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1. INTRODUCTION 

This report presents the results of our geotechnical investigation for the proposed 
replacement of the Soule Bridge in Pacific County, Washington. This wv.rk was performed 
under our Consultant Agreement BROS-2025(027) authorized by the,,J;qyfity on August 18, 
1992, and the Supplemental Agreement for additional work, datec;ki\lp'yfmber 20, 1992. This 
letter revised our scope of work (two additional exploratory borm.£itltiu:esult of the 
bridge design changing from a single-span structure to a threeli?fr1 stfflltf.: 

The purpose of our study was to characterize the subs~rtit~ conditions ·:~!iii:i.Velop 
geotechnical design and construction recommendatio.n.i::'f.lF.th~ reconstruction· of the Soule 
Bridge. The work consisted of reviewing availablejrifgfffia!ielt~ preliminary site 
reconnaissance, drilling four borings, laboratory telqpj}~p.g):ffl~ring analysis, and preparation of this design report. ~,. 
2. PROJECT AND SITE DESCRIPTIQ~{t!f!::t 

'\()(:)fj)\t/;/;/·:•:•:::\/;_:::::::.::::::.:-
The proposed bridge will replace the exlYf:µJfl._n4ftBMtf fflo lane bridge which crosses Smith 
Creek in Pacific County as shown on Figutiffl.!:ll{ipd ·2'?:iThe bridge is located on Smith 
Creek Road, approximately 1.5 miles east of{ffl\Mfr1tersection of Smith Creek Road and 

;;;~~:;;~~;;~~:4~a:;;~;~~;;;;:~;o;~:!r: elliting 
between Stations 80+06;00.iandNh +4fiOO for a distance of 135 feet. The structure will have 
three spans which from scititb:l!lt to northwest equal 43 feet, 49 feet, and 43 feet as 
measured aJ:Jh.~tsfnterline oftfj,ij(pridge deck. The bridge will be supported on two 
abutmentJRffii?!i4A;!Yo interio?piers, each constructed at a skew of 49 degrees northeast
southw,~fjjJh the"'li}ntktline of the bridge deck, as shown on Figure 2. Based upon the 
topogt~p.,}nap aili,f preliminary bridge plan provided by Sargent Engineers Inc., the new 
bridge det.Js.Iwill be Jilil at elevation 165.00. The current main channel of Smith Creek 
trends at a''''ii.ii:Ptl!P.Proximately 49 degrees to the centerline alignment of the new bridge 
deck and is ei~ffl.~J'lly centered between the two interior piers. The design plans indicate 
normal high waH~.f'is elevation 144.60 and extreme high water is elevation 160.13. The 
deepest portion of the channel is at about elevation 141. This would place the bridge deck 
approximately 25 feet above the strearnbed at its greatest height. 

Both the northeast and southwest approaches will be constructed with fill sections 
approximately 1.5 to 2.0 feet in thickness and concrete wing walls. We understand that the 
interior piers will have vertical pier dead loads of 545 kips with vertical live loads of 173 
kips. The abutment piers will have vertical pier dead loads of 155 kips with vertical live 
loads of 114 kips. The lateral longitudinal earthquake loads will be rtsisted at the 
abutments with a design load of 160 kips per abutment. The ultimate transverse design 
earthquake loads will be 12 kips for abutment piers and 73 kips for interior piers with a 
1,961 kip-foot moment. 
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The existing bridge across Smith Creek is a 108-foot long, two-lane, five span timber bridge. 
The bridge supports the roadway approximately 21 feet above the bottom of Soule Creek. 
Smith Creek has reportedly flowed near the top of the bridge during past flood events. 
The bridge deck is supported on four interior piers consisting of timb~Jdlµes 
interconnected with timber lagging boards. We understand informqijffij::[:f~lative to the 
construction and bearing depth of the existing bridge piers is notJti:tlffikle. Based on 
visual observations, the piers appear to have performed adequ_s.ti.1.yNl:l.Jfi.f P.P. apparent 

evidence of adverse settlement. ..,,,_ ··\';}?·· '''<t:~:IJJJ!l,,!!!!:;;;;fa:::::. 

Based on discussions with both the County and Sargent/J.i.3gineers, we und¥$.,f.Knd that on 
a previous project in similar ground conditions the C_gppf'·h~p. problems using a driven 
mandrill shell pile (e.g. Raymond pile, others). App!;fflitly ,filifproblem involved some 
difficult driving that partially collapsed the casing ·:6f::::ml!t:2ri!f.i.6re of the piles. 

3. SUBSURFACE INVESTIGATION~ LABO;~_'lit::::: TING 
.. ::;:::::····:····· 

~9;;~~:::~:a;~: !~~~!:~ :a:h:~:~d b!ll~,111fit0

~~r~!:: !s;~~i~~l~ I~~~ C:!su!~ 
3
' 

collect preliminary information on the exis\lg:jijplog~ffo determine the best method of 
subsurface investigation. Tw~?... ... ~rill hole locijgi at the proposed replacement bridge 

~;;;;;,;:;;:~;;IJ;;~;;~=:~;; ~:~:;,;;~J;;•:~::dtriple-
span, two-lane, pre-stres';~g.(1:5:g.pcrete llHdge. Boreholes SO-Cl and SO-C2 were added to 
the scope of work to invesfiffi,i,fi@m:?.il conditions at the proposed interior pier locations of 
the triple-~pirn::r,r,!e9e. ·,,,,tt::l:ift 

.. ;::=:-:-:::;:::-:::::::::::::::::·::::=·=··:·:::::::)=:-
.-::::://: •. ;./ •••••••· ··••••• :=::, 

. -.·.··· · · · ····· ····· ··:.::::(:_·:_,,:_;_,,_,,',.,=·,.·:,.,.··.'.',_·' .. ':!, i,_1,,_=: .. _',.·:,,,_,,-,_,, ... {!Jt{{}:·· 

3.1 B~_:_·:,,:,,:,l t::,,. \(]:ij:!:jl} 
=:===========:=:=;=:=:·. .-==t r mt/1/ 

The borehdI~til(IMi.lu)Vi::orrespond to the location of the proposed foundations and were 
located basecf''bqiffpkd measurements from the centerline and abutment locations of the 
proposed bridge''pfovided by Pacific County. The boring locations are shown on Figure 2. 
All drilling was performed by Holt Drilling Co. of Puyallap, WA, with a truck mounted 
Mobile B-61 drill rig. Five foot lengths of four-inch inner diameter, hollow-stem auger were 
used to advance the borings. Access holes were cut in the bridge deck for boreholes SO-Cl 
and S0-C2. The holes were cut between longitudinal beams with a chain saw. Subsequent 
to drilling, the holes in the bridge deck were covered with 3-foot square by 1/2 inch thick 
steel plates which were bolted to the bridge deck with 8-inch lag bolts. The edges of the 
steel plates were covered with asphalt repair material which was heated with a propane 
torch prior to compaction. 

At each boring location, Standard Penetration Test (SPT) sampling was performed using a 
two-inch O.D. split-spoon sampler and a standard 140 pound hammer in accordance with 
ASTM D-1586. During the test, a sample is obtained by dropping the hammer a distance of 
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30-inches in free-fall to drive the sampler a distance of 18-inches into the soil. The number 
of blows required for each 6-inches of penetration is recorded. The Standard Penetration 
Resistance ("N-value") of the soil is calculated as the number of blows required for the final 
12-inches of penetration. If a total of 50 blows is recorded within a s~ 6-inch interval, 
the test is terminated and the blow count is recorded as 50 blows fo.r(theHmmber of inches 
of penetration. This resistance, or N-value, provides a measure ~_t,fflii:!f:;1ative density of 
granular soils and the relative consistency of cohesive soils. Figrif.JiS)J.jjjjj}p_lot of SPT data 

("N- values") from the borings. ..,.. ··''WJf''·· ··''\t ;)j!JIJJl!l!:11i::::!~:t ::: .. 

The borings were drilled under the full-time observatior.t:P.t:Jl staff engineer .. 'ff,qifi our firm. 
Soil samples obtained from the split-spoon sampler \Yt:r!I11assJfied in the fielcf and 
representative portions were placed in air-tight col}.ml,ifrs .. ,,,Jniit,soil samples were classified 
and described in accordance with the Unified SoifttmlUiAAffl:lh System as summarized in 
Appendix A. The soil samples were returned to our''l{ffl¥ngp.d, Washington, laboratory for 

;~;~;:;;::;~a;;:;~r:-~~:::,i~;!~t~;:o!;!~:5 
The stratigraphic contacts shown on the''l.flQiyfqµjj[JMimhole logs represent the 
approximate boundaries between soil and(r2s¥:iil,ffes'Ytthe actual transitions may be more 
gradual or abrupt. The subs~1:face and grdijiq~ater conditions depicted are for the dates 
and locations only, and tJwfi.fittt-,.are not n~ii?-rily representative of other locations and 
times. rf l)J?'=\{{f), \ )?'·· 

.-:::t\r\r=:=.... ..I~If I\11:1:::::=:· 
.. ::;:;:;:;::::·:::-:·... -:=:····· :-:-:-:-:;:::::;:;:: 

3.2 Laboratory Tes:!JfltC:" '"'4ifr 
Laboratory.J£!Hfl&,,.was perforiqijg}<::m selected representative samples obtained from the 
borings. }f~ffl1gilruµded classification testing consisting of sieve analyses, natural water 
contel}.µi]}ji!}.tterbe'fg{fflmts, and unit weights. Strength testing was conducted on the clay 
and c8ji.J~.d of ori'ij::!qpconfined compression test. All tests were performed in accordance 

;~: :.~~,,2ded in Appendix B and/or on the boring logs. 
·-:::{)!?' 

4. SITE GEOLOGY 

Smith creek flows through a broad valley which has a relatively flat bottom infilled by the 
Smith Creek floodplain. The stratigraphic soil units encountered during our investigation 
of the Smith Creek Bridge consist of fine grained materials typical of a relatively low energy 
depositional environment. 

A dark gray claystone mapped as the lower to middle Miocene age Astoria (?) Fromation 
by Wagner (1967) was encountered in the borings and appears to have been deposited in a 
marine environment as indicated by the presence of small clam shells. The unit is massive 
to very faintly laminated, typical of a low energy, deep water depositional environment. 
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The claystone is overlain by an olive gray, horizontally stratified, alluvium which typically 
contains wood fragments and appears to have been deposited in the formerly deeper 
valley. The lower energy, moderate brown, fine sands and silts were deposited by Smith 
Creek as the creek meandered back and forth across the valley deposiqa:g, its bedload 
sediments in the relatively quiet overbank areas of the stream levees.,e.'#:~Ufloodplain. The 
alluvium is overlain by a moderate brown, flood plain deposit w~'§Uiir.~ctly underlies fill 

:.la::::::::~::~:N:nd bridge approach~. ~, 

The results of our borings indicate the interior pie~,. by very loose to compact 
alluvial silt and sand overlying soft weathered claylfqj~=:{AiffiiHa (?) Formation), as shown 
in the cross-section on Figure 2. The subsurface condi{i~/iit the abutment piers include a 
compact to dense granular fill overlying a very loose to···t·fJQpod plain silt deposit which 
is further underlain by the loose to very alluvial silt aflt\J:Mnd. Underlying these 
units is the soft claystone. ··=t:=--

Specific conditions at each pier include: 

Pier 

Northwest 
Abutment::/, 

csqrffl!l!tfIJ 

Northwest 
Interior 

Pier 
(S0-C2) 

Southeast 
Interior 
(SO-Cl) 

Pier 

Approx . .. , :=:=@IfltRepths in ~lt!:~,elow Ground Surface G;~:1-~~s:-Alluvium Clay 

5.5-18.5 18.5-26.0 26.0->38.9 

0-2.5 2.5-7.0 7.0-27.0 27.0->38.8 

NIA NIA 
0-4.5 4.5->16.4 

NIA NIA 
143 0-8.9 8.9->17.4 
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Approx. 
Elev. to 
Hard 

Clay/Soft 
Claystone 

137 

138 

138 

138 
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Generally the soil units encountered in our borings consisted of the following: 

• FILL - Fill was encountered in borings SO-E and SO-W drilled at the two existing 
bridge abutments. The fill appears to comprise road base ~~~,r~al and in general 
consists of compact to dense, nonstratified, sand and subc:ptffiya'r to subrounded 
gravel with a little silt and cobbles. The fill was encouqt.t,ffi~Ed,irectly below the 
roadway pavement and extended to depths of 2.5 an.df$5:==m:::tS.PT samples 
obtained in the fill indicated an "N-value" range of 1cf1if31. ··.:,::\:::i@:tt::,,;, 

,.;::::.. .. :.;J{;~~ili1i~i~i~ili;~;i~i;::::• 
• FLOOD PLAIN DEPOSIT - A flood plain dep9t\J::Joverbank unit) w~,, .. 

encountered in borings SO-E and 50-W d~Ufflg[fa't tqe abutments. This unit was 
encountered directly below the fill and e·~Jd t4I~ths of 18.5 feet in boring 
SO-E and 7 feet in boring SO-W. It con;iijffiflt9f:=yg,y·loose to loose silt with a 
trace of fine sand, clay, and fine gravel. SPi\ jiffipJes obtained in the flood plain 

. ~~;;:;~si~~;iiiii:~::r::~~;r~;~~i~: 
was encountered at the existing'''1reii.iFitiif!ce and extended to a depth of 25.s 
to 27 feet. In gene,r._;~J, the alluviuai.]:i¢ffi1sisted of very loose to compact, 
nonstratified to.,t,m::J,,minated, sflj] jnd fine sand with occasional interbeds 
containing a yiygf6f\y-§9.£1.. fragments'.' Within the active stream channel, the bed 
load was c2men.ied_.,91:::rtsf:bt,,~lluvium consisting of coarse sand, gravel, and 
cobbles. SP1\:jjgtp~H$b'fa@!g)in the alluvium indicated an "N-value" range of 1 
to 15 and averagfg:::; ::Jo 4. tff~ higher blow counts (15 and· 11) were noted at a 
depth of 20 to 23'''f~flh):>oring SO-Cl drilled at the northwest interior pier. The 
rAA!MW:t9!..grain size.afjJyy'sis tests on the alluvium are included in Appendix C. 

·--::t···· ::::::::;:;:::::::·· · ··:•:::-· • 

4~~~tsd ~~=~;~;~~~~!0tu~ <J.!~"::~~;lo:~o~c~~::!~h:: of 
··=,=\tij=igtffient..,Jffig:iclay was encountered at a depth of 26 feet (elevation 137). At the 

s8tlfi'i~!!f!::j:pbtment it was encountered at a depth of 27 feet (elevation 138). At 
the 'Ni;iIIHerior piers it was encountered at depths of about 5 to 9 feet below 
grouncliiurface (about elevation 138) or about 25 feet below the existing bridge 
deck. For engineering purposes, the material is considered a hard to very hard 
clay to a weak rock. In general, the claystone was massive to faintly laminated, 
clay with varying amounts of silt, fine sand, and shell fragments. Based on the 
Atterberg limit result, the material has a Plastic Index of about 52 percent with a 
natural moisture content at about the plastic limit. 

Based on the "N" values, the clay consistency was hard to very hard ranging from 
50 to 100 blows/ft in the upper 4 to 8 feet of the unit. Below these depths, the 
"N" values increased to over 100 indicating a very hard clay to a very weak rock. 
With depth, the unit probably increases in strength to a moderately weak rock. 
The unconfined compression test on the split spoon sample indicated an 
undrained strength of about 16,800 psf (cohesion of 8,400 psf) for a sample that 
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had an "N" value of 100 blows/ft. Due to sample disturbance, this is probably a 
low value with the actual in-situ strength being greater. 

The groundwater appears to be perched above the claystone and was .w.u:ountered at 
depths of approximately 16 to 18 feet at the abutment borings dul'll13Jgffllling or about 
elevation 147. This elevation is about 4 feet above the level of the_.,,ffrf:ifu. and implies that 

:~::~:~:::N::: :E::::DATIONS ~~ 
6.1 Foundation Recommendations 

6.1.1 General 

Foundation loads should be supporteqjp(](fpgfMP.:derlying clay/weak claystone as the 
overlying alluvium and flood plain depqj!§ii:fi/I!.tt~nd are not considered acceptable as 
load bearing soils. Numerous deep fourtqjljp_n:::;fyjl@.ij (jjjpported in the clay/claystone are 
technically feasible including driven piles '~l)l.niMd'l'Hles/piers. 

Based on discussions with.,,,,§it.itb.t Enginee';~~lilii: understand that the preferred foundation 
type at this site are driv.,;tl:!if~~Hfitpiles, in partkular 55 ton HP-53 sections (nominal 12 
inch pile). Based on .dmJ:Ubsu.d.,4~'):;9pditions and type of structure, we concur with the 
use of this pile type. ·,;,TfiiIPf~ilJHiiry}d~ign includes four piles at a 6 foot spacing for the 
abutment piers and sevJti:fafil(at a sJJlidng of 4 foot 10 inches for the interior piers. 

~~:=:::t{///i\i/{}[f j}:; .. 
··::,:,::;:::;:::.:::::::•:•:• 

.·.·······:::·:·:·:·:-.· ··:-.. :.: .. :.:.· 

6.1.2 Ve_g\1,Il:ilJ:1,racity ''\{)' 
·;(itt=····· -:::;}::::::::::::::::::. 

In ouf:lqpffli9._n, drivi,iI\f;l-piles will develop a 55 ton capacity through end bearing if 
weak/mdqi'iti!Y str§!Uf rock is encountered, friction, and/or a combination of both. For 
short temi'li'jg~-ffl:!J.t:::J.§.ads the allowable pile loads can be increased by 1/3. Based on the 
borings, we estffii~Jfthat the piles will drive to the required driving resistance at the 
following depth°s'4'.l'elow existing ground surface and elevations: 

PIER 
DEPTH TO 
BEARING 

NW ABUTMENT 26 ft 
NW INTERIOR 4.5 ft 
SE INTERIOR 8.9 ft 
SE ABUTMENT 27 ft 

ESTIMATED 
INTO CLAY 

5 ft 
6 ft 
6 ft 
8 ft 

DEPTH 
EST. TIP ELEV. 

132 
132 
133 
130 
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These depths are for estimating purposes only, the actual minimum pile depth to develop 
the required vertical load should be determined during construction based on the actual 
pile driving resistances as discussed below in Section 6.4. We recommend that all piles be 
driven a minimum of 4 feet into the hard clay/claystone bearing stratu_nt_and/or at least 10 
feet below grade, whichever is greater. .4.H'i/Y'' 

6.1.3 Lateral Pile Capacity A 
We understand that the piles will only be required to resi~t transverse lattif.ffl}fuj:j,ds since 
the longitudinal loads will be transferred across the decJtI!P:P- resisted by pi!P pressures 
in the abutments. Based on design information fron\:§jfgin.t,. the piles will be designed for 
an ultimate lateral capacity of about 5.2 tons/pile app1iifatJ1j:;=pridge deck. The piles were 
assumed to be "fixed" and oriented such that the liii.gjjt,,&.§rl modulus is in the 
transverse direction. Due to the applied loads occurtIQg]i,ti,!fhe bridge deck, an overturning 
moment of 1,916 k-ft develops at the base of the interiortmilMb, Since the horizontal load 
and resulting moment are only applied i.u .. the transverse ctiljffil:m, the wide pier wall 
(30 feet wide with a projected width P.~tilhi1ifplar to the bridge of about 24 feet) will act 
as a wide footing. Thus it will resist th~!::jpp.)fflgJgw~m~nt by developing additional vertical 
load on one side of the "pile cap" and re'qµ~,p.·.,!®.ll]fµlJ-t.e others. 

\~f1tii1rr===trti111r:::·· ·-:-:::::~:r1::::·· 

Although the changes in vertical pile load;=::liu.!)i)r;sist the overturning moments, the actual 
horizontal load must be tr.•lrtf.d as lateraliliiPs on the piles. We used the computer 
program COM624 to e~ij!Yi~'''tli!:!pile behavidi'at each pier location. Figures 3 through 6 
are the results of thes.,g@,i:pMyse.~Unil#.gjng both the deformation and the moment in the 
piles as a function of"l@jffh,,,fBif jpiPqffi~ lateral load of 5.2 kips. Figure 7 shows how the 
maximum computed disft1i~ent vanes with load. In the analysis, we assumed loose 
granular soil from the groiiijff:!iµrface to the top of the bearing clay/claystone. We 
assumed pi.!~hRif.H~~ration as J~ted above. Due to the pile spacing, we reduced the 
effective §9:lt::ffiggyh:~f. coefficienF(k values) shown below by multiplying k by 0.4 for the 
interiop:pl,Jk'.an'd'''W,i{IZ for the abutment piles. The soil parameters for the loose granular 

layer,~) \ pd 

o KS01ljff:yp'e: Assume 4 (Reese criteria for sand) 
o 4>'=28.'d€grees 
• k=40 pci 

For the clay/claystone the following was used: 

• Unit Weight 120 pcf 
• KSOIL Type: Assume 2 (Reese criteria for stiff clays below the water table) 
• c'=l0,000 psf 
• e50=0.5 percent (strain at 50% failure) 
• k=6,000 pci 

The results presented on Figures 3 and 4 can be used directly, to estimate an equivalent 
linear spring constant, or to estimate an apparent "point of fixity". 
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6.2 Abutment Recommendations 

We understand that the new bridge abutments will consist of about five feet of fill with 
abutment and wing walls. These walls can be either cast-in-place cantikwer walls or MSE 
(Mechanically Stabilized Earth) fill walls such as Reinforced Earth otAfSE? 

.A[f'::t:::=::::::::=::::. 
In designing the cantilever walls, the following design assumptj4,i!f~fiilt,}1sed: 

• ACTIVE PRESSURE: The active pressure shoulq_ be ~:::=~ o::,:! '1]11.lu.tw.ith a 
density of 30 pd (triangular distribution) plusAiiwcharge load o(2lfFpsf. 

.,:f~llf f :l~{i/f ~1;:::·· .. ::;:;.. . . 

• PASSIVE PRESSURE: The allowable pas§:!Ylfpfes~v.ff[)hould be based on a fluid 
with a density of 250 pd (triangular disthqyp,"nHfif=i ·· direction into the slope. 
For loads acting outward (i.e. toward the sl&pj}.}j:jti,'e allowable passive pressure 

• ::~::::~:::;lowable b~sure £~~~~ footmg bearing on 
~;;:~;;;~::;;If;:lliltJt~;;~~~~;i:;:t1~t~~;;:d. 
location of the footip,g_ (both vertidli}fj:~nd horizontally) should be such that an 

t:~~:?;n1!:;,9!11111i~c!~~ ;l~~,Jilf~~:c~ t~e :~s:t1Jc!':~~i;::~~~}! be 

used. <::[i!l!!!ll!!'l'!i!!lilii:;;;;,\/:::i::iliill!lli!llil:lli:li::ijJIII/IIJll!l!i:!lli:!:l)> 
If an MSE fill is used, the4ilMihPuld b'e\c"omposed of well graded granular fill with less · 
than 10 percent passing thitil,{@IiQO sieve, placed in eight inch loose lifts and compacted to 
at least 95 R!t:ffi!B!=:Pf dry denikj}p.~sed on ASTM D1557 (Modified Proctor). In designing 
the wall, Jfi.yi§'Q118@n,pe assumed''"to have a unit weight of 125 pd and a friction angle of 32 

degre(!j~:_:_/_j_::_!:,!J_:_:;_i:,!/ __ i_/_·._1.1_:,i_,_,::_::_';_:_;_,_::_:,, __ ·.·. , . . ·=·==,\{ljjj!li=j:!j\j•=t. 
Jt!Itt 

6.3 App;~:111 11:;;1::1:iJ:liltil:!':!f'' 

The tendency i~';{fGture cracking and differential settlement occurring between the pile 
supported bridge deck and the approach fill can be mitigated by constructing approach 
slabs. The decision to use an approach slab should be based on the estimated differential 
settlements, costs, and Pacific County experience at other bridges. We estimate that the 
differential settlement between the abutment and the piles will be about 1/2 to one inch. 

6.4 Erosion and Scour Protection 

The soils composing the slopes are considered susceptible to erosion due to their gradation. 
Thus we recommend that the slopes below the abutment and wing walls are covered with 
riprap to at least the anticipated high flood levels. Information on peak flood velocities 
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was not available. However, we anticipate that WSDOT's specification for Light Loose 
Riprap will be suitable. 

We understand that Sargent typically places the interior pile caps (pier wall in this case) 
four feet below ground surface for erosion protection. Since informatjpppn peak flood 
velocities was not available, we can not confirm this design. How~ygtf::JM!ised on the soil 
types and the stream size this seems appropriate. The required IfflPffliH!J.l pile depths 
presented in section 6.1 should provide adequate protection ag .. PMiUi}w the piles. T' 
:·:se~::e:::::::·::::~c

0

:nation map, fue .,~ peak acceleration 
coefficient of O.lg. Generally the peak ground acceillffi?.pj\j~fd in a liquefaction analysis is 
assumed to be larger than the design seismic coefficiertt([[.l'fipough we understand this 
map is current criteria, the map was published in 1988 a:i:tif}pf'Ag_ably does not consider the 
potential for the large Plate Boundary s_µpqµstion zone earffiqµakes currently being 
postulated. '::="' ,:\r::=::t:r··· 

The alluvium and flood plain deposits ;J~ttii;gjjiliIIIYJclaystone are loose and present a 
liquefaction concern. During normal wate~Ii.i':f}s'"in the river, much of these deposits are 
above the water table and I.\9:kiµbjected to liffli.jfaction, although they may settle during a 
major seismic event. Th~f!Im?i!lv.t six to teiliffet of alluvium below the groundwater table 
at the pier locations. ~fimJVi:,n·'=ffl~'J:!Rrings, this material is a very loose to compact silty 
sand to sandy silt wi@!IIJ.if..O~.ffgl:§ffJ;, ,, '..'.~" values ranging from 1 to 15 blows/ft. 

We completed a lique;:~iiiiii:~~si;=:=:~:tH1ich consisted of determining the corrected Nl 
value and the required Nr t&::li~ltliquefaction using Seed's methods. The N values were 
corrected foif ootlho.verburderi·Ww.~ss and silt content to obtain Nl. The N values were 
increas~:9.:/: l l i1=s(iJJl!:1:ftr ,the silty s~nd soils and 7 b/ft for the sandy silt soils (Seed, 1986, 
11Desigpflt2blems If(\?9:'jl Liquefaction", NSF/ENG 86011). We completed the analysis for a 
design'''pi:ftt::=ij.CCeleraf.ffip (Am) of both O.lg and 0.15g. Assuming a normal high river level 
of about "f:k.l'ifip~ Jj$.'}?three out of eleven of the Nl values indicated liquefaction for 
Am=0.15g wijiffl/[ b,gp.&''.·of the Nl values indicated liquefaction. 

Based on these=,,~~?:1ts of the liquefaction analyses, we conclude that the site has a low risk 
of experiencing a complete liquefaction failure. However, even localized liquefaction could 
result in significant displacements of the abutment slopes/walls, overstress the bridge deck 
in compression and/or apply additional lateral loads to the piles. 

Accordingly, we recommend the following alternatives: 

1. ACCEPT RISKS: There is a relatively small risk that the design earthquake will occur 
and an even smaller risk that significant liquefaction damage would occur. Thus, the 
risks could be accepted and the problem not mitigated. 
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2. 

3. 

SOIL IMPROVEMENT: The abutment areas could be excavated to within about a 
foot of the river level and thoroughly compacted with a heavy vibrating drum roller 
to increase the relative density of the soils. This method will obtain significant 
improvement to a depth of 2 to 4 feet below the compaction level and some minor 
improvement a few feet below. Other more effective but costlyJ!ffithods include 
vibro-floatation, dynamic compaction ( dropping a heavy we~ggfflllind other 

techniques. d sJ!i!:!j!l::::iii:l!l!!/!//!l!!'!:!::::':::::::::.: .. 

DESIGN FOR LARGER LOADS: The bridge and the pilell~~ulcf~Ii~filgned to resist 
additional lateral loads due to liquefaction. The espw.ation of these',;i'iil!t:is very 
uncertain but could be significant in the longitugjt.ffll}direction. ·-,,qr=·· 

~;::: &~ :::';,,'.'.::~ods is beyond the scope of tC:1'-y be unnecessary if 

6.6 Construction Considerations 

6.6.1 General :{::=::: "\./!)( ... ·.·.··· 
.:-:•::::: _. . ··=t·=::::: :::::/( .. ::-:-:-:-:-

Construction for the new bridge should iri'§JM:¢1!:t~:;~;~l of the existing bridge, installation 
of the driven H-pile, subgr~fltd?:feparation fqr,)Jjtie new fill abutments and walls, 
construction of the walls4ffmffl,pt of the app;bach fills and placement of slope 
protection. In our opipW,:qf lt ~§114.,):>e desirable for a qualified geotechnical engineer to 
observe critical geoteqmli~ a.,§Pi~ffll.]9.t)i#.}~ construction including pile installation, abutment 
subgrade preparation/t4,gtjqg{pr~pa~ffl$n, and fill placement. Alternatively, Pacific County 
Department of Public W6f1.1Iliµld obs'erve these procedures and communicate the 
information and/or any probliBt!P a geotechnical engineer. 

.-:-=::=::r1:1:t==:::;.·. ··===:1:r::::=:::r=· 

6.6.2 Pmfl:taitMtiUon •;::;: 
.·.·-·.·-:-:;:;:····-·-· ··.··················:•:•:•:• .... ..... ·-::;:;::::· 

.. ::::il:/:rrr:· ··::::rrt:=·==::. 

Specifi@)Jfflpj!~ driviqgJ!riteria can be established only after the actual pile type and driving 
equipmert\;llfi=:t~l~gtfg/and tested in the field. Therefore, only general guidelines for 
equipment.slijitipµ,fahd driving criteria are discussed. We recommend that the piles be 
driven contimlbµ~ly by using an air, steam or diesel pile driving hammer. Preferably, the 
driving energy should be at least one foot-pound for each pound of pile weight and the 
weight of the hammer should be at least one-half the total weight of the pile. It is 
anticipated that a hammer with manufacturer's rated minimum energy of about 20,000 foot
pounds per blow will be required to install the piles on this project. 

A number of aspects concerning pile driving equipment performance, as well as soil 
behavior and variability of soil conditions during driving should be observed to assure that 
the intended results are being achieved. These include the hammer performance (length of 
stroke, blows per minute, steam/air pressure, etc.), continuous pile driving record (blows 
per foot and blows per inch during the final 12 inches), pile length, tip elevation, cut-off 
elevation, and other appropriate data. Prior to driving but after the pile and hammer are 
selected, we recommend performing a dynamic analysis to establish the set criteria. 
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Although driving formulas can be used, we recommend completing a wave equation 
analysis to determine the driving criteria. The piles should be driven to an ultimate 
capacity equal to twice the allowable design loads. The results of the dynamic analysis can 
also be used to judge how hard the piles can be driven without damage in order to obtain 
the required penetration depths. ,,.,(fat=,,, 

Although we believe that the piles can be driven to the depths ~,11~::::~ Section 6.1.2, 
difficult driving may be encountered that prevents the piles £r4IpiRijilfing the required 
4 feet into the claystone or 10 feet below ground surface (which~er is ·g.iiffiffi.r}, The 
success can be improved by welding a pointed steel plat~::::Qn the end sudfiii.Nif P.ruyn 
Point. We recommend that the contractor be required __ ,;d:]iJ,rt>vide suitable p6ihb at the 
owners request. ,,,t}i:jjl!://Jli!i/:f?'· ... ,,;,,._ 

:::, :::::kthe wall footin~ or any approach'~\,clor should excavate any 
existing topsoil or pavement. On sideslgpf§,,~xceeding SH:iV)}b~nches should be excavated 
into the existing slopes as specified in \?l:$,l.fflq]l)§!?:J:ldard Specification for hillside terracing. 

!;;;~~t!::: ;;:I~;:::, ~::i:0

i!~:~Ii~,~,t~~~li11J.lijftd~~in!:~f e as~!:f J~:hoC::r~ghly 
excavated and backfilled with structural fiit(JJt§J:lnn a firm, stable base. Use of a geotextile 
may be warranted if the su_pgff¥:le is particJ}if}y ,_soft. 

;~:::~i~10-'1EJ.~1
:
1::: ;ii~~r:ei!Ii:~~~:;' 

other dynamic equipmenf'l?:jf~£d to d3inpact fill. If density tests indicate adequate 
compaction is not being achiijylt,tJhe fill should be scarified, moisture conditioned to near 
optimum m2~ifl t s~:mtent, re26ijipacted, and retested . 

. ::({!(!: ::::::;:;:·:-::;:;.:;:::;; ::;::::::=::::(?:-

It mayl
1
:/rj';cess;~:Jil 1[~xcavate below the groundwater table to construct the interior pile 

caps (wij:l::Jp\~;r-). Duff ffl the proximity of Smith Creek and the presence of alluvium, sheet 
piles pen~ilns.. iqtg:J:Jre underlying clay may be required to effectively dewater any 
excavations.'.'''ti'.y{gµpjmize these problems, summer construction is recommended as the 
creek should bJ:ilJ:lts lowest stage. 

7. USE OF THE REPORT 

This report has been prepared exclusively for the use of the Pacific County and their 
consultants for specific application to this project. This report pertains only to the specific 
conceptual designs described in the report. The field investigation was performed in 
general accordance with locally accepted geotechnical engineering practice fo provide 
information for the area explored. There are possible variations in the geologic conditions 
over the site and in the hydrologic conditions with time (especially during the rainy 
season). We recommend that a contingency for unanticipated conditions be included in 
the construction schedule and budget. 
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We are available to answer any questions you may have concerning this report or to 
further discuss our geotechnical recommendations with you. If you have any questions or 
need additional information, please contact us. 

8. REFERENCES ~ 
Wagner, Holly C. (1967) Preliminary Geologic Map of the Rayrn§.jn'· Qqll,t!U:1gle Pacific 
County, Washington; U.S. Geological Survey Open File Report. ··v ··==,=tt/Il'::h 

·•,;:,qi:~jJ!!llt::J::=· 
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Unified Soil Classification System 

Criteria for Assigning Gro:J;:> Symbols and Names 

.COARSE-GRAlt<rn SOILS 
'More than 50~ 
retained on 
No. 200 sieve 

FINE-GRAINED SOILS 
50% or more posses 
the No. 200 sieve 

HIGHLY ORGANIC SOILS 

GRAv t:LS 
\fore than so~ of 
coarse fraction 
reto:ned on 
No . .;. Sieve 

SA~DS 
SO:'. or m.::,re of 
coarse fraction 
posses No. 4 Sieve 

SILTS AND CLAYS 
Liquid limit 
less than 50 

SILTS AND CLAYS 
Liquid limit 
greater than SO 

CLEAN GRAVELS 
;_ess t han 5~; lines 

GRAVELS WITH Fl~ES 
More than 12~ fines 

CLEAi< SANDS 
Less lhon 57. fines 

SANDS WITH FIN ES 
More than 12,; fines 

INORGANIC 

ORGANIC 

INORGANIC 

ORGANIC 

Primarily organic motter, dork in color, and 
organic odor 

G\'ll 

GP 

GM 

GC 

SP 

SM 

SC 

CL 

ML 

OL 

CH 

MH 

OH 

PT 

Soil Classifica~ion 

Generalized 
Gro1..,~ ~escriptions 

Well-graded Grc, e!:; 

Poorly-graded grovels 

Grove l and Silt 
Mix~ures 
Grc,•el and Cloy 
Milttures 

Well-graded Sands 

Poorly-graded Sands 

Sand and Silt Mixtures 

Sand and Cloy Mixtures 

tow-plasticity Cloys 

Non-ptost1c and Low
Plasticity Silts 

Non-plost ,c and Low
Plasticity Organic Cloys 

Non-plastic and Low
Plasticity Organic Silts 

High-plasticity Cloys 

High-plasticity Silts 

H1gh-plost1c1ty 
Organic Cloys 

High-plasticity 
Organic Silts 

Peat 

Relative Density or Consistency 
Utilizing Standard Penetration Test Values 

Cohesionless Soils ( 
0

) Cohesive Soils (b) 

Density (c) 

Very loose 

Loose 

Compo ct 

Dense 

Very Dense 

(c) 
N, blows/ft. 

0 to 4 

\o 10 

10 to 30 

30 to 50 

over 50 

Relative 
Density 

(7.) 

0 - 15 

15 - 35 

35 - 65 

65 - 85 

>85 

Consistency 

Very soft 

Solt 

Firm 

Still 

Very Still 

Hard 

N, blows/ft. ( c) 

Oto 2 

2 \o 4 

4 to 8 

8 \o 15 

15 to 30 

over 30 

Undrained (d) 
Sheer Strength 

(psf) 

<250 

250-500 

500-1000 

1000-2000 

2000-4000 

>4000 

(o) Soils consisting of gravel, sand, and silt. either separately or in combination, possessing no characteristics 
of plasticity, and exhibiting drained behavior. 

(b) 

(c) 

Soils possessing the characteristics of plasticity, and exhibiting undrained behavior. 

Refer to text of ASTM D 1586-84 for a definition of N; in normally consolidated cohesionless soils 
Relative Density terms ore based on N values corrected for overburden pressures. 

(d) Undrained shear strength ., 1/2 unconfined compression strength. 

Descriptive Terminology Denoting 
Component Proportions 

Descriptive Terms 

Trace 
Little 
Some or Adjecfoe (a) 
And 

Range of Proportion 

0-57. 
5-127. 

12-307. 
30-507. 

{o) Use Gravelly, Sandy or Silty as appropriate. 

Component Definitions by Gradation 

Component Size Range 

Boulders Above 12 in. 

Cobbles 3 in. to ,., :n. 

Gro,1el 

Coarse grovel 

fine grave: 

3 in. to No. 4 ( ..; . 76mm) 

3 in. to 3/4 in. 

3/4 in. lo No. 4 (4 .76mm) 

Sand No. 4 (4.76mm) to No. 200 (0.074mm) 

Co.>rse sand 

Med:um sand 

Fine sand 

No. 

No. 

No. 

4 (4 .76mm) to No. 10 (2.0mm) 

10 (2.0mm) to No. 40 (0.42mm) 

40 (0.42mm) lo No. 200 (0 .074mm) 

Silt ano Clcy Smoller \hon No. 200 (0.074mm) 

Samples 

55 SPT Sampler (2.0° OD) 

HO Heovy Duly Split Spoon 

SH Shelby Tube 
p Pitcher Sampler 

B Bulk 

C Cored 

Unless otherwise noted, drive samples 
advanced with l 40 lb. hammer with 
JD in. drop. 

Laboratory Tests 

Test Designation 

Moisture (1) 
Density 0 
Crain Size G 

Hydrometer H 

Atterberg Limits (1) 
Consolidation C 
Unconfined u 
UU Trio,c uu 
CU Triax cu 
CO Tria,c CD 

Permeability p 

(1) Moisture and Al\ert>erg Limits 
plotted on log. 

Silt and Clay Descriptions 

Description 

Sill 

Clayey Sil\ 

Silty Cloy 

Cloy 

Plastic Silt 

Organic Soils 

Typical Unified 
Designation 

ML (non-ploslic) 

CL-ML (low plasticity) 

CL 

CH 

M>i 

OL, OH, Pt 

~ Golder Associates 

SOIL CLASSIFICATION/LEGEND 

773-1064/FORM 573 
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PROJECT: PACIFIC COUNTY RECORD OF BOREHOLE SO-C1 SHEET: 1 OF 2 

@ PROJECT LOCATION: SMITH CR RD BORING DATE: 20NOV92 DATUM: MSL 

PROJECT NUMBER: 923-1165 BORING LOCATION: SOULE BRIDGE 

I 

UJ C SOIL PROFIU: SAMPU:S PENETRATION RESISTANCE 
-' 0 BLOWS/FT • < :r: C, 

~tu Iii 0 20 40 80 80 P1EZOMETER 
-' a: 

I= I I I I OR ::!: ELEV UJ :r: UJ Ul (.) m UJ I- I.I. C, DESCRIPTION (.) :i: - ::. ~ 
BLOWS/ N ~ WATER CONTENT, PERCENT STANDPIPE n. z Ul @ INSTALLATION UJ :::, n. :::, 8 1n 

~~wieo 
C ii: < DEPTH z 

0 a: a: 
a, C, 

I 
- 18 -

16.6 ft from top of bridge deck to 
soil surface. 148.4C 

I 
Very loose to compact. olive gray (5Y4/1), 18.BC Groundwater 

honzontally stratified, silty fine encountered at 
SAND to SILT and fine SAND, little to ground aurface 
some wood fragments, wet, (ALLUVIUM) during drilling I 

- 18 -

1 ss 0,0,1 1 100 • I 
I 

- 20 -

I 
SM 

2 ss 10,8,9 15 50 • 
I .. 22 -

I 
3 ss 3,8,5 11 100 • 

.. 
>- 24 -I 

< 
Ul 
:r: 

9 -------------------- ---- 139.5( 
Very stiff to hard, dark gray (N3), -is.sc 

~ massive, SILT and CLAY, sli~tly damp, 4 ss 2,4,12 18 100 • 
'" 28 ~ (fERTIARY MARINE DEPOS -

I 
I 
I 

... 28 -
5 ss 12,29,34 83 100 • 

~L-CL I 
I 

.. 30 -
I 

(log continued on page 2) 
- 32 -I 

DRILL RIG: MOBILE-B81 LOGGED: S BRANDENBERGER 
ORIWNG CONTRACTOR: HOLT CHECKED: D. FINDLEY 
DRILLER: C.RICHARD Golder Associates DATE: 19NOV92 I 



I PROJECT: PACIFIC COUN"TY RECORD OF BOREHOLE SO-C1 SHEET: 2 OF 2 

(@ PROJECT LOCATION: SMITH CR RD BORING DATE: 20NOV92 DATUM: MSL 

PROJECT NUMBER: 923-1165 BORING LOCATION: SOULE BRIDGE 

w C SOIL PROFILE SAMPLES PENETRATION RESISTANCE 
I 

..J 0 BLOWS/FT • < :r Cl 
~Iii Iii 0 20 40 eo 80 PIEZOMETER 

..J II: I: I I OR :IE ELEV w :rw a, 0 m w STANDPIPE I- LL C, DESCRIPTION 0 :i: - :::E ~ 
BLOWS/ N ~ WATER CONTENT, PERCENT (l. z U) 0 INSTAUATION w ::> (l. ::> 8 In weo~Wlao C ii: < DEPTH z w 

0 II: II: 
m Cl 

I 
- 32 -Hard, dark gray ~~assive, SILT 

and CLAY, sli~h p, (TERTIARY 
MARINE DEP S 

I 
foll-Cl 

8 ss 30,50/0.3 100 100 I I 
... 34 131 .0 

Borehole terminated at 34.0 feet, 34.0I 
11-20-92. No groundwater seepage 
encountered below 25.5 feet I 

I 
... 38 -

I 
I ... 38 -

I 
I I- 40 -

I 
I - 42 -

I 
- 44 -

I 

... 48 -I 
I 

... 48 -I 
DRILL RIG: MOBILE-881 LOGGED: S BRANDENBERGER 
DRIWNG CONTRACTOR: HOLT CHECKED: D. FINDLEY 
DRILLER: C. RICHARD Golder Associates DATE: 19NOV92 I 



I PROJECT: PACIFIC COUNTY RECORD OF BOREHOLE SO-C2 SHEET: 1 OF 2 

@ PROJECT LOCATION: SMITH CR RD BORING DATE: 20NOV92 DATUM: MSL 

PROJECT NUMBER: 923-1165 BORING LOCATION: SOULE BRIDGE 

w 0 SOIL PROFILE SAMPLES PENETRATION RESISTANCE 
..J 0 

BLOWS/FT • < ]: C, 
PIEZOMETER lA Iii Iii g 20 40 BO 80 a: 

I= I I OR ~ ELEV w :rw rJl 0 [D w STANDPIPE ... u. C, DESCRIPTION 0 I: ..._ 
~ ~ 

BLOWS/ N ~ WATER CONTENT, PERCENT Cl. z ~ hl INSTAUATlON w Cl. ::, e In 
,a~v.180 

0 ii: ~ DEPTH z a: 0 
[D C, 

I 
I 
I ... 20 -

I 
... 22 22.5 feet from top of bridge deck to -soil surface. 

142.51 
Loose, olive gray (5Y4/1), .. 22-:sl Groundwater 
horizontally stratified, silty fine . . encountered al 
SAND, some wood fragments, wet, . . ground surface 
(ALLUVIUM) .. during drtlllng .. 

. . 
I .. 1 ss 1,1,0 1 80 

I 
I 

- 24 
.. -.. 
. . . . . . . 
. . 

SM .. I . . . .. . . 
. . . . . . . 

ss I .. 2 1,1 ,1 2 100 

- 26 .. -I . .. . . 
. . .. . . 
.. 

138.0< 

•Hard, dark gray w~ massive, CLAY, ---~ -27.oi 
sl~htly damp, (T IARY MARINE 
D POSIT) 

I 
• 28 . 

3 ss 10,27,50/.4 100 100 I I 
I 

... 30 -
< 
rJl 
:I: 

I 
9 
~ 
st 

CH I 
- 32 -

I 
4 ss 21,50 100 100 - I 

... 34 -I 
I 

Qog continued on page 2) ... 38 -I 
DRILL RIG: MOBILEB-81 LOOGED: S BRANDENBERGER 
DRIWNG CONTRACTOR: HOLT CHECKED: D. FINDIEY 
DRILLER: CRICHARO Golder Associates DATE: 20NOV92 I 



I PROJECT: PACIFIC COUN'TY RECORD OF BOREHOLE S0-C2 SHEET: 2 OF 2 

(@ PROJECT LOCATION: SMITH CR RD BORING DATE: 20NOV92 DATUM: MSL 

PROJECT NUMBER: 923-1165 BORING LOCATION: SOULE BRIDGE I 
UJ 0 SOIL PROFILE SAMPLES PENET"AATION RESISTANCE _, 0 

BLOWS/FT • < J: C!l 
~Iii Iii 9 20 40 80 80 PIEZOMETER a:: 

I: ' ' ' OR :ll ELEV UJ J: UJ (I) 0 m UJ 
STANDPIPE I- u. C!l DESCRIPTION 0 :i: - :ll ~ 

BLOWS/ N ~ WATER CONTENT, PERCENT IL z 3 Sin ftl INSTAUATION UJ IL ::, w~~....,
90 

0 ii: ~ DEPTH z a:: 0 
Ill C!l 

I 
.. 38 

Hard, dark gray~~ massive, CLAY, 

~ 
-

sl~htly damp, (T IARY MARINE 
D POSll) 

I 
I CH 

... 38 -
5 ss 21,50/.4 100 I I 

128.11 
Borehole terminated at 38.9 feet, 38.9 

I 
11-20-92. No groundwater seepage in 
borehole below 27.5 feel 

.. 40 . 

I 
I - 42 -

I 
I ... 44 -

I 
I 

46 -

... 46 . 

I 
I 

... 50 -

I 
I '- 52 -

DRILL RIG: MOBILE B-61 LOGGED: S BRANDENBERGER 
DRIWNG CONTRACTOR: HOLT CHECKED: D. FINDLEY 
DRILLER: C RICHARD Golder Associates DATE: 20NOV92 I 



I PROJECT: PACIFIC COUNTY RECORD OF BOREHOLE SO-E SHEET: 1 OF 3 

~ PROJECT LOCATION: SMITH CR RD BORING DATE: 18NOV92 DATUM: MSL 

PROJECT NUMBER: 923-1165 BORING LOCATION: SOULE BRIDGE 

w 0 SOIL PROFILE SAMPLES PENETRATION RESISTANCE ..J 0 
BLOWS/FT• < J: 

9 PtEZOMETER ~ ti l:ii 20 40 80 80 a: 
I= ' ' . OR :Ii ELEV w J: w a, 0 m w STANDPIPE I- IL Cl DESCRIPTION 0 'i: - :Ii ~ 

BLOWS/ N ~ WATER CONTENT, PERCENT IL z ~ frl INSTALIATION w IL ::, Bin 

,a~~ 0 ii: ~ DEPTH z a: 0 m C, 

I 
I- 0 .___ I n..J\ 1 ... ·--L-.. ... -n 1 "., ft- .;,. .. ,n ftn ... -nu,r-, , ..... --,---, 

W-0' u 

n '>~n I\ ft- A~nh&lt 000 I 
tf~ 0.5( 

~f 
ff 
iff 
ff 

ComS, dus~ yellowish brown 
~f 
'pof ... 2 (10Y ), SA D and subangular b0 f 1 ss 10,11,9 20 40 •• . 

to subrounded GRAVEL, trace to little 'pOf 
silt, little cobbles, moist, (FILL) 

'r>':f 
b~f 
00 

W-0~~~ 

b0 f 
00 

b 0 

I 
b0 f 2 ss 5,5,5 10 33 • ... 4 
tJ.Of . b0 f 
bOf 
00 
bo'b 
Do'b 
bo'b 
o o 
ff 

157.5C ~------------------- ._ __ 
-5.& Very loose to loose, moderate brown 

(5Y4/4), fain:r; horizontally laminated - 8 to massive, S LT, trace fine sand, wet, -(FLOOD PLAIN DEPOSll) I 

-... 8 I 
3 ss 3,5,3 8 B7 • 

I 
- 10 -

Groundwater 
encountered at 

MH 
approximately 
11 feet during 
drilling I 

'- 12 -
I 

4 ss 1,2,2 4 100 • 1-o--
I- 14 . .I 

I 
(log continued on page 2) 

-... 18 

DRILL RIG: MOBILE 8-81 LOGGED: S BRANDENBERGER 
DRIWNG CONTRACTOR: HOLT CHECKED: D. FINDLEY 
DRILLER: C. RICHARD Golder Associates DATE: 1BN0Vll2 



I PROJECT: PACIFIC COUNlY RECORD OF BOREHOLE SO-E SHEET: 2 OF 3 

~ PROJECT LOCATION: SMITH CR RD BORING DATE: 18NOV92 DATUM: MSL 

PROJECT NUMBER: 923-1165 BORING LOCATION: SOULE BRIDGE 

w 0 SOIL PROFILE SAMPLES PENETRATION RESISTANCE 
-' 0 

BLOWS/FT • < :c CJ 
~ ti ti g 20 40 80 80 PIEZOMETER a: 

I= I OR :Ii ti) ELEV UI :CUI 0 m w 
STANDPIPE I- u. CJ DESCRIPTION 0 :i: - :Ii ~ 

BLOWS/ N ~ WATER CONTENT, PERCENT n. z ti) 

bl INSTAUATION w :) Q. :, Sin ,a, at I WI 0 ii: ~ DEPTH z a: 0 40 80 80 m CJ 

I 
I 

... 16 
Loose to very loose, moderate brown -
(5Y4/4), fainID; horizontally laminated 
to massive, S LT, trace fine sand, wet, I 
(FLOOD PLAIN DEPOSIT) 

I MH 

"" 18 . 
-------------------- '-- .J~-~ 
Loose, olive gray (5Y4/1) to . . 18.5( 

dark H,ray (N} horizontally .. 5 ss 2,2,3 5 100 • 
strati 1ed, SIL and fine SAND, .. 

I 
< trace to little wood pieces, wet. .. (/) 
:c (ALLUVIUM) .. 
9 . . 

. . 
... 20 ~ . . . ... . .. 

I 
. . 
. . .. . . . . I 
. . 
. . . .. .. . . 

- 22 . . . 
~M-Ml::::: 

I 
.. 
.. 
. . . . I 
. . 
. . 

• .. 6 ss 1,3,5 8 100 

"" 24 .. . . . I . . . . 
. . .. . . . . I . . .. 

137.J)C ... 26 ~------------------- --- . Hard, dark gray (N3), faintly -28.0C 
horizontal~ stratified, CLAY, 
trace vm ne sand, slitt>' 
damp, ERTIARY MAR N DEPOSIT) I 

I 
... . 26 

I 7 ss 28,50 100 100 I 

CH 

... 30 . I 
I 

Oog continued on page 3) 
- 32 . I 

DRILL RIG: MOBILEB-e1 LOGGED: S BRANDENBERGER 
DRILLING CONTRACTOR: HOLT CHECKED: D. FINDLEY 
DRILLER: C. RICHARD Golder Associates DATE: 1BNOV92 I 



I PROJECT: PACIFIC COUNTY RECORD OF BOREHOLE SO-E SHEET: 3 OF 3 

@ PROJECT LOCATION: SMITH CR RD BORING DATE: 18NOV92 DATUM: MSL 

PROJECT NUMBER: 923-1165 BORING LOCATION: SOULE BRIDGE I 
w 0 SOIL PROFILE SAMPU:S PENETRATION RESISTANCE ....J 0 

BLOWS/FT • < :i:: 8 glii Iii 20 40 80 BO P1EZOMETEA 
....J a: 

t: ' ' ' OR ::i ELEV UJ :i:: UJ a, 0 ID w 
STANDPIPE I- ... C, DESCRIPTION (.) :i: --- ::i ~ 

BLOWS/ N ~ WATER CONTENT, PERCENT ll. z a, 
f;3 INSTAUA TION UJ :) ll. :) Bin 

~~'MBO 
0 if ~ DEPTH z a: 0 

ID C, 

I 
... 32 

Hard, dark gray (N3), very weakly . 
horizontally stratified, CLAY and 
SILT, trace very fine sand, slif tly 
damp, (TERTIARY MARINE D POSIT} 

I 
I 

8 ss 14,22,29 51 100 • ... 34 -I 
I CH 

... 38 . 

I 
- 38 -I 

9 ss 27,50/0.4 100 I 

124.11 
Borehole tenninated at 38.9 feet, 38,9( 

11-18-92. No groundwater seepage 
I 

encountered below 26 feet Water 
level in borehole at 23.5 feet 

... 40 -I 
I 
I ... 42 . 

I 
... 44 . 

I 
I 

I- 48 -
I 

... 48 . I 
DAILL RIG: MOBILEB-81 LOGGED: S BRANDENBERGER 
DRILLING CONTRACTOR: HOLT CHECKED: D. FINDLEY 
DAILL.EA: C. RICHARD Golder Associates DATE: 1BNOV92 I 



I PROJECT: PACIFIC CO. RECORD OF BOREHOLE SO-W SHEET: 1 OF 3 

(@ PROJECT LOCATION: SMITH CR RD BORING DATE: 19NOV92 DATUM: MSL 

PROJECT NUMBER: 923-1165 BORING LOCATION: SOULE BRIDGE I 
w a SOIL PROFILE SAMPLES PENETRATION RESISTANCE 
..J 0 

BLOWS/FT • < J: Cl 
~Iii Iii 0 20 40 eo ao PIEZOMETER 

..J ffi I= I I I OR :i::w :IE QI 0 ELEV ID w 
STANDPIPE I- u. Cl DESCRIPTION CJ :i:....__ :IE ~ 

BLOWS/ N ~ WATER CONTENT, PERCENT a.. z QI @ INSTALLATION w :> a.. :> Bin 

~~wiao 
C ii: < DEPTH z a:: 0 a: 

ID Cl 

I 
... 0 

.__ 
n n 1 ~· A--"-" ' -- 184.!k . 
Dense, dusky yellowish brown 

g 
0.11 

b
0 i ~OYR2/2), nonstratified, SAND and 00 

RAVEL, little silt, damp, (FILL) 1h 'h 
~'h 
lb 'h 
i,g 

: W-0\Jtf' i 
1 ss 48,21 ,10 • s>i 31 87 

tf'i 
... 2 ~i . s>i 

fi .J62.!';/ ~------------------- ._ __ 
Ve~oose to loose, moderate brown 2.5< 
(5Y /4), SILT, little to some clay, 
trace 6ravel, trace fine sand, 
(FLO D PLAIN DEPOSl1) 2 ss 4,3,"- 7 30 • 

I 
I 
I 
I 

I- . 4 

I 1.1~1 

3 ss 1,2,1 3 13 • - 8 -I 
~------------------- ._ __ 

.J~..Q! 
Ve~ loose to loose, moderate brown 7.0( 
(5Y 4/4), massive, SILT, little fine 
sand, moist, (ALLUVIUM) 

I 
... 8 . I 

4 ss 1,2,2 4 100 • 
ML I 

I • 10 -

-------------------- ._ __ 154.0< 
Loose, moderate brown (5YR4/4), -ii.ix 
fainttl horizontally stratified, 
silty ne SAND to SILT and fine SAND, 
wet (ALLWIUM) 

I 
'- 12 . 

I 
.. 

kM-1111 '.· 

5 ss 2,3,3 8 ao • 0 I 
'- 14 . 

Groundwater 
encountered at I 
approximately 
15 leet during 
drilling 

Oog continued on page 2) .. 
I- 18 . I 

DAILL RIG: MOBILE B-61 LOGGED: S BRANDENBERGER 
DAIL.UNG CONTRACTOR: HOLT CHECKED: D. FINDLEY 
DRILLER: C. RICHARD Golder Associates DATE: 1BNOV92 I 



I PROJECT: PACIFIC CO. RECORD OF BOREHOLE SO-W SHEET: 2 OF 3 

~ PROJECT LOCATION: SMITH CR RD BORING DATE: 19NOV92 DATUM: MSL 

PROJECT NUMBER: 923-1165 BORING LOCATION: SOULE BRIDGE 

w 0 SOIL PROFILE SAMPLES PENETRATION RESISTANCE 
..J 0 

BLOWS/FT • < ::c Cl 
20 40 PIEZOMETER &i 1u Iii 0 eo 80 

..J a: 
I: I I . OR :Ii ELEV w :cw !3 0 m w STANDPIPE I- IL Cl DESCRIPTION :i: - :Ii ~ 

BLOWS/ N ~ WATER CONTENT, PERCENT 11. 
~ @ INSTALLATION w z 11. ::> 81n ,a~wieo 0 ii: ! DEPTH z a: 0 

m Cl 

I 
I- . 18 

loose, moderate brown (5YR4/4), .. 
faintli horizontally stratified, .. 
silty ine SAND, to SILT and fine SAND, . . 
wet (ALLUVIUM) . . 

I 
. . 

M·t.11 
.. 
. . I 
. . .. . . -18 . .. . . 
. . 

148.5( 

Very loose, olive ff~ ~5Y4/1), -- .~":' -18.& 
horizontally strati 1 , ne SAND, .. 
some silt, trace to little wood .. a ss 1,1,0 1 100 ~ < fragments, wet, (ALLUVIUM) . . fl) 

::c .. 
9 . . 

I 
I 

~ 
. . 

I- 20 .. . .... . . 
. . 
. . 
. . I . . 
. . . " . . .. . . 

... 22 .. -I 
. . 
. . . . 

SM . . 
. . I . . 
. . . . 

ss • 0 .. 7 1,1,3 4 100 
I- 24 .. . . . I . . 

. . . .. . . ... . . 

. . I . . 

. . 

. . 
I- 26 . . -. . . . I . . .. 

..1~:~ ._ Hard, dark gray ~3), massive to very --

I faintly horizontal laminated, CLAY, 
trace fine sand, s~tly damp, 
(TERTIARY MARI DEPOSll) .. 28 . 

8 ss 22,50 100 100 I 

I 
I 
I CH 

.. 30 . 

I 
- (log continued on page 3) 

32 . I 
DRILL RIG: MOBILE 8-81 LOGGED: S BRANDENBERGER 
DRIWNG CONTRACTOR: HOLT CHECKED: D. FINDLEY 
DRILLER: C. RICHARO Golder Associates DATE: 19NOV92 I 



I PROJECT: PACIFIC CO. RECORD OF BOREHOLE SO-W SHEET: 3 OF 3 

(@ PROJECT LOCATION: SMITH CR RD BORING DATE: 19NOV92 DATUM: MSL 

PROJECT NUMBER: 923-1165 BORING LOCATION: SOULE BRIDGE I 
LU C SOIL PROFILE SAMPLES PENETRATION RESISTANCE _, 0 

BLOWS/FT• < :i: C, 
PIEZOMETER 1il ti ti 0 20 40 eo 80 _, a: 

I= I OR :Ii El.EV LU J:LU CII 0 m LU STANDPIPE I- u. C, DESCRIPTION 0 :i: ._ :Ii ~ 
BLOWS/ N ~ WATER CONTENT, PERCENT a.. z ! @ INSTAU.ATION LU a.. ::> B In 

~~wieo 
C ii: ~ DEPTH z a: 0 m C, 

I 
... 32 . Hard, dark gray ~3), massive to very 

faintly horizontal laminated, CLAY, 
trace fine sand, s lghtly damp, 
(TERTIARY MARINE DEPOSIT) 

I 
I 9 ss 19,50/0.1 100 100 I 

I- 34 . 
~ I 

I CH 

~ 36 -
I 
I ... 36 -

10 ss 28,50/0.3 100 100 I 

126.:>c 
Borehole terminated at 38.8 feet, 36Jic 
11-19-92. No seepage observed in 
borehole below 27.0 feet 

I 
I ... 40 -

I 
I - 42 -

I 
... 44 -

I 

I- 4B -I 
I 

... 48 -
DRILL RIG: MOBILEIH!1 LOGGED: S BRANDENBERGER 
DRIWNG CONTRACTOR: HOLT CHECKED: D. FINDLEY 
DRILLER: C. RICHARD Golder Associates DATE: 19NOV92 I 
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APPENDIXB 

LABORATORY TEST RESULTS 

Golder Associates 
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I 

SUMMARY OF ATTERBERG LIMITS 

BORING SAMPLE DEPTH LIQUID PLASTIC PLASTICITY MOISTURE 
NUMBER LIMIT LIMIT INDEX CONTENT 

SO-E 4 13.0 -14.5 59 39 20 50.7% ,.f:=::. 

SO-C2 4 33.0 - 34.0 74 22 

Golder Associates 



------------------PARTICLE SIZE DISTRIBUTION 
US STANDARD SIEVE OPENING SIZES 

% 

p 
A 
s 
s 
I 
N 
G 

, __ 
, .. 

----
a: 

7. 

6: 

----
·-·-

----
----

1: 

-
"11)0 

3' 2' 1' 3/4' 3/8' 4 

10 

Coarse I Fine C 

GRAVEL 

SAMPLE ID DEPTH W% 
SO-W 13.0-14.5 33.6 

5 

PROJECT: PACIFIC COUNTY/SOULE BRIDGE/WA 

PROJECT NO.: 923-1166 DA TE: 12-2-92 

10 
-~ 

I 

20 40 60 100 200 

rbll 

i\ 

~ 
\ 
\ 

\ 

Grain size in millimeters 

Med I Fine 

SAND 

LL PL PI uses . 
SM 

TECH: BFW 

\ 
' \ 

\ 

I~ 

0.1 0.)1 

FINES (Silt or Clay) 

DESCRIPTION 
Light olive brown (SY 5/6) to 
moderate yellowish brown (lOYR 5/4), 
f SAND and SILT, (SM). 

REVIEW: DPO 

GOLDER ASSOCIATES INC. 

REDMOND,WA 

O.Ol 



------------------PARTICLE SIZE DISTRIBUTION 
US STANDARD SIEVE OPENING SIZES 

% 

p 

A 
s 
s 
I 
N 
G 

PROJECT: 

--
----
----
1: 

----
;)\, 

4_ 

--
-

1-

--1 IO 

3' 2' 1' 3/4' 3/8' 4 . ~ 

10 

Coarse I Fine C 

GRAVEL 

SAMPLE ID DEPTH W% 

SO-W 23.0-24.5 47.8 
7 

PACIFIC COUN1Y/SOULE BRIDGE/WA 

PROJECT NO.: 923-1166 DA TE: 12-2-92 

10 

--

I 

20 40 60 100 200 
< 

= "'~ \ 
\ 

\ 
\ 

Grain size in millimeters 

Med 
J 

Fine 

' 

SAND 

LL PL PI uses 
SM 

TECH: BFW 

\ 
' I~ 

0.1 0.>1 

FINES (Silt or Clay) 

DESCRIPTION 
Olive gray (SY 3/2), 
f SAND, some silt, organic 
material present, (SM). 

REVIEW:DPO 

GOLDER ASSOCIATES INC. 
REDMOND,WA 

O.OII 
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Boring: SO-C2 Diameter (cm): 3.617 

Sample: 3 Length (cm): 7.472 
Depth (ft): 27.5-28.4 Water Content (% ): 20.1 

Orv Densitv (ocf): 106.6 
Description: Very stiff, dark olive gray (5 Y 3/1), Strain Rate %/min): 0.47 

CLAY, little f sand, (CH). Peak Stress (psf): 16786 
Strain at Peak Stress: 14.2% 

20 

18 

16 
r I 

l? .:;::-
rJ> 14 • 0. :? ·-en _.... 11 

en - 12 (/) 

l,.m" w "O a: C: ____... 
I- ca 

10 en rJ> 

~~ :::J a: 0 
0 ~ 8 
~ - / cfi 6 •• 

~ C j 
4 

J 2 
I 

0 
0 2 4 6 8 10 12 14 16 

STRAIN(%) 

UNCONFINED COMPRESSIVE STRENGm OF COHESIVE SOIL 
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