drain continued through February 25, 1997. Construction of the
sfortﬁ drain piping located in the boat yard and the filling of the existing drainage ditches in this area was
completed on about February 26, 1997. Pape constructed the Citifor log yard N-S storm dréin segment on
February 27 and 28, 1997. Pape concluded the storm drain construction in early March, installing the 15-
inch diameter storm drain piping for the Citifor log yard east-west storm drain segment from the manhole

located at the north end of the new sedimentation basin to existing manhole 4-D.

2.4 SEDIMENTATION BASIN CONSTRUCTION

IT Corporation initiated construction of the sedimentation basin in late January 1997. Utility
locating services reconnoitered the vicinity of the sedimentation basin beginning on January 27, 1997. On
February 4, 1997, IT Corporation workers began to clear away existing fencing and other materials to provide
clear access to the area where the new sedimentation basin would be constructed.

Initially, IT Corporation began excavation without a shoring system and without a system of pumps
and water treatment to dewater the excavation. After some delay in advancing the excavation of the
sedimentation basin, IT Corporation mobilized a 15,000-gallon baffle tank, two activated carbon tanks,
pumps, and small filter cartridges to dewater the sedimentation basin area to allow excavation to proceed.

IT Corporation crews began pumping water from the sedimentation basin, as well as ponded stormwater from
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the Citifor log yard on February 20, 1997. Although IT Corporation pumped water from the sedimentation
basin at rates of up to 30 to 50 gallons per minute, water levels in the open excavation did not decrease
significantly.

On Febfuary 26, IT Corporation started eonstruction of a perimeter shoring system using steel I-
beams and 1-inch by 6-ft by 20-ft steel traffic plates. Installation of the beams and sheets that formed the
| shoring system around most of the basin excavation continued until March 5, 1997. |

Excavation of soil from the bottom of the shored area began on March 6, with removal of soil using

a hydraulic excavator positioned at exxstmg ground surface. Excavation proceeded in the "wet," because IT.

- Corporation's dewatering system could not remove sufficient quantltles of groundwater from the basin to
provide complete dewatering. ’ . '

- On March 14, about half of the basin was excavated to grade and a stone foundation pad was placed
for the formwork. However, a major storm event on March 15 caused large ponds of turbid water to develop
in the Citifor log yard, and IT Corporation decided to pump stormwater inte the basin excavation and
suspend further woi'k on the basiii uhtil cutoff wall excavation was cempleted and cleanup of constructed
portlons of the wall was accomplished. | ’ |

IT Corporatlon 1mproved the dewatermg system and resumed constructxon of the sednnentatlon basin

in early April, completmg the dewatermg of the excavation and the placement of stone for the foundation

slab on April 7, 1997 Crews then proceeded to assemble the reinforcement and slab formwork. IT

‘Corporation placed the concrete for the basin slab on April 15, 1997. On April 16, IT Corporatxon crews

began work on constructing the reinforcement for the sedimentatien walls while also stripping some
formwork from the basin slab. IT Corporation placed the concrete for the b.asin'walls on April 28, 1997.
Stripping ef the formwork began on the following day. Finish work on the interior of the sedimentation
basin, including the installation of velves and similar accessories took an additional 2 weeks. IT Corporation
applied a concrete sealant to the interior faces of the sedimentation basin on May 16, 1997 and d_enioBili‘zed

from the site shortly thereafter.

2.5 ACCEPTANCE

1T Corporafio’n completed all majof work tasks and a number of work items on a preliminary punch
list by mid May 1997. Landau Associates inspected the project site and, with the concurrence of the Port,
issued a certification of substantial completion on May 23, 1997.

L4
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3.0 CONSTRUCTION QUALITY CONTROL

This section provides a summary of the construction quality control plan developed for the project
and the activities conducted to meet its requireinents. The Construction Specifications (Landau Associates
1996b) are referenced periodically and should be reviewed for more detailed evaluation of construction

requirements.

31 CONSTRUCTION QUALITY CONTROL PROGRAM

The construction quality control prbgram'implemented for the IRA construction consisted of the
identification of key industry standards, the application of those standards to construction work undertaken
by IT Corporation in accordance with the Contract Documents, and the monitoring of IT Corporation's
performance through materials testing, visual observations, and‘completed system performance criteria.
Individual cbnstrubt,ion specifications identified perfonhance s'ritsrig or other standards to be achieved by
the contractor either as the construction proceeded, or by the constructed element. These specifications
include, but are not limited to, the followiﬁg: J '

Section 01090 Reference Standards

Section 01440 >Qua1ity Assurance/Quality Control

Section 01561 Construction Equipment Decontamination

Seqt‘ion 01563 Drainage and Erosion Control

Section 02169 Cutoff Wall Construction |

Section 02220 Excavation, Baokﬁlling, and Compacﬁon

Section 02720 Storm Drainage Sewers

Section 03300 Cast-in-Place Concrete

Landau Associates, under contract to the Port, filled the role of "Engineer," as-defined in Division
0, Section 00700 (General Conditions) of the Contract Documents. Landau Associates was responsible for
review and approval of all required contractor submittals; review and recommendation on all applications
for payment; issuance of field orders, engineer's instructions, and sontract documentation; interpretation of
the Contract Documents, including evaluation of claims; observation of construction activity; and
management of construction meetings. Landau Associates provided at least one full-time field inspector for

the project from the start of cutoff wall construction on January 20, 1997 to the initiation of sedimentation
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basin construction in early April 1997. Mr. Don Bache, Environmental Compliance Specialist with the Port,
also provided construction oversight and acted as the primary Port representative throughout the project.

With respect to key industry standards, Specification Section 01090 (Reference Standards) identified
standards, guidelines, and practices considered by various societies, organizations, and codes to result in the
manufacturing, construction, and/or installation of acceptable products and/or systems. In certain instances,
the Contract Documents required independent verification that the specified contract provisions were met
through inspection or materials testing. Specification Section 01300 (Submittals) required the remedial
contractor to provide shop drawings, catalog data-(cut sheets), and/or product samples to Landau Associates -
to permit the Engineer to independently verify that the products IT Corporation intended to include in the
project met the intent-of the Contract Documents. The Contract Documents identified key Submittals;
Landau Associates tracked the transmittance, review, and approval of these submittals; and Landau
Associates withheld approval to begin construction of work elements until IT Corporation had transmitted
acceptable submittals. Original copies of all submittals are maintained in Landau Aséociates’ project files.

Further verification of the quality of the constrilcted project is provided by/through thevactua‘l
inspection, observation, measurement, and materials testing of the project by Landau Associates in the field.
These activities included the collection of aliquots of supplies, such as concrete, controlled density ﬁil
(CDF), or soil-bentonite backfill, for subsequent testing in accordance with recognized proqedﬁres; the
observation of IT Corporation's laborers and operators as materials were incorporated into construction
products or excavation of the cutoff wall approached the design depth of the wall; and the measurement of
installed systems, such as storm drain piping, in order to compare actual dimensions or elevations with
Contract Document requirements. Material reports from testing, observations, and measurements, are
recorded in the field log books and available in Landau Associates' offices for inspection.

Quality control on certain critical construction elements is discussed below.

3.2 CUTOFF WALL

Consistent with the Construction Specifications, IT Corporation's cutoff wall construction
specification called for quality assurance/quality control (QA/QC) activities to focus on eight primary tasks
to ensure that the constructed wall met the performance criteria established for the project. These eight
primary tasks (alignment and grade, platform preparation, slurry preparation, trench excavation, backfill

preparation, backfill placement, post-construction testing, and reporting) are discussed briefly in this section.

L
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3.2.1 ALIGNMENT, GRADE, AND PLATFORM PREPARATION

Compliance with the Contract Documents required that the cutoff wall be constructed on the
alignment shown on the Drawings. The QA/QC program required that the endpoints of the major segments
of the cutoff wall be set by a Washington State-licensed land surveyor. IT Corporation's grade checker, an
individual with experience in surveying, provided additional layout and interim surveys of wall alignment
and depth of excavation that were confirmed by reference to established benchmarks and subsequent follow-
up surveys completed by David Evans and Associates. The grade checkér also established interim grade
stakes and surveyed the cleared and graded alignment for the cutoff wall to determine the elevation of the
excavation platform. Having established the elevation of the platform, the grade checker was able to measure
the depth of the excavation at any point and determine whether the excavation had been advanced to the
design depths shown on the Construction Drawings. As excavation proceeded, the grade checker took
soundings of the excavated cutoff wall at 3-to 5-ft intervals, compared the soundings to calculated values
prepared for the segment, and then informed the operator of the hydraulic excavator of the appropriate
actions to take.” The as-built cutoff wall aligmh'ent is shown on Figure 4 and on the record drawings. As-built

cutoff wall depths are shown on the record drdWings. '

3.2.2 SLURRY QUALITY CONTROL
| Quality control 6f slurry is an important element in the construction of a soil-bentonite cutoff wall.
The slurry functions to hold the cutoff wall trench excavation open as the wall excavation is advanced and
soil-bentonite backfill is placed into the excavation. Excavation and backfilling must be timed so that the
toe of the Backﬁll remains some distance from the face of the excavation, so that excavation is not removing
the backfill, thereby increasing excavated soil q'uantiti'esvand necessitating the production of extra backfill.
The Contract Documents required the remedial contractor to develop and propose a cutoff wall
construction specification that met the performance criteria stipulated in Specification Section 02169 (Cutoff
Wall Construction). IT Corporation's cutoff wall speciﬁcation, included in their Construction Plan, specified

the folloWing: 4 | |

| . Bentonite - Premium grade, ultrafine, natural sodium cation-based montmorillonite powder

conforming to American Petroleum Institute (API) Specification 13A.

* Water - Clean, potable water, with pH equal to 7.0 £ 1.0; total dissolved solids not greater than
500 ppm; oil, organics, acids, alkali, or other deleterious substances not greater than 50 ppm; and
hardness less than or equal to 150 ppm.

» Slurry - Initial Characteristics: Minimum of 6 percent bentonite by dry weight and water. At the
time of introduction to the trench, the slurry shall have a minimum viscosity of 40 seconds
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measured with a Marsh Funnel Viscometer. Continuing Characteristics: Maximum 30 cc passing
a filtration test; minimum viscosity of 40 seconds (Marsh Funnel); maximum sand content of 20
percent, by volume; pH between 7 and 12, dens1ty at least 15 pounds per cubic foot less than the
soil-bentonite backfill.

Continuing QA/QC activities associated with slurry preparation included testing of the potable water
source for compliance with minimum water quality criteria; testing of slurry mixes on a per work shift basis
to monitor bentonite content, density, and viscosity; and testing of slurry in the trench to monitor bentonite
content, density, yiscosity, ﬁltration,' sand content, and pH. In addition, visual observations of slurry in the
trench were performed to ensure that the slurry level in the trench remained within 3 ft of the top of the
excavation platform. |

IT Corporatlon assigned Mr. Brian Mattingly to the pl‘O_] ject as the cutoff wall quality control officer.
Landau Associates worked with Mr. Mattingly to achieve the level of quality control required by the
‘Speciﬁcatidns, reviewing the test procedures, actual testing, and report generation with Mr. Mattingly. On
.a number of occasions, Landau Associateé‘ field inspector brought slurry quality deficiencies to the attention:
of IT Corporafion superintendents and managers. The primafy slurry deficiency observed was low slurry
viscosity. The reduction of slﬁrry viscosity in the trench was typically the result of precipitation and the
accumulation of stormwater runoff in the cutoff wall trench, and was typically remedied by bailing out some
of the thinner slurry and then adding higher viscosity slurry to the trench. Elevated sand content noted less
frequently was typically addressed By bailing slurry out of the trench and adding fresh slurry to reduce the
overall sand content of the resulting slurry mix.

A IT Corporation maintained daily field inspection reports on cutoff wall construction, including
observations of slurry quality. These reports provide summaries of the daily testing of slurry and backfill
mix results when slurry trench excavation and backfilling operations were actively being conducted. Copies

of these daily QA/QC reports are included in Appendix C.

3.2.3 TRENCH EXCAVATION

IT Corporation's QA/QC requirelhents for trench excavation called for monitoring of the excavation
to ensure that the trench width met the minimum 24-inch criteria from the excavation platform to the design
depth of the wall. The contractor elected to use a 30-inch wide bucket for wall excavation, ensuring that the
wall exceeded the 24-inch width requirement. Excavation QA/QC required continuous observation of
excavation operations by the grade ohecker coupled with frequent soundings of the excavation. In addition,
the grade checker frequently observed the soil excavated from the bottom of the cutoff wall trench to

determine whether the excavated soil matched the known physical characteristics of the aquitard. The
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QA/QC program called for observations of soil samples on no greater than a 20-ft interval along the
alignment, but the grade checker's efforts resulted in observations on no greater than a 5-ft interval.

In accordance with the Specifications, the grade checker logged the actual depths of excavation on
a regular interval, providing a daily record of the excavation profile for the entire cutoff wall. These
soundings supplemented soundings of the backfill profile on a daily basis, allowing IT Corporation to
monitor the progress of all operatlons associated with cutoff wall construction. Soundings conducted at the
end of each work day and the beginning of the next work shift also permitted IT Corporation to determine
if backfill densities and slumps were appropriate and if trench sidewall collapses, occurring during non-work

hours, may have introduced permeable soils into the otherwise low permeability soil backfill mix.

3.2.4 BACKFILL MIXING AND PLACEMENT .

The soil-bentonite backfill is the niost pritical product in the construction of a soil-bentonite cutoff
wall. Backfilling of the trench must minimize, to the greatest degree possible, the entrapment of slurry in
the backfill as the backfill is placed in the trench. Accepted practice dictates that backfill delivered to the
trench be dumped so that the trench is filled, and slurry is displaced, as the newly dumped backfill slumps
down the face of the backfill mass previously placed in the trench. High quality backfill must possess
sufficient bentonite or other ﬁpe-grained soils to reduce the permeability of the Ibackﬁll‘ mix to values
~ established for the project, and must contain sufficient water so that the backfill mix slumps when dumped
- into the cutoff wall trench. |

The backfill production and testing requirements are an integral component of the Contract
Documents-required cutoff wall construction specification. IT Corporation's cutoff wall specification,
included in their Construction Plan, specified the following:

» Backfill - Composed of offsite borrow, having a Uniform Soil Classification System (USCS)
designation of SM (sandy silt) or SC (sandy clay), with a minimum of 20 percent, by weight
passing the No. 200 sieve. Borrow to have no particles greater than 2 inches in any dimension.
Borrow to be free of roots and other deleterious materials.

« Mix Design - Borrow, mixed with a minimum 1 percent, by weight, bentonite via the addition
of slurry and a minimum 1.5 percent, by weight, dry bentonite. Total fines content of the mix
* to be a minimum of 20 percent, by weight. Soil-bentonite mix to have a slump of 3 to 7 inches
~and have a unit density of at least 15 pef greater than the slurry in the trench.
QA/QC activities associated with backfill preparation were confined principally to visual observation
of the imported soil at the time of its delivery to the site and at the time of mixing with the bentonite to form
the backfill. If debris, roots, ofganic or frozen materials were observed, the QA/QC program required these

materials to be removed. Testing of the backfill mix included analysis for moisture content and particle size.
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IT Corporation also collected a sample of each backfill mix and provided these samples to Landau Associates
for record purposes and for post-construction testing, if required.

IT Corporation's QA/QC procedures for backfill placement included visual observations of backfill
placement to verify that the backfill was not dropped or placed in a manner that would result in segregation
of backfill constituents or the placement of backfill through slurry. IT Corporation also imposed an
additional QA/QC criteria on the backfilling operations, stating that the toe of the backfill and the toe of the

excavation would be monitored to verify that a minimum distance of 20 ft was maintained.

3.2.5 POST-CONSTRUCTION TESTING

The Contract Documents identified a specific protocol for detenmmng whether the constructed wall
met the performance criterion (in-situ permeability shall not exceed 5x107 cm/sec) stated in the
Specifications. Specification Section 02169, Article 3.04, stipulated a multl-phase approach to the evaluation
of backfill incorpofated into the completed cutoff wall to determine whether IT Corporation complied with
the performance criterion of the Contract Documents. The Specifications require that eight samples be
collected from the coxhpleted cutoff wall and tested for hy_draulie conductivity. All samples were required
to exhibit hydraulic conductivity no greater than 1x10 cm/sec or the relevant wall section would be deemed
defective and require replacement.

IT Corporation mobilized a hollow-stem auger rig to the CPC site on April 15, 1997 and collected
the required eight samples from locations designated by Landau Associates and the Port. The approximate
locations from which IT Corporation obtained the samples are shown on Figure 4. The Port and Landau
Associates also selected eight grab samples of backfill for testing that were collected daily from the backfill
mixing pit during cutoff wall construction. The Port forwarded the eight target backfill samples and the eight

grab samples to Golder Associates of Redmond, Washington for permeability analysis. Golder Associates

initiated permeability testing on May 27, 1997. Golder Associates tested the 16 samples in two batches -

because simultaneous testing of all 16 samples was not possible given laboratory capacity constraints.
Test results for the 16 samples are summarized in Table 2. Hydraulic conductivity values ranged

from 1.4x10”7 cm/sec to 2.9x10® cm/sec, with a mean value of 6.0x10*® cm/sec, or about one order of

magnitude lower than the Contract Documents required. Golder Associates' report is attached as

Appendix D.

02/26/99 SAWPROC\021\015\097\CUTOFF.RPT 3-6 LANDAU ASSOCIATES



3.2.6 REPORTING

QA/QC reporting encompassed the assembly and delivery of relevant data collected or generated
during the project. IT Corporation's specification called for the records to be maintained for all testing,
measurements, and inspections performed to verify that the cutoff wall construction met the Contract
Documents. Daily reports to the Port were to include trench bottom profiles, backfill slopes, and descriptions
of material encountered at the bottom; results of daily quality control testing of slurry and backfill; record
of all approved admixtures, proportions, and placement locations; slurry mix adjustments and location of use;
and records of unusual conditions of materials and construction problems encountered and their resolutions.
Although the rebo‘rting frequency varied, IT Corporation reports generally contained the identified
information, and IT Corporation maintaiﬁs‘ complete records in their files. Additionally, the Landau
Associates field representative recorded similar data in hi.s field notes, which are maintained in Landau

Associates' files.

33 COMPACTION TESTING AND PRESSURE TESTING OF STORM DRAIN
PIPING . o

" The Contract Documents réquired .thev contractor to test the compaction of certain soil placed as
backfill above installed pipes or within the structural cap over the cutoff wall backfill. IT Corporation seif—
performed the testing ofibackﬁll compaction using a nuclear density gauge and following test procedures
Speciﬁed in ASTM D 2922. Typically, the testing of the backfill indicated that IT Corporation or its
subcontractofs placed and compacted the backfill to the Specification fequirements. However, in a few
instances, compaction requirements were not met, principally because wet weather conditions caused backfill
to have moisture contents that were significantly greater than optimum. After consultation with Port
representatives, IT Corporation or its subcontractors were permitted to continue backfilling operations even
though compaction of the backfill to specified limits was not achieved. The rélaXation of compaction
requirements was allowed ‘principally because the backfill provided was a coarse, granular material, and
anticipated construction work by the Port would alter surface conditions in a manner that would minimize
detrimental impacts associated with less than optimally compacted backfill in deep utility trenches.
Compaction test reports prepared by IT Corporation are included as Appendix E to this document.

_ The Specifications also required-all pipé segments to be hydrostatically tested prior to acceptance.
Upon the request of IT Corporation and Pape, Landau Associates permitted pneumatic testing of pipe
segments to be substituted if performed in accordance with Washington State Department of Transportation
procedures modified to account for the increased pressures stipulated in the Specifications. Pape & Sons

performed pneumatic testing of all pipe segments, placing inflatable bladders (pigs) in the ends of the
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designated pipe segment and then increasing the air pressure within the contained space using compressed
air. Typically, when failure was indicated by an initial test, Pape determined that one of the inflatable
bladders was improperly placed or that debris (generally sand or small gravel) in the pipe prevented the
bladder from sealing the end of the pipe segmeﬁt._ In one case, Pape determined that the installation of the
pipe run resulted in an improperly constructed joint. Pape uncovered the piping segment, repositioned the
pipe, and then retested the pipe segment to verify that the repair corrected the construction defect. Pipe
pressure Itest reporfs prépared by IT Corporation are included as Appendix F.
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4.0 CONSTRUCTION ACTIVITIES

This section provides a narrative description of the construction activities undertaken and identifies
the major participants in the remedial construction phase of the project. Major elements incorporated into
the remedial action project are noted, and material types and/or quantities are summarized. Where

appropriate, performance standards achieved are reported.

41 REMEDIAL CONTRACTOR AND MAJOR SUBCONTRACTORS

IT'Cdrporation assigned Mr. Steve Hickey, P.E'., as project manager, Mr. Roger Kelly as proj ect
'superiﬁtendént, and Mr. Frank Vish as health and safety officer. IT Corporation subcontracted the
construction of the storm drains to Pape of Gig Harbor, Washington; subcontracted asphalt replacément to
Wilder Construction of Olympia, Washingtdn; and selected Holroyd Company of Tacoma, Washington as
the source of soil import for soil-bentonite backfill. ‘M-I Drilling Fluids L.L.C. supplied the bentonite dlay
us'qd to prepare the slurry and amend the soil-bentonite backfill mix. David Evans and Associates, of
: Técoma, ‘Washington, preformed all surveying and primai'y site layout for IT Corpbfation. GeoEngineers,

Inc. of Redmond, Wasﬁington performed geotechnical testing of soils, slurry mixes, and backfill samples
| during the project. o

IT Corporation mobilized major pieces of eqﬁipment, su‘ch- as hydraulic excavators, front loaders, |
and bulldozers, either from its own equipment inventory or from local equipment dealers such as NC
Machinery of Seattle, Washington, and Smith Tractor Company of Tacoma, Washington. Pape purchased
the HDPE pipe for the storm drains from Hancor, Inc. of Olympia, Washington and purchased precast
concrete structures from Shope Concrete Products Company of Puyallup,'Washingt_on.v

The Port retained Landau Associates to-provide construction management services for the project.
Landau Associates assigned Mr. Steven L. Gefkeh, P.E., lead design engineer for the project, as the
"Engineer" (per Article 3 of the Contract) and assigned Mr. Dan McCormick as lead field inspector, Mr.
McCormick provided full-time, on site inspection of all construction activities for the project until early
March, when he resigned his position with Landau Associates. Mr. Gerken replaced Mr. McCormick as lead
field inspector, based on his knowledge of the drawings and speciﬁcations. As the cutoff wall construction
reache(li a conclusion at the end of March, Landau Associates retained Mr. Mark Ottén,‘ P.E., to assist Mr.

Gerken.
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42 CONSTRUCTION SCHEDULES, DELAYS, AND CHANGES
* Landau Associates completed the preparation of the B1d Documents on August 12, 1996. The Port

of Olympia advertised the project and issued all copies of the B1d Documents to prospective contractors and
subcontractors. The Port set September 12, 1996 as the original due date for cost and technical proposals;
however, after the pre-bid site walk on August 22, 1996, bidders requested an extension of the due date in
order to obtain quotations of key materials. With the issuance of Addendum No.l to the Bid Documents,
the Port extended the date on which proposals were due to September 18, 1996 and increased the time for
performance from 90 days to 120 days.

The Port instructed Landau Associates to issue a Notice to Proceed on October 23, 1996. The Notice
set October 24, 1996 as the first day of the 120-day construction perxod The Contract Documents specrﬁed
that all submittals were due within 21 days after the issuance of the Notice to Proceed. IT Corporation did
not meet this deadline. Landau Associates recelved IT Corporation's first submlttals on November 6, 1996
and received its first draft of the Construction Plan on November 12, 1996. Deﬁclencles in the Constructron -
Plan delayed Landau Assocrates acceptance of the Plan until J anuary 1997. IT Corporatlon continued to
. transmrt requn‘ed submittals to Landau Associates through Apl‘ll 1997, providing the rcqu1red mformatlon

as IT Corporation was scheduling the work associated w1th those submittals. ,

The preconstructron meeting betyveen IT Corporation, the Port, Landau Associates, utility purveyors,
and Port tenants occurred on November 26, 1996. During the meeting, the parties revieWed the scone of the
work recjuired discussed the scheduling of activities to facilitate Port tenant business activities, and reviewed
utility alignments, field investigations, and relocations. '

IT Corporation's November 6, 1996 submittal of the Initial Constructlon Schedule, as required by
-the Speclﬁcatlons delayed the startup of construction work but provided a more aggressive schedule of 50
calendar days for all construction work, but shrinking the time to construct the cutoff wall from 42 calendar

days to 30 calendardays. The Initial Construction Schedule provided for the followmg sequence of events:

Cutoff wall construction - December 9, 1996 to January 8, 1997
24-inch storm drain construction " December 13, 1996 to January 2, 1997
Boat yard storm drain construction . January 2 to January 9, 1997

Citifor log yard storm drain construction January 9 to January 15, 1997
Sedimentation basin construction ‘ December 10, 1996 to January 31, 1997
Site fencing construction January 14 to January 20, 1997
Substantial Completion . " January 20, 1997

Demobilization - _ January 21 to January 27, 1997
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Actual construction failed to achieve the Initial Construction Schedule or any project schedule IT

Corporation provided to the Port in its Corporation's biweekly. progress reports. The approximate dates for

construction activities noted above was as follows:

Cutoff wall construction January 20 to March 28, 1997
24-inch storm drain construction February 5 to February 25, 1997
Boat yard storm drain construction February 24 to February 26, 1997
Citifor log yard storm drain construction February 27 to February 28, 1997
Sedimentation basin construction 'February 4 to May 16, 1997

Site fencing construction Occurred at various intervals in 1997
Substantial Completion May 16, 1997

Demobilization = - - April 1 to July 11, 1997

After cutoff wall construction began, IT Corporation encountered various conditions that resulted
in delays. These delays primarily involved known or discovered utilities on the alignment of the cutoff wall
and, occasionally, obstructions such as piles or abandoned piping associated with the bulk fuel terminal that
formerly occupied the Citifor log yard. Equipment performance also*did not achieve the efﬁciéncy

anticipated by IT Corporation, and the avenagé wall construction rate (66 ﬁ/day) was significantly lower than
their original estimate of 200 ft/day. IT Corporation also experiénced lengthy periods of down time due to
equipment failures, their difficulties in addressing stbrmwatei‘, and theif decision to delay installation of an
adequate shorihg and dewatering system during sedimentation basin excavation until significant project

delays had already occurred.

43 CUTOFF WALL CONSTRUCTION

Cutoff wall construction occurred between January 20 and March 28, 1997. This section describes

the activitiés that occurred between these dates.

4.3.1 SLURRY AND SOIL BACKFILL MIX DESIGNS
IT Corporation selected a soil—bentoniteAbackﬁl.l mix composed of 50 percent Holroyd clay and 50
percent Cascade sand by dfy weight, 0.75 pefcent Federal Jel 90 bentonite (added via a slurry), and 1.5
percent of dry Federal Jel 90 bentonite powder. Short-term laboratory testing of this mix indicated the
backfill would have a unit weight of approximately 111 pounds per cubic foot (pcf) and a permeability of
about 2.5x10® centimeters per second (cm/sec). This reported permeability suggested that the mix would
meet the minimum in situ performance criteria of 5x107 cm/sec.
IT Corporation's specification called for the soil-bentonite backfill to be prepafed by mixing a

minimum of 1 percent bentonite by weight via the addition of slurry, a minimum of 1.5 percent bentonite by
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weight via dry powder, with soil having a total fines content of at least 22 percent. The specification further
required that the resulting mix have a slump of 3 to 7 inches, that the density of the backfill mix be at least
15 pef greater than the slurry in the trench, that the mix have no particles greater than 2 inches in any
dimension, and that all backfill be free of roots and other deleterious material.

_ IT Corporation's cutoff wall construction specification called for bentonite slurry, used to keep the
cutoff wall excavation open as excavation proceeded to the required depth, to be prepared using a minimum
of 6 percent dry bentonite powder mixed with potable water from the City of Olympia water mains. Trench
slurry characteristics to be maintained in the trench at all times included a maximum filtration of 30 cubic-
centimeters (cc); a minimuni 40 seconds Marsh funneln viscosity; a sand content of no greater than 20 pe_rcenf,
by volume; a pH between 7 and 12; and a density no greater than 15 pef below the total unit weight of the
backfill.

4.3.2 CONSTRUCTION METHODS 7

IT Corporation excavated the cutoff wall trench using track-mounted excavators with extended
"sticks" to allow excavation to the required depths. IT Corporation initially used a CAT EL200 excavator,
which is rated at 118 horsepower. IT Corporation switched to a CAT 350 excavator on February 7, 1997,
which is rated at 286 horsepower. Excavation proceeded at a significantly faster rate after switching to the
CAT 350. '

After approximately 2 weeks of cutoff trench excavation, IT Corporation recognized that spoils
management could not be accomplished in an effective manner without the construction of a spoils
containment cell. IT Corporation constructed a 6-ft high earthen berméd impoundment (called the "main"
spoils pile) on the north side of the site, roughly paralleling wall segments D-E and E-G and then curving
around on the south side to enclose an area of about 1.5 acres (see Figure 4) using clean fill soil provided by
the Port. Later in the project, when it became apparent that the main spoils pile would not have sufficient
capacity to hold all excavated material, iT Corporation excavated a second, smaller (auxiliary) impoundinent
along the fence line just west of wall position L (see Figure 4). The auxiliary spoils pile was approximately
320 ft long by 120 ft wide and 4 ft high. About 12,000 yd* and 4,600 yd® are contained in the main and
auxiliary spoils piles, respectively.

IT Corporation mobilized a 20,000-gallon tank to the site to act as a storage vessel for portable water
obtained from a nearby hydrant for slurry preparation. Slurry mixing and storage occurred in earthen bermed
ponds constructed within the southwest corner of the fenced Qortion of the former CPC leasehold, as shown

on Figure 4. Slurry was mixed by pumping the water through a venturi mixer where it was combined with
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dry bentonite powder. The IT Corporation slurry specialist then directed the slurry to the ponds where it was
further mixed by the action of the discharge hose within the pond.

Backfill mixing proceeded in an area north of the slurry mixing ponds in a bermed impoundment.
IT Corporation placed the Holroyd soils in the impoundment and used a John Deere JD 892 hydraulic
excavator to raise the 4,000-pound supersacks of bentonite over the soil. After slitting the bottom of the sack,
the excavator broadcast the bentonite powder over the Holroyd soil and blended the bentonite into the top
few inches of soil. A CAT D6 bulldozer was then used to thoroughly blend the backfill materials. When
the backfill blending was completed, the backfill was loaded into an articulated dump truck and hauled to
the excavated trench fbr placement. IT Corporation typically used a hydraulic excavator and tandem dump
truck to rough grade the backfill and prepare the excavated trench profile for restoration.

IT Corporation completed most of the final restoration of the cutoff trench after cutoff wall
construction was completed. Crews used a hydraulic excavator to remove excess backfill and trim the native
soil above the specified wall height shown on the Drawings. In lieu of sloped sides, IT Corporation cut a
rectangular cross-section above the Soil—bentonite backfill, installed a 4-ft wide nonwoven geotextile across
the prepared subgrade, and then placed 12 to 15 inches of éontrolled density fill (CDF) over the geotextile.
The specifications called for a CDF with a minimum 100 pounds per square inch (psi) compressive strength;
CDF delivered and placed exhibited a compressive strength in the range of 700 psi. After allowing the CDF
~ to cure for several days, IT Corporation imported structural fill and crushed surfacing, compacting the
materials to specified densities. |

Along wall alignment P-A, IT Corporation elected to backfill the prepared trench with CDF from
the geotextile to within about 8 inches of the paved surface. IT Corporation elected to take this more costly
approach because of the likelihood that high moisture conditions would not allow soil backfill to achieve the -
specified densities. In paved areas, IT Corporation completed surface restoration by pla'éing_4 inches of

crushed rock base course and then placing and compacting 4 inches of asphaltic concrete.

44 STORM DRAIN CONSTRUCTION

Pape completed the construction of the storm drains in general conformance with the Specifications.
Storm drain features were installed using standard construction methods and procedures.

Pape began construction of the 24-inch storm drain at its connection to the existing 30-inch clay tile
storm drain owned by the City of Olympia. Excavation for, and installation of, the 24-inch diameter,
corrugated HDPE pipe proceeded with little difficulty for most of the project. Pape experienced problems

with installation on two occasions. On February 13, 1997 excavation work encountered an obstacle
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constructed of heavily reinforced concrete. Pape demolished the concrete using an hydraulic excavator,
configured with a hoe ram, and realized a delay of about 1 day in the construction of the storm drain pipe.

Pape also encountered a saturated, sandy zone of soil that caused groundwater to flow readily into
the excavation, and the subgrade soil became very soft. Pape addressed the situation by installing shorter
sections of pipe (typically about 13 ft long instead of the standard 20-ft long pipe sections), over-excavating
the trench and placing very coarse crushed rock, using the excavator to bail out the groundwater, and then
using pea gravel as bedding and backfill around the pipe. The wet conditions persisted for approximately
100 lineal feet. Along all remaining segments of the pipe, although construction occurred at or below the -
inferred water table, the excavation proceeded without significant quantities of groundwater entering the
excavation or interfering with pipe bedding or backfill compaction. -

The boat yard storm drain construction required the installation of new storm piping to convey runoff
toward the drainage ditch and the inlet of the new 24-inch diameter storm‘ drain, and the gﬁlbbing'and
- backfilling of an existing drainage ditch connected to an existing storm drain scheduled for abandonment,
The boat yard drain was installed with no significant problems. Aftér installing the storm drain, Pape
removed most of the vegetation in the existing, crescent-shaped ditch and placed and éompacted several
layers of fill in the ditch. IT Corporation completed final grading of the ditch with other grading work in the
boat yard area. Completion of the storm drain construction in the southern portion of the Citifor log yard
was delayed due to the amount of activity taking place adjacent to the sedimentation basin and the scheduling
of other project work by Pape management. The Pape crew demobilized from the CPC site briefly, but
returned in early March. After construction of the sedimentation basin was completed, Pape restored the E-
W pipe segment when they installed the inlet pipe from the manhole into the sedimentation basin. At that
time, Pape also installed the outlet pipe from the sedimentation basin to the outlet manhole and the pipe from
the outlet manhole to existing manhole 3-D.

4.5 SEDIMENTATION BASIN CONSTRUCTION

As indicated in Section 2.4 of this report, the construction of the sedimentation basin did not proceed
according to the schedule due ‘tb inadequacies in the original shoring and dewatering systemé. However,
once the excavation was completed and the stone base was placed, the basin was constructed within the 22
working days projected.

Construction of the basin proceeded in general conformance with the Specifications after the stone
base pad had been placed. However, IT Corporation backfilled the basin within 1 week of stripping the

forms. After IT Corporation terminated dewatering and groundwater levels rose, groundwater began to seep
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through several hairline cracks in the concrete walls. The moisture on the interior faces of the basin hindered
the application of a sealing compound specified in the Contract Documents. Landau Associates' structural
engineer subconsultant, Caribe Engineers, inspected the basin after construction was complete and
concluded that the basin would function as designed and that subsequent hydration of lime in the concrete,
as well as the movement of fine-grained soil particles into the cracks, would eventually seal up the concrete.

Caribe Engineers concluded that no remedial construction was necessary.

4.6 RECORD DRAWINGS

Specification Section 01700, Paragraph 3.02 (A) requires the remedial contractor to complete record
.drawmgs in accordance with the General Conditions of the Contract (Paragraph 6. 12) IT Corporation
provided a draft copy of the record drawings to Landau Associates on July 1 1997, as a part of its
construction completron report. After review of the materral Landau Associates re_]ected the submittal as
failing to conform to industry standards and failing to include information requu'ed by Specification Section
02169 (Cutoff Wall Construction) and Section 02720 (Storm Drainage Sewers). IT Corporation résubmitted
the record drawings with its revised construction completion report on October 28, 1997. ‘

After review, Landau Associates again notified IT Corporation that the record drawings were
deficient, becauael the as-built information was printed on vellum that was then affixed to a photocopy of the
construction drawings using masking tape.- IT Corporation refused to rectify this deficiency. The Port of
Olympia has elected to use its staff to prepare final record drawings in AutoCAD Version 14 with the
assistance of Landau Associates, using information provided by IT Corporation and information available
through alternate sources. Copies of IT Corporation's record drawings are provided in Appendix A. The Port

will forward final record drawings to Ecology subsequent to their completion.
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5.0 FINAL INSPECTION

5.1 SUBSTANTIAL COMPLETION

Substantial completion is the stage in construction when a project can be utilized for the purpose for
which it was intended. At substantial completion, minor elements of the constructiori, and work items that
méy be seasonaliy restricted, need not be completed, but the elements of the constructed project that affect
operational integrity and function of the facility must be capable of continuous use. A

Landau’Assdciates completed an inspection bf the cutoff wall construction, the installation of storm
dramé, and the sedlmentatlon basin construction for- comphance with the contract documents and w1th
approved submxttals Followmg this inspection, Landau Assoclates developed a "punch list" of work 1tems
that had to be cpmpleted in order to consider the project complete, with certain items noted as being
necessary toa Eeﬂiﬁcation of the work as substantially complete. The Contractor addressed thosé items
identified as critical to the certlﬁcatxon of the prOJect as substantlally complete. Thereafter, Landau
Associates conducted a follow up inspection and, with the concurrence of the Port of Olympla, 1ssued a_

* certification of substantial completion on May 23, 1997

5.2 FINAL COMPLETION

Deficiencies in Contract Document-mandated submittals.resulted in Landau Associates not issuing
a certification of ﬁhal_ completion for the project. These deficiencies were primarily related to the édequacy
of the record drawings (discussed in Section 4.6) and do not affect the adequaéy or performance of the IRA.
The Port and IT Corporation resolved these deficiencies through a negotiated s,ett.lem'ent that also addi‘ess_ed
claims filed by 'both parties during construction. Resolution of the claims was achie\?ed on April 30, 1998, '
and final submittal of documentation previously requested pursuant to the Contract Documents was not

pursued by the Port. Because the settlement of the claims concluded the project, Landau Associates did not

“ . issue a certification of final completion.
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64.0 OPERATIONS AND MAINTENANCE

The IRA does not require any active operations and maintenance activity on the part of the Port or
others. The cutoff wall is a passive hydraulic barrier to the migration of contaminants and groundwater.
Activities that may breach the wall, such as the installation of subsurface utilities, must be reviewed by the
Port prior to construction to ascertain whether the installation may Eompromise the integrity of the
containrﬁent cell. If a breach of the cutoff wall is likely, the Port requiresAthe contractor conducting the work
to retain any backfill removed in the process of installing the utility and then to reinstall the backfill along
the cutoff wall alignment as the utility trench is backfilled. Mr. Don Bache, the environmental compliance
specialist assigned to the CPC site, is respohsible for monitoring construction activities that could adversely
impact the integrity of the cutoff wall.

The storm drains and sedimentation basin operate passively to drain stormwater from the Port's
properties. Operation and maintenance of these facilities are the responsibility of the Port's maintenance staff

in conjunction with the Port's written stormwater pollution prevention plan.
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7.0 SUMMARY OF PROJECT COSTS

’ The project costs associated with construction of’ ‘the TRA cutoff wall include expenditures for
construction, construction oversighf, and quality assurance testing. The construction phase of the project
included the primary construction contract issued by the Port to IT Corporation, which contract called for
the construction of the cutoff wall, storm draihs, and sedimentation basin, and éctivities related thereto, such
as traffic control,“environmental protectioﬁ, _and restoration of the site. IT Corporation's cost proposal for
this work totaled $1,170,538, There was one change order executed to increase the Contract Price by
$1,057. This change order was reléted to a change in pipe diameter and pipe slope for the E-W storm drain
in the Citifor log yard ' '

IT Corporation filed notlce of seven clalms for work under. the contract. During the course s of the
constructlon, the Port also ﬁled one claim for costs associated with the construction of a temporary water
treatment facility to treat and discharge water accumulated within the CPC site during the later stages ‘of the

) cutoff wall constructlon. The Port and IT Corporation ultimately rgsolved the claims through negotiations
* between key representatives for both parties. The terms of the séttli:ment called for the payment of $350,000
to IT Corporation in settlement of the construction chtract; As part of the settlement, the Port absorbed
- expenses incurred in «dgalin‘g with water that ponded w1thm the cutoff wall along the eastern edge of the site.
‘The Port reported that the direct expenses incurred totaled approximately $19,000; labor contributed by Port
employees to oversee the assembly and operation of the water treatment system were not quantified.
| The Port retained Landau Associates to provide construction oversight and contract administration
assistance. Landau Associates reviewed all technical submittals, prepared contract management
correspondence, and provided full-timé onsite inspection of the cutoff wall work and partial inspection of
storm draih' and sedimentation basin construétion. The cost of Landau Associates' technical services related
to coﬁstruction management,‘oversight, and reporting totaled approximately $104,000.

The Port retained Golder Associates to conduct hydraulic permeability testing of selected sam_ple_s
of backfill mix and cutoff wall backfill (retfieved through a post-construction sampling program). Golder
Associates tested a total of eight samples over the course of 15 weeks. The value of Golder Associates

~ services totaled approximately $8,500.

The Port's environmental compliance specialist, Mr. Don Bache, was also involved to a significant
degree as construction of the IRA proceeded. Mr. Bache's full-time responsibilities include the operation
and maintenance of the LNAPL/groundwater extraction and treatment system; however, as construction of

the IRA proceeded, Mr. Bache was intimately involved in the inspection of some portions of the construction,
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with review of contract management correspondence, and coordination of Port-IT Corporation interactions
as they related to Port tenants and the city of Olympia. The value of Mr. Bache's services during the 7
months of construction are riot known.

Based on the information provided above, construction costs (excluding Port personnel costs) totaled
$1,540,595, and oversight and testing (excluding Port personngl costs) totaled $112,500, for a total project
cost of $1,653,095.
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8.0 OPERATIONAL AND FUNCTIONAL STATUS
OF THE REMEDIAL ACTION

The Port of Olympia designated Landau Associates as the engineer under the contract between the
Port and IT Corporation. Mr. Steven L. Gerken, P.E. served as primary engineer for the project and was
assisted by Mr. Deniel McCormick and Mr. Mark Otten, P.E. Mr. Gerken, Mr. McCormick, and Mr. Otten
each provided onsite inspection of the construction during some phase of the contract. Mr. Gerken
coordinated all aspects of contract management with the Port. Based on the inspection and contract
management actlvmes of these individuals, the engmeer s opinion is that:, ' '

» The Interim Remedlal Action, Cutoff Wall Construction and Storm Drain Remediation and
Replacement, conducted from October 1996 through May 1997, was completed in comphance
with the requirements of the Consent Decree

 The constructed Interxm Remedxal Action substantially conforms to the design specifications and
drawings

+ The constructed Interim Remedial Action is qpera'tienal and functional.

4

| /St/even L. Gerken, P.E.(_/
Washington Professional Engineer No. 30089

[ EXPIRES 13 Jun 2000 |
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TABLE 2

Page 1 of 1

SUMMARY OF PERMEABILITY TESTING RESULTS

Hydraulic Conductivity ~ Final Hydraulic
Sample Total Pore at 2.0 Pore Volumes Conductivity, k
Identification Volumes Passed (cm/sec) (cm/sec)
B-1 224 5.7x10% 5.7 x10°
B-2 2.14 4.8 x10® 4.9 x10%
B-3 239 . 6.5 x10® 6.5 x10*®
B-4 3.59 1.5 x107 1.4 x107
B-6 248 1.1 x107 1.1 x107
B-8 3.00 1.5x107 1.4 x107
B-9 221 5.2x10°% 52 XIO’8
B-10 2.18 5.2x10°% 54x10%
Batch 4 2.31 3.1x10® 3.1x10%
Batch 6 2.86 5.2x108 5.3 x10°®
Batch 8 2.35 3.7 x10*® 3.7x10°
Batch 13 2.74 3.9 x10° 3.9x10*
Batch 16 2.51 3.4x10% 3.4 x10*
Batch 18 3.12 4.4x10% 4.2 x10%
Batch 21 2.17 3.0x10* 3.0x10%
Batch 23 2.30 3.0x10°®
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Environmental and Geotechnical Services \ MEMORANDUM
TO: Charles Pitz, Washington State Department of Ecology
FROlM: Lawrence D. Beard, Landau Associates, Inc. |
DATE: May 29, 1997
RE: SUPPLEMENTAL PIEZOMETER INSTALLATION

CASCADEPOLE SITE, OLYMPIA, WASHINGTON

At the'request of Don Bache from the Port of Olympia, we are providing the Washington
State Depa_rtmeﬁt of Ecology (Ecology) this téchnic‘al memorandurn, which describes" the installation
of f’i've piezometers to supplem'enf the existing hydraulie ’rnonltoring system for the Cascade Pole
Site in Olyrnp'ia, Washington Three of these pieZometers are to supplernent existing piezometers
around the inside perimeter of the cutoff wall. The other two piezometers are for evaluating the
hydraulic and water quality unpacts of the unexcavated zone in slurry wall section C-D underlymg .
the LOTT outfall Addltlonally, momtormg wells LA6 and 54 W111 be abandoned | concurrently with

1nsta11at10n of the new plezometers

BACKGROUND~ 7 ,

Hydraulic monitoring is required within the Cascade Pole containment area to monitor the
effectiveness of hydraulie control inside the cutoff wall. A number of piezometers or monitoring
wells are present within the containment area, 1nc1ud1ng a number of momtormg pom'cs in close
proximity to the slurry wall. However, there are certain portions of the site, near the west and
southeast segments of the slurry wall, where piezometers are not present in close enough proximity
to the wall to prov1de effectlve hydraulic momtormg As aresult, three additional plezometers will
be installed to supplement the existing monitoring locations.

As described in Landau Assoc1ates May 23, 1997 technical memorandum to the Port two
p1ezometers are recommended for mstallatlon in the vicinity of the unexcavated “window” in the

 cutoff wall underlymg the LOTT outfall. One piezometer will be installed on each side of the wall
to provide data needed to assess the extent of the leakage through the window, and its hydrauhc
and water quality impacts.

A number of wells have been installed during previous site investigation activities for
various purposes. As the pro;ect transmons from 1nvest1gat10n to remediation and site

* development; many of these wells need to be abandoned Wells LA6 and 54 are located in an area



south of Marine Drive that the Port intends to pave this summer. Because these wells are not
anticipated to be needed for future site characterization or remediation activities, the Port (subject
to approval from Ecology) intends to abandon these wells while the driller is onsite for piezometer

construction.

FIELD ACTIVITIES

Five borings will be drilled using hollow-stem auger drilling equipment and a piezometer
installed within each boring at the locations indicated on Figure 1. The three borings drilled for
general hydraulic moﬁitoring will be extended 20 ft below ground surface (BGS) unless the aquitard
is encountered at a shallower depth. The two borings drilled for hydraulic evaluation near the
LOTT outfall will be extended to 15 ft BGS. Soil samples will be collected for general geologic
characterization on standard 5-ft intervals. A Landau Associates geologist or engineer will log the
borings based on these samples.

Piezometers will be installed in the completed boring using 2-inch diameter Schedule 40
PVC casing and screen. It should be noted that PVC is the planhed well construcfion material,
rather than stainless stéel, because it is nb‘t\ anticipated that con‘éamiriant’ concentrations v_v_ill be
+ sufficiently elevated at the piezometer locations to cause a compatibilify problem with PVC.

The three plezometers constructed for general hydraulic morutormg will extend to near the
base of the aquifer using a 10-ft screen section and 10 ft of blank casmg The two piezometers
constructed in the LOTT outfall vicinity will be constructed using a 5-ft screen section and 10 ft of
blank casihg. It is anticipated that a 0.020{nc_h slot screen and No. 10-20 silica sand filter pack will
be installed, although the specific slot and filter pack sizing may be adjusted based on site
conditions or material availability. All piezometers will be constructed using machine slotted
screen; however, the piezometer on the south side of the cutoff wall near the LOTT outfall will bé
constructed using wire-wound continuous slot screen. The filter pack will be extended to at least
3 ft above the top of the screen sectioﬁ. '

- Well development wili be conducted during, or immediately following, piezometer
construction to ensure hydraulic continuity between the piezometer and the aquifer. However,
piezometers that are not intended for water quality sampling will not necessarily be developed until
free of turbidity.

Because of the heavy traffic loadings and soft subgrade conditions present at the planned

drilling locations for the three piezometers intended for general hydraulic monitoring, larger, heavy
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duty protective covers will be used for the piezometer surface completions at these locations. The
heavy duty protective cover will consist of two 1-ft concrete riser sections for a standard WSDOT
Type I catch basin, a frame section, and an H-20 rated metal cover. The bottom riser section will
be founded over at least 1 ft of pea gravel. The excavation for the protective cover will be oversized
such that 8 inches of concrete can be placed around the outside perimeter of the riser sections. The
two piezometers near the LOTT line will be protected using standard aboveground or flush-mount
- monument covers. v

All drilling equipment that enters the borings will be decontaminated with a hot water
pressure wash prior to construction of each bbring. Downhole sampling equipment will be
decontaminated using an Alconox wash and a tap water rinse or hot water pressure wash. All well
casmgs will be decontaminated prior to installation by hot water pressure wash unless the materials
arrive at the site decontaminated and sealed in protective plastic wrapping. All decontammahon
water and drilling cuttings will be transported to the former Cascade Pole leasehold for disposal.

All intrusive activities will be conducted in accordance with the site health and safety plan.
Because significant contamination is not anticipated to be present at the planned exploration
locations, drillihg will be initiated in modified Level D personal pfotection with Tyvek coveralls.
Personal protechon will be upgraded to Saranex coveralls if visual evidence of contammahon is
observed during drilling and respiratory protection will be upgraded to Level C if the air
| monitoring criteria identified in the health and safety plan are exceeded.

As previously indicated, wells LA6 and 4 will be abandoned while the driller is onsite for
piezometer construction. These wells will be abandoned in accordance with the applicable

‘regulations.

REPORTING
Subsequent to completion of field activities, a brief technical memorandum will be prepared
to summarize the field activities and transmit copies of the boring log and well completion dlagram

for each piezometer.

SCHEDULE
We anticipate that well construction can be initiated within about 1 week from Ecology
approval for the planned activities, contingent on driller availability. Piezometer installation and

well abandonment will require 1 to 2 days. Construction of the piezometer protective covers should

05/29/97 J:\021\015\PIEZOSC.MEM 3 LANDAU ASSOCIATES



also require about 1 day, but the concrete should be allowed to cure for at least 3 days prior to
opening the areas to traffic. The summary technical memorandum will be completed within about

2 weeks of the completion of field activities.

L T N B

We trust this memorandum meets your present needs. Please contact us if you have any

questions regarding the planned activities:

cc: Don Bache, Port of Olympia

05/29/97 ]:\021\015\PIEZOSC.MEM 4 LLANDAU ASSOCIATES
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Daily QA/QC Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Date: e e
Samplier SR
Sample Locatiocn: “MNo N

Backfill Samples

Bulk Wet Densits
Slump {ASTM C143}:

Ben*on_ve Con:e?:.1>ﬁzJ_'
*Gradation (Z
*Dermeaol¢1uy gr ab (ASTM D5084; :

Z
>

,u
&)
3
2
; -
(
T

Bentonite Slu:ry (initial properties)

Berntonite Content: QA7 = 34 0O G = (-~ “Aercciv DA-S
Sensity (ASTM D4330) C. % \\os /Cnad ‘
YVisccsioy (API-RP-L3ELL: Sl SEC.on S

(3 )
[SERVY)
]
(o3
(@)
Q
3
ot [
]
3
o
AT

Trench Dimensions: gyx

Length of Slurrwv Wall completad: CALA
Total Length ccmplatad: ALD




Daily QA/QC Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

: /7—&, /’:x_‘
: VA A
Locaticn: \2

o

CHECT e o7 TR Al

Backfill Samples

Bulx Wet Density: A
Slump (A3TM Cl143;
Bentonite Content: . ;v
*Gradation (ASTM o4 .
*Permeability-grab(ASTM DS5C84):

s es

Bt

‘\l

(\
“—T Tk

Bentonite Slurry (initial properties)

Bertcnite Conten TEL(C 7 - eecte Baces w S 602N

t:
DenSi:‘-', [ASTM 34380' : \LOGy &4 /LN\_; -~ %'j \\3": {é*‘h\
Ta s~ P o - - - o~ o, 4 (v ) - "
VlsSCSity (API-RP-L3BIi: DO SECom DD

"Bentonite Slurry (properties in trench)

Density (ASTM D43280): VoS ey S
Viscosity (API-RP-13B1): -
Tiltraticn {API-RZ-13BL;: A '
Sard Content: kA

cH: Y

. . —— . PR
Trench Dimensions: b e ETS ~ CH N g
Leat>-1a  S/De «.«.4',/' 07 TR R ADNE

Length of Slurxry Wall completed:
Total Length completed:

0|0

* Laccratory Anal/sis



Daily QA/QC Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Date: \,/‘L\j“‘*\
Sampler: %~
Sample Location: OV e SN T e o

Backfill Samples

"Bulk Wet Density: ' ' NS
Slump (ASTM C143): [
Bentonite Content: Suzz \
*Gradation (ASTM B&o84): :
*Permeability-grab (ASTM D5084): - /

Bentonite Slurry (initial properties)

Ben:-onite Content: %)
Density (ASTM D4380) VooSe ler”
Viszesity (API-RP-13B1;: B S=lio S

Bentonite Slurry (properties in trench)

Density {ASTM D4380) \.OCia [cial
Viscosity (API-RP-13Bl): e
Filtraticn (API-RP-13BI): ol PR CC
Sand Content ' 1“7,
ck: o
~ Trench Dimensions: Ma e o TR s
o favaaysy (A~ 295 Dee N AP Zow A0 LaidTE
o AU A l
Length of Slurry Wall completad: {¢¢k;
Total Length completed: e’

* Lapcratory Analisis



Daily QA/QC Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Date: [T &7

Sampler: TR e

- - . — o . .
Sample Locaticn: Y M Vi -y S O
Backfill Samples

Bulx Wet Density: BN
Slump ‘ASTM .CLd3;:

= —-—~nd - e L. ’

Senzonite CONLENT: iz (
*Gracdation (ASTM &85+ : N\
*Permeapilizy-grab{ASTM D5084): /

Bentonite Slurry (initial properties)

- - 4 - ~ - -

2enzonizae Conztent )

- 2 v B Tadasi¥ ™, Dadia WY ) s

Cergicyy 'ASTM D43730: V.o e ad
.

oo Qies; 'ATT_ZOSot2Tm ;

S l3ZcsiTy TAZI-RZ-132100 -5 % S

Bentonite Slurry (properties in trench)

Densizy (ASTM D4333;: VO e

TPl M~ f o= S _DTDoT I . L o - J

JL3C7oslTy [ATI-RZ-L3Z2000 - S S, DS

Til=razTion (AZPI-R3-13EL /

Szn3 ZTonzTanT: N\

Trench Dimensions: sy e AL S — Sy cALE
TN ALAER= Fren \'d(\;) 2 TN Rzzal (p,mcRETE

/

Length of Slurxy Wall completad: O =z

Total Length complatad: A~

~ LapcraTCsry Analiysis



Daily QA/QC Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Data: \/7_'g[qﬁ
Sampier: 2
Sample Locaticn:  Seceepn b Te &

Backfill Samples

Bulx Wet Density: NA
Slump {RSTM Cid3): Pl

Benzonite Content: Sump— ~.
*Gradation (ASTM EBEE8+4): 3
*Permeapility-grab (ASTM DS084): /

Bentonite Slurry (initial properties)

RBenzonizs Content: &2 Conen \l-z.'siaﬁD
Caernsity JRASTM DAL \.OH & [eS
Visldcsizy (RPI-RP-13310 A 2

Bentonite Slurry (properties in trench)

Siv W aferd Con gy B0
R BNC NI AN A amrpps
R2-2321 ¢ \Nee

Gy (2~ B3 O

<

Trench Dimensions: A?PRD,Q,‘ 80" 1o 2 ATE
D o Adeaae (FRn.ed) oS5 AT S Wi

Length of Slurxy Wall completad: 0’
Total Length complatad: fo Xl
~ _22CraTory Analysis



Daily QA/QC Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

satea \‘]Lq‘c\‘!
Samp.=ar: SN A
Sample Location: e e S T &

Backfill Samples

W [ fey
E \& \\e.s)dc—\

A:%W der e /Awuc Sampie

Bentonite Slurfy (initial properties)

3enzcnizs ConTent: Cs7
bal -~ . - [ Nalea b ¥ § ™ 1 N ‘

[~Sa) . - . PR | -
Sensizy 'ASTM Da377: (L5 \\ne /B2
el ! b DS
VisZosiny TAPT-RZ-LCZ=00 S .

Bentonite Slurry (properties in trench)

~ P g faam Y B Xa Nl

Densizy {ASTM 24330!: L\ ﬁlcp\
TSl amAnt — AT 32" e

4“_3SCT3.7TY Rl S e %D Sez:&;.cb'
T =2 CATTLRT .

SLATIZETLCIN iAo RIE : A

Tama Sameae—. :

calLa LOnhio=ho Ad D

con MO

Trench Dimensions: ~ (e ,cA No Comawe (&2 [ o

Length of Slurxy Wall completad: o’
Total Length complatad: o’
~ lapcratozry Anzligsls

Bulk We:Z Zensiztvy:

S_ume CASTM Cid3t: A\ aeanSs

Bentonize Content: ouee ey 2 NP

*Gradaticn (ASTM BSTH4): LM e : ,
*Permeability-grabc (ASTM DS08B4) f5db\fuqq¢\ AT w A Cb&!$EL



Daily QA/QC Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

fu
't

™ .

1 2.

alkay N

bdmp_'.er: Si‘),.r\

- v -

Sample Location: O o E

Backfill Samples

o\ Vogﬁ:TJ

Bulx WetT Density:

Slump (A3TM Cid3;: S meves

Bentonite Content! ~Suez 52 Rovevs No A Rages - 2,57 (sar dmb
*Gracdation (ASTM B508+:: (Barenr mow ) '
*2ermeability~-grab (ASTM D3084): '

Bentonite Slurry (initial prdperﬁies)

[ (o‘?v (M\A‘.@ \17——“\ (‘\‘\3

Zentcnlize ConTent

Censizy 1AETM Da3%20 LA \\os /ST
.- . Tl T A

FisZccsicy 'AZI-FZ-_3zZ1 ¢ AT S Eco oS

Bentonite Slurry (propeities in trench)

DensiTy [ASTM T4333%: =1\ \y5/2:r7'
Yiscosity TAPI-RE-L3El (LS < T eoaDS
Til-raticn (API-RZ-13EL0: iHcc

3znd Zontent: ' T,

9.3

Trench Dimensions: b&—(ao'@ (PRt N o ADs

Length of Slurxzy Wall completad: e’ (;”“pu}aa~nbfgﬂg;gé)
’ A )

Total Lengtih complatad: S
~ _agcraTory Analysis



Daily QA/QC Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 765710

a

Daze: 2 /an
-~ R
Samp.sX: s :
Sample Location: oo, 2 TTo .o OO o5 E

Bulx We- Censiiy: ol s Vg [ExF

Siumc ‘ASTM C1d3;: D imegTS

Rentoniszs f“"n‘_v.‘-:-b 2= 2 .S Lm5%ml‘5%ﬁ6&%2u%
*Gradaticn (ASTM £2€5¢%) ¢ (%m’a S e I).'\P‘ﬁ\

*Permeapility-grab(RA3STM D3 084y 1

Bentonite Slurrj} (initial properties).i

3entcnizae Conteant: {2 (\i\\&c’b /2u-\(cx\\
Denszity JASTM D433D S \% e [=
iszdcsizy APT-RDP-13ZI0: N~ $=<_c,\_x'bs

Bentonite Slurry (properties in trench)

.

-~ d e frAom ™ oA T ’S

ensizy {ASTM T435300: ‘\\\)s/&—"r‘
Tt mmAmd = ST '
W . SZT81CY AP -zZ-_3Z2000 (05 SECA DS
-_— -l o - - - Ll e Sl . .
S L.TrxzTlCn RS G o ~ oA
Sam A Ao -
AL vl w -
e
>

\

. : 5B
rench Dimensions: 3% @ o Qe
pirs N2 ADLIS o S voe £

7
Length of Sluxrxy Wall completéad: ?«—bee\w & 2+

Total Lengta complatad: o
~ _accraTCry Arnanv/sis



Daily QA/QC Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Data: 2g. (AN A
Semplsr: DN~
Sample Locaticn: on i OO %@.?—:uu’?‘ =

Backfill Samples

- :(. rN-e: r\cqa-' ~- : \b’L-B \\>1>I¢-‘:;

-
Bulx Wet Densi:c

Sliumc (A3TM CL43;: AN R S
Bentcnize Content! Nuo— T Tt A
, 4 - 5

*Gracdation (ASTM £S04 Aoy iirns
*Permeapilicy-grab (ASTM DSC84): Ay i i

-Bentonite Slui:'ry (initial propertieé)_

Zenzonize Zontant: (57w /w ED \/7_)—(“\—1\
Am ot e fAIM [ . p

Densizy CASTM 24337 ¢ S \as [ &7

;liszcsiTy RZI-xZ-_czo A7 Secoas DS

Bentonite Slurry (properties in trench)

oy (ASTM D4330 o Vo [T
. . - - - g :
i am~Agd ey CQ 2>-_ Dot SCQSEQW’BS

2 \CO?‘S‘. i -V Z.Z/L
3 cnTanT: ' s '
cH: 2N

rench Dimensions: L-\"So o SRS Dok Q@\pg
e o € MMW
AU crx.\D Lcem

Length of Slurzy Wall completad: Swip € & e 7 oo’
ctal Length complatad: T 2o




Daily QA/QC Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Date: \/‘LO\ loﬁl
Sampier: SN2, p
Sample Location: O~ Soiwv &

Backfill Samples

. . o ) —~_7
Bulk Wez Censity: 5. A%\ .M‘/‘so““Mu_-D—. O W \Vos/E T
Siump (ASTM Cid3): BE jmenge (CBacean SN

Bentonite Conient! ~Numw .52 (LRDWoerers - UDapo)

*Gradacicn (ASTM £5654) ¢
*Permeap: ~!"7f‘“'—f‘":ab(3:’?\/{ Dsog’_) .

e~ e

Bentonite Slurry (initial properties)

S iles (O
2 SEceaps

Bentonite Slurry (properties in trench)

Densizy. {A3TM T4330 : NS Wes AT

Viscosizy TAPI-RZ-L3Z0 Vit S S =CoadS
TilloraTicon (API-RZ-L3ZZL ~ton

3arnd CTonzanT: ‘ \ = Rt E sTES >
ooty

rench Dimensions: Ve eve o\ & BEJD‘-‘«.—\ S
OIS oat O Lee (oo’ Mmaba)

Length of Slurxy Wall completad: e 5 e E = O-c = wo’
Total Length complatad: 2wt BN




Daily QA/QC Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Date \ ]Sc{oﬂ
Samp_sr: IS
~Sample Locaticn: O+ o 2-E& Ling

Backfill Samples

WO s /T AV NN

Buik Wet ITensity:

Slumg (A3TM C142) 2% Baten S _
——Am A -~ .

Benzonize CORTENL:! o L 2.52 S Bockers - AR ans

*GCradaticn (ASTM £5054): -

*Permeapility~-grab (ASTM D5084): —

Bentonite Slurry (initial properties)

Zentcnize ConTant: . 6T (i A ralad
Censizy (R3TM D4320:: OGS Vos /O3

isZCsLiTY ".3.::—.«.?—"_351'_: A\ QB e DS

Bentonite Slurry (properties in trench§ '

De o\ O

7l . : o v DT [ECT DS

:ii;“—**i:"“ Lo ¥ o 'SOC—-C/ "CZ()MM-A o \OO?‘QB
San : S

o 1.9

Trench Dimensions: o\ =0 DQT\ ISy rbub\_
Casst ot Moo~ OO o= 3>

Length of Sluxrxy Wall completed: 2400 e O s Cz‘s‘-q,m\ﬁ
Total Length complated: A%
¥ laccratcor/s Analysis



Daily QA/QC Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Cate: \‘/"5'\/‘\*\
Sampler: TS~ ,
Sampls Location: WAl e o bime & %29

Backfill Samples

Bulk Wet Density o Vo /<

Siumc {ASTM C143:: ‘ (o tescan .
Ben:gni;e Ccntentzpth_ 2.5 D, pniniins h ~ O Rocers A Dadns
*Gradation (ASTM B5TS4): B ccn e :
*Permeability-grab{A3T™M D5084): “

Bentonite Slurry (initial properties)
o7 N ’
e SR 553

N SELC DS

Bentonite Slurry (properties in trench)

Densicy (ASTM D4330 S Vs /TP 7 R\ /F7

Yiscosity TAPI-RE-L3ZL:: T SEcoenSS (oo mg_?‘,,@-m,?m%}m)?@c

Tiloratizn {API-RZ-13ZL e
onTeEnT: the

rench Dimensions: (& \~So pa L€ -0 \we

Length of Slurxzy Wall completed: N  Cioce lwae
Total Length complatead: QR

- mm =~ ;s A
LalCratll/y Al

[$}]
)
[97]



Daily QA/QC Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Date: =/ %
Samp.er: B
—~ - Y ’
Sampls Locat:ion: \ x4 cen & \wmE =~ AR~

Backfill Samples

Bulk Wet Density: o\ [

Siumc ‘ASTM CiLd3): o s -
Bentcnite Content: ue— 2.5 rvmvennn = T BackeTs
*Gradaticn (ASTM £5C54) . A Q il E
*DPermeability-grab (ASTM DE084): “

-\ Bt

Bentonite Slurry (initial properties)

G% (AN STV NS RV C‘M\ =& \l‘&\ lo\ﬂﬁ

- : ~

R, =~ ~ - ~n -

BenTonlT2 Jono=zhic.

TN A S e I Wedaaly =, oA N .

DensSlTYy AITM . Dd3T T . 0D \B',[Pv-'
'

T e QAT _ DD

VisZcsiny TAPZI-EZ-_

33T T S S

Bentonite Slurry (properties in trench)-

S\es

i Do %etomns (L. EoD o Dy

= 20ce [ T% enim Teew 2 QBRI
\2 2,

Trench Dimensions: (2 \x20 oaxi X - \me

Length of Slurxy Wall completed: O+Ro o DE W C[ao"')

Tetal Lengtih complatad: P4 “s2 ‘
< Wy

*~ Lagcratcsry Anasjsis



Daily QA/QC Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Date: /3 (e
Sampler: NS N
Sample Location: \voo car Twe C-TD LasE

Backfill Samples

Bulk Wet Density: \Z A ~ f\_qqcrj{‘}gg%:}s-l =20 = \c‘>|(‘>\\o/‘r“rj
Slump (ASTM Cl43): Ny ewss QL )

Bentonite Content: ouzz 2.58%% rMmumi- 1S- A {YSIDwreTs T 2o
*Gradation (ASTM BS&84&lg AR s oz e — e
*Permeability-grab (ASTM D5084): .

Bentonite Slurry (initial properties)

Bentonite Content: G2 e o Coness \/}‘(\‘3
Density (ASTM D4380): (lo\ [
Viscosity (API-RP-13B1l): LY SEcomDs

Bentonite Slurry (properties in trench)

Density (ASTM D4380): 0 \\oe /F‘(‘x [Q\\@,Q,P,@_C?p b\,,CX
Viscosity (API-RP-13B1): AD BECon TS

Filtration (API-RP-13B1l): 2S¢ =A% a2 VOB S

Sand Contenrt: \ 2.7, : ‘

TH: .35 Lea\Bzaxed u_)/'—l"‘l'\oQH \u@:e*‘s
Trench Dimensions: retdn ok C-D \imE 0

O "Da.\ Toouos Th VECQ D lae ke
P Y L W s ST 8

Length of Slurry Wall completed: OB Ors D-E e Co") B
Total Length completed: s

. * Laporatory Analysis

i



Daily QA/QC Sampling Log
Cascade Pole Site ,
Port of Olympia, Olympia, Washington
Project Number: 769710

Date: 2 [a (g
Sampler: TR
Sample Location: \ (o o TwE Lo \.oe

Backfill Samples
Qe ~ Q23,53 =

Bulk Wet Density: DD V[T mor f Vaame) WIsas-n v = Qi
Slump (ASTM C143): QY acmen  oacen T

Bentonite Content: Duzz 2.5 Apuniialaciem)

*Gradation (ASTM BS&84lg AR e

*Permeability-grab (ASTM D5084): ARL I AE

Bentonite Slurry (initial properties)

Bentonite Content: ‘ % o C VAL G D!
Density (ASTM D4380): b \vo, /3
Visceosity (API-RP-13B1l): HZ SeccanS

Bentonite Slurry (properties in trench)

Density (ASTM D4380): 66 \os /OF
Viscosity (API-RP-13Bl): D S eemaa D S
Filtration (API-RP-13Bl): AL

Sand Content: :

pHZ L

Trench Dimensions: OC+«o oan O LaE
L ERTInas D Urmi v Es

Length of Slurry Wall completed: 0+%0 cu TDE [we
Total Length completed: ~“\S3

* Tapcratory Analysis



Daily QA/QC  Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Date: ad /‘S [an
Sampler: TR

Backfill Samples 2 f - A= 3 SEnTor

Bulk Wet Density: 0D \olT%53 (Yar™ e @ Cl.'—\‘*\“‘>>>
Slump (ASTM C143): MY ooy Saxco T

Bentonite Content: TS e rnia s e
*Gradation (ASTM D422): Aol ue
*Permeability-grab(ASTM D5084): ‘"

Bentonite Slurry (initial properties in slurry mixing ponds)

Time: , PSS
Bentonite Content: _ in, (0% Goaaxen /10605
Density (ASTM D4380): RV ITT? (o DBalaoczd

Viscosity (API-RP-13B1): SC Steoan® (rnnlou Cowc

Bentonite Slurry (properties in trench)

Time: \3o0 :

In Trench Sample Location:_ \+Go om The o Line ~ 20+ D
Viscosity (API-RP-13B1): Do sten®s Cramsu come\

Filtration (API-RP-13Bl): G ec % . s onve,

Sand Content: \T7,

pH: T

Trench Excavation: \Renwch (@ O3 o o - \ue

Location of Top of Backfill O+Hoe o,u O E |,uz
Total Length completed: 493’

* Laboratory Analysis

§

l/é/'?/ >



Daily QA/QC  Sampling Log
Cascade Pole Site

Port of Olympia, Olympia, Washington
Project Number: 769710

Date: 2 /w] o
Sampler: TR

Backfill Samples
3o we= Oty = 3. S X3

Bulk Wet Density: wWe. WS (Yoo & Q. -k )

Slump (ASTM Cl143): I e T T |

Bentonite Content: 25 mum (S Boceers @ U ano: To %S woor tbBa,
*Gradation (ASTM D422): A onuED

*Permeability-grab (ASTM D5084) : Aeciiues

Bentonite Slurry (initial properties in slurry mixing ponds)

Time: ' A\Heo :
Bentonite Content: (s ST NSTUNEION CM\A""D V3 {«\)
Densa.ty (ASTM D4380): ' (S \bs [=~3 »

Viscosity (API RP-13B1): SCeere DS

)

Bentonite Slurry (properties in trench)

Time: ) \ S\8

In Trench Sample Location: v OCan C—D wme ~ Svelace
Dens:Lty (ASTM D4380): ol \ e, [ 53 '
Viscosity (API-RP- 13B1): DD SEce DS ~ Buoem Cave o WA
Filtration (API-RP- 13B1): da :

Sand Content: e

pH: No,

Trench Excavation: I SV & C+30 om -0 \Lus

:\&D %4\(_‘4-\- W - 7 g\d"-lw IR Co AU ATY Oy \D‘Dk\.ﬁ{_

Location of Top of Backfill Mo cers D E e
Total Length completed: “af

* Laboratory Analysis
Sz7
2/7/72



Daily QA/QC  Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Date: 2 /.5 a
Sampler: T8

Backfill Samples

VAR ’
Bulk Wet Density: \l.’l%—q,qq@ﬂowbw\‘%,saxsoé;{ffn);)nco,'z_\\alﬂ-rj
Slump (ASTM C143): D leinens  RBaran O
Bentonite Content: 2..9% tan OO "“M?IIEMJ.
*Gradation (ASTM D422): D Bl
*Permeability- grab(ASTM D5084): Az i

Bentonite Slurry (initial properties in slurry mixing ponds)

- Time: - oaRo
Bentonite Content: (60 rryan
Density (ASTM D4380): G NS [Ty
Viscosity (API-RP-13Bl): 52 Secomnpa

J

Bentonite Slurry (properties in trench)

T:Lme‘ \do0

In Trench Sample Location:__4+ne oo A V.e @ ~ S DT
Density (ASTM D4380): O\ /T

Viscosity (API-RP-13Bl): DB <rveonna

Filtration (API-RP-13Bl): pd oY T L,—«..\;Te's"’(__xw?at
Sand Content: \ Q7 —

pH: . 1.0

Irench Excavation: & 2420 oo The A-B \ue
L~ Yo7 Qwub\e':g'b

Location of Top of Backfill O+ 20 om-THE S-C (iue
Total Length completed: RT3

* Laboratory Analysis

| : 5t
| Sf»//“é/ﬁ



Daily QA/QC  Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Date: Zz/iafjan
Sampler: S

Backfill Samples (3 oom B =B Sk %357

Bulk Wet Density: ‘ol B Ve foT? é/'so R D@ G, ‘-u-{\b»)
Slump (ASTM C143): D/ imccres Rare et 14

Bentonite Content: Z.5% rmra Ol Bocdeare @ Boacs
*Gradation (ASTM D422): ' AR C ey .

*Permeability-grab(ASTM D5084): AR XS uZTS

Bentonite Slurry (initial properties in slurry mixing ponds)

Time: - D@'Sc '

' Bentonite Content: R NV ARPr=S 7»_/30)6\*:)
Density (ASTM D4380): el \\o /<™
Viscosity (API-RP-13Bl): S sEepesds

‘Bentonite Slurry (propertieé in trench)

Time: - ' \beo

In Trench Sample Location: Ot o0al '@ ¢, s = = -
Density (ASTM D4380): o n©h/E? .
Viscosity (API-RP- 1381) AQ SEcanD

Filtration (API-RP-13Bl): ‘ DA ‘

Sand Content l A

pH: Y

Trench Excavation: ~20' o Lame T

A B TN ADD e

Location of Top of Backfill AJA
Total Length completed: Al

* Laboratory Analysis

SIH
2/2 0/77



Daily QA/QC  Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Date: 2\ 2cfaq
Sampler: SHMN

Backfill Samples
00 ~ A £ 3 SL3o

Bulk Wet Density: : b S /C? Car mup @ Qg ibd
Slump (ASTM Cl143): S/ imcny  Darein

Bentonite Content: , 25 %m. A0 R kere - Rags
*Gradation (ASTM D422): Ap criuen

*Permeability-grab(ASTM D5084): ApoviuED

Bentonite Slurry (initial properties in slurry mixing ponds)

Time: V . ‘ Aoy

Bentonite Content: (Ll o Crxen 2/rola)
Density (ASTM D4380): o\ /Sc3 '
Viscosity (API-RP-13Bl): AY SECom s

Bentonite Slurry (properties in trench)

Time: \ 53¢,
In Trench Sample Location: Ctre o Ia bwe =B,
Density (ASTM D4380): 1A\ /3 : _
Viscosity (API-RP-13Bl): T SEconDS
Filtration (API-RP-13Bl): \Beoc ik run Tosres coted)
Sand Content: \(L°7, B
pH: 1.\

~ Trench Excavation: O+Be oS S\

-y A ComDlerei>

Location of Top of Backfill Oreo o ME
Total Length completed: AR Ceraag’ o8 \&T Seewneae

A Tt
*. Laboratory Analysis

[

SO



Daily QA/QC  Sampling Log
Cascade Pole Site

Port of Olympia, Olympia, Washington
Project Number: 769710

Date: 2 [ =\[a
Sampler: XN

Backfill Samples
R Ay T3 K3

Bulk Wet Density: o Zowvf"'\oc;-’é&a,- e o @a “rilbs)
Slump (ASTM Cl143): H oo, Darem \D
Bentonite Content: Z. 57 i AoBocvers 2 & BAGs
*Gradation (ASTM D422): Ay e

*Permeability-grab(ASTM D5084): AR ceMuED

Benton:.te Slurry (initial properties in slurry nu.x:.ng ponds)

Time: ANNOO
Bentonite Content: 27N Cw\\x_e‘b Z./w\/qﬂ
Density (ASTM D4380): o \D/d

Viscosity (API-RP-13Bl): AR veatss

Bentonite Slurry (properties in trench)

Time: \NA\ 3o

In Trench Sample Location? OC+eao Tp NipeE 3o e~
DenSJ.ty (ASTM D4380): S (oo [

V:Lscos.Lty (API-RP-13Bl): M Seconins

Filtration (API-RP- 13B1): TS YN

Sand Content: : A A

pH- AN O

‘Trench Excavation: OD+ro e Vo—lgne:

Ao wa'——-ﬁ\?\m

Location of Top of Backfill c{‘-&o el Db \oe

Total Length completed: ‘Bof B’ 7o Sepent)
" . ,
‘ Laboratory Aflalysa_s | . f{/*

,;/3 4/”7

-



Daily QA/QC

Sampling Log

Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

z/2ufan
TR e

Date:
Sampler:

Backfill Samples

Bulk Wet Density:
Slump (ASTM C143):
Bentonite Content:
*Gradation (ASTM D422):

*Permeability-grab(ASTM D5084): Aacn ueo

A L R LR B R
G T A (T £V S uMQ.H“\\\M)

S wmenmes etz \S ,
2.9 2, sm o Ddaeers LBics
——Brosinen

Bentonite Slurry (initial propertieé in slurry mixing ponds)

Time:

btb PN C;‘Lc»:b\l\fjﬁ <..>\.AQ....‘

Bentonite Content:

T~

Density (ASTM D4380):

V4

_ \57

Viscosity (API-RP-13Bl):

Bentonite Slurry (properties in trench)

Time:

(W Yote)

In Trench Sample Location:
Density (ASTM D4380):

Borre

tIA\F'

Ot “FT\n

e \ 1y 7 - 3.

Viscosity (API-RP-13Bl):

M Setoups

Filtration (API-RP-13Bl):
Sand Content:

»N A

Mo

i

pH:

“Trench Excavation:

O+> o K."\th.&E

O Corpl\eTES

= {owe \eovee LaE ﬁmb%m‘

Location of Top of Backfill

Total Length completed:

* Laboratory Analysis

3
D+to ot M- {us

1ge

- STH

2/2(/?7

e



Daily QA/QC  Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Date: ‘Z['Z.“bf as
‘Sampler: SO

Backfill Samples
\Z T8 ey 233 3o

Bulk Wet Density: 00,720 VT (LuSaP e q. )
Slump (ASTM Cl143): A ecmgs Boare s

Bentonite Content: , 2D v Ao Dorownry [ Buc
*Gradation (ASTM D422): Accriusd '
*Permeability-grab(ASTM D5084): Necniuep

Bentonite Slurry (initial properties in slurry niixing ponds)

Time: \ oo

Bentonite Content: 0 rmim  Craess T/ A
Density (ASTM D4380): (oo \\D /50

Viscosity (API-RP-13Bl): N2 Seconns

Bentonite Slurry (properties in trench)

Time: : WSO _

- In Trench Sample Location: _ \tco ob \eoo @ 22 /
Density (ASTM D4380): . 12 b [Ord
Viscosity (API-RP-13Bl): S gEcon e
Filtration (API-RP-13Bl): \Ree /M5 0 (o0 \,5'\
Sand Content: K% Saap
pH: A
Trench Excavation: D'*-?-@ oy LA PR

O’ LGMD\E‘n;b
= -bime bWlatep e %u&)@)v‘a

Location of Top of Backfill Orus pay e Thilae
. AR, 0/

Total Length ccmpleted:

* Lacoratorv Analysis

| ‘ | : - O
2/26/¢ )



Daily QA/QC  Sampling Log
Cascade Pole Site

Port of Olympia, Olympia, Washington
Project Number: 769710

Date: Z/Z,zp /o
Sampler: SR

Backfill Samples
o 2,75 -A.8 = 33 Ko

Bulk Wet Density: aa .3\ [FF7

Slump (ASTM C143): AV goacEs Btz Ue
Bentonite Content: 25 2 T e W
*Gradation (ASTM D422): Aecoiued

*Permeability-grab(ASTM D5084): Pt uzty

Bentonite Slurry (initial properties in slurry mixing ponds)

Time: ‘ R Aoe
Bentonite Content: ' i Cnmen 2/206/97)
Density (ASTM D4380): L \S [

Viscosity (API-RP-13Bl1): HOol secouos

Bentonite Slurry (properties in-trench)

Time: A3

In Trench Sample Location: OrSo om -lwe@ >4 ¢ Deep
Density (ASTM D4380): B2 \\vo/C? &
VJ.SCOSJ.ty (API~-RP-13B1): LS S E oS : .
Filtration (API-RP- 13B1) M

Sand Content: D, -
pH: : ' . e

- Trench Excavation: O O & - Lo j~aE _
: CAIE — ) e, Ok e o Y -l 7
XE Ot Hoe on Lus -

Location of Top of Backflll v 2o Lo
Total Length completed: B Z2Gof
T8pay

* Laboratory Analysis

227



Daily QA/QC  Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Date: "Z-}Z_"l |a=
Sampler: PSS

Backfill Samples |
VZl S - Add BRI Se >

Bulk Wet Density: Q4. D W/ S ™ God s
Slump (ASTM C143): o N3/ ez Boacraan L
Bentonite Content: 2.5 8 rivtimurs Olp B ocveTe (o Bass
*Gradation (ASTM D422): Aar i uen ,

*Permeability-grab(ASTM D5084)7: IR

Bentonite Slurry (initial propei:ties in slurry mixing ponds)

Time: ' % \cvo

Bentonite Content: e v Crtveed J20%)
Density (ASTM D4380): (b Vo /35T

Viscosity (API-RP-13Bl): Y oezeunS

Bentonite Slurry (properties in trench)

Time: \"Dea

In Trench Sample Location: Ored o.. L=loug

Density (ASTM D4380): A\ N\ (553

Viscosity (API-RP-13Bl): O CEecown

Filtration (API-RP-13Bl): \Ree (TFE rmvn TS orpses)
Sand Content: \R Do

pH: ~

Trench Excavation: C+3e o, T el SYPNY -5
VS Coh?kem : :

Location of Top of Backfill - D+o S —-L e
. Total Length completed: pw ZO6T  (Zao Sza\B

* Laboratory Analysis



[,

B

Daily QA/QC  Sampling Log
Cascade Pole Site:
Port of Olympia, Olympia, Washington
Project Number: 769710

Date: _’Z/Z%{Q"\
Sampler: SRoA

Backfill Samples
| an -840 5331 <30

Bulk Wet Density: ‘ A3 j\aiLT C Vru RS Mt @ Q ._(qt\o:.)
Slump (ASTM C143): ’ ' Ay . L

Bentonite Content: ) ‘ T S% s, RO B oe¥ETS o Bacs
*Gradation (ASTM D422): ' Accriue v
*Permeabilit'y-g_rab(AS‘l‘M D5084) ¢ AL uen

A Benton:.te Slurry (nu.tlal propert:.es in slurry m:.x::.ng ponds)

. Time: ‘ 5 Dc\oo : .
"Bentonite Content : P iy, LoiinaEDs  2[2n (@D
DenSJ.ty (ASTM D4380) ' AT O i
VJ.SCOSJ.ty (API RP- 13131) - o I SR PR

Bentonite SIurry (propei;-ties in .trench) .

Time: ' ’ ‘ \So o

In Trench Sample LocatJ.on. YOO Du pa LiesE (@25
Density (ASTM D4380): ' B2 \R/Tx3

Viscosity (API-RP- 13Bl) O _Seeomps

- Filtration (API-RP-13Bl): XA

Sand Content' , N

pH: - . L Z

Trench Excavation: V2o o M-oLioE

Qo’ cereoieven

v Locatlon of Top of Backfill Y - V- R R

Total Lengti co mn;et_ed _ p” (oo S



Daily QA/QC  Sampling Log
Cascade Pole S,g‘..te
Port of Olympia, Olympia, Washington

Project Number: 769710
‘5£ ( /
Date: Q™

Sampler: I

Backfill Samples
\ZAD - Ay s DA KB

Bulk Wet Density: T W SR\ ¥ = Sl A% 1 e SN AWET{U'SAN
Bentonite Content: _ 2S5 s

*Gradation (ASTM D422): Arcriiasts
*Permeability~grab(ASTM D5084): At L ED

Bentonite Slurry (initial properties in s'lurry mixing ponds)

Time: OO :
Bentonite Content: e banns . tAaED 2 [2 |
Density (ASTM D4380): b \b /TP ‘
Viscosity (API-RP-13Bl):- N2 SEcoang

Bentonite Slurry (properties in trench)

Time: CA oo

In Trench Sample Location: \y2o ©F MAcloe — 257
Density (ASTM D4380): AR W (e

Viscosity (API-RP-13Bl): TS Straeang,

Filtration (API-RP-13Bl): VA& e (% @ ooty
Sand Content: o Qoo

pH: | B =

Trench Excavation: CA NG o (Ml nE

\2 o’ Cu-\&‘:»\gtem a2 [y

Location of Top of Backfill Orbd o pa-( uf
Total Length ccmpletad: S’ (Zaun Saew-\auﬁ

¥ LarcrzIZIrv Ana;ys;s .



[ SO

. pH

Daily QA/QC  Sampling Log
Cascade Pole Site
Port of Olympia, Olympiajy Washington
Project Number: 769710

Date: '5/5[@‘\

Sampler:. IR

Backfill Samples
\L.o%-q. ut—u—“sqh« »3o >

Bulk Wet Density: \©5:2 \b /T3 C}{ta,—\.,ln.@ a, uq\\a>
Slump (ASTM Cl43): - B2 Doarr ik 1%,

Bentonite Content: . 2. S r e -

*Gradation (ASTM D422): . AR

*Permeability grab(ASTM D5084): __ A&_M‘um

Bentonlte Slurry (lnltlal propert:.es in slurry m;.x.‘:.ng ponds)

. Time: S | NS ,
~Bentonite Content: = . 7S Cyg/c‘—,\
‘Density (ASTM D4380): L ol N\ S5 '

Viscosity (API~RP-13Bl): _ T SEcoidg

} Bentonite Slurry (properties in‘trench)

'I'J.me ’ oo

In Trench Sample Locatlon Do p

Density (ASTM D4380): s %‘5 \\Q/R?—rs -
Viscosity (API-RP-13Bl): N T TTiue ¥ —oer S0 SR
 Filtration (API- RP- l3Bl) 7

Sand Content: : 7'z,d'.’ ' “%A \ = Abb SR:&V\ W

" '-"‘l“revx‘ich ‘E:::cavation:. (@ 2vaas A

\o% C-C-M‘b\c."fb 7/3

Location of Top' of Backfill ' LarHom

Total Length completed: ° : 1o
* Laboratory Analysis R : . STl

%/ 7



Daily QA/QC  Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Date: 3/ [an
Sampler: 0 Lrw i

Backfill Samples
' AT Q=3 3] &30

Bulk Wet Density: v, WOV IE® (Vo muts @ amnile)
Slump (ASTM C143): Q e S \O
Bentonite Content: 2.8 i

*Gradation (ASTM D422): Qe e

*Permeability-grab(ASTM D5084): N

Bentonite Slurry (initial properties in slurry mixing ponds)

Time: O P
Bentonite Content: ' (0 rvrr A E S TS/3/A
Density (ASTM D4380): G\ /D3

Viscosity (API-RP-13Bl): A SEcosDs

Bentonite Slurry (properties in trench)

Time: - VS3o

In Trench Sample Location: 2o p) S DT
Density (ASTM D4380): B2 \nix3 :
Viscosity (API-RP-13B1): N O SEeaDs

Filtration (API-RP-13Bl): .

Sand Content: ' 207 v
DH: : v Bmm—

Trench Excavation: Bz ~
2o Corplerer ’5/5/{}.\

Location of Top of Backfill . Yoo N (o ’S/s/'qsb
Total Length completed: QLe! 2o Segarcar
* Latoratory Analysis ’),/5/?}

AT



Daily QA/QC  Sampling Log
Cascade Pole Site
Port of Olympia, Olympid, Washington
Project Number: 769710

Date: 3/0/a7

Sampler:

Backfill Samples S
v Bu-a sz BR300

Bulk Wet Density: \S = o 15i? L;/jn;:\.zcaqqqm\
Slump (ASTM Cl143): A wonmes Soanryy 20
Bentonite Content: 2.5 s S BDuiere 3 Beds
*Gradation (ASTM D422): ' A Qs :

*Permeability-grab(ASTM D5084): Ac e

Bentonite Slurry (initial properties in slurry mixing Vpcnds)

Time: O8%cc - _ )
Bentonite Content: O aad ks 3/% /8~
Density (ASTM D4380): Clrofs>y : .
Viscosity (API-RP-13Bl): AN ge e ‘ -

‘Bentonite Slurry (properties in trench)

Time: | » o3
In Trench Sample Location: Bagrr A — Rergn
Density (ASTM D4380): W=
Viscosity (API-RP-13Bl): DO Gecoss
 Filtration (API-RP- 13B1): 2 e Vmrad ivads,
Sand Content: \A“R -
pH: - =, 0 '
“Trench Excavation: 2'0-?_0_/.;\
o Y/
Location of Top of Backfill Ve (o Bhofa)
Total Length completad: A\l ’
* Laboratory Analvsis : ' 4 '
a tory Analy p . O TH#

3’/’9%0 %

£
b

g
¥



Daily QA/QC  Sampling Log
Cascade Pole Site

Port of Olympia, Olympia, Washington
Project Number: 769710

Date: 3/ ]a=
Sampler: TReA

Backfill Samples 4
VLB ~Qau s R U R -

Bulk Wet Density: ASZABE C/;c.&:ﬁc»ﬂwvm
Slump (ASTM Cl143): Sivtman arem o

. Bentonite Content: Z D pavan

*Gradation (ASTM D422):. Aacriiaens
*Permeability-grab(ASTM D5084)" ARt et>

Bentonite Slurry (initial properties in slurry mixing ponds)

Time: - . : ' oR3o

Bentonite Content %0 i Maxep 3 /3R
Density (ASTM D4380): : LS\l

~Viscosity (API-RP-13Bl): RO SEia DS 7

Bentonite Slurry (properties in trench)

Time: _ oo .

In Trench Sample Location: 2 4o p LS 7

Density (ASTM D4380): A3\ /2 _ g, —

Viscosity (API-RP-13B1): A\ Sevomns - A Tee T

Filtration (API-RP-13Bl): — _ ‘ L s TTHENAM Doe

Sand Content: o2 : T R -

DH: , o : — BALED ST, Fuessa
' 19,0,

Trench E:&cavation: O+ O LogE

; : =2a ’.)/1/"\"[7‘

Location of Tov of Backfill 243\

Total Length completad: \0 &' (Z&-m \:r,b

* Lazcratcry Analvsis

ST . | S T4
| 130>



Daily QA/QC  Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Date: 2 (g (e
Sampler: I®aA

Backfill Samples
VT B mQLH =3 4 w3

Bulk Wet Density: Lo 2\ /T (V0 ot BRG2Q, u HibeD
Slump (ASTM C143): . Seman avea zA -~ ,
Bentonite Content: ' NN AR '
*Gradation (ASTM D422): . Ap coy eSS
*Permeability-grab(ASTM D5084): Ao e

Bentonite Slurry (initial properties in slurry mixing ponds)

Time: ' ’ OBoD

Bentonite Content: e i (awens D8 IO
Density (ASTM D4380): Ll \\o A

Viscosity (API-RP-13Bl): AR HECoDS ' e

Bentonite Slurry (properties in trench)

Time: o O3
In Trench Sample Location: Br2o a2 ST
Density (ASTM D4380): T2\ 3 .
Viscosity (API-RP-13Bl): M\ Secoans v
Filtration (API-RP-13Bl): . et
Sand Content: o P
pH: ——
" Trench Excavation: Co\apos Gay Dluas  Oos T

RNeras \‘n [N~

' Location of Top of Backfill ' TAZTo Al
Total Length completad: oA of
* Lacoratory Analysis :
' ST #



B e it - o e .o A I T s Tomea

Daily QA/QC  Sampling Log
Cascade Pole Site

Port of Olympia, Olympia, Washington
Project Number: 769710

3l olan
lﬁB o\

Date:
Sampler:

Backfill Samples

Bulk Wet Density:

Slump (ASTM Cl43):
Bentonite Content:
*Gradation (ASTM D422):

B A ;3‘4&3‘/ -

C e e

\ozo Wips® CYi. munS? €49, “‘"“b.)) —

<y Ll %m«—g_.,g ZA

’2‘5'& i igd

Aasaxhl! o
*Permeability-grab(ASTM D5084):

Ao criuch

Bentonite Slurry (initial properties in slurry m;xlng ponds)

Time: ' ‘ oé%?o )

Bentonite Content: b P tiat [L¢m53>3/7kw5
Density (ASTM D4380): 6S \W (8T

Viscosity (API-RP-13B1): s

Bentonite Slurry (properties in trench)

Time: OQoco

In Trench Samples Lccazicn I +2e Al S-

Density (A3TM D4380): N\ oD

Viscosity (ARI-R2-1331 Ho SETealiNg
Flliraticn (API-R3-133. — '

Sand Ccntanzt: —

oc -

Trench Zzcavaiisn:  pNosf = NWlgawe 3o Lue ﬁ:/

- 4 - —

CA3
leso’

Ss#



XTI RS -~ = - c L IR

f Daily QA/QC  Sampling Log
Cascade Pole Site

Port of Olympia, Olympla, Washington
Project Number: 769710

Date: 5[,, [q:l

Sampler: AR YON

Backfill Samples
| V2@ == S k3

Bulk Wet Density: X BNYL s [‘/k,rawusmczq'_‘q\bb
Slump (ASTM C143): - IRV

Bentonite Content: Z. DD i

*Gradation (ASTM D422): Az cidius
*Permeability-grab(ASTM D5084): AT

Bentonite Slurry (initial properties in slurry mixing ponds)

Time: ' o%oo
Bentonite Contan ‘ 62 paws  Cone s 3/‘11‘&‘(}
Density (ASTM D4380): LS \ww/eT3

| Viscosity (API-RP-13Bl): S SsEero A

Bentonite Slurry (properties in trench)

Time . Vo TO
In Trench Sempls Lecatizn: O+ 20 O HoT oS
Censity (ASTM Dd4330:: < L8 \o o0 =oEc — - Ba (e,
Visccsity (API-RP-1331:: RS eSS — @
Filiratisn (ASI-R2--331:: — Boeay @ weo
Sand Ccntan= ‘ ——
Tzench Zxcavrazica: \Hhe C lae

B (o
~cezziin ooi Topood Zachiill e j RY/
Tows - TToZT .2 ED \\%'




Daily QA/QC  Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Date: _3['0_.10\‘1
Sampler: A

Backfill Samples ,
VLB A g 336 3o

Bulk Wet Density: oo . ¢ P/ (V365 E8 q i)

Slump (ASTM C143): 2.8 acnes Saceu 2T —
Bentonite Content: B IS N N
*Gradation (ASTM D422): Ae cvvucsd
*Permeability-grab(ASTM D5084): Asiioned

Bentonite Slurry (initial properties in slurry mixing ponds)

Time: ‘ \ Do o.

Bentonite Content: ” (P tnimn  MuxEDS B[O
Density (ASTM D4380): ‘ L\ /ST ' e
Viscosity (API-RP-13B1;: 52 SECocaDS &

Bentonite Slurry (properties in trench)

Tilme: \ OO
In Trench Sampls Lecaticon: L RO =~ Roercoma
Lens.tv (ASTM C4380): MR\ s
Viscecsizy (API-R3-1331 : A | S EcomDd & -
File—asian >T-33-1331 . .
fe--laioon (APZ-22-1381: , Boee. (5 i T2 LR .)
Sand Ccntanz: 1A%, : e
pi: 1,59 v
Trench Zxcavatisn O Y .

‘ 20 Cﬁr.n%m
-2C2Tizn I Too i ZaohkSoill Cirece — O \we >jd—
Y= o - e - - - -2 :

e == 7



Daily QA/QC  Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710
Date: 5/\ 3 N
Sampler: -
Backfill Samples
) ‘ : \Z% ~4.d4 23350 ~3o -
Bulk Wet Density: . e % \o/5x2 (Vi O @a Lu—db) -
Slump (ASTM Cl143): DD e R 22 -
Bentonite Content: . 2.5 euiiy
*Gradation (ASTM D422): AR DS
*Permeability-grab(ASTM D5084): Ao tiiyeo

Bentonite Slurry (initial properties in slurry mixing ponds)

: ‘ ey ©T3

<

Time:
Bentonite Content: 70 pnnem  Conwers 33/a
Density (ASTM D4380): (2l OIS~ '

| Viscosity (API-RP-13B1l):

’

Bentonite Slurry (properties in trench)

e O,

Time:
In Trsnch Sampls Lecatichn VdASe -~ - S
Censizy (ASTM 24333;: 73 \} (X3 -
Visccsity (API-RZ-1331: 7. Srenane ;
Filtrazicn {AZI-23-1.321 co—
Sand Zzontans ' _
Trenzl ITxzavaiicn: 2wl NM/Q (s
Zor c,o~4‘b\e~r§
Locziiin P Tzs i Zacindill , O+oco D
TTmrl o Lazsma octoazlatal VTR (2 S S

S 3k
3/14’77
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Daily QA/QC  Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Date: Z [ fa
Sampler: T

Backfill Samples
VB - wid 233 a3

Bulk Wet Density: 100.8 \n e (Voo Steea ety
Slump (ASTM C143): 35 imencs  Bared 12—
Bentonite Content: 2.2,

*Gradation (ASTM D422): AR uetS

*Permeability-grab(ASTM D5084): [

Bentonite Slurry (initial properties in slurry mixing 'ponds)

Time: ‘ . ___0o%de A
Bentonite Content: - Clir Pasan AT Shale
Density (ASTM D4380): : bt b /13

\Viscosity (API-RP-13B1): A4S Cecaans

Bentonite Slurry (properties in trench)

Time: A S, S
In Trench Sampls Leccatizn: \+2o O - Do
Density (ASTM D4380;: T wwie3 -
Viscosity (API-33-1331 : LS S - T
Filtration (API-R2-1331 \Bee TV pns C Dok,
Sand Zcntan=s: AR - -
DE: S
Treanch Zxcavaiicn: a0
- 0’4"9.«.?_\2:1
| . TH
Leczation i Too o2 ozazeiill O+rop D £
Tzl oTszzmiozsaslaizi ~ Ve . 3//5/77
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Daily QA/QC  Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Date: 111
Sampler: _ Itom % L)

L

Backfill Samples
\'L.% Rk =S MoxDdu

Bulk Wet Density: ' wer @ Worerd (V3,52 @ Qi)
Slump (ASTM Cl143): - 3D imennes Baoew T
Bentonite Content: ” Z. 59

*Gradation (ASTM D422): . | Acwiug '
*Permeability-grab(ASTM D5084): BZL A &

Bentonite Slurry (initial properties in slurry mixinglponds)

Time: ' Voo
Bentonite Content: ‘ %% s
Density (ASTM D4380): e \\N/T3
Viscposity (API-RP-13B1l): S\ e Doy

Bentonite Slurry (properties in trench)

Time: 1 lN=
In Trench Sampls Lccatlzn: Dok = BUCTelu
Densizy (ASTM L4380;: 10 “er®
7isccsitv (API-R2-13Bl;: Al 3¢cowns
Filcoration (API-RP-1331:: —_
Sand Zcntant: -
i e
Txanch Zxzavatizco 2 O

(&) C_bm-'O\mb
Locztizn o Too ozl oZaz;mtill O+co  ©
Tomal Tanzme ozToslac:l \Z S’ Zae Ser.
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Daily QA/QC  Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Date: ' '%/RJQ‘\
Sampler: I -T2

Badkfill Samples
V2% ~ AU =33 w3

Bulk Wet Density: ' D0, % W/ CV3.553 @A uy)
Slump (ASTM Cl143): 25 iscasx Roemcexrt 2.7
Bentonite Content: ~ 2% A
*Gradation (ASTM D422): Axcinie
*Permeability-grab(ASTM D5084): AR csE

Bentonite Slurry (initial properties in slurry mixihg ponds)

Time: ‘ \ B0
Bentonite Content: R bt
Density (ASTM D4380): ' CS \pier?

) Viscosity (API-RP-13B1): o Setoops

Bentonite Slurry (properties in trench)

’E‘;:ne: Lot
In T;encz Sampla Zccaticn e e oo LA 7 \._\.\\%&&
- RN ASTM SATZ Y, g
S M P e & aomrer
Wiscosily (ARPI-RZ-1331 SETBLDG = by o5 SPoc
Fllotraticn (API-33-133 - - T V-";“ Ermcadaryont
Sand Czn=anz: ‘ — SSun&ES
SE: - , e
Irench Zxzavaticno: 2425 P

’ O tomploves
locztion o Too zi ozamiciill O+ O SJ “
-n"""'.‘.‘ -.'.‘..""'-" - —— 1‘:": -
"33l Lazzmi zsazliosd V2 S Zein See ‘%7/97

Siiiiiiosc il | /



Daily QA/QC  Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Date: dSha
Sampler: MM

Backfill Samples
VT B - Al 2B TLnDax

Bulk Wet Density: ror . 0 vorer¥ (s (99 . da o)
Slump (ASTM C143) H TR LLCHES a2
Bentonite Content: 25 A

*Gradation (ASTM D422): Avcinae
*Permeability-grab(ASTM D5084): Aecniyg

Bentonite Slurry (initial properties in slurry mixing ponds)

Time: - ' e NeT Crelere ~ ToaTht—
Bentonite Content: ' J/ ‘
Density (ASTM D4380): —
Viscosity (A®I-R®-13B1l): R <~

Bentonite Slurry (properties in trench)

Time: : Q. \ow CuT o Stk
In Treach Sampls Leocaxizn AW C A S
Density (ASTM D43330) ¢ —
Viscesity (ARI-33-133. —
Filtraticn (AZI-32-133. —_
Sand Contaxz
T -
Treaach Ixcavaziso: +ie V
. . (&,

o CWW’EB

=R .

e DOoe T WA TR STy \ L axi
Zecztizn of Toooof zacidill Dreo O
Tma m * 7 4mam -~ — e m et .
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Daily QA/QC  Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710
Date: 2[2e /o~
Sampler: R

Backfill Samples ,
VOB Q=326 o -
orn e /ST (Yo £G4 R)
3 Siuenee Bpare 2z

Bulk Wet Density:
Slump (ASTM C143):

Bentonite Content: A7 A
*Gradation (ASTM D422): AL D>
Aw;dm

*Permeability-grab(ASTM D5084):

Bentonite Slurry (initial properties in slurry mixing ponds)

Time: Voo

Bentonite Content: —

Density (ASTM D4380): [— - D St
3D Serans  Cur & e CeatemitE

Viscosity (API-RP-13B1):
: “sva—c&m\mve
\

Bentonite Slurry (properties in trench)

T me: \eo

i1 Trench Sampls Lecaticn ot o ST oo T e
CensZzty (A3TM D4380,: VA iaiin AT o
7iscosity {API-RP-13I3L B2eReE Bpc e A — i
Flltraticn fARPT-EP-13Bl ASES Tﬁ»c—ﬁtﬂ:ﬁk&(

oI Zonsan—: ’

Trench Ixzavaticn: 2i—ve © ,
o Ca,u‘)\a—m
~CCETL2n I Towm of ZachkFilc O oo (o)
Tomzl Tanghlr zoomo izl
G -




Daily QA/QC  Sampling Log
Cascade Pole Site
Port of Olympia, Olympia, Washington
Project Number: 769710

Date: T/ ]an

Samplexr: Le

Backfill Samples

Bulk Wet Density: wD BT ey Do ol
Slump (ASTM Cl43):- Tl ST SR e T
Bentonite Content: 26 paas. GO DioFern Mo s
*Gradation (ASTM D422): Az i nstS '
*Permeability-grab(ASTM D5084): Arters 4D

Bentonite Slurry (initial properties in slurry mixing ponds)

Bentonite Content: : —
Density (ASTM D4380): S Pef

 Viscosity (API-RP-13B1): Ao S

Bentonite Slurry (properties in trench)

Time: - (33c

In Trench Sample Lccaticzn: SUT i SPEe  Tow THUG
Density (ASTM D4330): TRAKMSE (S Oowrs =
ViSCCSitY (API-R2-1331;: L ANS_ THule e SLUMEY

Filtration (A2I-32-133>

—_—r e Tl e

Trench Excavaticn ¥ rxo p

QO _Coxn t‘PLE\‘C’-B
Lecazion ¢ Tor ol Zackiill : © oo o
Ml a” % smmlia gt Ll a




Daily QA/QC  Sampling Log

, Cascade Pole Site

Port of Olympia, Olympia, Washington
Project Number: 769710

Date: 3/ /g7
Sampler: L

. Backfill Samples

Bulk Wet Density: o5 e

Slump (ASTM Cl143): A8 (Gip s BATCH 23
Bentonite Content: 2.8 Za iy v QTS 4 BAGE
*Gradation (ASTM D422): _ABcrivEn '
*Permeability-grab(ASTM D5084): ARG VES

Bentonite Slurr} (initial properties in slﬁrry mixing ponds)

Time: ' o3¢
Bentonite Content: by M
Density (ASTM D4380): s per

. Viscosity (API-RP-13B1l): Ao Sac .

Bentonite Slurry (properties in trénch)

Time: TRACKHeE  WENT Bownd AT | (oo

In Trench Sample Location: po.prns sluley To TRENCA Avo
Density (ASTM D4380): AL TA LGS stogey LByE(
Viscosity (API-RP-13Bl): O 17 BElgy SReiny  §aracc
Filtration (API-RP-13Bl): AT Bt gee o) Eon.

Sand Content: .

DH: ‘

Trench Excavation: 2t 20 (>

t .
S Codt D ULETE O

[ -
X RE = CxrdUATES AL = oy (NREAS L THRY ATER LR

Location of Top of Backfill  Otoes o
Total Length coempleted: ' (S S e’

* Laboratory Analysis



Daily QA/QC  Sampling Log
Cascade Pole Site
Port of Olympia, Olympia,” Washington
Project Number: 769710

Date: 3/>5/4 7
Sampler: L

Backfill Samples

- Bulk Wet Density: les pcf
Slump (ASTM Cl43): 45 UNCHES L @AM S 3
Bentonite Content: 2,8 Y U 6o BXKCTS 4 RAGS
*Gradation (ASTM D422):  ARCHIVEND
*Permeab:LlJ.ty grab(ASTM D5084) AR WED

Bentonite Slurry (initial properties in slurry mixing ponds)

Time: ’ ‘ e
Bentonite Content: Gty e -
.Density (ASTM D4380): : G5 pef
Viscosity (API-RP-13Bl): 4o SEc

Bentonite Slurry (properties in trench)

Time: (320 ;

In Trench Sample Location: Sy S Awd RoTTo et SAwlE
Density (ASTM D4380): 68 pcf ' ‘
Viscosity (API-RP-13Bl): ' 39 sSEc

Filtration (API-RP-13Bl): s

Sand Content: (e v

DH: ~

Trench Excavation: , [too  A-pP

Location of Top of Backfill 2% 0o A-P

Total Length completad: - ‘

* Lakfcratorv Apnalvsis .

/
- 4



Daily QA/QC Sampling Log
Cascade Pole Site

Port of Olympia, Olympia, Washington

Yarcra))
LU

Date:
Sampler:

Backfill Samples

Bulk Wet Density:
Slump (ASTM Cl143):
Bentonite Content:

*Gradation (ASTM D422):
*Permeability-grab(ASTM D5084):

Project Number: 769710
BATCcH & oy BA = ®aoe o (A
(e3, & pcif (e3.5 pcfs
S imaES 25 (wedrs
5-,5,5«5’ 2¢ ;1) M'M T8 Buckere 25 72 AS g eBuclelTe ,
A%CHQ MEND
ARCH VED

Bentonite Slurry (initial properties in slurry mixing ponds)

Time:
Bentonite Content:
Density

(ASTM D4380):
jlscosity (API-R®-13B1l):

o4 S

& Mo kA
S _PCi

Lo isc

Bentonite Slurry (properties in trench)

Time:

In Trench Sample Locaticn:
Density (ASTM D4380):

(APT-RP-13B1):
(API-RP~ 1381)

Viscosity
Filtration
Sand Con_ent
DH:

Trench E:xcavation:

Lo

= tee A-n

L pef -
Lo Stic

—

——

(Tac |, brcET‘C(\OSS

C—oMpLLreu THE  ExeAUATI o oF
'mth&m_jﬁﬁLLLA_AQLJuﬁkmr ware - A~p

{

oER

Lecation of Too

v of B
Total Length complet

—

\veay s

& Baqag

CO(L(PLGTLQ VTR G stoery waw (SA.“;;(:(“_,,Va((,j) (Gvo
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Golder Associates Inc.

4104 -148th Avenue, N.E.
Redmond, WA 98052
Telephone (425) 883-0777
Fax (425) 882-5498

Golder

October 7, 1997 Our ref.: 973-1133

Port of Olympia
915 Washington Street NE

Olympia, Washington 98501-6931

ATTENTION: Mr. Don J. Bache

RE:  LABORATORY TEST RESULTS
CASCADE POLE -- SLURRY BACKFILL SAMPLES

- Dear Don:

Golder Associates Inc. is pleased to present the results of the hydraulic conductivity
testing that we performed on slurry backfill samples from the Interim Remedial Action
Cutoff Wall project at the former Cascade Pole site in Olympia, Washington. On May
20,1997 sixteen slurry backfill samples were delivered to our laboratory by Landau
Associates, Inc, and six liters of site water from well AG-7S were picked up from
Remediation Technologies in Seattle.

Hydraulic conductivity testing was performed on eight shelby tube samples, with

- designations of B-1 to B-10, and eight grab samples, with designations of Batch-4 to

Batch-23. Testing was performed in general accordance with ASTM method D5084

“Measurement of Hydraulic Conductivity of Saturated Porous Materials Using a Flexible

Wall Permeameter.” At the direction of Steve Gerken of Landau Associates, site well
water was used as the permeant and testing was not terminated until a minimum of two

pore volumes of permeant ran through each sample.

A summary of the test results follows along with the laboratory test data sheets for each
sample. :

Assocmtes

INCOITCC 16 ALISTDATIA CARMANA CEDAARNNY LLINCIATV ITATY SQAENERN TINITED KINICIDOWA TINITED QTATESQ



October 7, 1997 2 973-1133

If you have any questions or require any additional information, please feel free to
contact us in our Redmond office at (425) 883-0777.

Sincerely,

GOLDER ASSOCIATES INC.

040 Cpf—

- Daniel P, Oster

Laboratoi Manager

Robert L. Plum, P.E.
FOK Principal

DPO/RLP/rlw

o Steve Gerken, Landau Associates, Inc.

1007dpot doc

Golder Associates



GEOTECHNICAL TESTING SUMMARY SHEET

Total Final Hydraulic k@ 2.0
Sample ID | Pore Volumes | Conductivity, k [ Pore Volumes
(cm/sec) (cm/sec)
B-1 0024 5.7E-08 5.7E-08
B2 214 4.9E-08 4.8E-08
B-3 2.39 6.5E-08 6.5E-08
B-4 3.59 1.4E-07 1.5E-07
B6 248 |  1.1E07 | 1.1E07
B8 | 300 1.4E-07 1.5E07
B9 2.21 5.2E-08 5.2E-08
B-10 218 5.4E-08 5.2E-08
Batch-4 2,31 3.1E-08 3.1E-08
Batch-6 2,86  53E08 | 52808
Batch8 | 235 3.7E-08 3.7E-08
Batch-13 074 3.9E-08 3.9E-08
Batch-16 2.51 ~ 3.4E-08  3.4E-08
Batch-18 3.12 4.2E-08 4.4E-08
Batch-21 2.17 B8.0E-08 | B.0E-08 -
Batch-23 2,30 2 9E-08 3.0E-08

PORT OF OLYMPIA / CASCADE POLE / WA~
973-1133
30-Sep-97



GOLDER ASSOCIATES INC., REDMOND, WA

FLEXIBLE WALL HYDRAULIC CONDUCTIVITY — (PERMEABILITY)

ASTM D5084
Aiect: PORT OF OLYMPIA / CASCADE POLE / WA
Project Number: 973-1133
Date: 6-21-97
Tech: BCK/DPO “
Reviewer: DPO
| Sample Number |81 ] [sample Description ] Olive gray (5Y 4/2),
SILTY CLAY, some c-f sand,
[Permeability, k (cm/sec) |  5.7E08 | little c-f gravel, (CH).
[sample Type [ Shelby tube |
Initial { Final
Height (cm) . 7.106 | 6.886 [Permeant |AG-7S Well water ]
Diameter (cm) 7.280 | 6.819
Area (sq cm) 4162 | 36,52 Board number L0014
Volume (cc) 2958 | 251.6 Cell number L0200
Wet Welght (g) 512.87 | 477.41
Dry Welght () 353.70 | 353.70 Cell Pressure (psi) 100.0
Specific Gravity (assumed) 2.76 2.76 Back Pressure (psi) g2.5
o - Effective Stress (psi) 1.5
Volume of Voids (cc) 1676 | 123.3 "I B - coefficient: . 0.979
Saturation (%) 95%  100% -
Moisture (%) 45.0%4 35.0% Bottom Pressure (psi) 94.0
. {Wet Density (pcf) 10821 118,56 Top Pressure (psi) 91.0
Dry Density (pcf) 747 | 878 Gradient 31
Dato Time Tifme Inflow (mf) Outflow (mf) Pressure (psi) Head Pore K
yr | mo| day| hr | min| sec| (min) | Volume| Fill | Volume| Drain| Delta | Total | Cell | Bottom| Top | (cm H20)| Volumes| (cm/sec)
97 5 27 8 12 0 (V] 0.0 0.0 25.0 0.0 0.0 0.0 100.0 94.0 91.0 256.0 0,00 0
97 &5 28 8 45 0 1473 71 0.0 18.4 0.0 6.6 6.6 99.8 93.8 90.9 235.3 0,05 | 5.7E-08
T 5 29 9 2 o 2930 13.7 . 0.0 12.2 0.0 62| 128 9.8 83.8 90.9 222.5 0.10 5.8E-08
A 6 30)14 62 0 4720 213 0.0 50} 20.0 72| 20.0 99.7 93.8 90.8 207.7 0.16 5.9E-08
97 5 31115 37. 0 6205 28.1 0.0 18.9 0.0 6.1 | 26.1 99.7 93.8 90.9 214.8 0.21 6.8E-08
97 6 2 8 &5 ] 8683 384 | 384 9.5 0.0 94| 355 99.8 94.1 90.9 216.2 0.29 5.5E-08
87 6 3 8§ 20 0| 10088 6.6 0.0 32| 218 63| 418 99.6 93.9 90.8 234.7 0.34 5.8E-08
97 6 4] 8 16 0} 115823 134 0.0 18.56 0.0 65| 483 99.6 94.0 -80.9 243.2 0.39 §.7E-08
97 - 6 5 8 26 0| 12974 203 0.0 12.2 0.0 6.3 54.6 99.7 941 90.9 237.0 0.44 6.7E-08
97 6 6) 16 30 O 14898 |- 29.0| 29.0 45 205 771 623 99.7 94.0 0.9 213.6 0.51 5.6E-08
97 6 8|12 36 0] 17544 12,6 0.0 129 ] 121} 121] 74.4 89.6 84.0 90.9 238.4 0.60 §,7E-08
97 6 9 8 48 0| 18756 18.4 0.0 19.8 0.0 62| 79.6 99.6 84.0 90.8 246.5 0.65 -| 5.4E-08
97 &6 10 8 15 0| 20163 24.7 0.0 13.8 0.0 6.0| 856 99.6 94.0 80.8 234.2 0.69 - { 5.6E-08
97 6 11 8 4 0] 21592 31.1 0.0 8.0 0.0 58| 914 99.5 94.0 90.8 222.0 0,74 5.6E-08
97 6 12)] 8 12 0] 23040 372 372 26} 224 54| 968 99,5 93.9 90.8 203.5 0.78 5.5E-08
97 6 13|12 19 0] 24727 80| o0 17.0 0.0 8.0 | 104.8 99.5 93.9 90.8 247.1 0.85 5.8E-08
87 6 14119 13 0| 26581 16.8 0.0 88| 162 8.2 | 113.0 89.5 94.1 90.8 2441 0.92 5.7E-08
87 6 16| 9. 46 O 28894 27.4 0.0 14.8 00| 1021 1232 99.4 93.8 80,7 225.5 1.00 §,7E-08
87 6 17 a8 27 0] 30255 334 0.0 9.3 0.0 55 ] 1287 99.4 93.7 90.7 206.9 1.04 5.9E-08
97- 6 18 ] 6 0| 31734 39.7 0.0 36| 214 6.7 | 134.4 99.4 83.9 80.7 209.0 1.09 5.8E-08
97 6 19 8 25 0| 33133 4581 458 19.4 0.0 6.6 | 140.0 99.4 94.0 80.7 225.7 1.14 5.5€-08
‘97 "6 20 8 31 0| 34579 6.6 0.0 12.6 0.0 6.8 | 146.8 99.5 94,0 90.8 251.1 1.19 6.7E-08
97 6 21113 43 0} 36331 14.6 0.0 50 200 7.6-+154.4 8951 94.0 80.7 242.5 1.28 5.5E-08
97 6 23 8 64 0 38922 2591 259 13,71 11.3§ 11.3] 1657 99.4 93.8 90.7 225.9 1.34 '5.6E-08
97 6 24 8 24 0| 40332 6.1 0.0 .18.9 0.0 6.1 | 171.8 100.0 94.0 91.0 243.8 1.39 5.4E-08
97 6 25| 8- 39 0| 41787 121 0.0 12.6 0.0 6.3 | 178.1 100.0 94.0 81.0 231.5 1.44 §.7TE-08
97 6 26 8 28 0} 43216 18.1 0.0 651 1856 6.1} 184.2 100.0 94.0 90.9 226.5 1.49 6.9€-08
97 6 27|16 34 0| 45142 25.9 0.0 16.7 0.0 8.3 | 192.5 100.0 93.7 90.7 2218 1.56 5.8E-08
97 6 28| 16 36 0| 46584 32.0 0.0 10.8 | 1142 5.9 | 198.4 100.0 93.6 90.2 238.0 1.61 | 5.6E-08
97 6 30 8 80 0| 48998 41.9 0.0 15.1 0.0 9.9 | 208.3 99.9 93.4 90.4 204.2 1.69 5.6E-08
97 7 1 8 32 0| 50420 482 | 48.2 9.1 0.0 6.0 | 214.3 99.9 93.7 89.9 248.2 1.74 5.9E-08
97 7 2 8 18 0} 51846 6.8 0.0 231 227 6.8 | 221.1 100.0 93.8 90.6 240.6 1.79 5.6E-08
97 7 3|16 41 0| 53789 16.2 0.0 153 0.0 9.7 | 230.8 99.9 93.7 80.0 279.4 1.87 5.8E-08
97 7 5|13 36 0| 56484 29.5 0.0 24| 226 1292437 | * 998 93.5 89.7 260.2 1.98 5.6E-08
97 7 7 8 9 0| 58037 413 ] 413 13.2 0.0 11.8] 2555 99.9 93.5 90.4 210.0 2.07 5.9E-08
}7 7 8 8 37 0| 60505 7.2 0.0 6.2 18.8 7.0 | 262.5 999 93.9 90.0 293.3 2.13 5.5E-08
a7 7 9 8 39 0| 61947 14.0 0.0 17.9 0.0 7.1 | 269.6 99.8 93.9 80.9 234.9 219 5.7E-08
l 97 7 10 8 25 0| 63373 20.6 0.0 11.6 0.0 6.4 | 276.0 99.8 93.9 90.2 271.2 2.24 5.6E-08




GOLDER ASSOCIATES INC., REDMOND, WA
FLEXIBLE WALL HYDRAULIC CONDUCTIVITY - (PERMEABILITY)

ASTM D5084
}]ect ' PORT OF OLYMPIA / CASCADE POLE /WA
oject Number:  973-1133
Date: 5-21-97
Tech: BCK/DPO
Reviewer: DPO
|Sample Number |B-2 ] [Sample Description ] Olive gray (5Y 4/2),
SILTY CLAY, some c- sand,
[Permeabillity, k (cm/sec) ] 49608 ] litle ¢ gravel, (CH).
[Sample Type [Shelby tube |
Initial | Final
Height (cm) 7.106 | 7.151 [Permeant [AG-7S Well water )
Diameter (cm) 7.280 1 6.816
Area (sgcm)’ 41.62 | 36.49 Board number L0014
Volume (cc) 295.8 | 260.9 Cell number L0201
Wet Welght (g) 531.57 |498.85 .
Dry Weight (q) 380.47 |380.47 Cell Pressure (psi) 100.0
Specific Gravity (assumed) 2.70 2.70 .1Back Pressure (psi) g2.5
K Effectiva Stress (psi) 7.5
Volume of Volds (cc) 154.9 | 120.0 .| B - coeffictent: 0.869
Saturation (%) 08 99K ~
Moisture (%} 39.7% 31.1% Bottom Pressure (psi)[ = 4.0
Wet Density (pcf) 1122 | 119.4 ‘Top Pressure (psi) 91.0
.[Dry Density (pc) 803 | 91.0 Gradient 30
Date - Time Time Inflow (ml) Outflow (ml) Pressure (psi) | Head Pore
_yr [ mo| day] hr [min]sec] (min) |Volume[ Fill_|Volume| Drain] Delta| Total | Cell | Bottom| Top | (cm H20)| Volumes| (cm/sec)
07 & 271 8 12 0 V] 0.0 0.0 25,0 00| .00 0.0 | 100.0 94.0 91.0 256.0 0.00 0
97 &5 28| 8 45 0| 1473 71| 00| 196} 00| 54} 54| 098] 938 909| 2365| 0.04 | 4.9E-08
97 & 291 9 2 0] 2930 13.7 0.0 14.5 0.0 51 105 89.8| 938 90.9 224.8 0.09 | 5.0E-08
97 § 30|14 52 0| 4720 213 0.0 86| 164 69| 164 99,7 93.8 90.9 2113 ] 0.14 | 4.9E-08
A7 5§ 31115 87 0] 6205 28.1 0.0 20.0 0.0 50| 214 99.7 3.8 90.9 215.9 0.18 | 5.0E-08
] 6 2| 8 8 0| 8683 384 | 384 12.3 0.0 7.7 1 291 89.8 94.1 80.8| -219.0 0.24 | 4.76-08
s 6 3| 8 20 o] 10088 6.6 0.0 7.2 0.0 5.1] 34.2 99.6 9391 908 238.7 0.28 | 4.8E-08
97 6 4| 8 15 0] 11523 134 0.0 24| 226 48| 39.0 99.6 94.0 90.9 2271 0.32 | 4.7E-08
87 6 &} 8 26 0} 12974 20.3 0.0 19.8 0.0 52| 44.2 89.7 84.1 90,9 244.6 0.37 - | 4.7E-08
97 6 6|16 30 0| 14898 29.0 | 29.0 133 0.0 65| 50.7 99.7 94,0 90.9 2224 0.42 | 4.7E-08
87 6 8{12 36 0] 17544 12.6 0.0 3.9 21.1 9.4 1 601 99.6 94.0 0.8 22941 0.50 | 4.8E-08
97 6 91 8 48 O 18756 18.4 0.0 20.6 0.0 44| 64.5 89,6 94.0 80.8 247. 0.54 | 4.8E-08
97 6 1] 8 15 0] 20163 247 0.0 187 0.0 49| 69.4 99.6 94.0 90.8 236.1 0.58 | 4.7E-08
97 6 11} 8 4 0]21592 31.1 0.0 10.9 0.0 48| 74.2 93.56 94.0 90.8 224.9 0.62 | 4.86-08
97 6 12} 8 12 0] 23040 37.2 | 37.2 6.4 0.0 45| 787 99.5 93.9 90.8 207.8 0.66 | 4.7E-08
97 6 13|12 19 0| 24727 8.0 0.0 03| 247 6.1 | 848 99.5 93.9 90.8 230.4 0.71 | 5.0€-08
97 6 14119 13 0| 26581 16.8 0.0 18.1 0.0 69| 91.7 99.5 94.1 90.8 |~ 2534 0.76 | 4.8E-08
97 6 16] 9 46 0| 28894 274 0.0 9.9 0.0 8.2} 99.9 99.4 93.8 80.7 220.6 0.83 | 4.9E-08
97 6 171 8 27 0| 30255 33.4 0.0 55 0.0 4.4 1104.3 99.4 93.7 90.7 203.1 0.87 | 5.0E-08
97 6 18| 9. 6 031734 39.7 0,0 1.0 240 4.5 |108.8 89.4 93.9 90.7 206.4 0.91 | 49E-08
97 6 19] 8 25 033133 458 | 45.8 20.4 0.0 4.6 |113.4 99.4 94.0 80.7 226.7 0.94 | 4.7E-08
97 6 20} 8 31 0 | 34579 6.6 0.0 14.8 0.0 5.6 {119.0 99.5 94.0| "90.8 2533 0.99 | 4.8E-08
87 6 21|13 43 0| 36331 14.6 0.0 8.5 0.0 6.3 {1253 89.5 94.0 90.7 246.0 1.04 } 4.7E-08
97 6 23| 8 54 0] 38922 259 { 259 0.1] 24.9 8.4 1133.7 99.4 93.8 90.7 2123 1 4.6E-08
97 6 24| 8 24 0| 40332 6.1 0.0 20.0 0.0 5.0 1138.7 | 100.0 94,0 91.0 244.9 1.16 | 4.6E-08
97 6 251 8 39 O 41787 12.1 0.0 16.0 0.0 5.0 | 143.7 | 100.0 94.0 91.0 233.9 1.20 | 4.7E-08
97 6 26| 8 28 0] 43216 18.1 0.0 10.0 0.0 5.0 11487 | 100.0 94.0 90.9 2300 | 1.24 | 4.9E-08
97 6 27)16 34 0| 45142 259 0.0 39| 21.1 6.1 |154.8 | 100.0 93.71 9.7 209.0 | 1.29 | 4.7E-08
97 6 28116 36 0] 46584 32.0 0.0 18.9 0.0 5.1 1159.9 | 100.0 93.6 90.2 2471 1.33 | 4.8E-08
97 6 30| 8 50. 0] 48998 41.9 0.0 12.3 0.0 7.6 | 167.5 99.9 83.4 90.4 201.4 1.40 | 4.6E-08
97 7 1] 8 32 050420 482 1 48.2 7.6 0.0 4.7 |172.2 99.9 93.7 89.9 246,7 1.43 | 4.8E-08
97 7 . 2] 8 18 0] 51846 6.8 0.0 21| 229 85 |177.7 | 100.0 93.8 90.6 240.4 1.48 | 4.7E-08
97 7 3116 41 0} 53789 16.2 0.0 174 0.0 7.9 11856 99.9| 937 90,0 | 2812 1.55 | 4.9E-08
97 7 5]13 36 056484 29.5 0.0 6.7 | 18.3 ]| 10.4 {196.0 99.8 93.5 89.7 264.5 1.63 | 4.6E-08
97 7 7| 8 9 0]59037 413 ] 413 15.5 0.0 9.5 | 205.6 99.9{ 93.5 90.4 2123 | 171 4.9E-08
97 7 8| 8 37 0]60505 7.2 0.0 9.4 0.0 6.1 12116 999 939 90.0 296.5 1.76 | 4.9E-08
97 7 9| 8 39 0161947 14.0 0.0 391 211 5.5 2171 99.8 93.9 90.9 220.9 1.81 4.8E-08
97 7 10| 8 25 063373 20.6 | 20.6 19.2 5.8 5.8 |222.9 99.8 93.9 80.2 278.9 1.86 | 5.1E-08
97 7 12|10 23 0| 66371 6.7 0.0 14.3 0.0} 10.7 |233.6 89.9 93.9 91.0 231.6 1.95 | 4.3E-08
W7 7 14} 8 27 0]69195 12.7 0.0 4.9 | 201 9.4 1243.0 99.9 93.9 91.0 216.2 2.02 | 4.9€-08
Y 7 15| 9 o o0f70608| 158 00| 201| 00| 49|247.9] 1000 s838| 91.0| 221.3| 207 | 50608
97 7 16 8 17 0 | 72005 18.7 0.0 15.5 0.0 4.6 12525 99.9 93.9 91.0 220.8 2.10 4,9E-08
97 7 17 9 32 0 | 73520 21.8 0.0 10.6 0.0 4.9 |257.4 99.9 93.8 90.9 212.8 2.14 4.9E-08




GOLDER ASSOCIATES INC., REDMOND, WA
FLEXIBLE WALL HYDRAULIC CONDUCTIVITY - (PERMEABILITY)

ASTM D5084
jro]oct: PORT OF OLYMPIA / CASCADE POLE /WA
Project Number: 973-1133
Date: 5-21-97
Tech: BCK/DPO “
Reviewer: bPo
[Sample Number [B-3 ] [Sample Description [ Olive gray (5Y 4/2),
SILTY CLAY, some c-f sand,
[Pemmeability, k (cm/sec) [ 6.5E08 ] little c-{ gravel, (CH).
. [Sample Type | Shelby tube ]
Initial | Final
Helght (cm) 7106 | 7,017 |Permeant JAG-7S Well water ]
Diameter (cm) 7.280 | 6.760 :
Area (sq cm) 4162 | 8589 | Board number L0014
Volume (cc) 295.8 | 251.8 Cell number L0202
Wet Welght (g) §17.33 | 477.62 :
Dry Weight (g} . 357.76 | 357.76 Cell Pressure (psi) 100.0
Specific Gravity (assumed) 2.72 2.72 Back Pressure (psi) '92.5
) [Effective Stress (psi) 7.6
Volume of Voids (cc) 164.3 | 1208 B - coefficients 0.969
Saturation (%) ) 97X 100% :
Moisture (%) 44.6% 33.5% Bottom Pressure (psi) 94.0
Wet Density (pcf) 109.2{ 118.4 Top Pressure (psi) 91.0
Dry Density (pcf) 75.5 88.7 Gradient . 30
Date - Time ' Time Inflow (ml) Outflow {ml) - - Pressure (psi) Head Pore K
yr | mo| day| hr [ min]sec] (min) [Volume| Fill | Volume[ Draln | Delta | Total |- Cell | Botiom] Top | (cm H20)| Volumes! (cm/sec)
97 5 271 8 12 0 0 0.0 0.0 | - 25.0 0.0 00| 00} 100.0 94.0 91.0 256.0 000 |- ©
97T § 28 8 45 01 1473 74 0.0 ] 17.9 0.0 71 7.1 99.8 93.8 91.0 227.8 0.06. | 6.5E-08
87 5 29 9 2 0 2930 13.7 0.0 11.8 0.0 6.1 13.2 99.8 93.8 91.2 201.0 0.11 6.4E-08
)7 5 30|14 82 o0 4720 21.3 0.0 " 48| 202 7.0} 202 99.7 '93.8 91.3 179.4 0.17 6.7E-08
87 § 31115 37 0| 6205 28.1 0.0 18.7 0.0 63| 265 99.7 93.8 91,1, 200.5 0.22 6.9E-08
97 6 2| 8 85 0 8683 384 | 384 95| 00 92| 887 99.8 94.1 91.4 181.0 0.30 6.3E-08
97 6 3] 8 20 0] 10088 6.6 0.0 31| 219 64| 4211 996 93.9 20.9 227.5 0.35 6.6E-08
97 6 4| 8 15 0] 11523 13.4 0.0 18.2 0.0 6.8 48.9 99.6 84.0 91.1 2288 0.41 6.5E-08
97 6 5 8 26 0| 12974 203 0.0 11.8 0.0 6.4 5§53 99.7 94.1 91.3 208.5 0.46 6.6E-08
97 6 6|16 30 O 14898 29.0 | 29.0 3.7) 213 8.1] 634 99.7 94.0 91.2 181.7 0,53 6.9E-08
97 6 8112 36 0O 17544 126] 00 12.2 00| 128§ 76.2 99.6 94.0 91.0 230.6 0.63 6.7E-08
87 6 9 8 48 0| 187564 184 0.0 7.0 0.0 §2] 814 99.6 94.0 91.3 198,56 0.68 6.5E-08
87 6 10| 8 15 0| 20163 24.7 0.0 1.3} 237 571 871 99.6 94,0 91.1 200.6 0.72 6.6E-08
a7 6 1" 8 4 0] 21592 31.1 0.0 188} -00] 62| 833 99.5 94.0 91.2 204.7 0.78 6.6E-08
97 6 12| 8 12 0| 230401 372} 37.2 13.1 0.0 5§71 9.0 989.5 93.9 91.1 192.9 0.82 6.5E-08
97 -6 13|12 18 0| 24727 8.0 0.0 60| 200 8.1} 107.1 99.5 93.9 91.0 221,0 0.89 6.9E-08
97 6 14119 13 0| 26581 16.8 0.0 16.5 0.0 8.5 | 115.6 99.5 94.1 91.3 216.7 096" | 6.5608
97 6 16| 9 45 0| 28894 | 274 0.0 6.7 0.0 9.8 | 1254 99.4 93.8 90.9 203.3 1.04 6.6E-08
97 6 17| 8 27 0| 380255 33.4 0.0 161 235 5.2 | 130.6 99.4 9.7 90.9 185.1 1.09 6.4E-08
97 6 18 9 6 O] 31734 39.7 0.0 18.8 0.0 6.2 | 136.8 99.4 93.9 90.9 210.1 1.14 6.5E-08
87 6 19 8 25 0} 33133 45.8 | 45.8 13.6 0.0 5.3 { 1421 99.4 94.0 1.1 1917 1.18 6.1E-08
87 . 6 20 8 31 0| 34579 6.6 0.0 7.1 17.9 6.4 | 1485 99.5 94.0 81.2 217.6 1.23 6.3E-08
97 6 21| 13 43 0| 36331 14.6 0.0 17.2 0.0 7.8 | 156.3 99.5 94.0 81.3 2125 1.30 6,5E-08
97 6 23| 8 54 0| 38922 259 | 25.9 6.8 182 | 10.4 ] 166.7 99.4 93.8 90.9 204.9 1.39 6.3E-08
97 6 24| 8 24 0| 40332 6.1 0.0 1781 0.0 7211739 ] 100.0 940} . 91.0 242.7 1.45 6.8E-08
97 6 25| 8 39 0| 41787 12.1 0.0 11.0 0.0 6.8 | 180.7{ 100.0 84.0 91.0 229.9 1.50 6.4E-08
97 6 26| 8 28 0| 43216 18.1 0.0 4.4 | 206 6.6 | 187.3.] 100.0 94.0 90.9 224.4 1.56 6.6E-08
97 6 27116 34 01 45142 25.9 0.0 16.0 0.0 9.0 | 196.3| 100.0 93.7 90.7 2211 1.63° | 6.5E-08
97 6 28] 16 36 0| 46584 | 320 0.0 9.7 183 6.3 | 202.6 100.0 93.6 90.2 236.9 1.68 6.2E-08
97 6 30] 8 50 0| 48998 41.9 0.0 14.4 0.0] 10.6 | 213.2 99.9 93.4 90.4 203.5 177 6.3E-08
97 7 1 8 32 0| 50420 4821 482 7.9 0.0 6.5 | 219.7 99.9 93.7 89.9 247.0 1.83 6.6E-08
97 7 2 8 18 0| 51846 . 6.8 0.0 05| 24.5 7.4 | 2271 100.0 93.8 90.6 238.8 1.89 6,3E-08
97 7 3| 16 41 0| 53789 16.2 0.0 14.4 00| 10.6 2377 99.9 93.7 90.0 278.5 1.98 6.6E-08
97 7 5{13 36 0| 56484 29.5 0.0 03] 247 | 1412518 ,99.8 93.5 89.7 258.1 2.09 6.4E-08
9 7 7 8 9 0 | §9037 41.3 | 413 12.1 0.0 | 1292647 99.9 93.5 90.4 208.9 220 6.7E-08
97 7 8 8 37 0 | 60505 7.2 0.0 4.2 208 7.9 | 2726 99.9 93.9 90.0 291.3 227 6.5E-08
37 7 2] 8§ 39 0| 61947 14.0 0.0 17.0 0.0 8.0 | 280.6 99.8° 93.9 90.9 234.0 2.33 6.6E-08
L 97 7 10 8 25 0 | 63373 20.6 0.0 9.8 0.0 7.2 12878 99.8 93,9, 90.2 269.5 2.39 6.5E-08




GOLDER ASSOCIATES INC., REDMOND, WA
FLEXIBLE WALL HYDRAULIC CONDUCTIVITY —- (PERMEABILITY)

ASTM D5084
Project: PORT OF OLYMPIA / CASCADE POLE / WA
Project Number: 973-1133
Date: 5-21-97
Tech: BCK/DPO
Reviewer: DPO
[Sample Number B4 | [sample Description  [Okve gray (5Y 4/2),
] SILTY CLAY, some c-f sand,
[Permeability, k {cm/sed) [ 1.4E07 ] fitthe ¢c-f gravel, (CH).
. 1Sample Type - |Shelby tube ]
Initial | Final '
Height (cm) 7.106 | 6.507 | Permeant . |AG-7S Well water ]
Diameter {cm) 7.280 | 6.276 : o '
Area (sq cm) 41.62 | 30.84 Board number L0014
Volume (cc) 295.8 | 201.3 Cell number L0203
Wet Weight (g) 465,80 | 376.87 :
Dry Welght (o) | 276.62 | 276.62 | Cell Pressure (psi) 100.0
Specific Gravity (assumed) 273] 273 Back Pressure {psi) - 92.5
Effective Stress (psi) 7.5
Volume of Volds (cc) 1945 100.0 B - coefficient: 0.984
Saturation (%) 874 100 ’ ' . .
Moisture (%) 68.4% 36.2% Bottom Pressure (psi) | . 94.0
~ |Wet Density (pcf) 98.3 | 116.9 [Top Pressure (psi) 91.0
Dry Density (pcf) 58.4 85.8 Gradient 32
y Date Time Time Inflow (ml) Outflow (ml) Pressure (psi) Head Pore K
/| mo]dayl hr [ min]sec] (min) | Volume[ Fill | Volume] Drain | Delta | Total [ Cell | Bottom] Top | (cm H20)| Volumes | (cm/sec)
97 & 27{ 8 12 © 0j 00 0.0 250| 00 0.0 0.0 |. 100.0 84.0 91.0 256.0 0.00 -0
97 &5 28| 8 45 0 1473 A 00( 100} 150} 150| 150 098] 938 91.0 219.9 0.15 1.5E07
87 6 291 9 2 0] 2930 137 0.0 11.0] 140] 140] 29,0 99,8 983.8 g1.2] .200.2 0.29 1.5E-07
97 & 30|14 52 0] 4720} 213 0.0 89| 161} 16,1 451 89.7 83.8 813 | 18356 0.45 1.6E-07
97 &5 31|16 387 0| 6208 28.1 0.0 116] 134 | 134 &85 89.7 83.8 91.1 193.4 0.89 1.6E-07
87 6 2| 8 8 0 8683 384 | 384 48| 202 202 | 787 89.8 84.1 914 | - 1768 0.79 1.8E-07
97 6 3} 8 20 0] 10088 66| 00 104 | 146 ] 146 933 9.6 83.9 80.8 241.9 0.93 1.6E-07
{97 6 4| 8 15 0] 115823 13.4 0.0 107 | 143 | 143 ]107.6 938.6 94.0 80.9 2354 1.08 1.4E-07
97 6 5} 8 26 0] 12974 20.3 0.0 11.0]| 140] 140 | 121.6 99.7 | 841 9.9 235.8 1.22 14E07
87 6. 6}16 30 O] 14838 28.0| 29.0 68| 182 ] 18211398 | 997 94.0 91.2 194.8 1.40 1.6E607
97 € 8|12 36 0] 17544 12,6 00] -0 26.0| 2601658 93.6 94.0 81.0 217.4 1.66 15607
97 6 9{ 8 48 0| 18756} 184 0.0 13.0( 120 12.0|177.8 99.6 94.0 91.3 204.5 1.78 1.5€-07
97 6 10| 8 15 0| 20163 24.7 0.0 121} 129 | 129 {1907 99.6 94.0 91.1 211.4 1.91 1.5E-07
g7 -6 11 8 4 0] 21892 31.1 0.0 123 0.0} 127 | 2034 99.5 94.0 91.2 198.2 2.03 1.5E07
97 6 121 8 12 0| 23040 372 | 372 07| 243 ] 116 ]|216.0 995 939 91.1 180.5 2.15 1.56-07
97 6 13|12 19 0| 24727 8.0 0.0 781 172 17212322 89.5. 83.8 91.0 223.8 232 1.5E-07
97 6 14]19 13 0| 26581 168 | 00 79| 171 | 17.1 | 2483 99.6 94,1 91.3 208.1 2.49 1.4E-07
{197 6 16] 9 46 0| 28894 27.4 0.0 37 2183 2132706 99.4 93.8 90.9 200.3 2.71 1.5E-07
g7 6 17| 8 27 O] 30255 33.4 0.0 12.8 0.0 | 122 | 282.8 994 | 937 $0.9 196.4 2.83 1.6E-07
g7 6 18} 9 6 0 31734 39.7 0.0 11| 239 11712945 | 99.4.| 939 80.9 1924 2.95 1.4E-07
97 6 19| 8 25 0] 33133 458 | 458 13.6 0.0| 11.4|305.9 99.4 94.0 91.1 191.8 3.06 1.4E-07
g7 6 20| 8 31 0 | 84579 66| 0.0 02| 248 1343193 99.5 94.0 91.2 210.6 3.19 1.4E-07
97 6 21|13 43 0 | 36331 146 0.0 84| 166 | 16.6 | 3359 99.5 94.0 91.3 203.7 3.36 1.5E-07
97 6 23 8 54 0| 38922 259 | 25.9 2.5 0.0} 2225|3584 99.4 83.8 80.9 200.6 3.59 1.4E-07




GOLDER ASSOCIATES INC., REDMOND, WA
FLEXIBLE WALL HYDRAULIC CONDUCTIVITY - (PERMEABILITY)

ASTM D5084
Project: PORT OF OLYMPIA / CASCADE POLE / WA
Project Number: 973-1133
Date: 5-21-97 -
Tech: BCK/DPO
Reviewer: DPO
|Sample Number 1B-6 ] [Sample Description _[Olive gray (5Y 4/2),
SILTY CLAY, some c-f sand,
[Permeabiiity, k (cm/sec) | 11E07 ] lithe c-f gravel, (CH).
|Sample Type [Shelby tube ]
Initial | Final ' ,
Helght (cm) 7.106 | 6.932 {Permeant |AG-7S Well water |
Diameter (cm) 7.280 | 6.749 ]
Area (sq cm) 41.62 | 3577 Board number LOO14
Volume (cc) 2958 | 248.0 Cell number L0204
Wet Weight (g) 517.57 | 468.72 . -
Dry Weight {g) 349,98 | 349.98 Cell Pressure (psi) 100.0
Speclfic Gravity (essumed) 272 272 Back Pressure (psi) 92.5
' . Effective Stress (psi) 75
Volume of Voids {cc) 167.1 | 119.3 B - coefficient: 10.991
~ | Saturation (%) 1009  100%
Molsture (%) 47.9% 33.89% Bottom Pressure (ps)) | ~ 94.0
Wet Density (pcf) 109.2 | 118.0 Top Pressure (psi) 91.0
Dry Density (pcf) 73.9 88,1 Gradient : 30
T Date Time . Time Inflow (ml) Qutflow (ml) Pressure (psi) Head Pore K
e T mol day| hr [ min] sec| (min) [Volume] Fill | Volume[ Drain | Delta | Total | Cell | Bottom| Top |(cm H20)| Volumes| (cm/seo)
g7 & 27| 8 12 O 0 0.0 0.0 25.0 0.0 00| 00| 1000 84,0 81.0 256.0 0.00 0
g7 §& 28| 8 45 O 1473 8.6 0.0 124 | 126 126 | 126 99.8 93.8 91.0 2209 (| . 0.11 1.2E-07
g7 &6 29] 9 2 0 2930 16,0} 0.0 1361 114} 11.4| 240 99.8 83.8 91.2 200.5 0.20 1.2E-07
97 & 30114 52 0] 4720 24,4 0.0 119] 13.1] 131 | 374 99.7 93.8 91.3 183.4 0.31 1.2E07
87 6 311158 37 © 6205 31.4 0.0 141] 109 | 109} 48.0 99.7 93.8 81.1 192.6 0.40 1.2E07
97 6 2| 8 8 0 8683 4141 414 88| 162 162] 64.2 99.8 84.1 91.4 177.3 0.54 1.1E07
97 6 3| 8 20 0] 10088 7.8 0.0 13.2 001 11.8] 76.0 99.6 83.9 80.8 243.5 0.64 1.1E07
97 6 4] 8 15 0] 11828 154 0.0 23] 227] 109] 869 9.6 84,0 80.9 225.0 0.73 1.0E-07
97 6 &} 8 26 O] 12974 23.1 0.0 1833} 11.7| 117} 986 99,7 94.1 90.9 2353 | 0.83 1.1E07
g7 6 6|16 30 Q] 14898 326 | 326 87| 163 15.3]1139 99.7 94,0 912 194.1 0.95 1.2E-07
g7 6 8112 36 0] 17544 14.9 0.0 24| 226 | 22.6 11365 99.6 94.0 81.0 218.5 1.14 1.2E-07
97 6 9| 8 48 0 18756 213 0.0 16.0 0.0] 10011465 99.6 94.0 81.3 203.6 123 1.2E-07
g7 6 10| 8 15 0] 20163 28.1 0.0 491 201 ] 10.1 | 1566 99.6 84.0 911 200.8 1.31 1.1E07
g7 6 11} -8 4 0]} 21592 34,6 0.0 14,5 0.0 | 105 ]167.1 99.5 94,0 81.2 197.0 1.40 1.1E07
97 6 12| 8 12 0] 23040| 404 | 404 61 199 9.4 | 1765 99.5 93.9 81.1 181.7 1.48 11E07
g97. 6 13(12 19 0 24727 9.6 0.0 1011 149 149 ]191.4 99.5 838 | 91.0 224.5 1.60 1.2E-07
g7 6 14{19 13 0| 26581 194 0.0 102 ] 14.8| 148 |206.2 99.5 94.1 91.3 207.8 1.73 | 1.2E:07
197 6 16] 9 46 0] 28894 30.7 0.0 73| 17.7] 17.7 { 223.9 99.4 93.8 90.9 200.6 1.88 1.26-07
97 6 17| 8 27 0| 30255 36.8 0.0 16,0 0.0] 1000|2339 994 93.7 90.9 195.2 1.96 1.1E-07
97 6 18] 9 6 0] 31734 427 0.0 §2| 19.8 9.8 | 243.7 99.4 93.9 90.9 1935 2,04 11E-07
97 6 19| 8 25 0] 33133 484 | 48.4 16.7 0.0 9.3 ] 253.0 89.4 94.0 g1.1 191.3 2.12 1.1E07
97 6 20| 8 31 0 | 34579 7.7 0.0 45 205 11.2]264.2 99.5 94,0 91.2 213.8 2.21 11607
97 6 21}183 43 0| 36331 16.6 0.0 114] 136 | 1836|2778 99.5 94.0 91.3 2047 2.33 1.1E-07
97 6 23| 8 54 0O 38922 2831 28.3 6.7 0.0 183 ]296.1 99.4 93.8 90.9 202.4 2.48 1.1E-07




GOLDER ASSOCIATES INC., REDMOND, WA
FLEXIBLE WALL HYDRAULIC CONDUCTIVITY - (PERMEABILITY)

ASTM D5084
|
croject: PORT OF OLYMPIA / CASCADE POLE / WA
Project Number: 973-1133
Date: §-21-97
Tech: BCK/DPO
Raviewer: DPO
|Sample Number IB-8 | {Sample Description [ Olive gray (5Y 4/2),
. SILTY CLAY, some c-f sand,
| Permeability, k (cm/sec) | 1.4E-07 ] litle ~f gravel, (CH).
| Sample Type | Shelby tube ]
“Initial | Final :
Helght (cm) 7106 | 7.146 {Permeant JAG-7S Well water ]
Diameter {cm). 7.280 | 1 6.637 '
Area (sq cm) 41,62 | 34.60 Board number L0014
Volume (cc) 295.8 | 2472 Cell number L0205
Wet Weight (g) 517.71 | 467.77 .
Dry Weight (g) 347.74 | 347.74 Cell Pressure (psi) 100.0
Specific Gravity (assumed) -2.75 2.75 Back Pressure (psi) 92.5
. Effective Stress (psi) 7.5
Volume of Volds (cc) 169.3 | 120.8 B - coefficlent: 0.984
Saturation (%) 1009 9% - :
Moisture (%) 48.9% 34.5% Bottom Pressure (psi) 94.0
‘{Wet Density (pcf) - 109.3 | 118.1 Top Pressure (ps)) | 91.0
Dry Denstty (pcf) 734 | 878 Gradient 30
™ "Date Time Time [ Inflow (m) Outfiow {mi) Pressure (ps)) Head | Pore K
x| mo] day] hr [ min] sec] (min) |Volume| Fill | Volume| Drain | Defta | Total | Cell | Bottom| Top | (cm H20)| Volumes | (cm/sec)
87 & 271 8 12 0 0 0.0 0,0 250 00| "00 00| 1000 94.0 91.0 256.0 0.00 0
87 & 28] 8 45 O 1473 8.5 0.0 96| 166 | 166 | 1585 99.8 93.8 91.0 218.0 0.13 1.5607
97 &5 29 9 2 0 2330 ‘16,0 0.0 108 142 | 142 ] 297 99.8 93.8 g1.2 197.7. 0.25 1.6E07
87 § 80|14 52 0 4720 24.4 0.0 881 162 162 | 459 99.7 93.8 91.8 180.8 038 | 1.6E07
97 6 31|15 37 0O 6205 314 0.0 115)] 185} 135 | 594 89.7 93.8 9141 1980.0 0.49 1.6E07
97 6 2| 8 8 0 8683 414 414 491 201 1] 201 | 795 99.8 | - 94.1 914 1734 0.66 1.8E-07
87 6 3| 8 20 O 10088 7.8 0.0 103 147 147 94.2 99.6 8398 908 240.6 0.78 1.56-07
97 6 4| 8 15 0} 11523 154 0.0 106 | 144 | 14471086 99.6 94.0 80.9 2333 0.0 1.4E-07
97 6 5| 8 26 0} 12974 23.1 0.0 106 | 144 | 14.4 |123.0 99,7 94.1 90.9 232.6 1.02 14607
97 6 6|16 30 0] 14898 326 | 326 641 1861 18.6 | 141.6 99.7 94.0 812 190.8 117 1.5E-07
97 6 8|12 3 0 17544 14.8 0.0 -1.0] 26,0 | 26.0|167.6 99.6 94.0 81.0 2151 1.39 1.56-07
97 6 9] 8 ‘48 0| 18756 21,3 0.0 128 | 122 ] 122 |179.8 99.6 84.0 91.3 201.4 1.49 1.6E-07
87 €6 10| 8 15 0] 20163 28.1 0.0 118 132 13.2]193.0 99.6 | 94.0 91.1 207.7 1.60 1.5E-07
97 6 11 8 4 0 21892 345 0.0 12.3 00| 127 2057 89.5 94.0 91.2 194.8 1.70 1.5E-07
97 6 12} 8 12 0O 23040 4041 404 08| 242 | 11.5}|217.2 99.5 93.9 91.1 177.4 1.80 1.8E-07
97 6 13|12 19 0] 24727 9.6 0.0 71 179 17.9 | 285.1. 99.5| 939 91.0 221.5 1.95 1.6E-07
97 6 14119 13 0] 26581 19.4 Q.0 69| 181 ] 18.1]2583.2 99.5 94.1 91.3 204.5 210 1.5E-07
97 6 16| 9 46 0| 28894 30.7 0.0 341 216 | 21.6 |274.8 99.4 93.8 80.8 196.7 2.28 1.5E07
97 6 17| 8 27 0] 30255 36.8 0.0 127 ] 00| 123]287.1 99.4 93.7 90.9 192.9 2.38 1.5E-07
97. 6 18- 9 6 0| 31734 42.7 0.0 08| 242 11.9]299.0 99.4 93.9 90.9 189.1 2,48 1.5E-07
97 6 19| 8 25 0| 33133 48,4 | 48.4 13.6 00] 1165|3105 | 994 94.0 91.1 189.1 2.57 1.4E-07
97 6 20 8 31 0| 34579 7.7 0.0 0.1} 251 13.6 | 324.1 99.6 94.0 91.2 209.2 2.68 1.4E-07
97 6 21113 43 0 | 36331 16.6 0.0 87| 163 | 16.3|3404 99.5 94.0 91.3 202.0 2.82 1.5E-07
97 6 23 8 54 0 | 38922 283 28.3 2.7 00 223 |3627 99.4 93.8 90.9 198.4 3.00 1.4E-07




GOLDER ASSOCIATES ING., REDMOND, WA
FLEXIBLE WALL HYDRAULIC CONDUCTIVITY - (PERMEABILITY)

ASTM D5084
Io]ect PORT OF OLYMPIA / CASCADE POLE / WA
.oject Number:  973-1133
Date: 5-21-97
Tech: BCK/DPO
Raviewer: DPO
[Sample Number [B-s }

[Sample Description

Olive gray (5Y 4/2),

SILTY CLAY, some c-f sand,

{Permeability, k (cm/sec) [ 5.2E-08 | littte c-f gravel, (CH).
[sample Type [Shelby tube ]
Initial | Final
Height (cm) 7.106 | 6.961 [Permeant [AG-7S Well water |
- | Diameter (cm) 7.2801 6.715 .
Area {sq cm)’ 41.62 | 35.41 Board number 10014
Volume (cc) 295.8 | 246.5 Call number L0343
Wet Weight (9) 512.81 | 469,65
Dry Weight (g) 347.67 [347.67 Call Pressure (psi) 100.0
Specific Gravity (assumed) 2.78| 278 Back Pressure {(psi)) | - 92.5
- Effective Stress (psi) 7.6
Volume of Voids {(cc) 170.7 | 121.5 B - coefficient: 0.991
Saburation (%) 9791009
Moisture (%) 47.5% 35.1% Bottom Pressure (psi)] 94.0
Wet Density (pcf) 108.2 ] 118.8 Top Pressure (psi) 91.0
Dry Density (pcf) 73.4 | 88.0 Gradient 30
Date Time Time Inflow (mi) Quttlow (ml) Pressure (psi) Head Pore K
yr | mo[ day| hr [ min] sec| (min) {Volume| Fill [Volumel| Drain| Delta| Total| Cell | Bottom| Top }{cm H20)| Volumes| (cm/sec)
97 65 27| 8 12 0 V] 0.0.7 0.0 25.0 0.0 0.0 0.0} 100.0 84.0 91.0 256.0 0.00 V]
97 &5 :28| 8 45 0} 1473 8.5 0.0 19.3 0.0 57 57 99.8 93.8 91.0 227.8 0.05 | 5.2E-08
97 § 291 9 2 0} 2930 16.0 0.0 143 0.0 5.0 10.7 99.8| 938 91.2 201.2 0.03 | 5.2E-08
97 & 30|14 52 0] 4720 24.4 0.0 8.7 16.3 56| 16.3 89.7.| - 83.8 91.3 180.2 0.13 5.4E-08
97 § 31]15 37 0] 6205 31.4 0.0 20,0 0.0 50| 213 89.7 93.8 91.1 198.5 0.18 5,6E-08
7y 6 2| 8 8 0] 8683 414 414 12.6 0.0 7.4 287 99.8 94.1 91.4 181.1 0.24 | 5.2E-08
1‘% 6 3] 8 20 0] 10088 7.8 0.0 7.3 0.0 53| 34.0 99.6 3.8 90.8 237.6 0.28 | 54E-08
87 6 4] 8 15 0} 11523 15.4 0.0 24| 226 491} 389 99.6 94.0 980.8 | -225.1 0.32 | 4.8E-08
97 6 6| 8 26 0} 12974 23.1 0.0 19.7 0.0 53 44.2 99.7 4.1 90.9 241.7 0.36 4.9E-08
97 6 6|16 30 0| 14898 32.6 | 326 13.0 0.0 6.7 ] 509 | 997 94.0 91.2 197.4 0.42 | 52E-08
97 6 812 36 0]17544 14.9 0.0 32| 218 9.8 | 60.7 89.6 84.0 91.0 219.3 0.50 | 5.4E-08
87 6 9} 8 48 0| 18756 21.3 0.0 20.4 0.0 46| 653 99.6 94.0 1.3 208.0 0.54 | 5.5E-08
97 6 10) 8 15 0] 20163 28.1 0.0 15.6 0.0 48| 70.1 99.6 94.0 81.1 211.5 0.58 | 5.3E-08
97 6 11| 8 4 0]21592 34.5 0.0 10.8 0.0 47| 748 89,5 84.0 91.2 1934 0.62 | 5.3E-08
97 6 12| 8 12 023040 404 | 404 6.6 0.0 43| 79.1 99.5 93.9 91.1 183.2 0.65 | 5.2E-08
97 6 13(12 19 0] 24727 9.6 0.0 04 24.6 62| 853 99.5 83.9 91.0 214.8 0.70 | 5.5€-08
97 6 14119 13 0} 26581 19.4 0.0 18.2 0.0 6.8 | 921 99.5 84.1 81,3 215.8 0.76 | 53E-08
97 6 16| 9 46 0] 28894 30.7 0.0 10.3 0.0 7.9 |100.0 89.4 93.8 80.9 203.6 0.82 | 5.3€-08
97 6 17| 8 27 0| 302585 36.8 0.0 6.1 0.0 4.2 1104.2 99.4 83.7 0.9 186.3 0.86 5.2E-08
97 6 18] 8 6 031734 42.7 0.0 17| 233 4.4 |108.6 99.4 83.9 90.9 190.0 0.89 | 5.2E-08
g7 6 19| 8 25 0] 33133 484 | 48.4 20.6 0.0 4.4.1113.0 99.4 84.0 1.1 196.2 0.93 | 5.0E-08
97 6 20| 8 31 0 | 34579 7.7 0.0 15.1 0.0 551185 99.5 84.0 91.2 224.4 0.98 | 53608
97 6 21|13 43 0| 36331 16.6 0.0 9.1 0.0 6.0 [ 124.5 99.5 94.0 91.3 202.4 1.03 5.3E-08
97 6 23] 8 .54 0] 38922 28.3 | 283 111 239 8.0 | 1325 99.4 93.8 90.9 196.8 1.08 | 5.1E08
97 6 241 8 24 0} 40332 6.1 0.0 19.1 0.0 5.9 [138.4 | 100.0 84.0 81.0 244.0 1.14 5.6E-08
g7 6 25| 8 39 O] 41787 121 0.0 13.5 0.0 6.6 {144.0 ;00.0 94.0 91.0 232.4 1.19 5.3E-08
97 6 261 8 28 0] 43216 18.1 0.0 8.0 0.0 5.5 | 14957 100.0 84.0 90.9 228.0 1.23 5.6E-08
97 6 27116 34 0] 45142 25.9 0.0 12 ] 23.8 6.8 | 156.3 | 100.0 93,7 90.7 206.3 1.29 5.3E-08
97 6 28|16 36 0] 46584 32.0 0.0 19.3 0.0 §.7 |162.0 | 100.0 93.6 89.7- 281.6 1.33 | 5.1E-08
97 6 30| 8 50 O] 48998 419 0.0 10.7 0.0 8.6 |170.6 99.9 93.4 89.8 242.0 140" | 4.5€-08
a7 7 1 8 32 0| 50420 48,2 | 48.2 541 19.6 5.3 11756.9 99.9 893.7 89.9 | 2445 1.45 5.0E-08
87 7 2| 8 18 0] 51846 6.8 0.0 18.3 0.0 6.7 [182.6 | 100.0 93.8 90.6 256.6 1.50 5.4€-08
97 7 3|16 41 0 | 53789 16.2 0.0 8.8 | 15.2 8.5 | 191.1 99.9 83.7 80.7 224.6 1.57 6.0E-08
97 7 5]13 36 0] 56484 29,5 0.0 12.8 0.0 | 12.2 |203.3 99.8 93.5 89.5 2847 1.67 | 5.7E08
97 7 7| 8 9 0} 539037 413 413 29| 221 9.9 |213.2 899.9 93.5 90.6 185.6 1.76 5.4E-08
97 7 8| 8 37 0] 60508 7.2 0.0 18.2 0.0 6.8 |220.0 99.9 93.9 90.0 305.3 1.81 5.5E-08
97 7 9 8 39 0| 61947 140 0.0 12.0 0.0 6.2 1226.2 93.8 93,8 90.9 223.0 1.86 5.3€-08
97 7 10| 8 25 0}63373 20.6 | 20.6 6.3 | 18.7 5.7 12319 99,8 93.9 90.2 266.0 1.91 5.3E-08
97 7 1210 23 0] 66371 6.7 0.0 13.6 00| 11412433 99.4 93.9 91.0 230.9 2.00 4.6€-08
97 7 14 9 27 069195 12,7 0.0 3.6 214} 10.0 |253.3 99.9 93.9 91.0 2149 2.09 5.2E-08
“;ﬂ 7 15| 9 O 0] 70608 15.8 0.0 19.8 0.0 5.2 1258.5 § 100.0 93.8 91(.0 221.0 2.13 5,3E-08
97 7 16| 8 17 0| 72005 18.7 0.0 14.9 0.0 4.9 |263.4 99.9 83.9 91.0 220.2 217 5.26-08
[ 97 7 17 9 32 0] 73520 21.8 0.0 9.7 0.0 5.2 |1268.6 99.9 93.8 80.9 211.9 2.21 5.2E-08




GOLDER ASSOGIATES INC., REDMOND, WA
FLEXIBLE WALL HYDRAULIC CONDUCTIVITY - (PERMEABILITY)

ASTM D5084
‘)’o]ect: PORT OF OLYMPIA / CASCADE POLE / WA
tolect Number:  973-1133
Date: §-21-97
Tech: BCK/DPO
Reviewer: DpPO
[sample Number [B-10 ] {Sample Description [Olive gray (5Y 4/2),
SILTY CLAY, some ¢ sand,
[Permeability, k {cm/sec) |- 6.4E-08 | little o gravel, (CH).
- |Sample Type [Shelby tube ]
Initial | Final
Height (cm) 7,106 | 6.923 [Peaneant |AG-7S Well water ]
Diameter (cm) 7.280 | 6.739
Area (sq cm) 41,62 | 35.67 Board number L0014
Volume (cc) 295.8 | 246.9 Cell numbet L0344
Wet Welght (g) 509.62 |466.29
Dry Weight (g) 342.09 | 342.09 Cell Pressure (psi) 100.0.
Specific Gravity (assumed) 278 278 Back Pressure (psi) g2.5
: Effective Stress (psi) 7.5
Volume of Voids (cc) 172.7 | 123.9 B - coefficient: 0.999
Saturation (%) 97%  100%
Moisture (%) - 49.0%  36.3% Bottom Pressure (psi)|{ - 94.0
Wet Density (pef) . -107.6 [ 117.9 Top Pressure (psi) 91.0
Dry Density (pcf) 722 | 865 Gradient 31
Date Time -Time Inflow (m) Outflow (ml) - Pressure (psi) | Head Pore K
yr | mo]day] br [ min[sec| (min) |Volume[ Fill_|Volume[ Drain| Delta] Total | Ceil | Bottom] Top | (cm H20)| Volumes| (cm/sec)
97 &6 27| 8 12 O] 0 0.0 00| 250 0.0 00| -0.0] 100.0 94,0 91.0 256.0 0.00 "0
97 &5 28| 8 45 0| 1473 851 0.0 193 00| &7 571 -99.8 93.8 810 2278| 0.05 | 52E-08
97 § 29('9 2 0] 2930 16.0 0.0 |- 14.2 00| 511 108 99.8 93.8 91.2 2011 0,09 | 5.3€-08
97 § 30|14 852 0| 4720 24.4 00| 84} 166 58| 16.6 89,7 83.8 81.3 179.9 0.13 - | 6,56E-08
97 § 31115 37 0] 6205 31.4 0.0 19.9 0.0 61.] 217 29.7 93.8 91.1 198.4 0.18 5.6E-08
7 6 .2| 8 55 0| 8683 414 | 414 12.3 0.0 76| 293 9.8 94.1 91.4 180.8 0.24 | 5.2E-08
7 6 3] 8 20 0| 10088 7.8 0.0 6.9 0.0 54 | 347 89.6 | 83.9 908 2372 0.28 | 5.4E-08|
97 6 4| 8 15 011523 15.4 0.0 1.9 | 23.1 5.0 -39.7 99.6 94.0 90.9 224.6 0.32 | 4.9E-08
97 6 518 26 0 12974 23.1 0.0 19.6 0.0 54 | 45.1 99.7 | 941 0.9 2416 | .0.36 | 4.9E-08
97 6 6]16 30 O0f 14898 326 | 326 12.8 0.0 681 51.9 89.71 64.0 91.2 19721 0.42 | 52608
97 6 8|12 -3 0]17544 14.9 0.0 28] 2221 100 61.9 89.6 94.0 91.0 218.9 0.50 | 5.4E-08
87 6 9| 8 48 0] 18756 21.3 0.0 20.2 0.0 481 66.7 99.6 64.0 91.3 208.8 0.54 | 5.7E-08
97 6 10] 8 15 0] 20163 28.1 0.0 16.3 0.0 49| 716 99.6 94.0 91.1 2112 | 0.58 | 5.4E-08
97 6 11] 8 4 021592 34.5 0.0 10.6 0.0 471763 99.5 94.0 91.2 183.1 0.62 | 5.3E-08
97 6 12| 8 12 023040 404 | 404 6.2 0.0 44| 807 99.5 63.9 91.1 182.8 0.65 | 5.2E-08
97 6 13}12 19 0| 24727 " 9.6 0.0 0.0 | 25.0 62| 868 89.5 93.9 21.0 2144 0.70 | 5.4E-08
97 6 .14113 13 0| 26581 19.4 0.0 18.1 0.0 69| 83.8 99.5 94.1 91.3 2157 | 0.76 | 5.3E-08
87 6 16| 9 46 028894 30.7 0.0 101 0.0 8.0 {101.8 99.4 93.8 90.9 203.4| 0.82 | 53E-08
87 6 17| 8 27 0] 30255 36.8 0.0 5.8 0.0 4.3 | 106.1 99.4 83.7 0.9 186.0 0.86 | 5.3E-08
87 6 18] 9 6 031734 42.7 0.0 14| 2361 4.4 |1105 99.4 83.9 90.9 189.7]| 0.89 | 5.1E-08
97 6 19{ 8 25 0]33133 48.4'| 484 | 205 Q.0 4.5 | 115.0 299.4 94.0 91.1 196.1 0.93 | 5.1E-08
97 6 20| 8 31 0] 34579 7.7 0.0 15.0 0.0 5511205 | 99.5| 94.0 91.2 2243 0.97 } 5.2E-08
97 6 21|13 43 0} 36331 16.6 0.0 8.9 0.0 6.1 1126.6 99.5 94.0 9.3 202.2 1.02 | 5.3€-08
97 6 23| 8 54 038922 28.3 | 283 081 242 8,1 11347 99.4 93.8 80.9 196.5 1.08 5.1E-08
97 6 241 8 24 0] 40332 6.1 0.0 19.0 0.0 6.0 | 140.7 | 100.0 4.0 91.0 243.9 1.14 5.6E-08
897 6 25| 8 39 041787 121 0.0 13.2 0.0 5.8 {146.5-] 100.0 94.0 91.0 232.1 1.18 5.4E-08
97 6 26| 8 28 0| 43216 18.1 0.0 7.6 0.0 5615211 100.0 94.0 90.9 227.6 123 | 5.5€-08
97 6 27116 34 0]45142| 259 0.0 0.7 1 243 6.9 |159.0 | 100.0 93.7 80.7 | 2058 1.28 | 5.3E-08
97 6 28|16 36 0] 46584 | .32.,0 0.0 19.2 0.0 5.8 {164.8 | 100.0 93.6 89.7 2815 1.33 | 5.1E-08
97 6 30| 8 50 048398} 419} 00 10.5 0.0 8,7 |173.5 99,9 93.4 89871 2418 1.40 4.5E-08
97 7 1 8 32 0| 50420 48.2 | 48.2 51 199 5.4 |178.9 999 | 837 89.9 244.2 1.44 | 5.1E-08
97 7 2| 8 18 0| 51846 6.8 0.0 18.3 0.0 6.7 | 185.6 | 100.0 93.8 90.6 256.6 1.50 5.3E-08
97 7 3}16 41 0| 53789 16.2 0.0 971 153 8.6 1194.2 9.9 93.7 90.7 224.5 1.67 | 6.0E-08
97 7 §{13 36 0] 56484 29.5 0.0 127 0.0 | 123 |206.5 99.8 93.5 89.5 284.6 1.67 | 5.6E-08
87 7 7] 8 9 015937 41.3 | 41.3 28| 222 9.9 |216.4 99.9 .83.5 80.6 185.5 1.78 5.3E-08
97 7 8| 8 37 0] 60505 7.2 0.0 18.1 0.0 6.9 12233 99.9 93.9 90.0 305.2 1.80 5.5E-08
97 7 9| 8 39 0] 61947 14.0 0.0 12.0 0.0 6.1 |229.4 99.8 93.9 80.9 229.0 1.85 5.1E-08
97 7 10} 8 25 063373 20.6 | 20.6 63| 187 5.7 | 2351 99.8 83.9 90.2 266.0 1.90 | 5.2E-08
97 7 12|10 23 066371 6.7 0.0 14.0 0.0 | 11.0 2461 99.9 93.9 914 203.2 1.99 4.7E-08
97 7 14| 9 27 0]69195 12.7 0.0 46| 204 9.4 |255.5 99.9 93.9 91.3 194.8 2.06 5.4E-08
/97 7 16} 9 0 0| 70608 15.8 0.0 20.2 0.0 4.8 12603 | 100.0 83.8 91.5 186.2.{ 2.10 5.5E-08
97 7 16} 8 17 0] 72005 18.7 0.0 157 0.0 4.5 {264.8 89.9 93.9 91.3 199.9 2.14 5.4E-08
97 7 17} 9 32 0] 73520 21.8 0.0 10.7 0.0 5.0 1269.8 99.9 93.8 91.2 191.8 2.18 5.5E-08




GOLDER ASSOCIATES INC., REDMOND, WA

FLEXIBLE WALL HYDRAULIC CONDUCTIVITY — (PERMEABILITY)

ASTM D5084

)

Joject: PORT OF OLYMPIA / CASCADE POLE /WA
troject Number:  873-1133

Date: 6-23-97
Tech: BCK/DPO "
Reviewer: DPO
[sample Number [Batch+4 ] [Sample Description _JOlive gray (5Y 4/2),
SILTY CLAY, some c{ sand,
[Permeabllity, k {(cm/sec) | 3.1E-08 ] littla c-f gravel, (CH).
. [Sample Type JRemolded |
Initial | Final .
Helght (cm) 4.751 | 4.089 [ Permeant [AG-7S Well water ]
Diameter (cm) 6.365 | 6.116
Area (sq cm) 31,82 | 29.38 Board number L0014
Volume (cc) 151.2 | 1201 Cell number 10203
Wet Welight (g) 248.27 '} 221,09 - .
Dry Weight (g) 159.69 | 159.69 | Cell Pressure (psi) 100.0
Specific Gravity (assumed) 2.71 2.71 Back Pressure (psi) 92.5
Effective Stress (psi) 7.5
Volume of Voids {cc) 92.2 61.2 B - coelficient: 0.961
Saturation (%) 6% 100K
Moisture (%) 55,569 38.4% Bottom Pressure (ps)) |  93.4
Waet Density (pcf) 102.5] 114.9 Top Pressure (psi) 91.6
Dry.Density (pef) 65.9 83.0 Gradient 31
Date Time Time Inflow (ml) Outflow (mi) Pressure (psi) Head Pore K
yr | mo] day| hr | min] sec] (min) | Volume] Fill | Volume] Drain | Delta| Total | Cell | Bottom| Top |{cm H20)| Volumes| (cm/sec)
97 6 25| 9 27 O [+] 0.0 0.0 25.0 0.0 0.0 0.0} 100.0| 93.4 91.6 171.6 0.00 0
97 6 261 8 32 0 1385 2.8 0.0 21.4 00] 36] 3.6] 100.0|. 934 91.6 165.2 0.06 3.6E-08
67 6 27116 87 O 3310 6.2 0.0 172]. 0.0 4.2 78] 100.0.] 934 91.5 164.6 0.13 3.1E-08
37 6 28116 36 O 4749 8.7 0.0 14.2 0.0 3.0.|] 10.8] 100.0 03.4- 91.5 169.1 0.18 3.0E-08
7 6 30 8 & 0 7163 127 0.0 9.5 0.0 47| 155 99.9 034 | 915§ 150.4 0.25 2.9€-08
97 7 1 8 32 0 8585 14.9 0.0 6.9 0.0 26| 18.1 99.9 ] 834 915 | .145.6 0.30 2.9E-08
97 7 2] 8 18 0| 10011 17.0] - 0.0 4.4 0.0 25] 206{ 100.0 83.4 91,8 141.0 0.34 2.8E-08
97 7 3|16 41 0 11954 19.8 0.0 1.1} 239 3.3 | 23.9 99.9 83.3 81.5 1278 0.39 2.9E-08
97 .7 §5§}13 36 0] 14649 241 00| 197 0.0 53| 29.2 99.8 93.2 91.4 142.2 0.48 3.1E-08
8r 7 7| 8 9 0] 17202 27.8 0.0 15.0 0.0 4.7 | 33.9 99.91 934 81,5 140.8 0.85 3.0E08
87 7T 8] 8 37 0] 18670 29.8 0.0 12,5 0.0 25| 364 99.9 83.2 91.5 1223 0.59 3.0E-08
97 7 9] 8 33 0] 20112 a31.8 00| - 9.9 0.0 261 339.0 99.8 93.5 91.4 145.8 0.64 3.1E-08
97 T 10| 8 25 0] 21538 33.8| 33.8 751 175 24| 41.4 99.8 93.4 91.5 127.3 0.68 2.9E-08
87 7 12|10 23 0| 24536 8.1 00]- 186 0,0 6.4 | 47.8 99.9 93.6 g2.1 139.0 0.78 3.1E-08
97 7 14| 8 27 0| 273680 9.5 0.0 129 0.0 57] 85 99.9 93.5 91.6 157.0 0.87 3.2E-08
a7 7 1§ 9 0 0} 28773 13.6 0.0 99| 0.0 3.0] 565 100.0 93.5 91.8 135.9 0.92 3.4E-08
87 7 16| 8 17 0} 30170 17.7 0.0 68 0.0 3.1 59.6 99.9 93.5 90.8 199.0 0.97 3.1E-08
97 7 17| 8 32 0] 31685 21.8 0.0 37| 213 3.1} 627 99.9 93.5 90.8 191.8 1.02 | 2.4E-08
87 7 18|16 11 0 | 33524 274 0.0 20.6 0.0 44 67.1{ 100.0 93.6 91.6 164.2 1.10 3.0E-08
87 7 19|12 &3 0 | 34766 30.7 0.0 17,7 0.0 29| 700} 100.0 93.5 90.9 189.9 1.14 3.1E-08
97 7 21 9 9 0 { 37422 38.2 0.0 11.6 0.0 61| 761 99.9 934 | -90.6 190.4 1.24 2.8E-08
97 7 22]| 8 42 0] 38835 41,0 .0 9.4 0.0 22| 783 | 1000 83.4 91,3 136.1 1.28 2.2E-08
7 7 2 8 53 0| 40286 43.7 0.0 71} 0.0 23| 80.6 |- 100.0 93.5 91.4 1311 1.32 2.8E-08
97 7 24 8 33 0| 41706 46.4 0.0 4.9 0.0 22| 828] 1000 93.5 91.4 126.2 135 2.8E-08
97 7 25] 8 29 0] 43142 49,1 | 49.1 28| 222 211 8491 100.0 93.5 91.6 107.3 1.39 2.9E-08
97 7 26|10 55 0| 44728 5.0 0.0 20.9 0.0 41] 89.0| 100.0 93.7 91.6 183.6 1.45 3.3E-08
97 7 28| 9 8 0| 47501 13.5 0.0 14.5 0.0 6.4 | 954 | 100.0 93.5 91.3 176.7 1.56 J.0E-08
97 7 29| 8 4 0] 48877 174 0.0 1.5 00] 3.0 984 99.9 93.4 91.3 161.8 1.61 3.0E-08
97 7 30] 7 859 O] 50312 21.0 0.0 8.6 0.0 29 [101.3 | 100.0 93.5 91.4 1853 1.66 3.0E-08
97 7 31 7 54 O] 51747 24,7 0.0 5§91 00 27 1104.0] 100.0 93.6 91.6 141.9 1.70 2.9€-08
87 8 1] 11 66 0] 53429 28.9 0.0 28| 222 3.1 ]107.1 100.0 9351 914 141.6 1.75 3.0E-08
97 8 3|15 7 0Of 56500 36.2 0.0 18.7 0.0 6.3 | 1134 | 100.0 93.5 91.3 1572 1.85 3.0E-08
97 8 4111 36 0] 57729 38.9 -0,0 16.3 0.0 2411158 100.0 93.5 91.4 145.1 1.89 3.0E-08
97 8 S5 9 &9 0 | 59072 4181 418 13.8 0.0 251183 | 100.0 93.6 91.6 1327 1.93 3.1E-08
97 8 6 9 49 0 | 60502 4.6 0.0 103 0.0 3.5 | 121.8 99.9 93.5 91.4 173.4 1.99 3.3E-08
97 8 7] 9 23 O 61916 9.0 0.0 7.0 0.0 3.3 | 125.1 99.9 93.7 91.5 1727 2.04 3.1E-08
97 8 8} 10 40 0 | 63433 134 0.0} 3.7| 213 3.3 | 128.4 99.9 936 | 915 158.0 2.10 3.1E-08
u|97 8 9|15 29 0| 65162 18.5 0.0 2081 0.0 421326 99.9 93.7 91.6 170.0. 217 3.2E-08
ar 8 11 9 10 0] 67663 25.4 0.0 15.0 0.0 5.8 | 138.4 99.9 93.5 91.2 171.4 2.26 3.2E-08
I 97 8 12 8 39 0 | 69072 28.8 0.0 12.1 0.0 2.9 1141.3 99.9 93.5 91.6 136.9 2.31 3,1E-08




GOLDER ASSOCIATES INC., REDMOND, WA
FLEXIBLE WALL HYDRAULIC CONDUCTIVITY — (PERMEABILITY)

ASTM D5084

Project: PORT OF OLYMPIA / CASCADE POLE /WA
Project Number: 973-1133

Date: 6-23-97

Tech: BCK/DPO

Reviewer: DPO
[Sample Number [Batch-6 ]

Olive gray (SY 4/2),

| Sample Description

SILTY CLAY, some c-f sand,

|Permeability, k {cm/sec) |  6.3E-08 ] litle c-f gravel, (CH).
[Sample Type |Remolded . ]
Inttial | Final .
Height (cm) 4.908 | 4.343 | Permeant |AG-7S Well water |
Diameter {(cm) 6,365 | 6.159
Area (sq cm) 31.82 | 29,79 Board number LO014
Volume (cc) - 4 15621 129.4 Cell number .| L0204
Wet Weight (g) 272.92 | 249.18 .
Dry Welght (g) 189.53 | 189.53 Cell Pressure (psf) 100.0
Specific Gravity (assumed) 2.71 2.71 ‘| Back Pressure (psi) 92.5
' Effective Stress (psi) 7.5
Volume of Vaids (cc) 86.2 69.5 B - coefficient: 0.954
Saturation (%) 97%  100% _ .
Molsture (36) 44,04 31.5% Bottom Pressure (psi) 93.4
Wet Density (pcf) 109.1 | 120.2 Top Pressure (psi) 91.6
Dry Density (pcf) 75.8 91.4 Gradient 29
~ Date Time Time Inflow (ml) - Outflow (ml) Pressure (psi) Head Pore K
yr [ moJ day| hr [min] sec| (min) |Volume] Fill | Volume| Drain | Delta | Total | Celi | Botom] Top | (cm H20)| Volumes | (cm/sec)
197 6 25 9 27 O 0 0.0 0.0 25.0 0.0 0.0 0.0] 100.0 93.4 g91.6 17161 0.00 0
87 6 26| 8 32 0 1385 2.8 0.0 19.8 0.0 52 §2 | 1000 934 91.6 163.6 0.09 85.4E-08
97 6 27|16 37 o0 3310 6.2 0.0 13.1 0.0 671 11.9| 1000} 934 91.5 160.5 0.20 8.2E-08
§7 6 28|16 3 O 4749 8.7 0.0 85| 165 46 ] 165 | 10001 - 934 91.5 163.4 0.28 4,9E-08
97 6 30 8 50 o0 7163 1271 00 16.7 0.0 83| 24.8 89.9 93.4 91.5 157.6 0.42 6.1E-08
87 7 1 g8 32 0 8585 149 0.0 121 0.0 46| 294 99.9 93.4 81.5 150.8 0.49 §.1E-08 |.
87 7 2| 8 18 0] 10014 17.0 0.0 7.7 0.0 44 338 100.0 93.4 91.5 1443 0.57 5.1E-08
97 7 3|16 41 0| 11954 19.8 0.0 22| 228 65| 39.3 99.9 83.3 91.5 129.0 0.66 5.0E-08
97 7 5|13 36 0] 14649 241 0.0 163] 0.0 8.7} 48.0 99.8 83.2 91.4 138.8 0.81 §.4E-08
97 7 7} 8 9 0] 17202 278 0.0 89| 00 74)] . 554| 999 934 91.5 1347 0,83 5.1E-08
97 7 8| 8 37 0] 18670 298 ). 0.0 5.1 0.0 38| 59.2| 999 93.2 91.5 1149 1.00 6.0E-08
87 7 9| 8 33 0] 20112 31.8 0.0 12| 238 39| 63.1 99.8 93.5 91.4 1371 1.06 6.2E-08
87 7 10} 8 25 0 21538 33.8| 338 20.6 4.4 44| 675| 998 93.4 ‘91.5 140.4 1.14 5.0E-08
97 7 12110 283 0| 24536 5.1 0.0 15.0 00| 100 775 { 999 93.6 g2.1 135.4 1.30 §.2E-08
97 7 14| 9 27 0} 27360 9.5 0.0 6.6 0.0 84| 859 99.9 g3.5 91.6 160.7 1.44 5.1E-08
97 7 15] 9 0 0| 28773 13.6 0.0 22| 228 44} 903 | 100.0 93.5 91.8 128.2 1.82 5.4E-08
g7 7 16 8 17 0] 30170 | 17.7 0.0 19.6 0.0 6.4 |. 957 99.9 93.% 90.8 211.8 1.61 6.2E-08
97 7 17} 9 382 0] 31685 21.8 0.0 144 0.0 5211009 99.9 93.5 90.8 202.5 1.70 4.0E-08
97 7 18|16 11 ~ 0| 33524 271 0.0 78| 172 6.6 | 107.5 | 100.0 93.6 91.6 141.4 1.81 . | 5,1E-08
97 7 19|12 83 0| 34766, 307 0.0 20.1 00} -49|1124| 1000 935 90.9 192.3 1.89 5.5E-08
g7 7 21 9 9 0| 37422 38.2 0.0 9.9 00| 102 |1226 89.9 93.4 90.6 188.7 2.06 4.9E-08
a7 7 22 8 42 0 | 38835 41.0 0.0 6.2 0.0 3.7 11263 | 100.0 93.4 91.3 132.9 2.12 4,0E-08
97 7 23| 8 83 0] 40286 437 0.0 27| 223 3511298 1000 935 91.4 126.7 2.18 4.5E-08
897 7 24| 8 33 0 41706 46.4 0.0 20.5 0.0 4511343 | 100.0 93.5 914 141.8 2.26 6.3E-08
97 7 25 8 29 0] 43142 49.1 | 4941 16.5 0.0 4,0 11383 | 100.0 93.5 91.6 121.0 2.33 6.1E-08
97 7 26110 655 0| 44728 5.0 0.0 104.| 14.6 6.1 | 144.4 | 100.0 83.7 91.6 1731 2.43 5.4E-08
a7 7 281 9 8 . 0] 47501 135 0.0 141 00] 109]1853 | 100.0 935’ 91.3 175.3 2.61 6.3E-08
a7 7 29 8 4 0| 48877 17.4 0.0 9.2 0.0 4.9 | 160.2 99.9 93.4 81.3 159,65 2.69 5,2E-08
97 7 30 7 89 0| 50312 21.0 0.0 44| 2086 4.8 | 165,0 | - 100.0 93.5 91.4 151.1 2.78 5.2E-08
‘,)97 7 3 7 54 0| 51747 24,7 0.0 19.8 0.0 621702 ] 100.0 93.6 81.6 155.8 2.86 5.4E-08




GOLDER ASSOCIATES INC., REDMOND, WA
FLEXIBLE WALL HYDRAULIC CONDUCTIVITY - (PERMEABILITY)

ASTM D5084
t)’o]eci: PORT OF OLYMPIA / CASCADE POLE / WA
Project Number:  973-1133
Date: 6-23-97 y
Tech: BCK/DPO '
Reviewer: DPO
|Sample Number |Batch-8 ] -[Sample Description [Olive gray (5Y 4/2),
. SILTY CLAY, some c-f sand,
| Permeability, k (crm/sec) | 3.7E-08 ] little c-f gravel, (CH).
[Sample Type | Remolded ]
- Initial | Final '
Helght (cm) 4.846 | 4.314 |Permeant |AG-7S Well water |
Diameter (cm) 6.365 | 6.168 )
Area (sq cm) 31.82 | 29.88 Board numbet L0014
Volume (co) 154.2 | 1289 Cell number L0205
Wet Weight () 270.79 | 248.27
Dry Welght (g) 187.37 {187.37 |} Cell Pressure (psi) 100.0
Specific Gravity (assumed) 275| 275 Back Pressure (psi) 92,5
i Effective Stress (psi) 7.5
Volume of Volds {cc) 86.1 60.8 B - coefficient: 0.948
Saturation (%) 97% 100%]|
Moisture (%) 44.5%] 32.5% Bottom Pressure (ps))] 93.4
| Wet Density (pcf) 109.6 | 120.2 Top Pressure (psi)’ 91.6
Dry Density {pcf) - C 7591 907 Gradient - 29
Date Time Time Inflow {ml) Outflow (mi) Pressure (psi) . Head Pore | K
yr | mo| day| hr [ min] sec|] (min) |Volume] Fill | Volume| Drain| Detta| Total | Cell | Bottom| Top |(cm H20)} Volumes| (cm/sec)
97 6 25| 9 27 0 0 0,0 0.0 25,0 0.0 0.0 0.0} 100.0 93.4 916 ] 1716 000 {- €
)7 6 26} 8 32 0| 1385 2.8 0.0 21.4 0.0 3.6 3.6 100.0 93.4 91.4 179.3 0.06 | 3.6E-08]
97 6 2716 37 0] 8310 6.2 0.0 16.5 0.0 4.9 8.51 100.0 93.4 91.4 171.0 0.14 | 3.5E-08
97 6 28|16 36 0] 4748 8.7 0.0 1341 0.0 34| 118 ] 1000 934 91.8 1680} 020 | 3.5E-08
97 6 30| 8 50 0| 7163 1274 0.0 7.3 0.0 68| 17.7 99.9 834 | 914 158.3 029 | 3.7E-08
97 7 1 8 32 0] 8s85 149 0.0 4.1 0.0 3.2 | 208 838.9 93.4 91.5 142.8 0,34 | 3.6E-08
97 7 2] 8 18 0] 10011 17.0 0.0 1.0} 240 3.1 | 24.0| 100.0 93.4 91.56 1376 0.39 | 8.7E-08}
97 7 38|16 41 0] 11954 19.8 0.0 20.1 0.0 491 289 99.8 833 91.5 146.9 0.48 | 8.9E-08
97 7 65}13 3 0] 14649 24.1 0.0 13.4 0.0 6.7 | 35.6 99.8 93.2 91.2 150.0 059 | 4.0E-08
97 7 7] 8 9 0]17202 27.8 0.0 7.2 0.0 6.2 | 41.8 99.9 93.4 91.2 154.1 0.69 | 3.8E-08
97 7 8| 8 37 0]18670 29.8 0.0 381 21.2 34| 452 999 93.2 81.0 148.7 0.74 | 3.7E-08
97 7 9| 8 3 0}20112 31.8 0.0 21.2 0.0 3.8 | 49.0 99.8 93.5 91.2 1712 0.81 3.7E-08
97 7 10| 8 25 021538 33.81 33.8 17.8 72 3.4 624 99.8 93.4 911 165.8 0.86 | 3.4E-08
97 7 12|10 23 024536 6.1 0.0 175 0.0 751 69.9 99.9 83.6 g2.1 1379 |- 0989 | 3.5E-08
97 7 14| ¢ 27 027360 9.5 0.0 11.0 0.0 6.5 | 66.4 89.9 93.5 91.6 15851 | .1.09 | 3,8E08
97 7 1651 9 0 0}28773 13.6 0.0 7.6 0.0 3.4 69.8| 100.0 93.5 91.8 133.6 1.15 .| 4.0E-08
97 7 16| 8 17 0| 30170 177 0.0 4.1 0.0 35| 733 99.9 93.5 90.8 196.3 1.21 3.7E-08
97 7 17| 9 32 0]31685 21.8 0.0 0.6 ] 244 35| 768 99.9 93.5 90.8 188.7 126 | 2.9E-08
97- 7 18|16 11 0| 33524 27.1 0.0 19.8 0.0 521 820} 100.0 93.6 91.6 153.4 1.35 | 3.7E-08
97 7 1912 863 0| 34766 30.7 0.0 16.5 0.0 33| 8531 100.0 93.5 80.9 188.7 1.40 | 3.7E-08
897 7 2119 9 037422 38.2 Q.0 9.4 0.0 7.1 | 924 99.9 93.4 90.6 188.2 1.62 | 3.4E-08
97 7 22| 8 42 0738835 41.0 0.0 6.8 0.0 26 ) 95,0 1000 93.4 91.3 133.6 1.56 | 2.8E-08
97 7 23| 8 83 0|} 40286 437 0.0 43 0.0 25| 975 100.0 93.5 91.4 128.3 1.60 | 3.2E-08
97 7 24| 8 33 0] 41706 46.4 0.0 1.6 | 23.4 2.7 {1002 ] 100.0 93.5 91.4 122.8 1,65 | 3.6E-08
97 7 25| 8 29 0143142 49.1 | 49.1 219 0.0 3.1 ]103.3 | 100.0 93.5 91.6 126.4 1.70 3.8E-08
97 7 26110 55 0] 44728 6.0 0.0 17.2 0.0 4,7 1108.0{ 100.0 93.7 916 179.9 1.78 | 4.0E-08
97 7 281 9 8 0} 47501 13.8 0.0 9.7 0.0 7511165 | 100.0 93.5 91.3 1709 1.80 | 3.7E-08
97 7 291 8 4 0148877 174 0.0 6.2 0.0 3.6 1118.0 99,9 93.4 91.3 156.5 1.96 3.7E-08
97 7 30| 7 &8 0] 50312 21.0 0.0 28 222 34 {1224 | 100.0 93.6 914 149.5 2.01 3.7E-08
97 7 31 7 64 0}51747 24.7 0.0 21.2 0.0 3.8 (1262 | 100.0 93.6 91.6 167.2 2.08 | 3.9E-08
97 8 1{11 56 0] 563429 28,9 0.0 174 0.0 41113081 100.0 93.5 91.4 155.9 2.14 | 3.7€-08
97 8 3|15 7 056500 36.2 Q0.0 10.0 0.0 7.1 11374 | 100.0 93.5 91.3 148.5 2.26 3.7E-08 _
/‘97 8 4|11 36 .0|67729 38.9 0.0 7.3 0.0 2.7 |140.1 | 100.0 93.5 91.4 136.1 2.31 3.7E-08
(97 8 5| 9 59 059072 418 ] 41.8 4.6 0.0 27 |142.8 | 100.0 93.6 91.6 123.5 2.35 3.7E-08




GOLDER ASSOCIATES INC., REDMOND, WA
FLEXIBLE WALL HYDRAULIC CONDUCTIVITY - (PERMEABILITY)

ASTM D5084
‘ojact: PORT OF OLYMPIA / CASCADE POLE / WA
Loject Number:  973-1133
Date: 7-9-97
. Tech: BCK/DPO
Reviewer: DPO
[Sample Number [Batch-13 | [Sample Description _[Olive gray (5Y 472),
SILTY CLAY, some ¢ sand,
{Permeability, k (cm/sec) ] 8.9E-08 | litle cf gravel, (CH).
[Sample Type | Remolded ]
initial | Final )
Helght {(cm) 4.829 | 4.250 {Permeant |AG-7S Well water ]
Diameter (cm) 6.365 | 6.126
Area (sq cm) 31.82 | 29.47 Board number L0014
Volume (cc) 1583.7 | 125.3 Cell number L0200
Wet Weight (g) 262.82 | 231.27
Dry Weight (g) 169.67 | 169.67 Cell Pressure (psi) 100.0
Specific Gravity (assumed) 2.79 2.79 - Back Pressure (psi) 92.5
- : Effective Stress (psi) 7.5
Volume of Voids (cc) §2.8 | 64.5 B - coefficlent: 0.947
Saturation (%) T 100% 96
Moisture (%) 54.9% 36.3% Bottom Pressure {psi)| 93.4
Waet Density (pcf) 106.8] 1153 Top Pressure (psi) 91.6
Dry Denstty (pel) 68.9 | 646 Gradient 30
Date Time Time Inflow (mi) Qutflow (ml) Pressure (psi) Head Pore K
yr | mofday] hr Tmin[ sec| (min) [Volume| Fill | Volume] Drain] Defta| Total | Cell | Bottom Top | {cm H20)| Volumes| (cm/sec)
97 7 141 9 27 0 0 9.5 0.0 25,0 0.0 0.0 0.0 99.9 93.5 91.6 169.1 0.00 -0
97 7 151 9 0 0} 1413 13.6 0.0 20.6 0.0 4.4 4.4 1000 93,5 91.8 146.6 0.07 | 4.7E-08
97 7 16] 8 17 o} 2810 - 177 0.0 16.4 0.0 42 8.6 99.9 93,5 90.8 208.6 0.13 4.1E-08
87 7 17§ 9 32 0] 4325 21.8 0.0 12.2 0.0} 42| 128 99.9 93.5 90.8 200.3 0.20 3.3E-08
a7 7 18|16 11 01 6164 271 0.0 7.01 18.0 52| 18.0 1 100.0 9361 91.6 140.6 0.28 4.0E-08
;7 19]12 83 0| 7406 30.7 0.0 21.2 0,0 3.8 21.8] 100.0 83.5 90,9 1934 0.34 4.2€-08
97 7 21 9 9 0] 10062 38.2 0.0 133 0.0 791 29.7| 999 934 90.6 192.1 0.46 3.7E-08
97 7 22| 8 42 0] 11475 41.0 0.0 104 0.0 29 326 100.0 93.4 91.3 137.1 0.51 3.0E-08
87 7 23| 8 53 0] 12926 43,7 | 0.0 7.6 0.0 28] 354 | 1000 835 91.4 | 1316 0.55 3,6E-08
87 7 24} 8 33 0] 14346 46.4 0.0 4.8 0.0 28| 382 100.0 93.5 91.4 126.1 0.59 3.7E-08
87 7 251 8 29 0] 15782 49.1 1 49.1 23] 227 25| 40.7 | 100.0 93.5 21.6 106.8 0.63 | 3.6E-08
87 7 26110 55 0] 17368 5.0 0.0 20.0 0.0 50| 45.7 | 100.0 93.7 91.6 1827 0.71 4.2E-08
97 7 281 9 8 0| 20141 13.5 0.0 12.1 0.0 79| 83.6 ] 100.0 93.5 91,3 173.3 0.83 | 3.8E-08
97 7 29| 8 4 o} 21517 17.4 0.0 8.5 0.0 3.6 57.2 99.9 93.4 91.3 158.8 0.89 | 3.8E-08
97 7 301 7 53 0] 22952 21.0 0.0 5.0 0.0 3.5 | 60.7| 100.0 93.5 91,4 151.7 0.94 3.8£-08
97 7 311 7 654 0]24387| 247( 00 17| 233| 33| 64.0] 1000| 936| 916 1377 089 | 38608
87 8 1(11 56 0] 26069 28.2 0.0 204 0.0 46| 68.6| 1000 93.5 91.4 159.2 1.06 4.1E-08
97 . 8 315 7 0] 29140 36.2 0.0 13.0 0.0 74| 76.0 | 100.0 93.5 91.3 151.5 1.18 3.7E-08
97 8 4|11 36 0] 30369 38.9 0.0 103 0.0 2.7 787 | 100.0 93.5 91.4] 139.1 1.22 | 3.6E-08
87 8 §&§( 9 89 0} 31712 418 418 74 0.0 29 81.6| 1000 93.6 91.6 126.3 1.27 | 3.9E08
97 8 6] 9 49 033142 4.6 0.0 33| 2171 41| 857 999 935 91.4 166.4 1.33 4.1E-08
97 8 7| ® 23 0| 34556 8.0 0.0 20.5 0.0 4.5] 9802 99.9 93,7 91.5 "186.2 1.40 4.1E-08
97 8 8110 40 0] 36073 134 0.0 16.1 0.0 4.4 1 946 99.9 93.6 91.85 170.4 1.47 3.9E-08
97 8 9116 29 0] 37802 18.5 0.0 11.4 0.0 4.7 1 99.3 99.9 93.7 91.6 160.6 1.54 3.9E-08
97 8 11 8 10 0] 40303 25.4 0.0 4.8 0.0 6.6 | 105.9 99.9 83.5 91.2 161.2 1.64 3.9€-08
97 8 12| 8 39 0] 41712 28.8 | 293 1.5 | 24,0 3.3 | 109.2 99.9 93.5 91.6 126.3 1.69 3.9E-08
97 - 8 13| 8 .43 0] 43156 3.6 0.0 213 | " 0.0 4.2 | 1134 99.9 93.6 91.7. 1713 1.76 4.0E-08
97 8 14| 8 26 0] 44579 77 0.0 17.0 0.0 43 |117.7 ] 99,9 93.5 91.4 177.0 1.83 4,2E-08
97 8 15| 8 40 0| 46033 17 0.0 12.9 0.0 4.1]121.8 99.9 93.5 91.2- 183.0 1.89 3.8E-08
97 8 16]10 43 0| 47596 15.8 0.0 88| 16.2 4.1]125.9 89.9 93.6 91.3 174.8 1.95 3.5E-08
97 8 18] 9 18 0| 50391 23.0 0,0 16.9 0.0 8.1 | 134.0 99.8 83.5 91.4 161.6 2.08 4.0E-08
97 8 19| 8 46 0| 51799 26.3 0.0 13.2 0.0 3.7 {1377 99.9 93.5 91.5 1476 2.14 4.1E-08
97 8 20| 8 42 0| 53235 29.6 0.0 9.6 0.0 3.6 | 141.3 99.8 93.5 81.5 140.7 2.19 4.2E-08
97 8 21| 8 47 0| 54680 32.9 0.0 6.1 0.0 3.5 | 144.8 99.7 93.4 91.0 162.0 2.25 3.8E-08
97 8 22| 9 1 0| 56134 36.0 0.0 28| 22 3.3 | 148.1 99.8 93,4 914 | 1275 2.30 3.8E-08
97 8 23|13 13 0] 57826 39.8 0.0 20.4 0.0 4.6 | 152.7 99.8 93.3 91.1 |- 15853 2.37 4,3E-08
|97 8 25| 8 30 O 60423 45.3 0.0 14.1 0.0 6.3 | 159.0 89.8 93.4 91.2 143.5 2.47 3.9€-08
97 8 26 8 26 0| 61859 48.0 | 48.0 10.8 00]. 3311623 99.7 93.3 91.0. 144.6 2.52 3.8E-08
97 8 27| 8 46 0] 63319 4.4 0.0 6.4 0.0 4.4 1166.7 99.8 93.4 91.2 176.7 2.59 3.9E-08
; 8 28 8 20 01 64733 8.5 0.0 23| 227 4111708 99.7 93.4 91.0 182.6 2.65 8_.9E-08
_ S 8 29]116 . 19 0 | 66652 14.2 0.0 18.9 0.0 6.1 ]176.9 99.7 93.4 981.0 1835 |- 2.74 3.8E-08




FLEXIBLE WALL HYDRAULIC CONDUCTIVITY - (PERMEABILITY)

ASTM D5084
P PORT OF OLYMPIA / CASCADE POLE / WA
) Number:  973-1133
Date: 7-10-97
Tech: BCK/DPO
Reviewer: DPO N
[sample Number ] Batch-16 ] {Sample Description | Olive gray (5Y 4/2),
. SILTY CLAY, some c- sand,
[Permeabllity, k (cm/sec) |  8.4E-08 | little c-f gravel, (CH).
[Sample Type [Remolded ]
: Initial | Final
Helght (cm) 4.787 | 4.075 |Permeant |AG-7S Well water ]
Diameter (cm) 6,365 | 6.132- .
Area (sq cm) 31.82 | 29.53 Board number 10014
Volume (cc) 152.3 | .120.3 Cell number L0202
Wet Welght (g) 253.29 | 218,38 - :
Dry Welght (g) 157.32 | 157.82 Cell Pressure (psi) 100.0
Specific Gravity (assumed) 2.77 2.77 Back Pressure (psi) 2.5
] Effective Stress (psi) 7.5
Volume of Voids (cc) 955 | 63.5 B - coefficient: 0.889
Saturation (%) 100%  96% )
Molsture (%) 61.0% 38.8% Bottom Pressure (psi) |  93.4
Wet Density (pcf) 103.8 | 1133 Top Pressure (psi) 91.6
Dry Density (pcf) 64.5| -81.6 Gradient 31
Date “Time Time lnfiow (mi) Qutflow (ml) e Pressure (psi) Head Pore K
ye [ mo] day| hr [min] sec} (min) |Volume] Fill |Volume] Drain| Delta] Total | “Cell [ Bottom] Top | (cm H20)| Volumes| (cm/sec)
97 7 14].9 27 0| -0 - 95 0.0 25,0 0.0 0.0} 00 899 ] 835 91.6 169.1 0.00 0
97 7 1§51 9 0 O} 1413| ‘1361 00| 214 00 36| 36 1000 935| 91.8| 1474} 006 | 3.7E08
87 7 16| 8 17 "0} 2810 17.7 0.0 17.6 0.0 3,8 7.4 99.9 835 | -90.8 209.8 0.12 | 3.5E08
97 7 171 9 8 0 4325 21.8 0.0 13.8 00 387 111 99.9 93.5 90,8 2020 0.17 | 2.7E-08
87 7 18]16 11 0} 6164 271 0.0 9.3 0.0 46| .157 | 100.0 93.6 91,6 142.9 0.25 | 3.3E-08
g J[.19112 83 0. 7406 30.7 0.0- 6.3 | 18.7 3.0| 187 | 100.0]. 935 90.9 178.5 029 | 3.5E-08
9 7 211 9 9 010062 38.2 0.0 17.7 0.0 73] 26.0 99.9 93.4 90,6 196.5 0.41 3.2€-08
97 7 221 B8 42 0] 11475 41.0 0.0 16,0 0.0 27} 28.7| 100.0 83.4 913 1417 0.45 | 2.6E-08
97 7 23} 8 53 0] 12926 43.7 0.0 123 0.0 27| 314 1000 83.5 91.4 136.3 0.43 | 3.1E-08
87 7 24] 8 33 0] 14346 46,4 0.0 9.8 0.0 25| 33.9| 100.0 93.5 91.4 131.1 0.53 .| 3.0E-08
97 7 25| 8 29 O] 15782 49.1 | 49.1 7.4 0.0 24| 363 | 100.0 93.5 91,6 111.8 0.57 | 3.2E-08
97 7 2610 65 0] 17388} 5.0 0.0 35| 21.8 3.9 402 1000 83.7 91.6 166.2 0.63 | 3.5E-08
97 7 281 9 8 0| 20141 13.5 00| 177 0.0 73] 475 | 100.0 83.5 91.3 178.9 0.75 | 3.3E-08
97 7 291 8 4& .0] 21517 174 0.0 14.4 0.0 33| 50.8 99.9 S3.4 91.3 164.7 0.80 | 3.2E-08
87 7 30| 7 §9 0] 22952 21.0 0.0 111 0.0 3.3 | 541 100.0 93.5 91.4 157.8 0.85 | 3.36-08
97 7 31] 7 54 0| 24387 24.7 0.0 81} -0.0 3.0 §7.1| 1000 93.6 91.6 1441 0.90 | 3.2£-08
87 8 111 5 0] 26069 28.9 0.0 461 204 3.5 | 60.6 | -100.0 93.5 914 143.4 0.95 | 3.3608
97 8 3|15 7 0|29140] . 362 0.0] . -18.0 0.0 70| 676 100.0 83.5 913 ]. 1565 1.06 | 3.3E-08
97 8 4111 36 0] 30369 38.9 0.0 15.4 00} 26| 702{ 100.0 93.5 81.4 144.2 1,10 | 3.2E-08
97 8 5| 9 59 0|31712| 418 418 127 0.0 27| 729 1000 83.6 91.6 1316 1.15 { 3.4E-08
97 B8 6| 9 49 0] 33142 | . 4.6 0.0 89| 0.0 38 767 999 | 935 91.4 1720 1.21 3.5E-08
87 8 7| 9 23 0] 34556 8.0 0.0 53 0.0 36| 803 99.9 83.7 81.5 171.0 1.26 | 3.4E-08
87 8- 8{10 40 0] 36073 13.4 0.0 17} 233 | 3.6 839 99.9 83.6 915 | 1586.0 1.32 | 3.3E-08
97 8 9|15 29 0| 37802 18.5 0.0 204 ] . 0.0 46| 885 99.9 93.7 91.6 169.6 1.39 3.5E-08
o7 -8 1 9 10 0] 40303 254 0.0 14.0 0.0 6.4 |.-949 (| 999 83.5 81.2 170.4 1.49 | 3.5E-08
97 8 12| 8 39 0] 41712 28.8 1 293 10.9 | 145 3.1| 980 s 989.9 93.5 91.6, 135.7 1.54 3.3E-08
97 8 13| 8 43 0] 43156 3.6 0.0] 215 00| 3.9][101.9 99.9 83.6 | .- 91.7 1715 1.60 | 3.5E-08
97 8 14] 8 26 O] 44579. 77 0.0 17.7 00| -3.8}11057 99.9 93.5 91.4 1777 1.66 | 3.5E-08
97 8 15| 8 40 0| 46033 11.7 0.0 14.0 0.0 3.7 | 109.4 99.9 3.5 91.2 184.1 172 | 3.2E-08
97 8 16|10 43 O 47596 158] 0.0 10.1 | 14.9 3.9 | 1133 |- 9.9 93.6 91.3 176.1 1.78 3.2E-08
87 8 18} 9 18 O] 50391 (. 23.0 0.0 17.6 0.0 7.4 1120.7 | 99.8 983.5 91.4 162.3 1.90 3.4E-08
97. 8 19| 8 46 0} 51799 263 0.0 143 0.0 3.3 | 1240 99,9 93.5 91.5 148.7 1.95 3.5E-08
87 8 20| 8 42 0] 53235 29.6 0.0 11.0 0.0 3.3 [ 1273 99.8 93.5 81.5 | ' 1421 2,00 3.6E-08
97 8 21 8 47 0] 54680 32.9 0.0 7.9 0.0 3.1 | 130.4 99.7 93.4 91.0 163.8 2.05 3.2E-08
97 '8 22| 9 1 0] 56134 36.0 -0.0 4.9 | 201 3.0 | 133.4 99.8 93.4 91.4 '129.6 2.10 3.2E-08
97 8 23113 13 0 | 57826 39.8 0.0 20.9 0.0 4.1 | 137.5 99.8 93.3 91.1| 155.8 2.16 3.6E-08
97 8 25| 8 30 0] 60423 45.3 0.0 15.2 0.0 67 |143.2| 998 B34 | 612 144.6 2.25 3.4E-08
97 8 26 8 26 .0 61859 48,0 | 48.0 122 0.0 3.0 | 146.2 99.7 93.3 91.0 | .146.0 2.30 3.3E-08
97 8 27 8 46 0 | 63319 4.4 0.0 8.2 0.0 4.0 | 160.2 99.8 93.4 91.2 178.5 2.36 3.4E-08
9 ? 28 8 20 0| 64733 8.5 0.0 44| 206]. 381540} -99.7 93.4 91.0 184.7 2.42 3.4E-08
9. 8 20116 19- 0} 66652 1421 -0.0- 19.5 0.0 551595 99.7 934 | 91.0 194.1 2.51

3.3E-08 | -




GOLDER ASSOCIATES INC., REDMOND, WA
FLEXIBLE WALL HYDRAULIC CONDUCTIVITY — (PERMEABILITY)

ASTM D5084
Ject: PORT OF OLYMPIA / CASCADE POLE / WA
Jlect Number: 973-1133
Date: 7-10-97
Tech: BCK/DPO
Reviewer: DPO
{sample Number [Batch-21 | [Sample Description _[Olive gray (oY 4/2),
] SILTY CLAY, some ¢ sand,
{Permeability, k (cm/sec) | 8.0E-08 i little - gravel, (CH).
[Sample Type [Remolded ]
Initial | Final
Helight (cm) 4.852 | 4.254 {Permeant [AG-7S Well water ]
Diameter (cm) 6,365 | 6.032
Area (sq cm) 31.82 | 28,58 . |Board number L0014
Volumne (cc) 1544 | 121.6 Cell number L0343
Wet Welght () 248,32 | 220.62
| Dey Weight (g) 155.22 | 155.22 Call Pressure (psi) 100.0
Specific Gravity (assumed) 275| 275 Back Pressure (psi) 92.5
. - Effective Stress (psi) 7.5
Volume of Voids (cc¢) 87.9 65.1 B - coefficient; 0,907
Saturation (%) 95%  100% .
Moisture (%) 60.0% 42.1% Bottom Pressure (psi) |  83.4
Wet Density (pcf) 100.4 | 113.3 Top Pressure (psi) 91.6
Dry Density (pcf) 62.8 79.7 Gradient 30
Date Time Time Inflow (ml) Qutflow (ml) . Pressure (psi) Head Pore | . K
t | mo] day| hr [min[ sec] (min) {Volume| Fill | Volume] Drain] Delta| Total | Cel Bottom| Top | (cm H20)| Volumes| (cm/sec)
7 7 21| 8 38 0 ' 0 0.0 0.0 25.0 00| 00| 0.0 100.0] 934 916 171.6 0.00 0
87 7 22) 8 42 0] 1384 22 0.0| .219 00[ 31 3.1 | 100.0 83.4 91.6.] 1663 0.05 | 3.3€E-08
97 7 23| 8 83 o0} 2835 4.4 0.0 18.9 0.0 3.0 6.1] 100.0| 93,5 91.6 168.1 0.09 3.1E-08
97 7 24| 8 383 O0f 4255 6.5 0.0 16.0 0.0 2.9 9.0 ] 100.0 93.5 91.6 163.1 0.14 3.1E-08
TTo7 25| 8 29 O 5691 8.5 0.0 13,2 0.0 28] 118 100.0 93.5 91.6 168.3 0,18 3.0E-08
) 7 26|10 8§ o0f 7277 10.9 0.0 10.0 0.0 32| 150 100.0 93.7 91.6 166.8 0.23 3.1E08,
«r 7 28| 9 8 0] 10050 14.8 0.0 4.9 0.0 S.1] 20.1| 1000 93.5 91.6 143.7 0.31 2.9E-08
87 7 29| 8 4 0 11426 16.7 0.0 24| 226 25] 226 89.9 93.4 91.5 139.3 0.35 3.2E-08
97 7 30| 7 59 0f 12861 188 0.0 2.1 0.0 29 ] 255 100.0 93.5 916 ] 1569 0,39 3.1E-08
97 7 31 7 54701 14296 20.9 0.0 19.3 0.0 281 283 | 100.0 93.6 91,6 189.1 043 | 3.1 E-08
97 8 1]11 s6 0] 15978| 232 0.0 16.2 0.0 31| 314 | 1000 93,5 91.6 146.6 0.48 | 3.0E-08
97 8 3115 7 0] 19049 274 0.0 10.6 0.0 56| 37.0| 100.0 83.5 91.6 136.8 0.57 | 3.2E-08
87 8 4|11 36 0] 20278 23,0 0.0 8.4 0.0 22} 39.2| 100.0 93.5 91.6 133.0 0.60 | 3.3E-08
87 8 65| 9 5 0] 21621 30.8 0.0 6.2 0.0 22 414 ] 100.0 93.6 91.6 136.1 0.64 8.0E-08
97 8 6| 9 43 0] 23051 32.9 0.0 3.6 0.0 2.6 | 44.0 99.9 93.5 91.6 124.3 0.68 3.5E-08
97 8 7| 9 23 0] 24465 34.8 0.0 1.2] 238 24| 464 99.9 83.7 91.5 1414 0.71 3.2E-08
97 8 8|10 40 0] 25982 37.0 0.0 221 00| 29| 49.3 99.9 93.6 91,6 145.8 0.76 | 3.1E-08
97 8 9|15 20 ol 2711 39.4 0.0 19.0 0.0 31| 524 99.9 83.7 91.6 147.3 0.80 | 3.0E-08
97 8 11] 9 10 0] 30212 42.8 0.0 14.6 0.0 44| 56.8 99.9 83.5 91.5 1325 0.87 | 3.1E-08
97 8 12| 8 39 0| ate2t 44,6 | 44.8 123 | 13.0 23| 59.1 99.9 835| 91.6 121.3 0.91 3.2E-08
87 8 13 8 43 0 33065 3.6 0.0 22,0 0.0 33| 624 99.9 93.6 91.7 1720 0.96 3.2E-08
87 8 14| 8 26 0] 34488 7.7 0.0 18.8 0.0 32] 656 |- 99.9 93.5 81.4 178.8 1.01 3.2E-08
97 8 15| 8 40 0/ 35942 1.7 0.0 15.6 0.0 32| 6838 89.9 93.6 91.2 185.7 1.06 3.0E-08
97 8 1610 43 0| 37505 15.8 0.0 12.4 0.0 321 720 99,8 | 93.6 91.3 178.4 i1 2.8E-08
97 8 18] 9 18 0] 40300 23.0 0.0 68 00 56| 77.6 89.8 93.5 91.4 151.8 1.19 3.0E-08
97 8 19] 8 46 0| 41708 26.3 0.0 4.2 0.0 261 80.2 99.9 93.5 91.5 138.6 1.23 3.2E-08
97 B 20] 8 42 0| 43144 29.6 0.0 1.5 235 271 829 99.8 93.5 91.5 132.6 1.27 | 3.4E-08
97 8 21| 8 47 0| 44589 32.9 0.0 21.8 0.0 32| 86.1 99,7 93.4 91.0 177.7 1.32 | 3.3E-08
97 8 2| 9 1 0 | 46043 36.0 0.0 18,9 0.0 29| 89.0 99.8 93.4 91.4 143.6 137 3.1E-08
97 8 23113 13 0/ 47735 39.8 0.0 16.7 0.0 32| 922 99.8 93.3 91.1 150.6 1.42 3,2€-08
97 8 25| 8 30 0/ 50332 45.3 0.0 10.9 0.0 48] 97.0 89.8 93.4 91.2 140.3 1.49 3.2E-08
97 8 26| 8 26 0] 51768 48.0 | 48,0 8.4 0.0 25| 995 99.7 93.83 91.0 142.2 1.53 3.1E-08
97 8 27| 8 46 0/ 53228 4.4 0.0 5.0 0.0 3.4 | 102.9 99.8 93.4 91.2 1753 1.58 3.2E-08
97 8 28 8 20 0} 54642 8.5 0.0 1.9 1 231 3.1 {106.0 99.7 934 91.0 1822 1.63 3.0E-08
97 8 29|16 19 0| 56561 14.2 0.0 20.3 0.0 4.7 | 110.7 99.7 93.4 91.0 194.9 1.70 3.0E-08
87 9 2| 8 55 0161877 23.6 0.0 8.3 0.0 | 12.0|122.7 99.7 93.3 91.1 159.4 1.88 3.2E-08
87 9 3 8 28 0 | 63230 26.3 0.0 671 193 2.6 1125.3 99.6 92.8 90.8 140.1 1.92 3.0E-08
87 9 41 8 38 0| 64740 28.3 0.0 22,1 0.0 2.9 ]128.2 99.9 93.0 80.8 168.5 1.97 3.0E-08
a7 9 5116 32 0 | 66654 30.7 0.0 18.4 0.0 3.7 11319 | 100.1 93.1 91.0 155.4 2.03 3.0E-08
9 8 8 26 0| 70488 35.4 0.0 11.5 0.0 6.9 11388 | 100.2 93.1 91.0 143.8 213 3.0E-08
' ‘9 9 8 24 0| 71926 37.0 0.0 9.0 0.0 2.5 11413 | 100.2 93.1 91.0 139.7 2.17 3.0E-08




GOLDER ASSOGIATES INC., REDMOND, WA
FLEXIBLE WALL HYDRAULIC CONDUCTIVITY - (PERMEABILITY)

ASTM D5084

‘\io]ect: PORT OF OLYMPIA / CASCADE POLE / WA
.oject Number:  973-1133

Date: 7-10-97

Tech: BCK/DPO

Reviewer: DPO -

[sample Number [Batch-23 ] [Sample Description “JOlive gray (5Y 4/2),

SILTY CLAY, some ¢ sand,
| Permeability, k (cm/sec) [ 2.9€-08 | little c-f gravel, (CH).
[Sample Type JRemolded ]
Initial | Final )

Helght (cm) 4,818 | 4.135 [Permeant JAG-7S Well water ]

Diameter (cm) 6.365 | 6.117 j

Area (sq cm)” 31.82 | 29.39 Board number L0014

Volume (cc) 1563.3 | 121,56 ‘[ Cell number 10344

Wet Weight (g) 252.89 | 223.99

Dry Welght (g) 161,26 { 161,26 Cell Pressure (psi) 100.0

Specific Gravity (assumed) 2731 273 Back Pressure (psi) 92.5

‘ . Effective Stress (psi) 7.5

Volume of Voids (cc) 94.2 | 62.4 B - coefficient: 0.932

Saturation (%) 97%  100% .

Moisture (%) 56.8% 38.9% Bottom Pressure (ps)) | 93.4

Waet Density (pcf) 103.0 | 115.1 Top Pressure (psi) 61.6

Dry Density (pcf) 65.7 82.8 Gradient 31

Date Time Time Inflow (ml) Outflow (ml) . Pressure (psi) Head Pore K

yt | mo] day] hr [ min[ sec{ (min) [Volume] Fill |Volume| Drain] Delta] Total | Celi [ Bottom] Top | (cm H20)| Volumes| (cm/sec)
97 7 21} 9 38 0. 0 0.0 0.0{ 25.0 0.0 0.0 0.0 | 100.0 834 91.6 171.6 0.00 0

97 7 221 8 42 0} 1384 22 0.0 218 | 0.0 3.2 3.2 1000 | 934 91.3 187.3 0.05 | 3.0E-08
97 7 23§ 8 53 0| 2835 4.4 0.0 186 0.0 3.2 6.4 | 1000 | 935 91.4 181.9 0.10 | 2.8E-08
97 7 24! 8 33 0} 4255 6.5 0.0 15.6 0.0 3.0 8.4 1 100.0 93.5 91.4 176.8 0.15 2.8E-08
87 7 251 8 29 .01 5691 8.5 0.0 12.8 0.0 28| 122 100.0 93.5 91.6 157.9 0.20 2.7E-08
)7 7 26|10 85 0 7277 1091 0.0 8.5 0.0 88 1651 100.0 93.7{ 916 166.3 0.25 3.0E-08
4T 7 28| 9 8 010050 14.8 0.0 40 0.0 85| 21.01 100,0 93.5 91.3 163.9 0.34 2.8E-08
97 7 29| 8 4 0} 11426 16,7 0.0 14 ] 23.6 2.6 | 23.6 99.9 93.4 91.3 1824 0.38 2.8E-08
97 7 30| 7 59 0] 12861 18.8 0.0 21.9 0.0 31| 267 | 1000 93,6 91.4 170.8 0.43 2.9E-08
97 7 31 7 84 0} 14296 20.9 0.0, 19.1 0.0 28] 295} 100.0 93.6 91.6 | 158.9 0.47 | 2.8E-08
97 8 1]11 5 0} 15978 23.2 0.0 15.8 0.0 33} 328 1000 93.5 91.4 160.3 0.53 | 2.9E-08
97 8 3|15 7 0] 19049 274 0.0 10.1 0.0 57| 385 1000 93.5 91.3 167.4 0.62 | 27E-08
87 8 4|11 3 020278 290| 00 79| 00| 22) 407 1000 935| 914} 1466] 0.65 | 2.8%08
97 8 &6 9 5 0} 21621 30.8 0.0 5.6 0.0 23] 43.0] 1000 93.6 91.6 135.5 0.69- | 2.8E-08
87T 8 6| 9 49 0| 23051 32.9 0.0 3.0 0.0 26| 456 99.9 93,6 91.4 137.8 0.73 | 3.1E-08
87 8 7| 9 23 0] 24465 34.8 0.0 05| 24.5 2.5 48.1 99.9 93.7 91.5 140.4 0.77 | 3.0E-08
97 8 8|10 40 0| 25982 -37.0 0.0 21.9 0.0 31| 612 99.9 93.6 91.5 152.6 0.82 | 3.0E-08
97 8 9|15 29 o0} 27711 39.4 0.0 18.6 0.0 33| 5456 99.9 93.7 91.6 146.9 0.87 | 3.0E-08
87 8 11 9 10 0] 30212 42.8 0,0 13.8 0.0 48| 59.3 99.9 983.5 91.2 152.8 0.95 3.0E-08
97 8 12| 8 39 0} 31621 446 | 44.8 14| 138 24| 617 99.9 93.5 91.6 120.4 0.99 | 2.9E-08
87 8 13| 8 43 0] 33065 3.6( 0.0 2.2 0.0 3.0| 647 89.9 93.6 91.7 1722 1.04 2.8E-08
97 8 14| 8 26 0] 34488 7.7 0.0 18.8 0.0 3.3 | 68.0 89.9 983.5 91.4 178.8 1.09 3.1E-08
97. 8 151 8 40 0] 35942 11.7 0.0 16.7 0.0 32| 71.2 99,9 3.5 81.2 185.8 1.14 2.8E-08
97. 8 1610 43 0} 37505 15.8 0.0 12.5 0.0 32 744 99.9 93.6 91.3 178.5 1.19 | 2.6E-08
97 '8 18| 9 18 0] 40300 23.0 0.0 6.8 0.0 57 80.1 99.8 93.5 91.4 151.5 128 | 2.9E-08
97 8 19| 8 46 0] 41708 26.3 0.0 4.2 0.0 26| 827 99.9 93.5 91.5 138.6 1.32 3.0€-08
87 8 20| 8 42 0] 43144 29.6 0.0 1.6 | 234 26| 853 9.8 93.5 91.% 132.7 137 3.1E-08
97 8 21] 8 47 0| 44589 32.9 0.0 22.0 0.0 3.0,| 883 99.7 93.4 91.0 177.9 1.41 2.9E-08
97 8 22| 9 1 0 | 46043 36.0 0.0 19.1 0.0 2.9 91.2 99.8 934 91.4 143.8 1.46 | 2.9E-08
97 8 23|13 13 0| 47735 39.8 - 0.0 15.9 0.0 3.2 944 99.8 93.3 91.1 150.8 1.51 3.0E-08
97 8 25| 8 30 0| 50332 45.3 0.0 111 0.0 481 99.2 99.8 93.4 91.2 140.5 1.59 3.0E-08
97 8 26| 8 26 0| 51768 48,0 | 48.0 8.7 0.0 2.4 (1016 99.7 93.3 91.0 142.8 1.63 2.8E-08.
97 8 27| 8 46 0] 53228 4.4 0.0 53 0.0 3.4 | 105.0 99.8 93.4 91.2 175.6 1.68 3.0E-08
97 8 28| 8 20 0} 54642 8.5 0.0 21| 229 3.2 | 108.2 99.7 93.4 91.0 182.4 1.73 3.0E-08
97 8 29116 19 0} 56561 14.2 0.0 20.3 0.0 4.7 11129 99,7 93.4 91.0 194.9 1.81 2.9E-08
97 9 2} 8 55 0] 61877 23.6 0.0 8.3 00| 12.0 |124.9 99.7 93.3 91.1 159.4 2.00 3.0E-08
97 9 3 8 28 0} 63290 26.3 0.0 56| 19.4 2.7 | 127.6 99.’6 92.8 90.8 140.0 2.04 3.0E-08
97 9 4| 8 38 0| 64740 28.3 0.0 221 0.0 291305 99.9 93.0 90.8 168.5 2.09 2.9E-08
97 9 5116 32 0| 66654 | . 30.7 0.0 18.4 0.0 3.7 1134.2{ 1001 93.1 91.0 155.4 2.15 2.8E-08
7 9 8 8 26 0 | 70488 35.4 0.0 114} . 0.0 7.0 {141.2 | 100.2 93.1 91.0 143.7 2.26 2.9E-08
37 9 9 8 24 0| 71926 |° 37.0 0.0 89| 0.0 2.5 11437 | 100.2 93.1 91.0 139.6 2.30 2.9E-08
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PORT OF OLYMPIA
CASCADE POLE SITE
INTERIM REMEDIATION

Summary of Storm Drain Pressure Test Results

Southwest Storm Drain

Test Date:
Section Tested:
Pipe Description:
Test Type:

Test Pressure:
Tester:
Observer:
Result:
Remarks:

Test Date:
Section Tested:
Pipe Description;
Test Type:

Test Pressure:
Tester:
Observer:
Result:

Remarks:

February 28 through February 29, 1997
Stations 0+00 to 3+65

24-inch diameter HDPE

Hydrostatic (24-hour period)

6 feet (Head)

Pape & Sons

S. Gerken

Pass

None

March 3 through March 4, 1997
Stations 3+65 to 7+00

24-inch diameter HDPE
Hydrostatic

6 feet (Head)

Pape & Sons

S. Gerken

Pass

None

Boat Yard Storm Drain

Test Date:
Section Tested:
Pipe Description:
Test Type:

Test Pressure:
Tester:
Observer:
Result:

Remarks:

February 28, 1997

Stations 3+50 to 5+24

12-inch diameter HDPE
Pneumatic (15 minute minimum)
4.5 psi

Pape & Sons

S. Gerken

‘Pass

None
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Log Yard Storm Drains

Test Date:
Section Tested:

Pipe Description:

Test Type:
Test Pressure:
Tester:
Observer;
Result:
Remarks:

Test Date:
Section Tested:

Pipe Description:

Test Type:
Test Pressure:
Tester:
Observers:
Result:
Remarks:

Test Date:
Section Tested:

Pipe Description:

Test Type:
Test Pressure: -
Tester:
Observer:
Result:
Remarks:

March 3, 1997

Stations 0+00 to Station 3+12

12-inch HDPE
Pneumatic (15 minute minimum)
4.5 psi

Pape & Sons

S. Gerken

Pass

North-South Drain Line

May 12, 1997

Stations 0+00 to 0+85
15-inch diameter HDPE
Pneumatic

4.5 psi (15 minute minimum)
Pape & Sons

S. Gerken

Pass

East-West Drain Line

May 14, 1997

Stations 0+85 to 2+54
15-inch diameter HDPE
Pneumatic

4.5 psi (15 minute minimum)
Pape & Sons

D. Bache

Pass (minor loss noted)
East-West Drain Line
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