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REPORT OF GEOTECHNICAL SURVEY
LIGO PROJECT

HANFORD, WASHINGTON
for

CALIFORNIA INSTITUTE OF TECHNOLOGY

1.0 INTRODUCTION

This report presents the results of the geotechnical survey for the proposed Laser Interferometer

Gravitational Observation (LIGO) Project to be constructed near the Wye Barricade on the Flanford site near

Richland, Washington. The location of the project with respect to the Hanford Reservation is shown on the

Area Map, Plate 1. The purpose of this survey was to investigate subsurface conditions at the site and provide
recommendations regarding the design and construction of foundations for the LIGO facility.

2.0 DESCRIPTION OF PROJECT

Information regarding the nature of the facilities to be constructed was obtained from discussions with
Caltech and from the Caltech publication "Summary of the Concepts and Reference Design For a Laser

lnterferometer Gravitational Wave Observatory'' dated February L92. The facility will include an Lshaped
structure with 4 Km (13,000-foot) long arms which enclose a 4-foot diameter steel tube for the laser beam. The
beam tube will be supported on steel frames spaced at 40 to 60 feet on centers and attached to a 20-foot wide
reinforced concrete foundation slab. The beam tube will also be enclosed in a 16-foot diameter reinforced

concrete (sprayed-on shotcrete) arch enclosure which exerts a load of 2 kips per lineal foot on each side of the
arch. The corner station will consist of an 80,000 square foot steel frame structure roughly 35 to 55 feet high.

Foundations will consist of a continuous mat or a combination of shallow footings with mats supporting selected
equipment. Column loads of approximately 40 to 100 kips are anticipated. The building will house a variety of
overhead cranes.

The end and mid-stations along each leg of thc L-shaped structure rvill have an arsa dimension of
approximately 8000 square feet, and will be supported on a mat with foundation pressures possibly reaching 3000

pounds per square foot (psf).

The finished floor throughout the facility will be Elevation 528.

3.0 SCOPE OF SERVICES

The original scope of work for this project as requested by Caltech in the May L4, Lggz'statement of Work
For a Geotechnical Survey'' is presented in Appendix G. Because of technical difficulties anticipated by Dames &
Moore with the portion of work relating to geophysical testing we prepared an alternative scope of services that
was accepted by Caltech. Details of the revised scope are presented below:



l. Information Review

Wd will conduct a reconnaissance of the site to evaluate surface features :rnd conditions that could be

important to the development of the site. We will review geologic, geohydrologic and seismic information that

currently exists for the Hanford site, including documents found in the files cf Hanford site contractors and

Dames & Moore. Information from the Fast Flux Test Facility, the Central Landfill, the Skagit l{anford Power

Plant (never constructed) and the Basalt Waste Isolation Project will be especially important.

2. Drilling Program

We will obtain a subcontractor to drill the 4l borings shown on the May 14, 1$)2 Proposed Boriug Layout

by California Institute of Technolog5l. The deepest boring will be approximately 50 feet deep and the shallowest

will be 30 feet deep. The total drilling footage wifi be approximately 1860 feet. \r1e will drill thc borings using

the hollow stem auger technique in order to minimize the cost of the drilling program. The drill rig wili be

capable of drilling by the mud rotary technique with minimal switch-over time in the event that especially difficult

conditions aie occasionally encountered. Soil samples and penetration resistance values will be obtained at 5-foot

intervals in these holes. Soil samples will be collected for laboratory testing. Approximately one half of the

samples will be collected using the Dames & Moore sampler, which provides a relatively undisturbed sampie

suitable for laboratory testing.

In addition to the above primary borings, we will drill 32 secondary borings to an average depth r:f about

20 feet each to investigate the nature of the near-surface soil most critical to the performance of the structure.

Twenty eight (2S) o[ these borings witl be located midway between the primary borings, thereby reducing the

overall spacing of borings to about 470 f.eet. The final 4 borings are discretionary! to be used to hetter define

soil conditions at possible problem locations.

As part of the drilling (or lield exploration) program, we will conduct in situ plate loa<iing trrsts et a
minimum of 2 locations along the beam tube alignment to measure the deformation modulus of the foundation

material. T'he tests wiit be conducted in the near-surface dune sands at a depth of about 2 feet. The drill rig

will be used as the reaction for the tests. If boring information for these sands indicates that they are obviously

too loose for direct use as foundation support, we will delete the in situ plate ft:ading tests and substitute

laboratory triaxial shear tests on recompacted samples in order to measure the deformation modulus. As a

further part of the drilling (field exploration) program, we will conduct percolation tests using U.S. Department

of Health, Education and Welfare recommended methods for use in leach field design. Tests will be' conducted

at two locations.

3. Geophysical Survey

We propose to obtain shear wave velocity data by conducting downhole seismic tests in a minimum of 3

boreholes at key locations along the beam tube alignment. One hole (60-foot dcpth to Eleration 4?0) will be

located at the corner station, and two others will be located at the end stations. This test also provides both

shear and compressional wave velocity measurements over the entire depth of thc hole. The data r*ill be used

to estimate dynamic characteristics of the subsoils. The downhole seisrnic tests will be conducted by our

subcontractor Geo Recon Intcrnational.



4. Laboratoty Testing

We will measure physical, engineering corrosion potential and thermal resistivity of soils at the site. Tests

will be conductecl for moisture content, density, and grain size distribution. Because of the windblown nature

of near-surface soils, we will conduct collapse potential tests. We may also conduct triaxial compression tests

to measure the deformation modulus of soils that will be important to tbe settlement performance of the

structure. Because of the need for compacted fill over portions of the site below Elevation 5'28, we will perform

compaction tests using soils that will be excavated and available for borrow.

We will conduct tests for pH, redox potential, electrical resistivity, and for sulfate, sulfide and chloride

content of selected soils for estimation of corrosion potential. The full suite of these tests will be conducted on

three soil samples from distributed locations along the beam tube alignment.

We will conduct thermal resistivity tests on at least two samples.

5. Foundation Recommendations - Static and Dynamic

We will provide recommendations for allowable bearing pressures for footings and mats, estimated

settlements, lateral earth pressures, soil strength and frictional characteristics for resisting lateral load, and

parameters for use in designing vibrating foundations. For the case of vibrating foundations we will recommend

values of shear modulus and damping ratio, and will evaluate the potential fcr settlements induced by vibratory

densification of foundation sands.

6. Seismic Recommendations

We will evaluate seismic conditions at the site and provide recommendations on static and, where

appropriate, dynamic values of density, Poisson's Ratio, modulus of elasticity, shear modulus, coefFrcient of

subgrade reaction and permeability. We will also provide guidance on selection of damping ratios for the soils

encountered. We will evaluate the potential for surface faulting, liquefaction, settlements induced by seismic

shaking, and will recommend an appropriate value of "site coefficient" as identified in the 1991, Uniform Building

Code.

7. Corrosion Evaluation

We witl evaluate the corrosion potential of the soils, including their possible impact on subsurface metallic

and concrete structures, and recommend appropriate methods of mitigating any adverse impacts from corrosive

conditions.

8. Site Preparation and Construction Measures

We wilt evaluate measures required to prepare the site and construct the facilities, and accordingly provide

recommendations on cut and fill slope stability, excavation support, compacted fill placement, subgrade support

and preparation for footings, floor slabs, mats, pavements and surface and subsurface drainage facilities.



The deliverable producr for this project will be 20 copies of our geotechnical report delivered within 90 days

following your written authorization to proceed.

4.0 SITE CHARACTERIZATION

4.1 GEOLOGIC SETTING

The site of the proposed structure iies in the Central Plains Section of the Columbia Intermontane

physiographic province, and is more specifically situated within the Pasco Basin topographic depre.ssion created

by the Columbia River. The terrain is relatively flat with features created by glacial-related floods and

subsequently by alluvial and aeolain (wind blown) deposition.

The bedrock at the site is a very thick sequence of Columbia River basalts which occur at a depth oi

approximately 750 feet below the ground surface, or roughly Elevation -?2n. Overlying the basalts are Pliocene

age lacustrine and fluvial deposits of the Ringold Formation. This formation eonsists of cemented soils ranging

in gradation from coarse sands and gravels to some interlaminations of fine sand, silt, and clays. Overlying the

Ringold Formation is a Pleistocene age gtaciofluvial deposit called the Hanford F'ormation. It may consist of

coarse sand and gravels (Pasco Gravei) in areas vrhere flows were highest or a finer gradation (Touchr:t Beds)

in slackwater areas. More recent deposits of loess, dune sand, altuvium and colluvium are found near the surface

throughout the Hanford area.

The LIGO site is currently unoccupied, with a slightly undulating ground surface supporting a moderately

thick cove.r of sage brush, cheatgrass and other deciduous plants of the area. Ground surface elevations range

from approximately Elevation 510 to 550.

4.2 SITE SPECIFIC SUBSIJRF,A,CE CONDITIONS

Subsurface condiiions were investigated by drilling a total cf 73 borings ranging in depth from 8 to 64 feet

at loc"ations shown on the Site Plan, Plate 2. The deepest borings extended to Elevation 466. Geophysical testing

was performed in three of the borings (DM-1-92, DM-20-92 and DM41-92), plate bearing tests were conducted

at two locations and percolation tests were conducted in shallow hand-augered holes. Locations of the plate

bearing and percolation tests are shown on Plate 2. Details of the field investigation program are presented in

Appendix A, which also contains logs of the borings. A further description of field testing is pre.sented in

Section 4.3 and in Appendix B. A separate report of the geophysical tests is contained in Appendix D.

Additional information regarding subsurface conditions at the site was obtained from the Final Safety

Analysis Report for the Skagit Hanford Nuclear Project (1934) and from logs of borings previously drilled in the

vicinity by U.S. Department of Energ5r (DOE) contractors. The report for the Skagit Hanford Nuctear Project

contains the results of borings, test pits, field tests, geotechnical analysis and foundation recomlnendations for

the canceled nuclear power plant. Locations of these other borings are also shown on Plate 2. Selected boring

logs from the previous studies are presented in Appendix E.

The lield exploration information indicates that subsurface conditions at depths of importance to the LIGO

project consist of a surficial layer of loose to medium dense light brown silty fine sand overlving a mcdium dense



to dense deposit of gr?y sand. An estimated prolile of soil conditions along the entire length of the LIGO
structure is presented'on Plates 3 through 6. A further discussion of each soil layer encountered, from the

surface downward, is presented below:

Brown Siltv Fine Sand

The surficial silty sand is typically 2 to 22 feet thick, light brown in color and medium dense in character,

as measured by sampler penetration resistance ('M) values measured during drilling. The average thickness of
this layer was approxim ately 7 feet for all borings drilled during this investigation. Although the range of N-
values from this layer extends from 4 to 58 blows per foot, the average value is approximately 14 blows per foot.

This would suggest a relative density for the surficial silty sand of roughly 70 percent. The loose zones within
this layer were typically encountered in the upper 6 feet, but could extend deeper at some locations. A few zones

within the lower portion of this layer rvere found to be in a dense condition, for example in boring DM-68-92

below 8 feet deep. l,aboratory tests have indicated that the deposit is poorly graded and contains approximately

5 to 25 percent fines, which are primarily in the silt size range. Moisture contents were generally less than 4 or
5 percent except for the upper 6 feet or so, the soil can be characterized as having moderate strength and

compressibility, with a low to moderate.potential for collapse upon wetting. In its undisturbed condition, the silty

sand should also be considered slightly to moderately susceptible to settlement during shaking from earthquakes

or vibratirrg equipment. Plate bearing tests conducted in the upper portion bf this layer indicate an elastic

modulus (E) 'ralue of 290 KSF to 370 KSF for the virgin loading curves.

Grav Fine to Medium Sand

The underlying gray sand layer is typically a moderately weli gracted hne to mediunr soil with small

proportions of coarse sand, gravel and silt. However, in some areas this layer grades more narrowly, and is

classified as a primarily fine sand (for example, see Boring DM-'f+9) with up to 10 percent silt. At such

locations, the gradation characteristics of the gray sand is essentially the same as for the overlying brown sand.

Occasionally a thin layer of silt or gravel was encountercd, as well as zones of light cementation. The range of N
values ineasured in this deposit extends from 8 to greatcr than 100 blows per foot, with an average value ofovcr
35 blows per foot. An occasional loose zone was encountered, for example at a depth of 12 feet in Boring DM-
?i-92. The soil can be considered to possess high strength and low compressibility characteristics. All borings

drilled during our investigation were terminated in this layer. Information from deeper borings that were

previously drilled in the vicinity indicate that this soil layer extends to about Elevation 450, where somervhat

coarser sands and gravels were encountered.'

Basalt bedrock was encountered during previous investigations at a depth of about 740 feet, i.e.

approximately Elevation -210. A generalized soil profile from the ground surface to the top of bedrock is

presented on Plate 7. The actual profile may vary over the length of the proposed structure.

No groundwater was encountered in the borings drilled for this investigation. Previous investigations indicate

that groundwater is encountered at approximately Elevation 400 in the vicinity of the LIGO project.



4.3 F'IELD TESTING

4.3.1 Pliite Bearins Tests

plate bearing tests.werE conducted.to measure the in situ elastic moduius and coefficient of subgrade

reaction of the near-surface brown silty fine sand at two locations. The first test was located near Boring

D6-25-g2on the Southwest leg and was conducted at approximately Elevation 530. The second test was located

near Boring DM-8-92 on the Northwest leg and was conducted at approximately Elevation 525. Both tests were

conducted at locations where the soil within the depth of influence of the 2-foot diameter ptate consisted of the

brown silty fine sand in a medium dense condition. Test results were as follows:

Test No. Station

Elastic
Modulus

(ksf)

Subgmde
Reaction Modulus

(pci)

Virgin Reload

Cycle Cycle

Virgin Reload

Cycle Cycle

t

)
SW 20+00

NW 84+50

370

2m

1900

8E0

r50 784

r?fr 400

Details of the tests and plots of the results are presentcd in Appendix B.

Results of plate bearing tests conducted by Golder Associates for the Skagit Hanford Nuclear Project

indicated elastic moduhn values in the range from about 1300 to 2800 ksf for the undisturbed gray frne to

medium sand. These values were for the virgin loading curves. Apparently no plate bearing tests were

conducted in the surficial brown silty fine cand layer during that investigation.

43.2 Perccrlation TesE

Percolation rates were measured in shallow hand.dug holes at two locations in the vicinity of the corner

station in order to provide information for design of leach fields and seepage pits. Details of the tests are

presented in Appendix B, and a discussion of the use of results is found in Section 5.8 Leach Fields.

4.3.3 Geophvsical Testine

Compressional and shear wave velocity measurements were made by the downhole method in one boring

at the corner station (DM-20-92) and in one boring at each of the end stations (DM-1-q2 and DM-41-9).

Measurements were made to depths up to 60 feet in each hole. Details of the test method and results are

presented in Appendix D. The results indicate a Z-layer soil profile consisting of a lower velocity surFrcial

material from 13 to 20 feet thick, underlain by a higher velocity layer which extends to the bottom of the holes.

This concdpt is generatly consistent with visual identilication and N-ralue information obtained during drilling.

However, the thickness of the surficial layer as interpreted from the seismic velocities is greater than indicated



in the boring logs at each geophysical test location. Test results ftrr two of the holes (DM-1 and DM-20) are

similar, indicating average compressional and shear wave velocities of about 19ti0 fps and 890 fps respectively

for the upper layer and 5080 fps and 1390 fps respectively for the lower layer (i.e. gray fine to medium sand).

Tests in the third hole (DM-41,92) showed velocities that were roughly 20 percent lower than those for the other

two holes. There is no immediatety obvious explanation for the difference in velocity values, as soil descriptions

and N-values were similar for all three borings.

During the Skagit Hanford Nuclear Project investigation, in situ velocity measurements were made usilrg

downhole, crosshole and surface refraction techniques. In the range from Elevation 450 to 510 which

corresponds to depths occupied by the gray fine to medium sand, the shear wate velocities wcre similar to those

measured by Dames & Moore. However, in that same depth range the compressional velocities were

substantially lower than those measured by Dames & Moore.

A tlpical profile of soil conditions and geophysical parameters, including measured wave velocities and

calculated shear modulus values, is presented on Plate 7. The data presented is a synthesis of data obtained from

the LIGO investigation and from previous investigations at the fl:rnford site, particuiady for the Skagit Hanford

Nuclear Project.

4.4 I.A,BORAT'ORY TESTING

Selected samples were tested in the laboratory to obtaiu pertinent physical, engineering chemical/electro-

chemical and thermal characteristics of the soils at the LIGO site. Details of the tests and tabular and graphical

representations of the results are found in Appendix C. Results of tests for nroisture content, density and percent

fines are shown directly on.the boring logs at the appropriate sample locations.

Collapse tests were conducted on samples of the brown silty fine sand in its untlisturbed loose to medium

dense conditiorr and in a recornpacted condition. A percentage ofcollapse (or "collapse potential") of2 percent

was measured for this soil in the "undisturbed" conditiorr, suggesting "moderate trouble" for foundatioir desigrr

as defined by Jennings and Knight (1975) and the U.S. Nary (1982). This collapse percentage may be somewhat

of an overestimate because of some sample disturbance that could be anticipated during test preparation for this

type of soil. A percentage of collapse of about 0.1 percent was measured for the sample that was reanmpacted

to 92 percent of the maximum dry density. No collapse problem is anticipated for this recompacted material.

Drained triaxial compression tests were conducted on a sample of the brov*n silty fine sand recompacted to

95 percent of its maximum dry density. The results indicated a surprisingly high elastic modulus value of
2600 ksf. A similar test conducted on a sample of the gray fine sand from Boring DM-38-92 in its natural

condition indicated an elastic modulus value of about 1900 ksf. This value no doubt reflects some sample

disturbance that is inevitable for samples of this type.

Results of compaction tests and sieve and hydrometer analyses are presented in Appendix C. The brown

silty fine sand tends to be poorly graded with a Coefficient of Uniformity of 3 to 6. The gray line to mediurn

sand is typically more well graded with a CU of 10 or more, However, this lower layer also contains'zones where

the silt content may increase to 15 to Z) percent, and the gradations narrow to where CU values are also in the

3 to 6 range. Compaction tests were conductcd for the brown silty fine sand, lhe gray fine to medium sand and



for a mlxture of the two that would create a well graded nselect" fill material. Maximum dry densities all fall in
the range from 110 to 120 pcf, with optimum moisturc contents from 10 to 14 percent.

5.0 CONCLUSIONS AND RECOMMENDATIONS

5.I. GENERAL

All structures and equipment associated with the LIGO facility may be supported on shallow spread footings

or mat foundations that are placed on either compacted on-site fill soil, or the surficial brown silty sand that has

first been densified in the upper 8 feet (minimum), or on the gray fine to medium sand in its undisturbed
condition. The variation in surface elevations is such that all three of the above.-mentioned foundation support
conditions will occur along the beam tube alignment. We do not recommend use of the surficial brown silty sand

for foundation support without measures to densify the upper portion of this loose to medium dense stratum.
Details of our recommendations are presented in the following sections.

5.2 FOUNDATIONS

5.2.1 Beam Tube

We recommend that foundation support for the beam tube consist of shallow footings placed on compacted
fill or on the undisturbed sand deposits, depending on the original ground surface elevations. The ground surface
at various locations along the beam tube alignment is as much as 18 feet below and 26 feet above the proposed
finished floor grade (Elevation 528). Soils at the foundation level will therefore range from relatively deep fill
to either the surficial brown silty fine sand layer or the gray fine to medium sand layer. Because of the loose
character of portions of the brown silty fine sand, we recommend that foundations be supported on this material
only after soil improvements efforts have been adopted in the upper 8 feet (minimum) to reduce the
compressibility of this soil and minimize the potential for settlements from either saturation or vibratory ground
motion. The brown silty fine sand layer should likewise be improved where it will underlie compacted fill used
for foundation support.

An allowable bearing pressure of 2000 psf may be used for design of the beam tube foundation pad for any
of the subgrade soil conditions described above. This value may be increased by one-third for transient loads
from wind or seismic sources. Compacted fill should consist of either of the natural sand deposits encountered
during this investigation, or a "select" mixture of the two. Proctor compaction tests results (see Plates C-5 and

C-6) indicate that the maximum density of these two soils are not significantly different. The mixed'sslect" Iill
should contain no less than about 40 percent and not more than about 60 percent of either of the two natural
sand deposits.

Soil improvement methods applied to the brown silty sand may consist of a combination of removal and
recompaction together with in-place densification by vibratory rolling. We recommend that improvement
methods be used where footings will be placed either on compacted fill or directly on the silty fine sand itself.
As a minimum, the upper 8 feet of the silty fine sand layer should be removed and the exposed subgrade rolled
with a heavy vibratory roller. If after removal of the upper 8 feet, the exposed soil still appears to be in a loose
condition, additional soil should be excavated until a satisfactory subgrade condition is encountered. We expect



that such additional excavation may be needed on an infrequent basis. At least lhree passes should be made

using a roller having a minimum overall weight of 15,000 pounds and a minimum operating frequency of 1750

vibrations per minute (Dynapac CA 15A or equivalent). Proof-rolling of the subgrade is not necessary when the

gray sand is encountered unless requested by the soils engineer. The excavatcd soil should replaced by

compacting in 8 to 10 irich thick lifts to at least 95 percent of the rnaximum dry density as measured using ASTM

D-1557. Additional fill required to achieve the finished floor level should be placed using the same compaction

criteria.

We estimate that actual applied pressures beneath an approximately 18 to 2f!'foot wide concrete pad with

S-foot wide thickened strip footing on each side will be roughly 1C00 psf. Total settlement at any location along

the beam tube will be approxim ately 0.2 inches. Differential settlement may occur betwecn sections of the beam

tube that are supported on the dense undisturbed gray sand and nearby sections on the irnproved silty fine sand

due to the fact that the latter material will tikely have a lower elastic modulus. The magnitude of differential

settlement is estimated at less than 0.2 inches over a distance of roughly 100 to 200 feet. The settlernents will

occur essentially simultaneous with the application of load. No long-term post construction settlements are

expected. Settlements were estimated using the method of Schmertm an (1970 and 1978). Values of elastic

modulus for the various soil layers were estimated using the results of laboratory triaxial compression tests, in

situ plate bearing tests and published correlations between N-lalues and modulus (e.9. Bowles' 1988)-

Fbotings should be placed at a depth of at least 2 feet for protection against frost heave. Improvement to

the brown silty line sand should eKend laterally a distance of at least 5 feet beyond the cuter edges of the

footings.

5.2.2 Corner. Mid and End Stations

We recommend that foundations for the corner station, mid stations and end stations consist of shallow

spread footings or mats placed on compacted lill or on either of the two natural sand deposits, depending on

the ground surface elevation. The midstation on the Northwest leg and most of the corner station nlust be

supported on compactetl fill be.cause current ground surface elevations are at least several feet beiow filrished

floor grade. The other stations will be supported on one of the natural sand deposits. Because of the loose

character of portions of the undisturbed brown silty fine sand, we reconmend that foundations be supported on

this material only after soil improvements efforts have been adopted in the upper 8 feet (minimum) to reduce

the compressibility of this soil and minimize the potential for settlements from either saturation or vibratory

ground motion. Improvement efforts should also be adopted for the brown silty fine sand prior to placement

of compacted fill on this layer.

An allowable bearing pressure of 2000 psf may be used for the improved browr silty fine sand or for

compacted fill soils when footing or mat widths are less than 20 feet. For larger mats an allowable bearing

pressure of 3000 psf may be used in those soil conditions. When footings or mats are placed directly on the

undisturbed gray sand layer, allowable bearing pressures of 3000 psf and ,1000 psf may be used for footing/mat

widths less than and greater than 20 feet, respectively. These allowable bearing values may be increased bv one-

third for transient loads from wind or seismic sources. but not for continuous l'ibratory loads from vibrating

machinery.



Rec.ommendations for improving the brown silty sand and for selecting and compacting fill soils are the same.

as those presented for the Beam Tube in Section 5.2.1 above.

Settlement estimates for the corner station were made assuming first that the entire structure, except for

the Office/Shop Area, is supported on a single 4-foot thick mat with an applied bearing pressure of 3000 psf.

Most of the mat would be supported on the densified or recompacted surficial silty fine sand fill. A tntal

settlement of approximately 0.4 inches was estimated for the center of the mat, with settlements around the edge

ranging from about 0.1 to 0.3 inches. A maximum differential settlement of approximately 0.3 inches could

therefore occur over a distance of about 200 to 300 feet at some locations. This amount of differential settlement

would not be expected to be detrimental to a typical commerciat or industrial structure. If a portion of the

corner station is supported on spread footinp instead of the single mat, settlement of an individual column with

100 kip loading is estimated at approximately 0.4 inches where the foundation soil consists of the densified or

recompacted brown sitty fine sand. Settlement of footings on the undisturbed gray fine to medium sand is

estimated at less than 0.3 inches. Sertlement of mat tbundations covering only a portion of the ccrner station

would be less than the values given above for the single mat.

The mid-stations were assumed to consist of a roughly 40 foot by 100 loot mat along the beam tube

alignment. An applied pressure of 3000 psf was assumed for the mat. Associated office/shop areas are expected

to be supported on spread footings. Settlement estimates for the mid-stations are significantly af'fected by the

existing surface grades at those locations. Along the Southwest Leg, excavations of about 18 feet are required

at the mid-station to reach the finished floor grade. Because of this net "unloading' situation, we estimate that

settlement of the mat and footings will be negligible. Along the Northwest Leg the mid-station mat will be

supported on the densified or recompacted silty fine sand, and a total settlement of approximately 0.3 inches is

estimated for the center of the mat. Settlement at the corner of the mat is estimated at about 0.2 inches, making

the differential settlement about 0.1 inches.

The end stations were also assumed to consist of a 4D foot by 100 foot mat along the tube alignmer't, with

associated shop/office areas supported on spread footinp;s. An applied pressure of 3000 psf was assumed for

the mat. Totirl settlement for the mat at the Southwest end is estimated to be less than 0.1 inch, with negligible

differential settlement. Total settlement for the mat at the Northwest end is estimated at less than 0.3 inches,

with differential settlement between the center and corner of the mat of about 0.1 inches.

5.3 COEFFICIENT OF SUBGRADE REACTION

A commonly employed method of representing a soil subgrade for purposes of soil structure interaction

analysis is the "Winkler" foundation, in which the subgrade is modeled as a series of vertical or horizontal springs

with a spring constant termed the 'modulus of subgrade reaction" \. For sand subgrades loaded vertically, \
should be determined for the actual footing or mat size using the expressions by Terzaghi (1955):

10



SOUARE FOOTINGS:

K"=Kt B+1
2B

the value of vertical modulus of subgrade reaction for

the value of modulus of subgrade reaction for a l-ftxrt

length of rectangular footing divided by width (l-/B).

-E@:

Sanie as \ for square footing except K, should be

modihed as follows:

r = o..Q!-i-9-l)-"1 "1 1.5m

a footing or mat of width B.

wide square plate.

Where K, =

Kl=

m=

We recommend the following values of K, for vertical loading:

Static
K1

(pci)

Brown Silty Fine Sand

(Improved or Recompacted)

Gray F-M Sand 220

Dynamic
Kl

(pci)

'r50 1.500

2200

These values were selected based upon the results of field plate bearing tests, laboratory triaxial and grain

size distribution tests, penetration resistance values during drilling and experience obtained by others as reportecl

in the literature. The values apply to a rigid, square plate of one foot width wiih loading applied at the' ground

surface.

5.4 I-ATERAL EARTH PRESSURES

Information about lateral earth pressures will be required to design subsurface walls or retaining walls and

to estimate the resistance of structures to lateral forces induced by seismic or wind sources. Permanent retaining

walls and subsurface walls that are free to translate or rotate away from the retained soil by an amount equal

to approximately 0.1 percent of the height of the wall should be designed for actirp earth pressures" If the walls

are rigid and unable to translate or rotate, at-rest earth pressures should be used. Our recommendations for

active and at-rest earth pressures for both the static anrl d1'namic cases are shown graphically on Plate 8'

Recommended earth pressure coeflicients are as listed below.
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RECOMMENDED LATERAL EARTH PRESSURE COEFI'ICIENITS

1. Kga and I(9g values are used in equations on Plate 8 to estimate active and at-rest pressures.

KOt value is multiplied by total unit weight of soit to get equivalent fluid unit weight for use

in estimating passive earth pressure.

\ and Kpp values include safery factor of 1.5.

The dynamic lateral earth pressures for the active and passive case were estimated according to the method

described by Seed and Whitman (1970) and corrected by Davies et al (1986). These methods are based on the

Mononabe-Okabe equations. The dynamic lateral earth pressure for the at-rest case lvas estimated using the

findings of Sherif et al (1982). A horizontal ground acceleration of 0.35 g was used to estimate dynamic earth

pressure values. This acceleration value was used in the design of the Skagit Hanford Nuclear Project. It is
based on a postulated Richter Magnitude 6.5 earthquake with a recurrence interval of at least 10,000 years.

Lateral forces may also be resisted by friction between the soil and the bottom of footings and rnats. We
recommend a friction coefficient of 0.4 for the silty fine sand that is either improved in-place or used as

compacted fill. A friction coefficient of 0.45 may be used for the gray fine to medium sand in either its

undisturbed state or as compacted fill. These values may be assumed constant for both static and dynamic

conditions.

5.5 SEISMIC DESIGN CONSIDERATIONS

During this project, direct measurements of unit weights, compressional wave velocities and shear wave

velocities were made in the elevation range from 466 to 534. All other seismic design parameters for soils from
the ground surface to the top of rock were calculated from these measured parameters, or were estimated from
in situ tests performed by others and from laboratory and in situ values published in the literature for similar
soil conditions. A graphical summary of some of the key parameters as a function of depth is shown on Plate 7.

The shear modulus (G) values presented in Plate 7 are applicable only to the low amplitudes of shear strains

which are created by the seismic shear waves during the downhole or crosshole test, i.e., typically in the range

from 10-3 to 10-5 percent. The modulus valucs are therefore considered "maxirnum" values, and must be

ACTTVE AT.REST PASSIVE

Static
KA

Dynamic

Koo
Static

Ko

Dynamic
Koo

Static
q

Dynamic

Knp

Silty Fine Sand

(Improved or Recompacted)

0.n 0.n 0.43 0.15 2.5 2.0

Gray F-M Sand 0.22 0.24 0.36 0.13 3.0 2.5

ot6\ecul\tIru.m L2



modified to be applicable to the case of earthquake waves that produce much higher shear strains. i.e., on the

order of 1Ol to 10-3 percent. The modifications for sands can be made using the relationship plotted in Plate 9.

Also shown on Plate 9 is the relationship by which the damping values lbr.sands may be estimated for the

expected level of shear strain.

In order to estimate the wave velocities and seismic design parameters shortn crn Plate ?, 'rc examincd

reports of seismic testing done by Dames & Moore and others at the Hanford site. Results of deep crosshole

and downhole testing performed at the N-Reactor site (United Nuclear Industries, Inc. 1978), crosshole tests

performed at the Fast Flux Test Facility (Hanford Engineering Development l-aboratory 1975), downhole tests

performed at the future grout vaults site (Dames & Moore 1988) and downhole, crosshole and refraction seismic

test performed for the Skagit Hanford Nuclear Project (1984) were reviewed. A review was also made of

estimates of the dynamic shear modulus reported by URSfiohn A, Blume & dssociates (197?) for the 241-AN

and 241-AP tank sites in the 200 East area. The data were not entirely consiste;rt for the lower 150 to 200 feet

of soil immediately overlying bedrock. Some information indicated increasing then decreasing velocity values,

while other information indicated a constant or uniformly increasing velocity profile with depth. We believe that

the data presented in Plate 7 represent a reasonable interpretation of the collected data, and are sufliciently

accurate for design purposes.

Some methods of soil-structure interaction employ elastic modulus values to estimate the perfonnance of

structures during seismic shaking. For such an analysis, we recommend the following values:

Elastic Modulus (E) in ksf

Static D;mamic

15,(n0Brown Silty Fine Sand

(Improved or Recompacted)

Gray F-M Sand

1,500

1,800 18,OtX)

Static and dynamic values for coefficient of subgrade reaction have been recommended in Se.ction 5.3.

The substantial depth to the water table at this site and the dense rrature of soils at that depth means that

liquefaction is extremely unlikely.

Ground shaking during an earthquake is known to cause settlement of dry granular soils that are in a
relatively loose condition. We have estimated that as much as 1.5 inches of settlement could occur for portions

of the structure that may be supported on the surficial brown silty fine sand layer that has not been improved

(i.e. densified in place by rolting or other methods) or recompacted. This estimate was made using the method

of Tokimatsu and Seed (19S?) assuming a ground acceleration of 0.359. If the brown silty fine sand is densilied

and/or recompacted as recommended in this report, the estimated settlement from seismic shaking decreases

to approximately 0.3 inches for the design earthquake. This settlement is in addition to the settlement estimates

for static loads as presented in Sections 5.2.1 and 5.2.2.

or6\smn!tcru,m 1.3



We recommend the use of a Site Coefficient (S-Factor) of 1.2 for seismic analysis of the IJGO facilities.

The Site Coefficient is as defined and described in Section 2333 of the 19J1 [Jniform Building tlode (UBC).

If a simple representation of ground motion is required, we recommend that the normalized response spectra

shape corresponding to a "Soil Type 7' be selected from Figure No. 23-3 of the UBC, page 195.

5.6 VTBRATORY FOUNDATION LOADS

Foundations for vibratory equipment such as compressors should be desigrred to prevent excessive

deformation in the primary directions of motion of the machine, and to prevent settlement of the foundation soils

due to long term vibration-induced consolidation.

Foundations for vibratory equipment may be placed on the natural gray fine to medium sand or on a "select'

compacted fill consisting of either the gray hne to medium sand or a mixture of that soil with the brown silty

fine sand. We do not recommend the use of the silty line sand alone, either impro'red in-place or recompacted,

unless it is overlain by a layer of setect compacted lill of thickness equal to 1.5 times the width of fuoting/mat

for the equipment.

Because of the narrow gradation of the brown silty fine sand, some risk of long term setrlement from

vibratory loading exists, even if this material is recompacted. We are therefore recomrnending the resiricticns

described above. The mixture should contain no less than about 40 percent and not more than about 60 percent

of either of the two natural sand deposits.

Allowablc bearing pressure values are the'same as those recommended in Section 5.2.3. Compacted lill
should be placed in accordance with the recommendations given in Section 5.2.1..

We recommend the tbllowing parameters for the design of foundations for vibrating equipmenfi

sorl, PARAMETERS FOR USE IN DESTGN OF FOIJNDATTONS FOR VIBRATING EQI)IPMENT

Total Unit
Weight

(pcf)

Shear

Modulus
(ksf)

Poissonts

Ratio

Select Fill

Brown Silty Sand

(Improved or Recompacted)

Gray F-M Sand

.25

.30

.25

110

105

105

2m

wn

3500

The shear modulus values shown in the table above have been reduced from the'maximum'values obtained

from geophysical testing in order to correspond to the 10-2 shear strain amplitude that probably better

approximates the levels that will be induced by vibrating machinery.

ot6\lImnttru,F L4



5.7 CORROSION AND CHEMICAL DETERIORATION

Deterioration of metallic and/or concrete structures below the ground surface may occur where chemical

and electrochemical conditions within the soil and ground water are unfavorable. A series of laboraiory tests

were conducted during this investigation to evaluate such conditions. A suite of corrosion potential tests were

conducted on one sample each from Borings DM-1-92, DM-20-92 and DM-39-92. DM'?f.'92 is located at the

corner station while the other two borings are located at the end stations. The soil sample from Boring

DM-39-92 consisted of the gray fine to medium sand, while the other two samples consisted of the brown silty

fine sand. The suite of tests included pH, resistivity, redox (i.e. oxidation-reduction) potential, sulfide contcnt,

sulfate content and chloride content. A summary of the test results is presented in Appendix C.

The test results do not identify any property of the soils that gives rise to concerns about corrosion or other

deterioration of metallic and concrete structures at this site. All resistivity values are high, ranging from 6$0fi)

to 370,000 ohm-cm, while the pH is neutral to slightly basic. These results suggest non-aggressive ervironments

from the standpoint of corrosicin. The redox potential values ranging from 287 to 323 mv indicate well aerated

soil and suggest the absence of sulfate-reducing bacteria that are typically associated with corrosion. The absence

of sulfate-reducing bacteria is also confirmed by the negative results measured for the sulfide scree,ning tests.

This analysis does not consider stray currents which may cccur at the site nor does it evaluate the possibility

of the interconnection of dissimilar metals. The above analysis is based only on the corrosittn behavior of a

single material by itself without outside influences.

From this analysis it may be concluded that special corrosion mitigating features need not be included in

the design of underground utilities. Standard quality controlled designs including proper bedding materials

should result in structures that will experience little or no corrosion over their design life. However any buried

structure viewed as "critical" should be reviewed in detail in the design phase for possible outside influences such

as the interconnection of <iissimilar metals or the possibility of being under the influence of stray currenls.

Based on the above analysis, we recommend the following:

1. Standard construction materiais and practices may be employed for the installation of sanitary sewer and

water utilities.

2. Standard construction materials and practices may be employed for the installation of potable and fire

water utilities.

3. Standard construction materials and practices may be employed for the installation of tanks bottoms,

underground tanks or buried concrete structures.

4. Standard construction materials and practices may be employed for the installation of the site

groundgrid system.

5. The interface connections between existing utilities and utilities to be constructed should be completed

in a manner that will minimize or eliminale any galvanic couples and atso to avoid the introduction of
stray current onto the piping.
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The sulfate content is such that specialty sulfate resistant poitUha cements are4! required for concrete

tanks and utilities for corrosion control. This does not exclude selection of those materials for othcr

than corrosion control reasons.

The soil conditions in general (based on the available data) would !g! require the use of specialty

coatings, inert membranes, nor cathodic protection. This does not exclude selection of those materials

for other than corrosion control reasons.

8. The groundgrid design should take into consideration the high soil resistivities at this site.

5.8 PAVING

The variation in subgrade soils for paved surfaces will likelybe similar to that tbr footing subgradeq ranging

from the dense gray fine to mcdium sand to compacted n[. If excavations are required to reach the subgrade

level, the exposed subgrade should be thoroughly proofrolled using a vibratory roller, especially rvhere the

subgrade soil consists of the brown silty trne sand. At least the upper l-foot of subgrade soil should be at 95

percent of the maximum dry density, as measured using ASTM D-1557. The following are recommenrled values

of California Bearing Ratio (CBR) for use in design of flexible pavement.

RECOMMENDED CBR VAI,UES FOR PAVEMENT DESIGN

CBR

Compacted Fill
(Silty Fine Sand)

Brown Silty Fine Sand

(Proofrolled)

Gray F-M Sand

(Proofrolled)

If rigid pavements are desired, the values of vertical subgrade reaction coefficient presented in Section 5.3

may be used for design.

The pavement section should consist of the asphalt (or concrete) surface course underlain by a base course

of crushed stone aggregate. The thickness of the base and surface courses should be established following an

evaluation of the anticipated traffic weight and volume to be supported by the pavement.

5.9 LEACH FTELD

We understand that leach fields and seepage pils will be used for sewage disposal. Percolation tests were

therefore conducted at two focations in the vicinity of the corner station. Test results, presented in Appendix B,

indicate a range of percolation rates lrom about 0.4 to 2.0 minutes per inch. The test conducted at the location

6.

7.

Soil

m

15

25
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of Boring DM-2r-gzwhere the ground surface was at Elevation 522 indicated thc roivest percolati'n rates (2

minutes per inch). The higher percolation rates measured at Boring Dw'22-g2(ground surface at Elevation 533)

probably reflects the fact ,"t u, ,i" upper 11 feet of soil consistcd of the silty fine sand in a loose to medium dense

condition. It would be prudent to design all facilities using a percolation rate of at least 2 minutes pe'r inch'

5.10 EARTHWORK AND SITE PREPARATION

Soil in the upper 6 to :2inches across the site may contain an undesirable amount of vegetation' and should

therefore be stripped from any area to be occupied by structures or pavements' This material can bc used for

general site grading. Both naturally occurring rtrutu, i.". the brown silty fine sand and the gray 1ine to medium

sand, are suitable for use as structural compacted fill. An exception to the use of the silty fine sand for

compacted fiil directly beneath vibrating equipment is discusrcd in Section 5.6. Laboratory c'ornpaction

characteristics of each of the two natural ,oit iyp". and of a mixture of the two soil types are presented in

Appendix c. The results for the brown silty fine ,and ar" somewhat variable, showrng a maxirnum cry density

between 110 and 120 pcf, depending on the silt content. Further testing should be performed prior to

construction to better evaluate the nature of this variation. Fills for general site grading may be placed in 10

to 12 inch lifts and compacted to 90 percent of the maximum dry density' cornpaction recommendations for

footing/mat and pavement subgrades have.been addressed elsewhere. close attention should be paid to moisture

control during hot'weather construction'

Duringthesitegradingprocess,ifthesoilatthefoundationsubgradelevelisthegraysand'noturther
excavation would be necessary. If the soil at the subgracle levcl is the brown silty sand' a minintum of 8 feet

should be excavated and recompacted as recommended in Section 5'2'l' lfduring excavation of the brown sand'

the gray sand is encountered at less than 8 feet below the subgrade level, no further excavation is required'

Excavations eKending to 8 feet depth that continue to reveal the brown silty sand in a loose condition should

be further extended until a medium dense condition is encountered or the gray sand is revealed' Irrformation

obtained during drilling and sampling for this project suggests that wherever the brown silty sand layer is greater

than 10 feet thick, the iower poriion of the layer is in a medium dense to dense condition' We therefore expect

that excavations to depths greate, than g feet bclow tho finished floor level will be required only sporadically

across the site. we recommend frequent monitoring of subgrade conditions by a representative from Dames

& Moore in order to identify locations where subgrade conditions are unacceptable'

Disturbance of the foundation subgrade from foot traffic or other activities during slab and mat preparation

should be kept to a minimum. Keeping the surface moistened should aid in this task. However' some additional

measures may be required during the hot summer months. Alternative measures for minimizing subgrade

disturbance include placement of an upper 4 inch layer of well graded sand and gravel or a 2 to 3-inch thickness

of lean concrete immediately after frnal grading'

Temporary excavations in the surficial layer of brorvn silty line sand will likely experience some sloughing

if slopes are steeper than about 1.8 Horizontal on 1.0 Vcrtical (1.8H:1'0V)' Furthermore' this soil is considered

highly erodible by water and wind, and may be adverscly affected during heavy rainfalls or windstorms'

Temporary protection from erosion can be provided by covering the slopes with visqueen or similar plastic

membranes during construction. Permanent slopes in this layer should not be steeper than about 2H:1V'

Erosion protection can be provided by vegetation or a 6 to 8-inch thick layer of gravel and/or crushed stone'

t7



Temporary excavations in the gray fine to medium sand may experience some local sloughing if slope,s are

steeper than about 1.5H:1V. Where this layer exhibits some natural cementation, slopes stand at 1.25H:1V with

only minor sloughing. Permanent slopes should be inclined at 2H:1,V. The more narrowly graded zones within

this layer (i.e. less medium to coarse sand) will be relatively prone to erosion, and may be protected as indicated

in the paragraph above.

5.11 UNDERGROUND UTILITIES

Excavations for underground utilities in the surficial silty fine sand will readily cave into any excavation that

is sloped steeper than about 1.8 on 1.0 (horizontal to vertical). The addition of moisture before and during the

excavation process may assist in reducing the amount of caving.

The excavated soil will be suitable for both bedding and backfill. Backlill soil should be placed in lifts not

exceeding 6 inches in thickness and compacted to 90 p.rrcent maximum dry density as determined by

ASTM D.1557.

Two bulk samples of the brown silty line sand were tested for thermal rcsistivity to assist in determining

ampacity derating factors for power cables. Test results indicated thermal resistivity values in the range from
400 to 530 degrees centigrade-centimeter per watt ("C-cm/watt).

Laboratory electrical resistivity tests were conducted on selected samples to assist *itfr catcrilation of
resistance-to-soil for equipment grounding and for assessing the potential for corrosion. The results, presented

in Appendix C, indicate that all resistance values are high, typically exceeding 60,000. ohm-centimeters. The
potential for corrosion is more fully discussed in Section 5.7.
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6.0 LIMITATIONS

The recommendations and descriptions presented in this report are based on soil conditions disclosed by
the borings drilled during this and previous investigations at the site. The existing subsurface information
referred to herein does not constitute a direct or implied warranty that the soil conditions between boring
locations can be directly interpolated or extrapolated, or that subsurface conditions and soil variations different
from those disclosed by the borings will not be revealed. If, during construction, subsurface conditions different
from those described herein are observed, such conditions should be reviewed and the recommendations given
herein revised as necessary. Dames & Moore regards the monitoring of soil conditions at the subgrade during
construction as a key element in the successful completion of this project.

Sincerely,

DAMES & MOORE,INC.

ffidryY
Har$ns L. Chabra, PE

Principal

UJ. \fn.\^cG-Q>q
W. Martin McCabe, PhD, PE
Senior Engineer

ffiAffi
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APPENDIX A
FIELD IIWESTIGATION

Subsurface and ground-water conditions at the site were investigated by drilling 4l primary borings and 32
secondary borings at the locations shown on Plate 2. The borings were drillerJ utilizing two truck-mounted
hollow stem auger drill rigs, a Mobile Drill 8-61 and an Acker CME Soil Max. The borings ranged in depth
from about 8 to 63 feet below the existing ground surface. After reaching the linal depth the borings were
backfilled with bentonite muci. The spoils from the borings were spread out over the ground surface surrounding
the boring.

Borings DM-1-92' DM'm'gz,and DM-41-92were used in the geophysical survey and had a 2-inch diameter
ScH 40 PVC pipe casing installed. The casing was grouted into place using a mixture of bentonite and cement.
After the geophysical survey was conducted the borings were backfilled with bentonite mud.

The drilling program was coordinated by a Dames and Moore staff engineer and a field technician who
monitored the drilling activities, obtained samples of the soils encountered, ciassified the soils by visual aird
textural examination and maintained continuous logs of the subsurface conditions. Logs of the borings are
presented on Plates A-1 through A-73.

Relatively undisturbed samples of the soils encountered were obtained at about S-foot intervals. In the
primary borings a Dames & Moore U'Type sampler, as shown on Page A-2, was used to collect soil samples.
Soil samples from the secondary borings were obtained using the standard penetration test. The U-Iype sample.r
was driven with a 300-pound safety hammer falling 30 inches. The number of blows required to drive either
sampler one foot or less into undisturbed soils is shown acljacent to the appropriate sample notations on the
boring logs, Plates A'L through A-73. A key to the notations used on the logs is presented on plate A-74. The
soils were classified in accordance with the Unified Soil Classification System which is described on plate A-75.

Based on energrr ratios between the two different hammers and samplers used during the field investigation
the blow count for a sample obtained using the Dames & Moore U-Type sampler should be equal to or slightly
greater than the SPT value for similar sampling clepth and soil conditions. However, comparing the U-Type
sampler blow count values to the SPT blow.count values for similar depth and soil conditions we find that on
the average the blow count for samples obtained using the U-Type sampler are actually less than the SpT blow
count. This may be due to using two different drill rigs that had different mechanical components used to raise
the hammer. It is our opinion that the SPT btow ccunt values may be slightly elevated due to details of the rig,
and that the Dames & Moore sampler btow counts more accurately reflect the contlition of the ioils.

A-l
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BORING DM _14-92

Surfqce Elwotion: 525*#fl
!ond. totna

Groy flnc cqnd (dry) (mcdtum denac-donse)

t0

30

grodcr ulth occodonol flnc arowl
Borlqtg QIU-!!-92 complclcd ot dcpth of J6.S fect
!fin}|-ts-sa No grodndwotcr oueb-ca au-lng
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NOTE:
Northuest t-cA Stotlon 47+gs
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BORING DM-15.92

#fl
&Hlln* 

to mcdlum rond rlth eomc

Groy finc to modium rond (domp) (Aensc)
10

20

Groder to wry dcncc wlth occorlonol growt

Grodec to medlum denrc

Grsd.s to vrry denso

HnTt-ot!:lf ',gi','!lf,lsFi-#t"*:BUl,€Lttf"r1fr"
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NOTE:
Northwest l-cg Stoilon gg+29
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BORING DM_ 16 -92
Surfoce Elovotion: 516*6fl

ffilytt* to mcdlum sond wlth aomc

tO H.illlSP I croy flnc !o mcdlum rond (dornp) (d.ncs)

Grqdes to medlum densr

20

ff il?t-t!:lt-?ei?!lf,hl'"d,J,"9:0"$l3lo,.f, ,1"1"

70

NOTE:
l,lorthwest Lcg Stotlon 29+21
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BORING DM -17 -92
#fl

ffi1nnt to madlum rond wlth romc allt

Groy flne !o mcdlum rond (domp) (medlum dcnad

t0

fin#t"lirffi"ii"sld wlth trscc rlnc arurul

30

@oy flnc to mcdlum aond (domp) (mcdlum dcnrc)

ff :ry-?!:31-i,3iruf,Fl"f.J,i:'Jli313.f, ,lT^
drilling.

70

NOTE:
Northvest t-cg Stodon 20+14
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BORING DM- 1B -92
Surfoco Elovqtion: 516*&fl

|f,?::1o"" 
to mcdlum sond with eonrc clt

Groy flnc to mcdlum rcnd (domp) (dcnrc)

l0

&qdcc to vtry dcncc

20

Grqdcs to dcnrc

Grodes to medlum dcnro

ro fi}l-?!:3f'r? i.,.sf,Fix1J*"*:o.XHli.f,r'"fdrllllng.

50

60

NOTE:
Northwcst tcg Stotlon t | +O7
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BORING DM-19-92

Surfoce Elcvotion: 519*#fl
Brown flnc rotrd rlti comc

Grqy flnc sond (dry) (mcdlum dcnec)

t0

&odor to deno

Grcdcc to mcdlum dcnsc

Grodcr to dcnsc

![ffi1 
jefl|.?;r-ffi fl ij;d.""lfi rs*%ip"l**

NOTE:
Northrcct lcg Slotlon 2+00
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BORING DM-20 -92
&f,

Brom flnc aond rlth comc rllt

t0

Brown flnc to mcdlum lond (dry) (rncdlum dcnac)

Grodcc to groy ond dcncc

20

Grodcs to mcdlum dcnrc

Grodcc to densc

Grodcr to n:ry dcnsc

p.or|q1 0,!{-19-92 comptetcd qt dcpth of 6O fcet m
I\-J?-?Z. No 9 ro und*otc r cn Co u ntc rbd-' d riiln g

a.|frtr Fy'c corlng lnctoll€d for gcoplryrlccl

NOTE:
Vcrtax Stotlon O+fi)
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BORING DM -2L-92
#f,

frown.finc to mcaium so;a-with-G;
(bo3e]

Grcy finc to ncdlum mnd (dry) (mcdlum dansc)

t0

Grodcc to dcnrc

50

Grodec to wry dence

Grodcc to dcnsc

Grodcs to mcdlum dcncc

Grodcr to y'cry danoa

SSnil-?Y:31-'Gi",nni:Fi,J'"f..:&1131"5'aln1ff

NOTE:
Northwest l-cg Slotlon -2+dt
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BORING DM -22_92
6f

brorn flnc rond rlth romc rllt

Grodee to msdfum dcns!

Grcy flnc !o msdlum rcnd (dry) (mcdlum danrc)

Grodoc to dencc

grodec rlth occqdonol grovrl
30

Grodca to msdlum dcnrc

Grodco to wry dcncc

eodng q!-?-Q2 comptctcd ot dcpth of 6tt.S factm.,Jl-l 1 -S2. No grorindrotcr cncfoiirtcicii-iuffi'

NOTE:
Southrest lcg Stotlon -Z+OO

Dames & MooreLOC OF BORING

w'
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BORING DM-23 -92
6f

sond wlttt !rom6

Groy flnc !o mcdlum rcnd (dry) (mcdtum dcnca)

t0

Grqdes to domp ond doncc

G-rqdec to vrry densc

Grodes to dencc

Grodcr ulth occortonol grotcl

Grodcr to wry dcnaa
Aorrltg 9U-?Fg2 comptctcd ot dapth of 53.I fecton,l .| 

-1 1 -92 No groindwotcr cnc-o-irt.cJ -iurtrq--
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NOTE:
Southwest leg Stadon 2*00
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BORING DM _24_92

Surfoce Elovotion: 526*&f,
Brown flnc oond wlth somo

froy,.flnc !o mcdlum fsnd.(dry)(nt€tum ocnlr-vlty €c'trc,
t0

grc&r to flnc cond

grodc! domp

Borfry DU-?4-9? complctcd ot dcpth of JE.S fcct
!fitffit*tz l'lo grodndwotcr obabrvcd d-dng

60

NOTE:
Southrcgt tcg Stotlon I t +07

tOG OF BORING Dames & Moore
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BORING DM -?,5-92
Surfocc Elevotlbn: 551*#fl

Brown flnc gond rlth somc rllt

Groy flne cond (dry) (medtum denae-densc)

gfgdec rlth occoelonql lcnrcr of llght brown
ro H#l | ;irt

grodcr domp

groder brom
20

Borf4g D-t!-!!-92 comptctcd ot depth of 4t .5 fect
3l'nl,l:t*t" i'lo grodndwotcr ourErvco aurlhg

6{'

NOTE:
Southrcst tcg Stotlon ZO+11
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BORING DM -26-92
6fl

Brown linc aond wlth somc sllt

SP I eoy finc cond (drv) (toose)

to

20

Grodoc to medlum donao

Grodes to dcnse

30

Grqdos to rsry densc

Grodcr to dencc

Grodco to vcry dansc

ff fr:3. 
?t:1F1'. ffi lfl iif ."t"#Ej[o%fl,nl.* on

70

NOTE:
Southrost Leg Stction 29+2t
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BORING DM-27_92

6fl
Brown flnc roM rlth somc rllt

t0

Groy flnc to mcdlum rond (dry) (mcdlum dcncc)

Grodcr to dcnsc

Grodcr to rncdlum dcnrc
20

30

Bonqg D)l-2^1-p2 completcd ot depth of nt5 fcgton,I 1-1 E-92 No grodndwotci cni-otiirtiicd -du'in! -
€nilrng,

NOTE:
Southwast LcA Stotlon 3E+ZE
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BORING DM-28 -92
&f,

.ond wlth $rn€

Groy flnc to mcdlum rond (dry) (loor)

t0 ffi$"" to medlum donao rfth lencer of rllp finc

20

Grodec to dcncc

@odcc to wry dcnca ond molst

ii*:3.-if ftt?''";;illJil;0.,"1"*Ei[f 
'o J$n I"* .n

50

70

NOTE:
Southrcst Lcg Stotlon 47+J5
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BORING

Surfqce Elwotion:

DM-29-92

6fl
aT$1fi* aond slth romc

fr.ownlph, gruy to grry fr;r rond .rith .some rllt(domP, (m.olum ornl. lo v'ul/ qon8€,

to

n ffifl | tncrcoelne mcdium rnd

Borino DM-29-92 comoleted ct d€oth of 5l fest m
11-:18-92. No ground*rter cncountsred during
drilling.

NOTE:
Souttrw€t Lcg Stction 56*2
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BORING DM-30-92

&f,
vcry fln€ rcM

10 Sfl glz T&i t*"'Scoalonor 
rcnr* or

Grqdcc to mcdlum dcnrc

Grodor to dcncr

Grodcc with trocc rllt

50

Grqdor to rnodlum dcnre

Grodcr to dcnsc

grodc! to brom ond vcry dcnrc

Bon:qtS qU-!Q-92 cornplctcd ot dcpth of SS.5 fcgton,jl-18-92. No grodndwotcr encbuntcrcd anring-
onun0.

NOTE:
Southwcat Lrg Stotlon 65*50
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BORING DM-31-92

#f,
soM wlth eom€

Grry flnc rond (dry) (mcdlum dcnrc)

Rod brown finc rond (domp) (medlum densc)

Grodec to denrc

Grqdcr to groy ond medium denge

SH"fn" to mcdlum rond (drv) (donrc to very

Grodcs !o v,cry dcnsa rlth occoslonol groracl

911ty. qtp-lq coorrc rotrd rlth trocc gruvct (dry)
(vcry 6cnsc)
Brown flno rond (dry) (vcry donrc)

Brown flne to coarcc rond (dry) (y'ery denco)

ff ilil. 
qU:31 ?e ffiHsFi-i' "g:h1l,:1"!'a'"nli"

NOTE:

ffisig H,Ttr 331fl?*r

Dames & MooreLOG OF BORING

(!o
Irt
o
(\l

o
g
t
a

Eo(D
Itlt
I

I
-I
-b
!o
Eo
3

Job No. 00177-004-016 PI.ATE A-31



BORING DM-32 -92
6f,

Brown, ffnc rond wlth romc

SH"tn" eond ufth troce sllt (orv) (mcoum

t0

&qdrs to denrc rlth romc rlft

20

30

$Bf" to wry dcnra rlth occoJonot grorcl ond

3ifijl.-?r. i?",-;;srJiir.":1"f;ril"so;3"1"* *

70

NOTE:
Southrcat LcA Stotlon 66+50
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BORING DM_33-92

6f,
Brorn finc sond wlth somc allt

l0
&odec to grcy brorn ond mcdlurn dencc

Brom sllgl firr cond (mcdlum dcnrc)

Grodss wltft cllt ceqm obout l/,1 Inch thtck

ggJ* to mcdlum sond (dry) (mcdlum dansc to

@odcc to v'cry dcnsc

SdTf -?B:8f ?e iff r;:H,i' 
"t:p.Ul,:L!'fl 

,H

NOTE:
Southrcst Leg Stotlon 75+64
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BORING DM -34_92
#f,

"ditX"J* 
somc allt ond

Groy flnc sond (dry) (mcdlum dcnsc)

t0

Grqdcc to groy brown rfth lcnsc of brown rllt

Brorn rllty flnc roM (dcnsa)

$:g"fn" sond wlth troce sllt (mcdium dcnsc to

Grodcs to dcnsa

Gro&s to mcdlum dcnrc

Grodcs to vrry densc

60

!i#l.lJf 'ff 1'-;;illJij;0."*ini[o%i3"1**

70

NOTE:
Southucrt l-cg Stotlon E4+76
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BORING DM-35 -92
6f,

!fi::) n* rond ulth lom€

Oroy fins sond rlth romc oilt (Orv) (ooro)

t0

9rodgr to .rned(um denro wlth bocc cllt (dqmp)
(mcdlum denro)

Grsdcc to wry denae

Groder to denec

Grcdcs to v'cly dcnsc
4{t

3ifijl.oJ[;lT'f'";;illJ#0"":l"#r",ll;'oflnl"*on

NOTE:
Southwcst [eg Stotlon 9:t+92
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BORING DM-36 -92
Surfocc Elcvotrbn: 541*6y

Brown llnc rond rlth trocc rllt

Brown ellty ltnc rond (rrdlum dcnrc)
t0

dffi)tln" rond slth trqcc dlt (dry) (mcdlum

20

Grodec to dsnsc

Grodcr to wry denrc

Grodcr rith occodonol finc grovcl

BorlnS Qt{-10-92 comptctcd ot dcpth of 5l.S fcct
!ftn}[-ts-sz No grorindwoter cncbuirtcica'ardng 

-

NOTE:
Southucgt LcA Stotion tOJ+06
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BORING DM _37 -92
6f,

Grcy flnc sond wlth romc

&oder to medlum dsnrc
t0

Grqdcs to dcnm
20

Grodec to wry densc

Gtoy .flrje (o poorrc. ror{ rlth occoslonol flncgrqva (6ry) (Yrry dcn$)

Grry fina cond (dry) (dcnca)

iifi?l.3Jf 'ff ?''"ffi llJij;.""l"f iti[o*.ff";'*-

70

NOTE:
Southwcst Lca Stotfon 1IZ+ZO
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BORING DM-38 -92
6rY

Brown -flnq lgM wtth com€ allt ond
rootr (dry) (looro)

Groy flnc wnd ulth romc dR (dry) (loore)

t0

Grqder with less rllt ond denge

Grsdec to mcdlum denrc

Grodct to vcry dcnrc

Grodcs wlth occosionol finc grorcl

iifi"T.lJt.ffi ?ff fi irfl ij;d"":1"*ElLl;i"1"**

NOTE:
Southrest LcA Stctlon l2l+34
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BORING DM-39 -92
Surfqce Elevotion: 55[t*#f,

*H; ttn" cond ulth aomc

Hor$ll Snslott rord slth trqcc rllt (dry)

10

Groder to dcnrc

50

llffijef lf;"l ffi tflij;oJl"*Eif"it J*nl"* on

70

NOTE:
Sorthuegt lcg Stotlon !J0+SO
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BORING DM -40-92
#f,

Brown flnc rond rlth com.

&E rlll dTi*flth oecorlonol rilt lcnaoc (drv)

10

20

50

&qdes to dcnsc

ft iit$i;t"-?'Jffi |J#.."%ff E"T"%J$,,f; 
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ddlling.
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NOTE:
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BORING DM -4L-92
Surfoce Elevotion: 554*&fl

fli||y nn" sond ulth comc sllt

ffgJ* to msdlum cond (dry) (dcnrc to vcry

t0

20

30

60

!i#l?.-'it:11;1ff ;il#i$d. "**ri[i'o 
g$"1"* *

filf$.Fy'c corlng lnstoll€d for gcoptryalcot

NOTE:
Southscet tcA Stotlon lgl+S0
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BORING DM -42-92
Surfocc Elevotion: 541+6if,

5fi3!) 
n* rond rlth mmq

l0 
H#',,{FrMl Groy ftnc rond (dry) (mcdfum dcnec-dcnrc)

2 lrrch sllt loycr ot 125 fcct

20

ff l#U-Af '-1i?gll,hf'i,Jt"*0.*"4'o?ir',io**

50

NOTE:
llorthrcct t.cg Stotlon IZS+9|
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BORING DM-43-92

Surfocs Elwotion: 521*#f,
5[i:5ttn" rond wlth con*

t0
Groy flnc to mcdlum rond (dry) (rtcnac)

ff Li!-?E 61-'13 ffi |J:|"SJ, 
"i:B$"f' ol,ifo 

**
drllllng,

NOTE:
Northsest tcg Stotlon li6+77
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BORING DM _44-92

Surfqcc Elovotion: 514*#fl
ffi331ttn" 

goM wlth romc sllt

frfr1 tnJ:+ltggY' occorronor srurul

t0

fi ].fl-qHf 
"e 

ffi ih,Y,Jt "i?#J offi t"*
drllling.

NOTE:
Northwest Lca Stotlon iO7+69
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BORING DM -45_92
Surfqco Elevation: 512+#f

H;S n* rond wlth romc

HffiISP/S1V| Croy flnc to mcdtum rqrd (dry) (mcdtum dcnce)

f-wtz.t I

ro fiiry-'#:dt 
.'.e ffiiiel*J,"ig$,flf"f"J."drllllng.

70

NOTE:
Northrest lcg Stotlon 9E+49

LOG OF BORING Darnes & Moore

t!oa
T
ll,
T
c)

g
-b
!oD

-g

No- 00177-004-016
PI.ATE A-45



BORING DM _46-92

Surfqce Elevotion: 515*&f,
fror1 flnc cond ulth rorrc
ocftra,

Groy flnc to mcdlum aond (dry) (oorc)

grcdcs domp

ff ili!-jEft'^e iufl:i*t;' 
"*o.S"S 

t?f" J*

JO

NOTE:
Northwcat lcg Stotlon B9+J5

LOG OF BORING Dames & Moore

ritoo
Tttt
T
ct

-I
-i
!o

E

-$

00177-004-01 6 PI.ATE 4-+6



BORING DM _47 -92
Surfqee Elevotion: 5ll5+#f,

oS35 
finc rond wlth romc

ro msP/swl n*'.,1*" "f.J:g:n*fnd 
(domp)

fi 1it-?!:fL'fi iHti:i'f*Jt "tp.S"f ol,ifo'*
drilllng.

50

70

NOTE:
Northwcst tca Stotlon E0+21

tOG OF BORING I)arnes & Moore

rit
CDo
T
ut
T
€t

g
-b
!o
EI

-g

No- 00177-004-016 PI.ATE A-+7



BORING DM -48_92
Surfocc Elwotrbn: 526*6fl

Brorn lfnc gorrd wlth romc cllt
F$glijlsP/Swl pryy,,flnc !o mcdlum rqnd.(dry)Eg{1tI | (mcotum d€n8c-trly denso)

F 'd.{ I

r^ Borfng DU-{Q-Q! comph-tod of dcpth of E.5 fcstrw onl*'*i1r?{:3!. 
tfi 

ffifJe,t ci. oEfi itpi, oii[nd-.

50

60

NOTE:
Northrcet Leg Stotlon 71+07

tOG OF BORING Da,nes & Moore
Job No. 00177-OO4-016

P1ATE A-4€I



BORING DM -49-92
Surfqcc Elwotion: 540*6fl

Si:Sn* rond wlth 
"onc

Btgi:lsP/Styl crqy flnc to medlum rond (dry) (dcnrc)
E r\i.{.t I

Ea&-t I

{^ Borlng gM-49-92 completcd ot dcpth of E.5 festrv on tl-l+-gZ No gro0ndwoter oba'crcd dudng
drllllng.

20

70

NOTE:
l,lorthwcgt lcg Sto$on 60+96
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BORING DM-50 -92
Surfocc Elcvotion: 541*#fl

ffi tin" rond wfth romc

to
Groy flna oond (dry) (dcnsc-vcry dcnd

f i1-?B:81-'fi iHf,Ef11"t, "iB$fr ol,ifo 
*",

drllllng.

NOTE:
Northrcst leg Statton St+99

tOG OF BORING Dames & Moore
00177-004-01 6



BORING DM-51-92

Surfocc Elovation: 520+#fl
g;33) n* rond wlth comc rllt

mil 
ttlt* 

| fig tnirrio"L"ll-'""#' ol!",15tonot 
e-"'1

EMA I

.^ Bodrtg DU-5!-92 complctod ot depth of E.5 fcctrv onorril'Hil-i,lffi f,h*,ei'oli'eilcJ'uiirnri--.
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NOTE:
Northrcgt lca Stotlon 4;2+gz
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BORING DM _52-92

Surfqce Elwotion: 516*6f,
!onL tilt (dry) tlrorc to

R{iflSP/S-Wl froy..flnc !o mcdtum rond.(dry)
tRitl | (mealum dcnrc-vcryr dansc)' -'
F-t*a{ I
Ppro I

ro fiIfl_qg=ga-'fi ffiililx1J,"i*s,flj?f"J."
drllllng.

NOTE:
Northwcet Leg Stotlon St+7S

LOG OF BORING Dames & Moore
Job No. 00177-004-016

PI.ATE A-52



BORING DM-53 -92
Surfoco Elwoton: 511*6f,

Erown flnc rorrd wlth rorrc
dcnca)

HtitllsP/slVl froy..flnc to modium pnd (dry)
t*:SfiI | (modlum dcnro-dcnsc)
Bt&r{ |

-

ro fi:11_?u=gr'fi iHii:111;;,"*0.s"3'l?f"J""
ddlltns.
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60

NOTE:
Northrest lcg Stotlon 21+69
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BORING DM- 54-92

Surfoco Elcvotrbn: 519*#f,
sotd rlth sonc

Groy flnc to modlum rond (dry) (denr-rcry dcnrc)

ro ffl,fl_qu:grie ffiii3Fjt#".0r#;'o?f"J"*
drllllng,

NOTE:
Northrycst Lcg StoUon t5+61
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BORING DM_55_92

SurfEcq Elwction: 516:t6f,
*Synt* sotrd rlth somc

ffi-Et:r*l 
Groly fino to mcdlum aond (domp) (wry dcnco)

Borim DM-59-92 comolstod ct deoth of E5 feotto m _11-15-92 l.lo grodndrcter obebrwd during
drillinc.

50

NOTE: l

l.lortlrscst tcg Stctiont6 + 5.+
I

tOG OF BORING I)a'nes & Moore
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BORING DM-56 -92
Surfqcc Elcvotion: 525*6y

fli$)o* rond rlth romc rin(af,(mcaffi

Hb,:tSP | &oy flnc sond (dry) (wry dcnce)

ro fi:il-?U:gfie iHiliif,J,,fl:'#*:L8oouH
drllllng.

70

NOTE:
Southwcgt Lcg Slotlon 6+54
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BORING DM -57_92
Surfoce Elevotion: 529+6f,

Brown flnc rond wlth somc allt

t0

Groy flna rond (dry) (dcnsc)

ff ilil-j$:3t-'fi ffi nisi*,J'"f, :Bx:nsLJT,-1fr.
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NOTE:
Sonthwcst Lca Stctlon 15+61
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BORING DM-58 -92
Surfoce Elovotrbn: FJB6f,

Brown^ flnc sond ulth
dcnsc)

t0

&oy flnc cond (domp) (denrc)

fr ililr?g=3ti,'.ffi ihl'$,F"X3B$",81?.au"nl",f

NOTE:
Southwcct l,cg Stotlon 24+6E
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BORING DM-59 -92
Surfoco Elarotrbn: 532*&f,

rond wlth trocc

t0

Groy flnc to mcdlum rond (domp) (aansc)

&odcr to wry d€nr.

ff ilil#-81-i,3 ffiLi:fx1"f iB$hst J'f,#

70

NOTE:
Southrest Lcg Stotion g:t+75
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BORING DM-60 -92
Surfocc Elwotion: 525*#fl

Brown flnc aond with trocc rllt
densa to dcnse)

t0

K$flSP I Croy flnc to rncdlum aond (dry) (mcdlurn dcnrc)

I$?Iil I Grodcs to dcnrc

20 Hntt-?H:8f'-? ::nfl:L*.$.i:BllHljsf-.r:'t
drllllng.
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Southucst Lcg Stofon l2+A2
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BORING DM-61-92

Surfocc Elcvotrbn: 535+6f
ol:i331t'n" 

rond rlti tmcc

t0

&oy flnc to mcdlum rond (dry) (denrc)

Gro&r to vtry dcnoa

ff ili!-jB:8l i,? iHf,iii11# 
"f, 

a$n:LJ.es,#f
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NOTE:
Southwcgt Lcg Stofon St+99
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BORING DM _62-92

Surfoce Elwotrbn: 535*#f,
d%3:) 

tln" rond wlth trocc

t0

Groy fine to mcdfum rqnd (dry) (medlum dcncc)

Grodco to dcrua

ff X,i!-.qt:8e-i,SiHfJsit#"i3tHtn$.J'f,,1""f

20
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NOTE:
Santhwast Lcg Stoflon 60+96
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BORING DM-63 _92

Surfoce Elwotrbn: 549*#f
rond rlth trocc

Grodco to dry

t0

Groy fl4c to mcdlum cond wlth occoslonol
to_y^g. o_!_b-qwn finc tond wr'th trocc olt (dry)
(rcry 6emc,
Boring 9U-Ql-92 cornpleted ot dcpth of tE,5 feet
on,"1 1- 1 9-92 No grotindwotcr onii,tiirtcic<i -turinri -
qnilrn9.
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Southwcat Leg Stotton 71+07
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BORING DM -64-92
Surfocc Elovotrbn: 551*&fl

dB:;B 
fi* eond wlth comc

Brorn flnc rond (vury dansc)

t0

Grodo to dcmc

30

Groy flnc to mcdlum rcnd (dry) (vary dcnac)

Grodco !o dcs,rcc

ffilil#:8t i,? ffilf'lll'j,.F "xs$''i3lt'f,nl1"

NOTE:
Southrest Lcg Stotlon gO*21
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BORING DM-65 -92
Surfoco Elevotrbn: 539+6rY

Groy flnc cond (dry) (

t0

Grodcs to dcnca ond domp

Groy flnc to mcdlum rcnd (dry) (vcry dcncc)

Grodcs rlth occoslonol rllt lanseg20 filUiU:gf?,1 i?!lf,lil:it;tJ:'"$,i3LJ.f,,1"f;
drllllng.

60

NOTE:
Southucat Lcg Stctlon Bg+Jtt

tOG OF BORING Dames & Moore
No. OO177-OA4-01G
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BORING DM-66 -92
Surfocc Elwqtrbn: 557*6fl

*S;n* acnd slth trocc

Grodcs to domp

t0

ffi-f"" to mcdlum rond (drv) (donrc to vror

porfnq D!r{-66-92 cmrptctcd ot dcpth of t4 fcct on

ll,n,lB. 
t" No grounduiotcr cnountdrud dudrig -

20

70

NOTE:
Southwcgt Lcg Stotlon 9E+49
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BORING DM_ 67-92

Surfocc Elovotion: 3{2*#f,
Brorn flnc rond rlth
dcnsc)

10

20

Grodcs to densa

$oy (lnc to nrdlum rcnd (dry) (dcnec to vcry
oansaJ

Borhc Dlrf-07-92 complotsd ot deoth of 235 fcetgq._11-19-92 No grodndrctcr cncbuntcred durfng
ddllng.

NOTE:
Southwcst tca Stotion |O7+EJ
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BORING DM-68 -92
Surfoce Elwotion: 544+&fl

oTiS 
on" aond rlth trocc

Grodcr to dcnsc ond domp

10

20 
HSffi Groy finc !o mcdtum rond (dry) (dcnac)

*ntt-?U:81-"3ffi ll,ilt11J."gB$,,$.f 'f"rH

NOTE:
Southwcrt [cE Stafon 116+Tl

tOG OF BORING Dames & Moore
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BORING DM-69 -92
Surfocc Elavotrbn: 55E*#f,

Brorn- finc rond ulth
dcnsa)

Grodcs to vcry dcrEa

20

K{iilSP I croy flnc to rnsdlum aond (domp) (v.cry dcruc)
B}}!a.t I
E-tTrf.I I
ESlra-l IDztfaf I
Krlr I

?^ BorfCrg QU-Q9-92 completcd ot depth of 26.5 feEtrJv on ,l 1-2O-92. No grodndwoter sncbuirtcied--anrfhg-
drilllng,

60

NOTE:
Southwest Leg Stodon t25+gl
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BORING DM _70-92

Surfoco Elwotrbn: 54E*&fl
d%B 

fln" aond rlth somc atlt

to Hf+ltt | *r finc rond (dry) (mcabm dcnac)

Podcr to dcnca

Grodac to wry dcnsc

Groy flnc to mcdlum aond (dry) (vcry dcnec)

ff ilil-?8=3!.'-?i?uti:111J*#'Jin:L3.f,,1&"

NOTE:
Southweet Lcg Slotlon 68+75
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BORING DM -7 L-92
Surfqco Elevotrbn: 544*#fl

Brown, flnc roM wlth somc

to Hffiltt | *or brorn tfru rond (dry) (dcnac)

Grodcr to y'cry datrra

Grodcc to domp

20 
Htr|F-| Groy nnc sond (dry) (rary dcnra)

30 fi:i!_ffi3l-i,? iHtlsl.$#.*o#,#.3.f,r'fr"drllling.

NOTE:

8?'S'tS lf$ iftii 
"11#o"t

LOG OF BORING Dnrneg & Moore
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BORING DM -72_92
Surfoce Elcvotion: 540*#f,

ot:;*T 
n* roM wlth somc rltt

t0

Grodcr to denra

Groy flnc to mcdlum rand (dry) (denrc)

Grodcs to r.cry dcnsc

ff ilfl-. 
gU=3a. ie ffi r,hif# 

"f,:'"Ut,sl3.f,nl#

50

NOTE:
Southwcst Lc,g Stotlon 6ll+25
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BORING DM-73 -92
Surfacs Elcvotlbn: 515+&f,

rond wlth cont

f;:X""T" 
to coorrc rond rlth trocc grqwl (dry)

t0

Grodcs to vrcry dcttsc
Groy flnc to ircdlum mnd (dry) (dcnac)

pgrfq D{-75-92 cornplctcd ot dcpth of tS fact on

l*fn"r6a;rr. 
N o g m u M *otc r cn co u ntarLa-' a ri iin i-

20

50

70

NOTE:
Northwcat LcA Slotlon Eg+E(l
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I(EY:

I Indicotes Depth of Rerotivery Undisturbed Sompre.

tr lndicotes Depth of Disturbed Somple.

tr Indicotos Depth of Sompling Attempt with no
Recovery.

tr lndicotes Depth of Stondord penetrotion Test.

NI lndicotes Depth of Stondord penetrotion Test with
no Recoveql.

NOTE:

Blows required to drive Domes & Moore sompler
one foot or less with J00 pound hommer from
3O-inch drop or split spoon sompler with 140
pound hommer from JO-lnch drop.

The discussion in this report is necess ory foro propsr understonding of the 'noture of the
subsurfoce moteriols.

KEY Dames & Moore
00177-004-01 6



@

o
I

<lo
c)

at\
N
o
ct

c;z
oo?

Mairr Divisions Graphic
Symbol

Lstter
Symbol Typical Descriptions

Coarse Grained
Soils

'More than 50c/o
of Matedal is
Larger than

No. 200 Sieve Size

Grawl and
Gravelly Soils

More han 50"/" of
Coarse Fraction

Retalned on
No. 4 Siew

Oean Grawls
(littb or no fines)

GW
WelFGraded Grarrels,
GrawlSand Mixttrps.
U'tlle or no Frnes

"::
^(\ n

GP
Poorly€raded Grawle
Gravel€and Mixtlres,
Uttle or no Fines

Grawls wih Fines
(appreciable amount

of fines) m
GM

Silty Gravels.
GravelSand€ilt Mixtures

GC
Clayey Grarrelg
Gravel-Sand.Clay Mixtures

Sand
and

Sandy Soils

More han 50% of
Coarse Fraction
Passlng through

No. 4 Sieve

Clean Sand
(linls or no fines)

{-a{/r{
..4 { ,-<

{.a
SW

Well-Graded Sands,
Gravelly Sandq
Litde or no Frnes

W

SP
Poorly-Gra@ Sands.
Gravelly Sands.
Litde or no Fines

Sands witr Fines
(appreciable amount

of fines)

SM
Sllty Sands,
Sand€ilt Mixtrres

SC
Clayey Sands,
Sand-Clay Mixures

Fine Grained
Soils

More than 5@/"
of Material is
Smaller han

No. 200 Siew Size

Silts
and

Clays

Uquid Umit
L'ess than 50

ML
lnorganic Siilts Ird Very Fine Sands.
Rock Flour, Silty or Chyey Fine Sands
or Clayey Sllts wih 9ight Plasricity

CL
lnoryanic Clays of low to Medium
Phsidty, Grarrely Chys, Sandy Clays,
Silty Clays, Lean Clays

W

OL
Organic Silts and Organic
Silty Clays of Low Plasticity

Silts
and

Clays

Liquid Limit
Grealer than 50

MH
Inorganic Silts, Micaceous or
Diatomaceous Fine Sand or
Silty Soils

CH
lnorganic Oays of High
Plasticifl Fat Oays

% OH
Organic Clays of Medium b
High Phdkity, Organic Siills

Highly Organic Soil PT
Peat Humus, Sramp Soils
wih High Organic Contents

Note: Duat symbols are used to indicate borderline soil classifications.

Unified Soil Classification System
Dames & Moore

PLATE A.75







APPENDIX B
IN.STTU TESTING

PLATE LOAD TESTS

Two repetitive static plate load tests were conducted during the field investigation. Test Number 1 was
located along the Southwest l-egat Station 20+00. Test Number 2 was located along the Northwest L."g at
Station &t+50. Both tests were performed at a depth of approximately 2 feet on the surficial silty fine said.

The tests were performed in accordance with AsrM D 1195-64. A 2-foot diameter (l-inch thick) loading
plate was used in the tests. Stiffening plates of progressively increasing diameter were placed between the
hydraulic jack and the loading plate. Applied loads were measured with a 5000 psi gauge calibrated for the 60
ton jack used in the test. Three dial gauges (accuracy 0.001 inch) attached to reference beams were used to
measure the plate deflections as each load was applied. The reference beams were supported on wood blocks
approximately 6 feet away from the test location.

The loads applied to the plate were developed using the hollow stem auger drill rig as the reaction yehicle.
Each load was maintained until the settlement of the plate stabilized, approximately 3 minutes. Three load
hcrements were completed for each test.

The results of the plate load tests are presented on Plates B-1 and B-2. The modutus of subgradc reaction
and the elasticity modulus was obtained for the three loads cycled in each test. These values have been reported
in the text of the report.

PERCOI-ATION TESTS

Two percolation tests were performed to aid in the design of the leach field associated with the corner
station' Test l was conducted neK to boring DM-21-g2at Northwest Station -2+00. Test 2 was performed next
to boring DM'22'92 at Southwest Station '2+(fr. The tests were performed in general accordance with
procedures outlined in the Manual of Septic-Tank Practice, U.S. Department of Hcalth. Education, and Welfare,
At each test location a hote approximatei.v 1 foot deep and 6 inches in diameter was excavateA i" ,f," ."ri"iri
rnaterial' !'he hole was then fillcd with water. The water level was maintained at the top of the hole by using
a hose attached to the water tank on the dril! rig. After one hour the hose was shut off and the rate of water
level drop was recorded by the Dames & Moore representative. The change in water level was monitored for
5 to 10 minutes depending on how long it took the hole to drain. The percolation rate was then calcutated by
dividing the change in water level by the observed time increment. The test procedure was then repeated 4 times
over the next 4 hours at each test location. The results of the tests are presented on plate B-3.

B-1ot6\ffiGtre.m
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I

Adiacent
Borlng

Statlon Tlme Percolatlon
Rate

(in/mln)

Percolatlon
Rate

(mln/ln)

DM-21-92 NW Leg -2+00
10:10
11:10
12:10
1:10
2:10

2.10
0.50
0.70
0.60
0.50

0.48
2.00
1.43
1.67
2.00

DM-22-92 SW Leg -2+00

10:25
11:25
12:25
1:25
2:25

3.60
2.50
2.00
2.40
2.00

0.28
0.40
0.50
0.42
0.50

Percolation Test Results
Job No. 0o177{04{16

: Dnvrs s lvloonp
LIGO Project

Hanford, Washington
PLATE B-3
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APPENDIX C
I,ABORATORY 1ESTING

LABORATORY TESI'S

The physical, corrosivg and thermal characteristics of the soils encountered were evaluated by conducting
laboratory tests on selected soil samples. The physical testing program consisted of tr.iaxial compression tests,
collapse tests, particle size analyses, compaction tests, and moisture-density determinations. The corrosion
potential of the site soil was evaluated through tests foi pH, sulfates, chlorides, sulfides, resistivity, and redox
potential. The thermal characteristics of the sitq soils was evaluated through a test in *hd il;;;;;;
conductivity and thermal resistance of the soit could be measured.

Two triaxial compression tests were conducted.to determine the strength characteristics and deformation
modulus of the soil. one test was performed on a sample of the surficial silty fine sand soil recompa","J i"-gi
percent of the maximum dry density as determined by ASTM D 1557. A second test was performed on a
relatively undisturbed samPle of the lower fine to medium sand. The results of these tests are presented on plates
C-land C-2.

Two collapse tests were performed to evaluate the collapse potenrial of the silty very fine to fine sand that
mantles the surface of the site. one test was conducted on a sample recompacted to 92 percent of the maximum
dry density as determined by ASTM D 1557 and the second test was performed on a relatively undisturbed
sample' The collapse test procedure was the modified Jennings and Knight method as described by Houston
et' al, 1986' Each sample was incrementally loaded to the aniicrpaied stress that will exist below foundation
elementg approximately 2000 pounds per square inch. After allowing the soit setilement to stabilize ,h; .;;;l;;
were then saturated and the settlement was measured. The amount of setttement that occurred after the soii
was saturated divided by the height of the sample bglore saturation is the strain due to collapse. The collapse
potential value is the strain due to collapse expressed as a percent. The results of the tests are presented on
Plates C-3 and C-4.

Compaction characteristics of the site soils were examined by conducting modilied proctor compaction tests,
ASTM D 1557. Five compaction tests were performed on san,ples of the site soils to provide a basis for
compacted fill recommendations and to provide data used in other laboratory tests. The curve. describing the
dry density - moisture relationship for the soil sample from DM-7-92 atSfeet te,rminates at the optimum dry
density' Due to the tiee draining nature of the sample concitions wetter than the oprimum moisture could not
be evaluated. The results of tire compaction tests are presented on plates C-.5 through C-2.

Particle size (sieve) analyses were conducted on samples in order to assist in ctassiffng the soils and to
provide a basis for estimating engineering performance such as strength, dcformability, collapse potential,
erodibility, and permeability. Curves describing rhe particle size gradation cf tested ,"ril". are presented on
Plates C-8 through C-11. The fines content of thc tested samples are summarized on plate C-12.

Moisture content and density determinations were performed on selected soil samples fr-rr correlation with
soil parameters. The test resutts are indicated adiacent to the appropriate sample notations on the boring logs
on Plates A-1 to A-73.

c-1or6\ffi\Ltm.m

DAN{ES & L{ooRE



Tests for pH, resistivity, redox potential, and for sulfate, sulfide, and chloride content were conducted on
three soil samples for estimation of corrosion potential. Sample location determined which samples were
submitted for analysis. The results of the tests are presented on plate c-13.

The thermal characteristics of the site soils were evaluated through a test in which the thermal conductivity
and thermal resistance of the soil could be measured. The thermal resistivity of the soil was then calculated as
the inverse of the thermal conductivity. Two soil samptes were tested. The tests were performed in accordance
with AsrM c 518. The results of the tests are presented on plate c-14.

REFERENCE

Houston, S.L., Houston W.N., and Spadola, DJ. (1986). "Prediction of Field Collapse of Soils
Due to wetting.T. Geotechnical Engineering ASCE, Vo!. 114, No. r., 40-5g
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A<ial Straln (lnches/lnch)

Summary ot Test Data
Confining Pressure: 2,000 psf
Peak Deviator Slress: 8,940 psf
Tangent Modulus: 18,653 psi
Number of Cycles: 3

Soil
Brown fine to medium sand with some silt
(recompacted to 95% maximum dry density)

CONSOLIDATED.DRAINED TRIAXIAL TEST DATA

o
CL

ooo
;30
o
(g

oo

Summary of Sample Data
Moislure Content: 5.6%
Wet Density: 115.4 pcf
Dry Density: 109.9 pcf
Initial Height: 5.97"
Final Height: 5.8"

Description
Boring: DM-20-92
Sample: Bag #1
Deplh: 3'

Job No. 00177-004-016 UGO Project
Hanford, Washinglon

PI-ATE C.1+ Dar',trsetMoonr
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Summary of Sample Data
Moisture Content: 7.1%
Wet Density: 106.7 pcf
Dry Density: 100.3 pcf
lnitial Height: 6.156"
Final Height: 6.046"

Description
Boring: DM-38-92
Sample: Bag #3
Depth: 13'

Summary of Test Data
Conlining Pressure: 2,000 psf
Peak Deviator Stress: 7,350 psf
Tangent Modulus: 13,039 psi
Number of Cycles: 3

Soll
Gray fine sand with trace ol silt

CO NSOLIDATE D.D RAINED TRIAXIAL TEST DATA
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I

W

Job No. 00177-004-016 LIGO Project
Hanford, Washington
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Sample Number: DM-20-92
Depth (FT): 3
Descriptlon: bpwn fine to medium sand with some sllt

COLLAPSE TEST DATA

Lt_\, \ L-L
\
__ll \

_t_ \

_I \
\

_t_ \
\

\
I
I

I
\ r Percent )ollapsr z,.t lo

_l
_j-
_-]- Saturated /

_]-
I \

_-]- \
_t_ \ \
__l_ l \

\

Job No. 00177-004-016 UGO Project
Hanford, Washington

PI-ATE C.3+ Der',rrserMoonr



at

N
oo

100

Comprcssive Strcss psl

1,000 10,000

COLI.APSE TEST DATA

0

1.0

2.0

E
v,

=c
=
'- 3.0

4.O

5.0

Sample Number: DM-20-92
Depth (FI): 3
Descrlptlon: brcwn flne to medlum sand with some sllt

recompacted to 92% maxlmum dry denslty

\
\

\
\ \

\ \
\

\ [*",
;ent )olle tps( =0

I

1: lo

\

SaturatedJ \

\
\

\

-

\
\ \

Job No. 0012-004-016 LIGO Project
Hanford, Washington

P|STE C-4
# Dnrrs & Moone



COMPACTION TEST

150

140

130

120

DRY DENSITY
(pc0 110

100

90

80

70
10 20

MOTSTURE CONTENT (%)
40

ZERO AI I VO]D R
'TlO

(G.s =2.7)

# ---"St
\\

\

TEST OPTIMUM MAX DRY
METHOD MOTSTURE(%) DENSTw(pcr)

O Mixture - 60% Sp + 40% SM ASTM O1557-A 12.5 114

REMARKS: 60% from DM-3&92 at 13,: Gray fine sand, trace silt (Sp).

40% from DM-32-92 at 3,: Brown silty line sand (SM).

DAMES & MOORE
JOB NO.00177-004{16

Plate C-5



ZERO AI I VOID F \Tlo
(G.s = 2.65 )

l_fr

r _-_--l

----lr \'

COMPACTION TEST

150

140

130

120

DRY DENSITY
(pc0 110

100

90

80

70
0 10 20

MOTSTURE CONTENT (%)

30 40

OPTIMUM MAK DRY
MOISTURE(%) DENStw(pcf)

o
tr

I

DM-20"92

DM-32-92

DM-38-92

3

3

13

Brown fine to med. sand, some silt (SP/SM)

Brown sllty fine sand (SM)

Gray fine sand, trace silt (SM)

ASTM D1557-A

ASTM O1557-A

ASTM Dl557.A

8.7

11.3

13.9

115

1n

111

DAMES & MOORE

Plate C-6
JOB NO.00177-004-016



COMPACTION TEST

150

140

130

120

DRY DENSITY
(pcf) 110

100

90

80

70
10 20

MOTSTURE CONTENT (.6)
40

ZERO AI I VOID R \TlO

\
(G.S = 2.71

"F'
r\

SYMBOL SAMPLE DEPTH DESCRIPTION
LOCATTON (ft)

TEST OPTIMUM MAX DRY
MEIHOD MOISTURE(%) DENSTTY(pcfl

o DM-7'92 8 Gray medium - coars. sand (sp) AsrM o1557-A trt t*

02-09-1993 DAMES & MOORELIGO

JOB NO.00177-004-016



COMPACTION TEST

150

140

130

120

DRY DENSITY
(pc0 110

100

90

80

70
10 20

MOTSTURE CONTENT (.4
&

\

\

ZEROAI tvotD F \TlO
(G.s 2.71

# '€ \\

x

SYMBOL SAMPLE DEPTH DESCRIPTION
LOCAION (ft)

TEST OPTIMUM MAX DRY
METHOD MOISTURE(%) DENSITY(pci)

O Mixture 60% SP + /O% SM ASTM D1557-A 12.5 1r4

REMARKS: 60% from DM3&92 at 13': Gray fine to medium sand.

rto% from DM-32-92 at 3': Brown fine silty sand.

01-15-1993 DAMES & MOOREUGO

NO.00177{04{16 PLATE C.7



COBBLES
cRAI/EL SAND

SILTORqAY
@arso Flne Coa tvledium Flno

U.S. Standard Slew Slze In Inches U.S. Standard Hydrom€ter

60

PASSING
BY

WETGHT (%)

40

GRAIN SIZE (mm)

GRAIN SIZE DISTRIBUTION

Sleve l{umbers

40 100 200

SYMBOL BORING

NO.

DEPTH

(ft)
DESCRIPTION %%

GMVEL SAND

%

RNES

o
a

n
I

DM-4-92

DM€.92

DMG92

DM+92

I

3

I

13

Fine sand. trace silt (Sp)

Fine sand, trace sih (SP)

Medium to coarse sand. trace gravel (Sp)

Medium to coarse sand, trace gravel (Sp)

0.0

0.0

8.3

8.4

93.3

94.6

88.9

89.4

6.7

5.4

29

2.3

REMARKS:

01-15-1993
ry

LIGO DAMES & MOORE
JOB NO.00177{04-016



@BBI.ES
GRAVEL SAND

SILTORCI.AY
Coarso Flne Coa. lledlum Flne

U.S. Standard Sieve Size ln lnches

3/4 3/8
U.S. Standard $eve ttumbers F{ydrometor

10 n 4t) 100ax)

80

60

PASSING
BY

WETGHT (%)

40

GRAIN S|ZE (mm)

GRAIN SIZE DISTRIBUTION

SYMBOL EORING

NO.

DEPTH

(ft)
OESCRIPTION %

GRAVEL

%

SAND

%

FINES

o
a

D

r

DM-7-92

DM-1$92

DM-2S92

DM-2&92

I

13

3

3

Medium to coarse sand, trace silt (SP)

Fine sand with trace silt (Sp)

Fine to medium sand. some sitt (SP/SMI

Fine to medium sand, trace silt (SP)

0.0

0.0

0.0

0.0

;
96.1

8{1.4

94.3

3.0

3.9

11.6

5.7

REMARK&

01-15-1993

-

UGO DAMES & MOORE
JOB NO.00tz{04{16



COBBLES
GRAVEL sAND

SILTORCI.AY
Coarse Fine Coa" Medlum Flne

U.S. Standard Sievs Size In hches U.S. Standard Siiew Numbsre ti/drometer

60

PASSING
BY

wErcHT (%)

GRAIN S|ZE (mm)

GRAIN SIZE DISTRIBUTION

3/4 3/8 4 10 20 40 100 200

SYMBOL BORING DEPTH

NO. (ft)

DESCRIPTION %

GRAVEL

%

SAl.lD

%

FINES

o
o

D

I

DM-2992

DM€O-92

DM€2.92

DM€Sg2

I

13

8

12.5

Fine sand, some sitt (SP/SM)

Fine sand, traoe dlt (SP)

Fine lo medium sand (SP!

Fine sand with some silt (SM)

0.0

0.0

0.0

o.0

89.8

96.4

97.4

81.0

to.2

3.6

2.6

19.0

REMARKS:

01-1$,1993 uco DAMES & MOORE
JOB NO.00177404{16



coBBt-Es
GRAI/EL SAT{D

SILTORCI.AY
Coarse Flne Coa. Medlum Fino

U.S. Standard Sierre Slize In krcfies U.S. Standard Sierre Numbers

3/4
tlydrometer

60

PASSING
BY

wEtGHT ("2)

40

GRAIN SIZE (mm) 
;

GRAIN SIZE DISTRIBUTION

SYMBOL BORING

NO.

OEPTH

(ft)
DESCRIPTION %

GRAVEL

%

SAND

%

FINES

o
o

D

I

DM-3+92

DM€992

DM-3&92

DM-3$92

18

8

8

13

Fine sand. some silt (SM)

Fine sand, trace silt (SP/SM)

Fine sand, some silt (SM)

Fine sand. traco silt (SP/SM)

;

0.0

0.0

0.3

84.1

91.6

86.3

9t.l

15.9

8.4

13.7

8.6

RElvlr{RKS:

01-15-1993 DAMES & MOORELIGO

JOB NO.00177404{t6 Plate C-l1
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I

8

Boring Depth
(ft)

Moisture Content
(%l

Dry Density
(pcr)

Fines Content
(%)

DM-1-92 2.5 L3 92 3:.4

DM-4-92 3 1.8 LM 1.5

DM-4-92 8 3.8 102 6.9

DM-6-92 3 2.5 t02 5.4

DM-6-92 8 25 3.3

DM-6-92 13 3.0 109 2.4

DM-7-92 8 2.9 3.0

DM-8-92 3 1.6 1.0

DM-11-92 a
J 4.9 13.3

DM-l:!-92 8 6.9 103 3.8

DM-L6-92 2.5 1.8 9.6

DM-18-92 2.5 2.5 13.3

DI0!4-20-92 3 2.4 11.6

DM-24-92 2.5 2.8 12.7

DM-25-92 3 2.8 108 L0.7

DM-26-92 3 1.8 106 6

DM-29-92 8 3.6 93 10.1

DM-30-92 3 2.4 I 18.6

DM-30-92 13 2.9 95 3.8

DM-32-92 3 2.5 99 L2.5

DM-32-92 8 2.8 100 3.2

DM-32-92 13 3.6 95 4.8

DM-33-92 2.5 2.2 75

DM-33-92 13 9.8 86 18.0

DM-3/,-92 18 6.3 100 15.8

DM-35-92 8 5.1 95 8.6

DM-%-92 3 2.8 97 4.8

DM-%-92 8 4.6 99 L4.3

DM-38-92 3 2.8 103 8.9

DM-38-92 13 3.2 8.7

FINES CONTENT ANALYSIS+ Job No. 00177404{16

Daurs e. Moons
LIGO Project

Hanford, Washington
PLATE C-12
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SOILS CORROSIVITY TEST RESULTS
Job No. 00177-004-016
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GEO tr|ECON INTEtr|NATIONAL
applied geophysics

January 10, 1993
J92-558

Martin McCabe

Dames & Moore
500 Market Piace Tower
2025 First Avenue
Seattle, WA 98121

Re: compressional and shear wave velocity Measurements
Boring DM-l; Boring DM-20 & Boring DM-41
LIGO Project
Hanford, Washington

Gentlemen:

This report p-resents the results of Compressional and Shear wave Velocity
measurements completed in Boring DM-l; Boring DM-20 and Boring DM-41 at theproposed LIGO site'Hanford, Washington. The field measurements were made on
December 14 and December 15 , 1992.

The borings were dritled to a depth of approximately 60 feet and casedwith a 2 inch Schedule 40 Pvc pipe; the 2 inch casing was trouted in the
borehole with a weak cement grout. The casing was cut off 

".r"r, 
niith the ground

surface. The velocity measurements were made to a depth of 30 feet from irounasurface. The inside bottom of the casing was approximately 60 feet from lroundsurface.

The measured comPressional and shear wave velocities are presented onTable 1 respectively, r,r'hich shot' the measured time arrivals, interval velocity
calculations and the averaged layer velocities computed from the interval layervelocities. The measured slant-angle anival times have been converted to vertical
downhole arrival times to avoid slant range computations. Figure 1 through 3are the time-depth plots of the comected downhtle times.

P.O. Box 55189 Seattle, Wa. 98155 USA [206] 362-9484
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The compressional (P) wave energy was a vertical hammer biow on a
padded metal plate, offset 10 feet from the boring. The zero time of the hammer
blow was determined from a motion sensitive switch on the hammer handle. The
receiver was a piezo-electric crystal transducer piaced in the borehole casing,
which was filled with water. The measurements were made at 5 foot intervals,
measured from the top of the casing.

The shear (S) wave energy source as a horizontal hammer blow on the ends
of a 6x6 inch plank, offset from the borehole. The plank was placed tangent to
a circle u'ith a radius of 10 feet, centered on the borehole. The plank was
weighted by placing the front wheels of a vehicle on it. The zero time of the
hammer blow was determined by impact to the motion sensiLive switch on the
hammer. The generated S wave energy was detected by two sets of transducers,
separated by 10 feet, placed in the borehole. Each transducer contained. 4
horizontal geophones placed on axis of 45 degrees. The measurements were made
at trt'o foot intervals measured from the top of the casing.

Two shear wave recordings were made for each measurement interval. The
trt'o separate recordings were made with reversed (polarized) energy inputs
utilizing the two ends of the 6x6 inch plank (blow 1 and blow 2). the arrirral of
the shear wal'e energy was determined by comparing the times and particle
motion direction of the energy anivals from the two records. The particle motion
of shear wave eneigy is polarized; and is dependent on the direction of the
energl' input. Thus on blow 1, the particle direction of the motion should be
reversed from that produced by blow 2, The polarization of the energy, the
corresponding wave form and time arrivals recorded, allor!'s the interpreter to
separate P wave arrivals, P to S ti'al'e conversions, tube \^rave arrivals and other
energy arrivals (eg. casing waves) from the generated shear lvave arrival.

The averaged compressional and shear wave velocities with the
coruesponding, calculated Poissonts ratios are shown below:

Depth P Velocity

BorinE DM-1
1 to 18 L744

18 to 60 5L23

Borine DM-20

S Velocity

898
1431

878
1344

593
10?5

Poisson's Ratio

0.3196
o.4577

0.4033
0 .46L2

0 . 4184
0.4679 '

1to20
20 to 60

2t8L
5033

Borine DM-41
1 to 12,5 1583

72.5 to 60 4377
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The formula for Poisson's ratio is

Page 3

r,.'here: u = Poissonts Ratio
Vp = Compressional Wave VelocitY
Vs = Shear Wave Velocity

The time arrivals were picked using proprietary computerized picking
routines. The arrival times were then converted to downhole times rather than
plotting the anival time vs the slant distance (a result of the source-borehole
offset). The formula for conversion of the record time (slant distance) to the
dorvnhole time is:

DHT ime = Rec o t dTims + ( co s ( ar c tan ( o f f s e t / de t e c t o r dep thl )

where the DH Time is the resolved vertical travel time dor^'n the borehole.

The recording equipment used in the survey was a Geometrics digital
recording 1225 seismograph, a signal enhancement recording seismograph. The
shear wa\:e records were collected at a 100 ms stveep iength and the
compressional \^'ave records 'h'ere collected at a 25 ms sweep lengthr for a sample
rati of 0.1 ms and 0.025 ms (1000 samples per record) respectively. The data
were field recorded on a laptop computer for later analysis. The P wave records
were collected first. The P wave data was then plotted to determine optimum
spacings for recording the S wave data.

We trust that the above is sufficient for your requirements. Please let us
know if you have any questions or if we may be of further assistance.

For: Geo-Recon International Ltd.

g4A
Clyde A. Ringdtad
Principal Geophysicist
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{

s/HNP-PSAR L2/2L/8L

i-
i\

Prolect 1qe ' 803-l70tH
518.3 ft.

Total oepth ' t165.3 ft.

Unit Cotumn Flefers to Ge0eral Stratlgraphlc Dlvlalons ldentlfled Wlthln th€ Slle Area:

Coordlnales. N422.718..|8: E259.289.09
Date Complets6 ; 5/l 5/ 8l

M - Mlssoula lV - Rlngold. Unlt lV
PM - Pre-Missoula lll - Ringolrt. Unlt llt

lt - Rtngotd. Unlt ll
l-u - Ringold. Unlt l-upper
l-b - Rlngold. Unlt l-basal

SAMPLE TYPE

NlCuttlnss
96 I Core, Number Indlcatee % Core Fecovery

C2olSElxnn Wth Sampte Number
Chemlcal Results Llsted In Table 2R-l

fi Drlve Open Sampte

Golumbla RlverBasalt Group NOTE:
Tem - Elephanl Mounlaln Member
Ter - Raltlesnake Rldge Interbed
Tp - Pomona Member
B - Basalt. Undlfferenllated

Llthologies from
0 to 130 ft. from
drillerrs log.

510

500

490

480

470

460

450

440

430

420

4to

400

70a

7

SAND.. Dark-yellowish-brown. Fine- to medium-grained. Traceorganic matter.

Gravelly SAND. Dusky-yellowish-brown. Coarse-grained.

S.l-ND. __Dark-yellowish-brown. Fine- to coarse-grained. Tracesilt at 25.7 ft. and 70.7 ft. Trace gravel at 3s.-7 ft. and 50.7-56 ft.Gravelly from 56 to 65 ft.

Sandy GRAVEL. Sand dark-yeilowish-brown; fine_ to coarse_grained.

GRAVEL. Trace sand.

Sandy GRAVEL. Sand fine- to @arse-grained.
Gravelly SAND. Dark-yeilowish-brown. Fine- to coarse_grained.

No recovery.

Sandy CRAVEL. Sand varicolored; fine_ to coarse_grained.

No recovery.

PUGET SOUND POW.ER & LIGHT COMPANY
SKAGIT / HANFORD NUCLEAR PROJECi LOG OF DRILL HOLE E- 1



s/HNP-PSAR- 12/2t/8t

Pa9e2-of J-

360

350

340

330

320

310

300

290

280

270

260

250

240

Sandy GRAVEL. Weak calcareous cement on sand.
Gravelly SAND. Mediun-grained. 5t mafics. weak calcareous cement.
Sandy GRAVEL to gravelly SAND. Sand medium-grained, some fine-grained; 5t mafics. Weak calcareous cenent at lq2 ft. Granite and
basalt clasts.

Gravelly sAND. Medium-grained. weak calcareous cement. No rinds.
Silty sandy GRAVEL. Sand medium-grained; angular to subangular;
5-7t mafics. Weak calcareous cement; no cement rinds.
Gravelly silty SAND to sitty sandy GRAVEL. yellowish-gray. Medium-grained. Angular to subangular.' 5t mafics. weak catclreous cement
and rnicaceous at 160.8 ft.

Sandy GRAVEL to gravelly SAND. Sand medium-grained, some fine-
grained; angular to subangutar; 5-7t mafics. Weak catcareous
cement; no cement rinds. Trace silt at t77.8 ft.
Gravelly SAND. Medium-grained. weak calcareous cement. Trace silt.
Sandy GRAVEL. Trace silt. Clasts to cobble size. No cement rinds.
silty sandy GRAVEL to gravelly sitty sAND. sand as in 165.3 to 176.0 ft
Gravelly sAND to sandy GRAVEL. Thin weathering rinds on basalt clasts
Silty sandy GRAVEL. Sand fine- to medium-grained. Very weak
calcareous cement and increasing silt at I 96 fi.
-Sq.,dy GRAVEL. Trace silt. No cement rinds.-1t'i-ty-s5ici|-cnTEr-Tfr -ear-cFrcIiFfr s-Efr fr 'tln6-frnaT.-rFrEli;6F
silty sAND. Yellowlsh-gray. Fine- to medium-grained. silt adheres to :

"GJh""#pfrSi.ltXt 
gbtYrrlo sravet !y clayey S I LT . yet row ish-sray. possi bre

Silty SAND. Yellowish-gray. Very-fine-grained, some fine-grained,fining downward. Micac-eoui at Zlri ft.
Silty clayey SAND. Dusky-yetlow. Very-fine-9rained, some fine.

Sitty SAND. Yellowish-gray. Fine-grained, some very-fine-grained.
Angular to subangular. Micaceous. 3-SE mafics.

SAND.. Yellowish-gray. Medium-grained, some very-fine- to fine-gr€rned. Angular to subangular. 5-Zt mafics, with bluish cast.Slight calcareous rind.

Silty SAND. Yellowish-gray. Medium-grained. 3-St mafics.
Sandy GRAVEL. Blue cast'to mafics. Ferruginous stain.
Silty SAND. Yellowish-gray to dusky-yettow. Medium-grained.
Gravelly at 2tt9 ft. Much firruginoui jtain at 250 ft.
Sandy clayey StLT. Yellowish-gray. Micaceous. Root casts?
Gravelly sandy SILT to gravelly sitty SAND. yellowish-gray.
Sandy SILT. Yellowish-gray. Mica flakes to fine-sand size.

silty sAND. Yellowish-gray. Medium-grained. Micaceous. 3t mafics.

Silty sandy-GRAVEL. Matrix yellowish-gray to dusky-yeilow. Sandmedium-grained. some v_eryJfine- to fine:griined; aniuiar to sub-angular 2-5E mafics. carcareous cementJrom z6z to-276 ft. ino zaq
!"_^291 ft. -,Sandy rinds on gravel clasts. Some feruginous stain at779 ft., 282 ft., and 288 ft.- Blue cast to mafics 

"t ZZi ft.

PUGET SOUND POWER & LIGHT COMPANY
SKAGIT / HANFORD NUCLEAR PROJECT LOG OF DRILL HOLE E-l
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s/HNP-PSAR 12/2L/8L

PUGET SOUND POWER & LIGHT COMPANY
SKAGIT / HANFORD NUCLEAR PROJECT LOG OF DRILL HOLE E-l
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S/HNP-PSAR 12/2t/8L-

PaselotL

!!.1Ve1.S19f to- silty CLAY. with ftoating sand grainJ. Vetto*isr,-9ray.
lllt-y CleV. Yellowish-gray. Waxy tusier in plrt.
CLAY. Yellowish-gray. Faxy luster. Nodutar btoct<y fragments.
Silty CLAY. Yeltowish-gray.
CLAY. Yellowish-gray. Waxy tuster.

EOH
tt65.3l

PUGET SOUNO POWER & LIGHT COMPANY
SKAGIT 

' 
HANFORD NUCLEAR PROJECT LOG OF DRILL HOLE E-l



s/HNP-PSAR L2/2L/8L

PUGET SOUND POWER & LIGHT COMPANY
SKAGIT / HANFORD NUCLEAR PROJECi LOG OF DRILL HOLE E-2. E-2A. E-28



s/HNP-PSAR L2/2L/8r

(
PENETRATION RESISTANCE

Etorys/toot (14O lb. welght, 3oln.drop)

Very loose to loose dark yellowish
brown slightly silty fine SAND 2

3

I

5

5

7

I
9

l0

n
12

l3

lc

t5

t5

l7

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

l6/ I

t2l I

il./l

ls/ r

t8/ |

r8/I

t6/|

17 lr
Itl/l

81 1

r6/l

r8/ r

r5/|

121 |

13/ I

ls/I
r3/r

121 |

rt0

Medium dense varicol,oreO to otivE
black slightly silty fine to coarse
SAND with scattered gravel

Very dense dark yellowish brovrn
rtojliv,g black silty fine to medium

Very dense varicotored to otive
black slightly sitty fine to medium
SAND with statteied gravel

-VEfl.nt" otive gray staghtty silty
fioelAND

V_ery dense 
""ri"oto..a toJiiF6'iilf

slightly silty gravelty fine to coarse
SAND

Bo.lng Mothod:

Sample Type: I

Hollow Stem Auger

- 2' (O.O.) Drlve Open

- 1 112' (O.O.) Ortvo Open

- 3' Thln Walled. push Open

WATER CONTENT (%)

Standard Penetratlon Reslstance O

Water Cont€nt r
Prsssuremeter Test +

PUGET SOUND POWER & LIGHT COMPANY
SKAGIT / HANFORO NUCLEAR PROJ€CT LOG OF DRILL HOLE E-3



s/HNP-PSAR t2/2r/8L

\ PENETRATION RESISTANCE

Blows/foot (1.10 lb. welght. Soln.drop)

.fO 60 80 lOO 12O
Loose dark yellowish brown to olive
gray slightly silty fine to medium

8/t8

611

711

6lr

8/l

8/r

8lr
8/r

8lr
811

7lr

8/r

7ll

7lr

8/r

811

4ll

9/l
2118

3/18

2

3

rt

5

6

7

8

9

t0

tl
12

t3

l4

l5

16

t7

l8

t9

20

2l

22

I

I

I

I

I

I

I

I

I

I
I

I

I

I

I

I

I

tl

tl
il

tl
tl

to olive black clean fine to medium
SAND

black clean fine to medium SAND

Very dense varicotored to olive black
clean gravelly fine to coarse SAND

Very dense varicolored to olive biack
clean sandy fine to coarse GRAVEL

Eorlng Method: Hollow Stem Auger
Top Drive Rotary

Sampte Type: | - 2' (O.D.) Drlve Open

ll - 1 1t2' (o.D.) Drlve open

I I | - g' Thtn wailed. push open

D.ltl Hole Coordinates I 422680 E 2269580

WATER CONTENT (%)

Standard Penetration Reslstanco a
Water Content .,
Presauremet€r Test ---+

PUGET SOUND POWER & LIGHT COMPANY
SKAGIT 

' 
HANFORO NUCLEAR PROJECT LOG OF DRILL HOLE E-4



s,/mqp-psAR L2/2r/8r

SOIL PROFILE SAMPLES

oo

s
ooo

PENETRATION RESISTANCE

Blows/toot (t,lO lb. welght. gOln.drop)

Elev

)eptl

196.9
DESCRIPTION

o
E
C\€
g
6-sO
q,a,

o
ll
E5z

oe
F

o
o(,
o
E

120

qo!
Very derrse varicolored to olive blick
clean sandy fine to c@rse GRAVEL

t:t .J

26

ll

tl

I

4ll
t2(

1 3C
| 26.

offi
Eorlns Method: Hollow stem Auser WATER CONTENT (%)

Top Drive Rotary

Sample Type: | - 2' (O.D., Drlvo Open Standard Penetratton Recistance a
ll - + ttz' (O.D.) orlve Open Wator Cont€nt 

^llj - 3' Thln wall6d, push Open pregsuremeter Test -+

Drlll Hote Coordlnales 61 {22680 E 2269680

PUGET SOUND POWER & LIGHT COMPANY
SKAGIT / HANFORO NUCLEAR PROJECT LOG OF DRILL HOLE E-4



s/HNP-PSAR L2/2L/8L

PENETRATION RESISTANCE

Btows/foot (140 lb. welght, Soln.drop)

20 40 60 80 too 1

,tfii:,f,!'''il' y"W * "!'U ", 
g, l'*". 2

3

rl

5

6

7

8

9

t0

lt

l2

t3

llt

l5

t6

t7

l8

t9

20

I

I

I

I

I

I

I
I

I

I

I

I

8/t8

7 lt8

8/r8

8/r 8

0/r8

2118

{/r8

2118

Medium dense varicolored to olive
black slightly silty fine to medium
SAND and olive gray silty II6ESXO

V-ery dense varicolored to otive graysilty fine SAND

V-ery dense varicolored to olive blackslightly silty fine to medium SANO

V.f,En"" varicolored to olive black
clean gravetly fine to coarse SAND

dense varicolored to otive gray
ly silty fine SAND

Very dense varicolored to otive black
clean gravelly fine to coarse SAND

Eorlng Method: Hollow Stem Auger
WATER CONTENT (T)

sample Tyge: l- 2' (o.D.) Drlve open Standard penetratlon Reslstance a
al- 1 112'(O.D.) Drtve Open Water Content I
lll- 3' Thln Walled. push open preesuremeter Teet -->

Drflr Hore coo.dinate. N tr22300 E 225sr20 NOTE: 
E-ilTtttot"rrloiolb.o, ,o
gq.7l

PUGET SOUND POWER & LIGHT COMPANY
SKAGIT / HANFORD NUCLEAR PROJECT LOG OF DRILL HOLE E-5



s/HNP-PSAR L2/2r/8r

T

PENETRATION RESISTANCE

Elows/foot (f 40 |b. welght. 3Oln.drop)

Loose_dark 
-yellowish brown slightly

silty fine SAND 8/ r8

8/r8

t8/l

l/r8

tlo

2

3

{

5

6

7

8

9

l0

It
l2

l3

l4

t5

l6

t7

l8

l9

20

21

22

Medium dense varicoloreO-to-6iiG

Medium dense to very dense vari-
colored to olive black clean fine to
coarse SAND with scattered gravel

Very dense varicoloEd-to oliEl
slightly silty fine to medium SAND

Very dense varicolored to olive black
clean fine to medium SAND with
scattered gravel

Very dense varicolored to oti"e Olact<
clean gravelly fine to coarse SAND

Very dense varicolored to olirr" Ei"cI
clean sandy fine to coarse GRAVEL

Eorlng Method: Hotlow Stem Auger
Top Drive Rotary

Sample Type: I - 2' (O.D.) Drlve Open

lt- I ttz' (o.D.) Drlve open

lll - 3' Thln walled. push open

WATER CONTENT (%)

Standard Penotration Reelstance a
Water Conlent 1
Pr€ssuremeter Tost 

->

PycEI SOUNO POWER & LtcHT COMPANY
SKAGIT 

' 
HANFORD NUCLEAR PROJECi LOG OF DRILL HOLE E-6
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s/HNP-PSAR q/?./8?

PUGET SOUND POV/ER & LIGHT COMPANY
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s/HNP-PSAR L2/2L/8L

(

PUGET SOUND POWER & LIGHT COMPANY
SKAGIT / HANFORD NUCLEAR PROJECT LOG OF DRILL HOLE E-7



s/HNP-PSAR L2/2L/8r

(

\:'

PENETRATION RESISTANCE

Slows/foot (t40 lb. welght. SOln.drop)

Very dense varicotored to olive black
slightly silty fine to coarse SAND
with scattered gravel

*rt g".:: varicolored to olive gray
slightly silty fine SAND

8/t8
8/r8

8/ r8
8/r8
8/r8
8/t8
8/r8
8/r8
8/18

8/r8
4/t8
3/r8
s/r8

3/ r8

2l r8
9/r6

39

{0

4l
q2

ll3
qq

45
q6

47

lt8
q9

50

5l
52

53
5{
55

very oense varacolored to olive blac
slightly silty gravelly fine to coarse

End of Hole

Eorins Method: Holow Stem Auger WATER CONTENT (%)

sampte Type: | - 2' (o.D.) Drlve open Standard penetration Resistance a
tl - 4 t/2' (o.D.) Drive ogen Water Conlent 1

lll - 3' Thin Walted. push open pressuremeter Test ---+

Dril Hote Coordinates X 422700 E 2269t60

PUGET SOUND POWER & LTGHT COMPANY
SKAGIT / HANFORD NUCLEAR PROJECT LOG OF DRILL HOLE E-7



S,/HNP-PSAR L2/2L/8r
l

(i PENETRATION RESISTANCE

Elows/foot (1,10 lb. welght. 3oln.drop)

Loose to medium dbnsedark yellowish
brown slightly silty fine SAND 2

3

{
5

6

7

8

9
9A
t0

ll
12
t3
tq

t7

t8

l9
20

2l

22

I

I

I

I

I

I

I

I

nl
I

I

I
I
I

I

Iill
I

I

I

I

I

I

8/t8

9/r8

8/r8

2l r8
0lq

6/r8
0/ t0
0/r0

s/r8

7118

91 1

6;1 6

8/l

6t6

7lr
8/ l8

Medium dense varicolored to olive
black medium to coarse SAND with
scattei6Gii-ty tayers and gravel

V-ery dense varicolored to olive gray
silty fine to rnedium SAND

Very dense varicolored to olive black
clean fine to medlum SAND with
scattered silty-iE@s

Very dense varicolored to otive gray
slightly silty fine to medium SAN-b 

-

Very dense varicolored to olive black
fine to coarse GRAVEL and gravelly
fine to coarse SAND

lery dense vari@lored to olivi
lclean sandy fine to coarse GRAVEL 

I

Eorlng Method: Hollow Stem Auger

Sample Type: I - 2' (O.O.) Drlve Open

ll - I tt2. (o.D.) Drtve open

lll - 3' Thtn Watted. push Open

Ofilt Hote Coordtnates X t122900 E 22692{0

WATER CONTENT (%)

Stendard Penotratlon Reslstance O

Water Content  
Preesuremeter Tegl 

->

PUGET SOUNO POWER & LIGHT COMPANY
SKAGIT / HANFORD NUCLEAR PROJECT LOG OF DRTLL HpLE E-8



S,/HNP-PSAR 12/2L/8L

((

f'ti

SOIL PROFILE SAMPLES.

oo

E
o,oo

PENETRATION RESISTANCE

Blows/foot (14O lb. welght. 3otn drop)

40 120

Elev

)eptt

520. {
DESCRIPTION

g
Eo
at

g
O-sc,
g, o.

o
Il
E:z

oo
F

o
o(,
o
G

t,

;12. G

loose dalk yellowish brown silty
fine SAND

i.i:

i];i:

l8

t'
Itoll

t2

l3

tq

t5

t5
l7
l8

l-
t:
t

.
Iirlrl
tl

f ti:
1,o,,

fo/r8
lo/r8

Ir8/r8
ll8/r8

[7/r8r8/l8

r3/r8

r3/r8

te/ta1

r8/r8]

| 7/r 8l

rs/r8l
0t2 |

otz I

t0

20

30

40

50

601

1

1

\ IU

r97.6

Medium dense varicolored to otive
black fine to @arse SAND with
scattered silty layers l

 \a_

I

G
t23

t82.6

Very dense varicolored to olive btack
silty fine to medium SAND with
scattered gravel

A

A .<38

l{8.6

Very dense varicolored to otive black
clean fine to medium SAND A

A *
 
A

r
-a

A

A
)

72
\lt) a

Very dense varicolored to ofive qrav
.,,,n1,'If,l';t sravelly fine to meE- '

A

78

End of Hole

Eorlng Mothod:

o-__E=_to-
Horrow stem Auoer WATER CONTENT (%)
Mud Rotary for-Pressuremeter Testing E-9A

Sample Type: I - 2' (O.D.) Drtve Open

ll - 1 1t2' (O.D.) Drlve Opon

lll - 3' Thln Wafled, push Open

Drllt Hole Coordlnates p tt22800 g 2269300

Standard Penetrailon Reslstance O

Waler Content a
Pressuremeter Test 

->
NOTE: Pressuremeter test performed in
E-94 at 25.9r. Pressuremeter tests per-
formed in E-98 at 36.1, 55.2 and 65.6t.

PUGET SOUND POWER & LIGHT COMPANY
SKAGIT 

' 
HANFORO NUCLEAR PROJECT LOG OF DRILL H.OLE E-9, E-gA, E-98



s/HNP-PSAR L2/2L/8r

(
PENETRATION RESISTANCE

Blows/toot (140 lb. welght. gotn.drop)

Loose dark yellowish brown sliqhtlv
! silty fine to medium SAND
Dense varicolored to otive black andgray silty fine to medium SAND

7A
8
8A
9
9A

10

lt

12

l3

lll

I

I

I

I

I
ill
I
ill
I
ill
Iill
I

I

I

I

I
ill
I
ill
I

I

I

I

I

s/18

2t l8l/tl

7 118

8/t8
0/t0

2l r8

3/r8

r10

Medium dense to dense varicolored
to olive black clean medium to
coarse SAND with scattered gravel

black silty fine to medium SAND
Very dense v"iicotoi&-toJilF
black clean fine to medium SAND

X"dtr,,t:?,i""?fi:'3ii,oo' orive srav
V.ery dense varicolored to otir" uiill
clean gravelly fine to coarse SAND

Sorlng Method: Hollow Stem Auger

Sample Type: | - 2. (O.D.) Drlve Open

ll - I 1t2. (O.D.) Orlve Open

lll - g. Thln Walled. push open

Drlll Hole Coordlnates 1 tt22620 E 2269300

WATER CONTENT (%)

Standard Penetratlon Reelstance O

Wat€r Content a
Pressur€meter Test --->

P99FI SOUNo POWER & LrcHr CoMPANY
SKAGIT / HANFORD NUCLEAR PCOJECi' LOG OF DRILL H.OLE E-lO



((

s/HNP-PSAR

PUGET SOUND POTryER & LIGHT COMPANY
SKAGIT / HANFORO NUCLEAR PROJECT LOG OF DRILL HOLE E.11



s/HNP-PSAR L2/2r/ 8L

II
r.i

PUGET SOUND POWER & LIGHT COMPANY
SKAGIT / HANFORD NUCL€AR PROJECT LOG OF DRILL HOLE E-12



s/HNP-PSAR L2/2L/8L

((

PUGET SOUND POIVER & LIGHT COMPANY
SKAGIT / HANFORD NUCLEAR PROJECT LOG OF DRILL HOLE E-13



S/HNP-PSAR 12/2L/8L

PUGET SOUND POWER & LIGHT COMPANY
SKAGIT / HANFORO NUCLEAR PROJECT LOG OF DRILL HOLE E-14



S,/HNP-PSAR L2/2L/8L

PENETRATION RESISTANCE

Blows/foot (l4O lb. welght. SOln.drop)

Loose to medium dense dark yeilc
brown silty fine to medium SAND 2 lr

3 lt
It ll
4AIill
s tl
6il
6A| ill
7'l
8 ll
9 tt
l0 | I
ro4 ilrnII
12 | r

13lt
r{ | I

t5 t I

16 | I

t7 t I

t8 | |

9/r
r6/ r

r7t 1

r3/r
rq/r

16/ |

r6/ |

l6/ r
r4/r
r5/r

t4/r

r4/l

6lr

lrr/l

r5/r

r4/r

110

Loose to dense varicolored to olive
black clean fine to coarse SAND

Very dense varicolored to olive

Very dense varicolored to otive
black and gray clean fine to medium
SAND

Very dense varicolored to olive qrav
.clean 

gravelly fine to medium SAIID'

ivery dense varicolored to olive blacil
lclean sandy fine to coarse CRAVELI
L
End of Hole

Eorlng Method: Hoilow Stem Auger

Sample Type: l - 2' (O,D.) Drlve Open

ll - 1 1t2' (o.D.) Ddve open

lll - 3' Thln Walled. push Open

WATER CONTENT (%)

Standard Penetraflon Resistance a
Water Content .
Pressuremeter Test 

->
Drll Hote Coordinates I 422790 g

PUGET SOUND POWER & LIGHT COMPANY
SKAGIT / HANFORD NUCLEAR PROJECT LOG OF DRILL HOLE E-15
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s/HNP-PSAR q/2/82

SOIL PROFILE SAMPLES

o
o

s
CIoo

PENETRATION RESISTANCE

Blows/tool (140 lb. welght. 3Oln.drop)

40 100 120

Elev

DESCRIPTION

(,
Eog
C!

o:LO
g,o.

o3
€tz

oo
F

o
o(,
o
E

)eptt

il9.I
0

r0. f

Loose dark yellowish brown clean
fine SAND ffi

ji-...ii_{i

I'o
lI

l"
t3

lq

l5

l6
t7

't8

l9

20

2l

I
I

il

[;;;;
l'6/r8

ls/t8
Ir3/r8

fv 
re

l|8/r8

F7/r8

lr/r8

[il:1
[8/'81
r6/ r8|

6/r8l

:li:l

;;:l
r3/r8l

tc

2A

30

40

50

60

70

80

90

roo

'''l

\
9

t95.

Mectium clense varicolored to olive
black clean fine to coarse SAND ::i::{:

ir.'r.:Ii
:i:.'i:::tj

ffi
r(

L.

A ,24

r79.8

Very dense varicolored to olive gray
silty fine to medium SAND

'':'.1:.-,
: i:.i:i:.t:fiifi:,
'?:..-'i

:',.';.i
i:r',i';:

./
A

rl0

Itl3.8

Very dense varicolored to otive black
clean fine to medium SAND

Very dense varicolored to olive black
clean gravelly fine to coarse SAND

Very dense varicolored to olive orav
slightly sitty fine SAND

fi
.j::::.':'i:

rt'jt,'#

irli*
il;i;+t

f*$
.".+:ii1l

A

a

\

^ ,/
 

 
A \l6

l9- 6

Very dense varicolored to olive black
clean gravelty fine to coarse SAND
with silty layers

:''::;i'.i.:.r.1
:.-::'J,

1.!.:i;
.:..:....i

:':.r'.:.rl
r.,9;i
i'.';.!.
; :1:i.J

'l':.:ii

^

 
 

r00.2
End of Hole

Boring Melhod: Hollow Stem Auger

oSto
WATER CONTENT (%)

Standard Penetration Resistance O

Water Content 
^

Pressuremeter Test --->

Sample Type: I - 2' (O.D.) Drive Ope_n

ll - 4 1t2' (O.D.) Drive Open

lll - 3' Thin Walted, push open

Drill Hole Coordinates i1 4224rt0 E 2269120

PUGET SOUND POWER & LIGHT COMPANY
SKAGIT / HANFORD NUCLEAR PROJECT LOG OF DRTLL HOLE E-l6



S/HNP-PSAR L2/2L/8L

(

.::.

t/:t :

t'
I

PENETRATION RESISTANCE

8low8/toot (f ,+O lb. weloht. 3oln.drop)

v;!ay;*#SHn srishtry
I

I

I

I

I

I

I

I

I

I

I

2

3

{

5

6

7

8

9

t0
ll

l2

l3

l4

l5

l6

t7

t8

t9

8/ r8

q/ r8

3/l

7lr
8/r

0/l
7lr

7ll
8lr

8/r
811

l8/ r

rtl 9

t2l1

Medium dense varicolored to olive

Medium dense to dense varicolored
to olive black clean fine to coarse
SAND with scattered gravet

Very dense varicolored to olive gray
slightly silty fine SAND

Very dense varicolored to olive gray
clean fine to medium SAND with -
scattered gravel

VFfrense varicolored to olive
slightly silty fine SAND

Very dense varicolored to olive black
clean gravelly fine to coarse SAND

o6to
Eorlns Method: Holtow Stem Auger WATER CONTENT (%)

Sample Type: | - 2' (o.D.) Drlve Open Standard Penetration Reslstance a
ll - 1 1t2. (O.D.) Drlve Open Water content a

lll - 3' Thin warted. push open pressuremeter Test --+
Drill Hole Coofdinates p 422300 E .22692q0

PUGET SOUND POWER & LIGHT COMPANY
SKAGIT / HANFORO NUCLEAR PROJECT LOG OF DRILL HOLE E-17



s/HNP-PSAR 12/2L/8L

( PENETRATION RESISTANCE

Blowe/foot (l4O lb. welght, gOln.drop,

Loose to medium dense dark yelk
bro_wn to olive black silty finl to 2

3

{

5
5A
6

7

8

9

t0

1l

t2

t3

t4

t5
l6

t7

l8

l9

I

I

I

I
ill
I

I

I

{/ l8

8/t8

6/ l8

2t 18

s/r8

Medium dense to very dense clean
trne to medium SAND

v-ery oense varicolored to olive blackslightly silty fine to medium SAND

Very dense varicotored to olive black
clean fine to medium SAND with
scattered silty layers

Very dense^varicolored to olive blackcrean gravelly fine to coarse SAND

End of Hole 
t

Borlng Method: Hollow Stem Auger

Sample Type: F 2' (O.O.) Drlve Open

ll- 1 112' (O.D.) Drtve Open

lll- 3' Thln Walled, push Open

Drill Hole Coordlnates N {22460 g 2269560

WATER CONTENT (%)

Standard Penetration Reststance O

Water Content a
Pressuremeter Test --+

PUGET SOUNO POWER & LIGHT COMPANY
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s/HNP-PSAR L2/2L/8L

Total Depth ' 773 ft'

PM - Pre-Miesoula llt - Ringold. Unit lll
ll - Ringotd. Unlt tl

Goordinates . N.422,711.45; E269, 239. 60

Daie comptet ed'7 I 11 I 8l

SAMPLE TYPE Pasel_of 6

$l cuttlnss
95 I Core, Number Indlcates * Core Recovery

C2015El XnC Wlh Sampte Number
'Chemlcal Reeults Llsted In Table 2R-l

unlt Golumn Relers to General Stratlgraphic Divlelone ldentlfied Wlthln the Slte Area:

Columbla River Basatt Group
Tem - Elephant Mountaln Member
Ter - Rattlesnake Ridge Interbed

NOTE: Lithology
from 753 to 7?3
feet taken from
drillerrs log.l-u - Rlngold. Unlt l-upper Tp - Pomona Mernber

l-b - Ringold. Unat l-basal B - Basalt. Undilferentialed

510

500

490

480

470

460

450

440

430

420

4to

400

390

Silty SAND. 60-709 basalt grains. Very-coarse-grained.
to subrounded.

Angular

Gravelly silty SAND to silty sandy GRAVEL. Basaltic. Sand very-fine-
and @arse- to very-coarse-grained.
Silty GRAVEL. 553 basalt clasts.
e;;ny
grained.

silty SAND. Very-fine-grained, some coarse- to very-coarse-
Angular to subangular. 30t mafics. rtot basatt claits.

SAND. Coarse- to very-coarse-grained, some medium-grained.
Angular to subangular. 25-308 mafics. Trace sitt at 5-0-55 ft.

Gravelly silty SAND. coarse- to very-coarse-grained, some medium-grained. Angular to subrounded. 2tig mafics.-

SAND.. Very-fine- to very-coarse-grained, mostly fine- to medium-graine-d. Angular to su-bangular. 7-l0t mafics. Trace gravet.
Gravelly SAND. Very-fine-- to coarse-grained, mostry fin'e-grained.
Angular to subangular. l0t mafics. T?ace silt.

GRAVEL. Trace sllt. 55-609 basalt clasts.

Gravell-y SAND to sand-y GRAVEL. sand very-fine- to coarse-grained;l5t mafics. Gravel SOt basalt clasts. Trace-silt.
sand_y GRAvEt-. 40t basart clasts. sand very-fine- to coarse-grained,
mostly coarse-grained.

GRAVEL. 1F258 basalt clasts. No matrix from t00 to ll0 ft. andll5 to 130 ft. Trace sand at ll0-ll5 ft. No cement rinds.

f:
:-.
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s^rNP-PSAR L2/2L/eL

Page 3 of L

220

210

200

190

180

170

160

r50

140

130

r20

rro

100

90

80

300

310

320

330

340

350

360

370

380

3SO

400

410

Silty sandy GRAVEL. Sand very-fine- to medium-grained, mostlyfine-grained. Yellow sandy cement rinds to rts fL; rinds calcareous
at 295-300 ft.

I

Sandy GRAVEL. Sand yellowish-gray; very-fine- to medium-grained,
mostly fine-grained; angular to subangutarj fg mafics.

Silty sandy CRAVEL. Matrix yeilowish-gray to light-olive-gray. Sandvery-fine- to medium-grained. mostty fine-grained-; angular to sub-angular; 33 mafics. Matrix increasei from 150 to 36s at. Thick
basalt weathering rind at 32S-330 ft.

Gravelly sand-y 5lLT. Yellowish-gray. Sand very-fine-grained,
some fine-grained.

Gravelly silty SAND. .Off-white grading downward to yellowish_gray.Very-fine- to fine-grained; angulir to Iubroundea; 3-5t mafics. SiltIncreases at 395-q00 ft.

Silty sandy GRAVEL. Matrix yellowish-gray to dusky-yelow. Sandvery-fine- to medium-grained,'coarsenini dbwnward.-'

Gravelly silty CLAy and SAND. Dusky-yellow. Very-fine- to fine_grained.
-sirty-fuFvlwTinTr?tin-9-sarra-9EiGf Ei9-ht=oTivE_s?a7.-

CLAY. Light-olive-gray. Waxy luster.

Silty CLAY. Light-olive-gray. Floating sand grains at qqs ft.

silty CLAY. Light-otive-gray.

PUGET SOUNO POWER & LIGHT COMPANY
SKAGIT 

' 
HANFORD NUCLEAR PROJECi LOG OF DRILL HOLE E- 19



(

S/HNP-PSAR L2/2L/8L

Page-Jof -G-

o

-10

-20

-30

-40

-50

-60

-70

-80

-00

lo
to

SOOo

silty CLAY. Light-olive-gray.
Silty CLAY to clayey StLT. Yellowish-gray. Silt decreases with depth.

CLAY. Light-olive-gray. Waxy luster.

Clayey SILT. Yellowish-gray.

SILT. Yellowish-gray. Ferruginous stain at rt73 ft. and 47g ft.
Vuggy porosity: root casts.

Sandy SILT. Yellowish-gray. Sand very-fine- to fine-grained.
Sandy clayey SILT. Yellowish-gray.
Silty SAND to sandy SILT. Yellowish-gray. Sand very-finejrained,
some fine-grained.

Silty SAND. Very-light-olive-gray. Fine- to medium-grained.
Angular to subangular. l0-l5t mafics.

Silty sandy GRAVEL. Matrix yellowish-gray to light-olive-gray. Sandvery-fine- to medium-grained. Matrix increases at SZZ ft. -

Gra.velly silty SAND, with ctay. Light-olive-gray. Very-fine- to
medium-g-rained, mostty medium-grained. Angulir to su6angular.7-l0t mafics
S,ilty sandy. GRAVEL to gravelly sllty SAND. Light-olive-gray.
Yellow sandy cement rinds on gravel at 534 ft.
Silty sandy GRAVEL, with olive-gray clay fragments.
Silty sandy GRAVEL to gravelly -itty SeNO. lerruginous stain.

^Gqavelly SAND. Medium-gray. Medium-grained. t0-tSg mafics.
SAND. Medium-gray. Fine- to medium-grained. Micaceous.
Silty SAND. Light<live-gray. Fine-grained. Micaceous. t0-l5t mafi
Sandy clayey SILT. Yellowish-gray. Sand very-fine-gralned.
.!.lgel':ll.tLsAX?--vtrEl!eh!3! jy.-99a1._very-f ig-_tlrlg;gmiE!:
clayey slLT. Pale-olive. some rerruginous stain.-pGlioilitrr-at sef rl
SILT. Light-olive-gray to olive-gray.
Silty SAND. Light-olive-gray. Very-fine- to fine-grained. Angular tosubangular. l5-209 mafics. Micaceous. Sitt increales at 570 ft.
Sandy StLT. Light-olive-gray. Sand very-fine-grained.
SILT. Light-olive-gray,
SAND, with pyritized clay stringer. Medium-gray. Micaceous.
Silty SAND to sandy SILT. Light-otive-gray. Very-fine- to fine-grained. 20-253 mafics. Micaceous. Silt decreases at 5gg ft.
SILT. Light-olive-gray.
Silty SAND. -Light-olive-gray to medium-gray. Very-fine-grained,
some fine-grained. Angular to subangular. t5-20t mafics.- Micaceous
from {96 to 604 ft.

Sandy SILT. Light-olive-gray. Sand very-fine-grained.
SILT. Light-otive-gray.

':i,.q:

':'.j.1
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DRILL HOLE E-l 9 Page 6 of -6

Depth
(ft.) t"ffi* hotostlc D escrbl lon Unlt

(MSL)

-263.7

1""

t
t
I
L

BASAI T B

EOH
773.
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S/HNP-PSAR L2/2L/8L

Coordinates . Nq22, 758.39; E270,388.15

Date Complet ed ' 31 27 I 81

M - Mlssoula lV,- Ringotd. Unlt lV
PM - Pre-Missoula llt - Ringold; Unlt lll

il - Ringotd. Untt tl
l-u - Ringold. Unlt l-upper
l-b -'Ringotd. Unit l-baeal

SAMPLE TYPE

$t Guttlnss
g5I Gore,Number Indlcales $ Core Recovery

C2015B Xnn $/ith Sampte Number
Chemlcal Results Llsted In Tabte 2R-l

Golumbla River Baealt Group
Tem - Elephant Mountaln Member
Ter - Rattlesnake Ridge Inlerbed
Tp - Pomona Member
B - 8a6alt. Undifferentlated

lJntl Column Refers to General Stratigraphlc Dlvislons ldentllied Whhln the Site Area:

520

510

500

490

480

470

460

450

440

430

420

4to

400

silty sandy GRAVEL. Basalt clasts. sand very-fine- and very-coarse-
grained; subrounded.
Silty SAND_. Basalt grairis. Very-fine- and coarse- to very-coarse-
grained. Subangular to subrounded.

SAND. Basalt grains. Medium- to very-coarse-grained, mostly
coarse-grained.

Sitty SAND. Basalt grains. Light-olive-brown. Medium- to very-esJgra :r. qrr.). Ltgt.t-9lave-9rqwat. |Y|eqlqm_ [o very_
coarse-grained.

s.ilty SAND. Light-olive-brown. Very-fine- to medium-grained, mostlyfine-grained. 508 mafics.
SAND. Coarse- to very-coarse-grained. Angular to subrounded.
50t mafics.

Silty gravelly SAND. Very-fine- to very-coarse-grained, mostly
Tar:e- to v€ry-coarse-grained. 30-509 mafics, decreasing with
depth.

-SAND.. 
Very-fine- to coarse-grained, mostly coarse-grained. Angutarto subangular. 25t mafics.

silty sAND. coarse- to very-coarse-grained, mostty coarse-grained.
308 mafics. Gravelly at 80-85 ft.

Silty sandy GRAVEL. (50t basalt clasts. Sand coarse- to very-
coarse-grained.

911".1tV silty SAND.. Very-fine- to very-coarse-grained, mostlyilne- to medaum-graaned.

Sllty GRAVEL.

Silty sandy- GRAVEL. - lvtatrix yeltowish-gray. Sand very-fine- to
medium-grained; angular to subrounded.- Matrix increasls from lzoto 130 ft. Silt adheres to gravel clasts from 120 to 130 ft.

PUGET SOUND POWER & LTGHT COMPANY
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tr
I

390

380

370

360

350

340

330

320

3to

300

2SO

280

270

260

260

240

140

r50

160

170

180

190

200

210

220

230

210

250

260

270

280

2eo

Silty sandy GRAVEL. Sand medium-grained; angular to subangular;
5t mafics. Silty sand adheres to clasts.

Sandy GRAVEL. Sand fine- to medium-grained, mostly medium-grained. Calcareous cement.

Grav-elly SAND. Fine- to coarse-grained. Angular to subangular.
5-l0t mafics. Weak calcareous cement at lS0-l5S ft. and 160:165 ft.
Ferruginous stain at l5S-160 ft.

SAND. Fine- to medium-grained, mostly medium-grained. Ferruginousstaan. 7t mafics.

Gravelly SAND. Fine- to-coarse-grained, mostty medium-gralned.Angular. 5-103 mafics. Gravel iicreases at 190-t95 ft. -Golden
mica at t80-185 ft.

Gravelly sandy SILT. Yellowish-gray. Sand medium-gralned.

S-ilty SAND, with silt fragments. yellowish-gray to dusky-yellow.Very-fine- to medium-grained, mostty medium--giained. 3i5i mafics.Gravelly at 220-225 ft.

SAND, with minor silt fragments.
grained. Angular to subangular.

Yellowish-gray. Medium- to coarse-
3-5t mafics. Very clean.

:.lND. Medlum-gralned. Angutar to subangular. 3t maflcs. Ctean.
Mtcaceous at 250-255 ft.

!!t"tV SeNO. Light-olive-_brown. Very-fine- to medium-grained.l5t mafics. Gravelly at 265-270 ft.

Silty sandy GRAVEL. Matrix light-otive-gray. Sand flne- to medium-grained. Yellow calcareous rinds on somj clasts, increasing Oown_ward.

PUGET SOUND POWER & LIGHT COMPANY
SKAGIT / HANFORD NUCLEAR PROJECT LOG OF DRILL HOLE S-2
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s/HNP-PSAR 12/2L/8L

DRILL HOLE s-2 Page-Lot--g

:levatio.
(MSL)

Depth
(ft. )

,"rW Lithologic Descrlptlon Untt

70

60

50

40

30

20

10

o

-10

-20

-30

-40

-60

-60

-70

-80

.l cu

460

470

480

490

500

510

620

530

540

550

560

570

580

6S0

600

6lo

SAND, with gray CLAY. Light-olive-gray. Fine- to medium-grained.
Angular to subangular. Ferruginous stain.
Sandy CLAY. Very-light-olive-gray. Ferruginous stain.

Clayey SAND. Light-olive-gray. Very-fine- to medium-grained. Silt
at q65-1t70 ft. Ferruginous stain.

Sandy SILT to silty SAND. Yellowish-gray to very-light-olive-gray.
Sand increases from lt75 t9 ll80 ft. Ferruginous stain.

SAND, with clay fragments. Llght-olive-gray. Very-fine- to fine-
grained.

Sandy silty CLAY. Light-olive-gray. Ferruginous stain.

Sandy CLAY. Light-olive-gray.

Sandy silty CLAY. Yellowish-gray. Ferruginous stain.

Sitty CLAY. Light-olive-gray.

CLAY, with floating sand grains. Light-olive-gray. Ferruginous
stain.

SILT. Light-olive-gray.

Sandy clayey SILT. Light-olive-gray. Ferruginous stain.

CRAVEL. No matrix.

Sandy CRAVEL. Sand fine- to medium-grained. Ferruglnous stain.

No sample.
Gravelly SAND. Very-fine- to fine-grained. Angular to subangular.
l0-t 5g mafics.

ll

$++
F--

'ii::i

+={ijJ

ffi

lffi
af:i-.1

j--:-

=.'- -
g.Lj

r+l
iJ€

!rlll,i

: : .' .'-:"
l'.. o

' j o.".

l-: .'."

,;;i',
.:::.'.
,; ...: ".

!.::-:l
:r7

::i:i';:.i
i;1:;i.':.".:'
:::;;' ij:J

\--- 
---J

Sandy GRAVEL.

CLAY. Greenish-gray. Waxy luster.

Sandy GRAVEL, with green waxy clay fragments. Silty at 600-
605 ft.

Silty SAND, with clay fragments. Light-olive-gray. Very-fine- to
fine-grained. mostly very-fine-grained. 25-30t mafics.

l-u
'.-i.::;.-:..
.:.:'._.'.:..

::i:+
i.i':l;?
r,ii$:l

iiffi
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DRILL HOLE s-2 Page 6 ol3

:levatio(
(MSL)

Depth
(ft. )

t"Wltholoslc Descriotion Unlt

L:,,
L

,...":
:.'.,: ;

' 'll ^.

BASALT. Weathered. Tern

| .o"

I 
"''
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S/HNP-PSAR

DRILL HOLE s-r3
Page t of 6

Protect No : 803- | 701 H
SAMPLE TYPE

$lcutttnss
gsI GorerNwnber Indlcates $ Core Recovery

c2o15 El xn1 Wilh Sampte Number
Ghemical Results Ueted In Table 2R-1

Elevatlon: 55rr.{ tt.
Total Depth:
Coordinates :

790 ft.
Ntt2l, 21 9. 75; 8272,413.07

Date Conpleted: 21231Al

tjnit Column Refers to General Stratigraphic Dlvislons ldentlfied Wtlhh the She Area:

M - Mlssoula lV - Rlngold. Unll lV
PM - Pre-Missoula lll - Rlngold. Unlt lll

ll - Rlngold. Unil ll

Columbla River Basall Group
Tem - €lephanl Mountaln Member
Ter - Rattlesnake Rldge Interbed

l-u - Ringold. Unit t-upper Tp - Pomona Member
l-b - Rlngold. Unlt l-baeal B - Ea8alt. Undltferentlated
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s/11Nra-rfsAtt L2/2L/AL

Depth(ft.)

Gravelly sandy S|LT. Yellowish-gray-

GRAVEL. Yellow sandy calcareous rinds-

Sandy GRAVEL.

Silty sandy CRAVEL. Sand very-fine- to -medium-grained-, 
mostly fine-

grained. -Silty 
sand increases at 3q5-350 ft. Yellow sandy calcareous

rinds.

Sandy GRAVEL. Yellow sandy calcareous rinds at 360-365 ft.

Silty sandy CRAVEL. Matrix light-gray.-- Sand fine- to medium-
grained; ahgular to subangular; f-st rnafics- Silty sand increases
at 385-390 ft.

Silty SAND. Light-gray. Fine- to medium-9rained.. Angular
to jubangular. -5-7{ mifics. Gravelly from 390 to 400 ft-

Silty sandy CRAVEL. Sand medium- to coarse-grained, mostly
medium-grained. Silt increases at 410-415 ft.

GRAVEL. No matrix.

Silty sandy CRAVEL. Yellow sandy calcareous rinds at
q20-{25 ft.

Gravelly sandy StLT. Light-olive-gray.

Silty sandy GRAVEL. Matrix light-olive-9ray. 5a1d very-fine- to
medium-griined; angular to subangular; 20-25!B mafics.
L--: 

--

230

220

210

200

190

r80

170

r60

150

140

130

t20

110

300

310

320

330

340

350

360

370

380

390

/+OO

410

120
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.a4O
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s/HNP-PSAR

DRILL HOLE s-13 Page 5 ol 6

:levatlo
(MSL)

Depth
(ft. ) a"Wlt holoslc DescrlPt lon Unlt

-60

-70

-80

-90

-roo

-110

-120

-130

-140

-150

-160

-1 70

-180

-190

-200

-2 10

otv

620

630

640

650

660

670

680

690

700

7ro

t
t
t.

- 720

- 730

740

750

760

- 770

FIE

tl{j
EIs
;-l:q

t=lrJ

I 
SanaV silty CLAY to clayey SILT. Olive-gray.

I

I Sanaf CLAY, with white ash fragrnents. Otive-gray.
I

I

I CLAY to silty clay, with white ash fragments. Olive-gray.

I

I

I 
GravellV silty CLAY. Olive-gray.

I SAUO, with rounded ctay and sitt fragments. Otive-gray to light-
I olive-gray. Very-fine- to medium-grained. Angular to sub-

angular. 30-409 mafics.

StLT to clayey silt. Light-olive-gray. Rounded fragments. Some
sand and ferruginous stain at 66F665 ft.

rJAdt 9l1v!L: tt!:!lt:S gtar las-genta - -

l-u
IJ- -tsEJ

ffi

L]:T-H-L

'ffiI, ;

t-b

]:l=i CRAVEL. No matrix. Some yellow sandy calcareous rinds at
67F680 ft.

Sandy GRAVEL. Yellow sandy calcareous rinds on some clasts.

No sample.

Sandy GRAVEL, as above.

r fl tlv_cj lvjL _Y:'!:l 
=ty_?E 

ec' 1" j i 1d s.

'.'.-: ;.' :.'l

i*.":.':.;
.': ''i-l:''i.c...: j -9.':

l;.,.,.#
p..'-. :'-1
:'-"'"'-':T
:;::1:!';;

!:;l;li
,:.i':'.ii

iji:;l

Tem

J

i{.f
Gravelly ctayey SAND. Very-fine- to very-coarse-grained. mostly
fine-grained.
Sandy ctayey cRAVEL to gravelly clayey SAND. Olive-gray.

BASALT. Weathered.

:.;^"1'

t,,i:lt
..'^" 3 ::
^','i+:
'^i.'. 

t" i
.ti.?

t. 1.-t-'
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DRILL HOLE s-t3 Page 6 q1 6

:levatlor
(MSL)

Depth
(ft. ) twfthologic Descrstlon Unft
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s,/HNP-PSAR

('".i.,'

L2/2L/6L

DRILL HOLE s-l 5
SAMPLE TYPE

[t Cuttings
gsf core,Number Indlcates $ Core Recovery

C2Ol5E XnP. With Sample Number
Chemical Results Llsted In Table 2R-1

Page 1- of 6

Prolect No : 803-l 70rH

Elevation :
526.2 ft.

Total Depth :

Coordinates :

780 ft.
N42{, 192. 9l ; E268,(96.96

Date Completed:
3l21lEl

thlt Column Refere to General Stratigrraphic Dlvlslons tdentlfted Whhin the Slte Area:

M - Missouta lV - Ringold. Unlt lv columbla River Basall Group
pM -.pre-Missoula lll - Rhtold. Unii lll Tem - Elephanl Mountaan Member

ll - Rinqold. Unit ll Ter - Ratllesnake Ridge Interbed
l-u - Ringold. Unit l-uppet Tp - Pomona Member
l-b - Rintold. Unlt l-baeal I - Easalt' Und'fferent'ated
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DRILL HOLE s-rs Page 6 e1 6

(MSL)
Depth
(ft. )

tg*6iY* horogrc DescriPt ron Unlt

-250

-253.8

770

780

s

\\
'..r1

BASALT. Vesicular at 770-775 ft. Tem

EOH
78(I
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SAMPLE TYPE

$lCuttlnss
95I Core,Number lndlcates % Core Recovery

c2olsEl xRF. with Sample Number
Chemlcal Results Llsted In Table 2R-l

2t26t8l

tlrh column Refers to General sttatigfaphlc Divlslons ldentllied fvfthln the slte Area:

M - Missouta lV - Ringold. Unlt lV Columbla River Basali Group

PM.Pre-Missou|att|-Ringo|d.Unlt|||Tem-E|ephantMounta|nMember
It - Rin;old. Unit ll Ter - Rattlesnake Ridge Interbed

l-u - Ringold. Unlt l-uppet Tp - Pomona Mernber
l-b - Rinoold. Unh l-baeal I - B!9q!! Ulglfffi
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,$ilt$

Silty sandy CRAVEL, as above. Yellow sandy calcareous rinds at
290-295 ft.

Gravelly sitty sAND. Light-olive-gray. Very-fine--to-medium-9rained,
nnstly mediuh-grained. Angular to subrounded. l0-20t mafics'
Ferruginous stain at 325-330 ft.

silty sandy GRAVEL. Sand fine- to medium-grained, mostly medium'
grained. t5-20E mafics.

No sample.

Silty sandy GRAVEL. Matrix yellowish-g,ray to-light-olive-gray' Sand
very-fine-'to medium-grained; l5-209 mafics- Silt increases at
3s0-3s5 ft.
\--- -- - -J'

Gravelly silty SAND. Yellowish-gray. Very-fine- to fine-grained'
mostly 'fine-irained. Angular to subangular. 5-l0t mafics'

Silty SAND. Yetlowish-gray. Very-fine- to fine-grained, mostly
very-fine-grained. 25-309 mafics.

Gravetly silty SAND. Light-olive-9ray. Very-fine- to fine-grained'

No sample.

Silty sandy GRAVEL. Sand fine- to medium-grained, mostly fine-
grained; angutar to subangular; 20-258 mafics.

Gravelly silty SAND. Sand as above.

Gravetly sandy SILT to gravelly silty SAND- Light-olive-gray'

Sandy CRAVEL. Sand very-fine- to medium-grained, mostly fine-
grained; 25-308 mafics.

Sitty sandy GRAVEL. Sand fine- to medium-grained. .mostly medium-
grained; ahgular to subangular; l5-30t mafics. Silt decreases with
depth.

,G.;;t trrtv saN6- t lirtv-*"av ZnevTu -uGttGii[;il - ^.
Very-fine- to medium-grained.

Silty sandy GRAVEL. Matrix light-olive-gray- Sand fine- to medium-
grained; angutar to subangular; 25-30t mafics.

Sandy GRAVEL.
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DRILL }

ProJect N
Elevatlon
Total Dep

Coordinal
Date Con

tlnlt Colut

M-Mi!
PM - Pre

loLE s-rs

803-l 70lt
. 5ttq.8 ft.
.h. 755 ft.ata .

N ql 5, 760,-::--mnt
pleteo : 

-

nn Relere to Gener

rsoula
r-Missoula

tv-F
ilt-F
il-F

l-u-F
t-b-F

I

59;8272.250.08

SAMPLE TYPE

$ Cutttngs

95I Core,Number krdicates % Core Recovery

c2olsElxRe wnh Sample Number
Chemlcal Resulls Usted lo Table 2R-1

Page!-ot -5-

al Straiigraphlc Dlvlsions tdenti'i'ed wllhh the Slte Area:

Ingold. Unlt tV
ingold. Unlt lll
Ingold. Unil ll
ingold. Unit l-uppet
insold. Unlt l-basal

Columbla River Baealt Group
Tem - Elephant Mountaln Member
Ter - Rattlesnake Ridge Interbed
Tp - Pomona Member
I - Basalt. Undlflerentiated
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GRAVEL. Trace sand. Yetlow sandy CatCareous rinds on some clasts.

Sandy GRAVEL. Sand very-fine- to fine-grained, mostly fine-grained;
angrfar to subrounded; S-iE mafics. Yellow sandy calcareous rinds.
Trace silt at 350-355 ft.

GRAVEL. Trace sand; Trace silt at 365-370 ft.

Sandy GRAVEL. Sand very-fine- to fine-grained; angular to sub-
rounited; 5-7E mafics. Trace silt at 370-375 ft-

GRAVEL. Trace sand.
Silty sandy GRAVEL. Matrix medium-light-gray- Sand fine-grained;

.angular to subangular; 5-7t mafics. /
Gravelly silty SAND. Medium-light-gray. Very-fine- to fine-grained,
mostly tine-grained. Angutar to subangular. 5-7t mafics.

Sandy GRAVEL. Sand fine-grained; angular to subangular; 5-72
mafics; clean.

GRAVEL. Trace sand. Yeltow sandy calcareous rinds'

Sandy GRAVEL. Sand very-fine- to fine-grained, fining downward;
l0-l5t mafics.

Silty SAND. Light-olive-9ray. Very-fine- to fine-grained' Angular
to subangular. 20-259 mafics.

Sitty sandy GRAVEL. Silty sand as above.

Sandy GRAVEL. Sand very-fine- to fine-grained-
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