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As requested. we have completed a geotechnica~ srudy.fo:r the subject proj The purpose of our $tudy .was to 
explore the $Ub$Urfa.t;e $Oil a.OO groundwater cooditioo.s and develop geoteclinical engineering terol'nlllwdatjons 
for project design and construction. • 

Our field exploration indicates that the site is generally underlain by loof-to medium dense outwash soil$. 
Oroundwawr w<LS observed at depths of two to six feet below existing grad~ In our opinion, the native soils oo 
the site will be suitable (or the proposed dcvelopmen~ provided the recomm <lations presented in this report are 
iocorporated i.Dto project design and constr\lcticm. 

We tru.•;t this information is suffh:ieor for your cwrcnt n.ccds. 1f you have any questions or require additional 
information. plea.ose caJI. 
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1,0 PROJECT DESCRIPTION 

Geotechnical Report 
Pilchuck Landing 

Smokey Point Boulevard 
Marysville, Washington 

The approximateJy 40~acre assemblage of parcels is loca1ed between the h erstate 5 (1·5) corridor aod Smokey 
Point Boulevard. nonh of I 56th Street NE, in Ma.'ysvilJ~. Washington. As we understand, lhe oortll end of the 
site wUl be developed with an automotlve c.lealership wilh servic-e bays and motorcycle sales company who will 
bave a test uack. Tbe rernining southern site area will be developed with aiJ stores, with the possibility of a 
large "b1g box·• anchor 5-tore. Structu.res wdJ be smgi<H1oty to two·story b Hdings constructed witb pro-cast tilt 
'llp wall panels or CMU block. We expcc1 floors will be constructed a.l gra e at an elevation at or near existing 

site grades.. Doc.lc·high access. may be provided at a few 1ocatjons.. 

The m;ommeodations cootaincd in che following sections; ofLhis report are b sed upon our understanding oflbese 
design fe3lures. If ac1ual feanues vary or changes are made, we should iew them in order 10 modify our 
recommendations. as required. We should review final design drawings d specifications to verify that our 
recommendations ltave been properly interpreted and ineorpor:.ued lnto pro; t design. 

2.0 SCOPE OF WORK 

Our work was completed in accordance with our authonzed proposal dated January 3J . 2005. On February ll, 

2005, we excavated 12 test pits to depths ranging from 8 to 10 feet below exl tlng surface grades. In addition, we 
subcomracted \VIth Nonhwest Cone E.xplotatjon to pc!!'fu.rm 6 Cone Penetrati n T~.srs (CPTs) to a maximum depth 

of 40 feet Using the information obtained from tbes:o subsurface expl rations, we developed gcotecho.ical 

recommendations for project design and cons[ruction. Specifically. lhis repo addresses the followiog: 

• Soil and groundwater conditions 

• Seismic 

• Site preparation and grading 

• Excavations 

• Foundations 

• Slab·on-gmde support 

• Eanb pressure parameters for retaimn_g wall desig;n 

• Drainage 

• Utilitii!'S 

• Pavements 
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1l should be noted lbat recommcndalions outlined in this repon regardin drainage are assoc-iated with soil 
~rength. design earth pressures, erosion ami stahilit)l. t:lesign and perfnnna 1 e i~~ues with respect Lo moisture as 
it rc1atcs to the structt.ue environment (i.e., humidity, mildew, mold) is be ond Terra Associates' po.rview. A 

building envelope specialist or contactor should be consulted to address these issues as needed. 

3.0 SITE CONDITIONS 

J .l Surface 

The project site is located we..~t of Smokey Point Boulevard, and east of I 5 in Marys\•ille. Washington. The 
approximate location or the site is shown on Figure 1. We were provided ith a preliminary site development 
plan by Opus NW, dated December 16. 2005. figure 2 is bosed on Ibis sue p '"'· 

Currently, the southern pOrtion of the site is occupied with se\•era1 struc res associated \Vith the Marysville 
Uvestcx:k Auction (MLA}. An approxl.Dlatcly 400-foot long, 150-wtde porti 1s- located along 1be west property 
lint , west of the MLA fat:ilities. The northern one-half (If the site is prim ·1y open agricultural fields with two 
s-1nglc·f1uni1y residential SU\lctures, The site is relatively open wnh few tf , with the c.'<eeplion of a th.ic.k grove 
of trees south o f the residence near the northwest property corner. The sit lies within the Sti11iqua.mi$.h River 
1100<1 plain. 

~12 Soils 

In general, underlying a thin sod cover. the CPT and test p it exploration~ ind ete the site is underlain with glacial 
outwll$h sediments. The w ils: cmcountered in tbe test prts c:onsjsted of loo to medium deose, fine- to coarse
grained sand with vary-lttg amounts of silt and gravel. The sand$ were genera ly moist in the: upper two 10 six feet. 
and wet to water-bearing below thai depth. Below this upper honzon., laye of medium. der,ase silty sand grading 
to dense sand are predominant to Ole 40-foot termination depth of the CPT Interbedded lhin layers of silt and 
sandy silt were also indicated in this lower soil profile. Shallow surface fi also composed of iiihy sand \\'ere 
observed at Tes.t fits TP·ll and 'W· l2 to depths of two tOo Lhree feet in the so~thc:-m developed portion of the site. 

T he Geologic Map of the Arlington West QuadrangLe, Snohcmish Coun Washingto1r. by James P. Minard 
{1985), maps tbe soils lD the vk:inhy of the she beloog_ing to the Marys\'ille and ~·fc:mber (Qvrm) oflh-e VOlSbOn 
recessional outv.tasb. These soils are dassified as weU .. draiued S3.1ld with fiJe gtavel. The soils we observed in 
the tes.t pits.. and indicated by the CPTs, are consiStent with the mapped dese:rJ tion. 

The preceding discussion is Intended as a general revtew of the sot! eondid encountered. For niore complete 
descriptions. please refer 10 the Test Pit and CPT Logs snnchcd in Appendix 

3.3 Groundwater 

At the time of our exploration. 1he static groundwater table was indicated at 11 depth of about four to st~ feet below 
existing surface grades. We installed slotted, two-inch <liameter PVC pipe in six of the tcSI pits to allow for 
monitoring groundwater levels. Water level readings at these wells obtam on February 23. 2005. indicated a 
st.at i<: water level at a depth of about three feet. Flucruations in the static: gro ndwaterlevel will occur seasonally. 
and wiU reach maximum levels during and s:hon ly fo llowlng the wet winter onlh$. 



4.0 GEOLOGIC IIAZARDS 

4.1 Seis-mic 
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Project No. T-S67S 

Based on tbe results of our Oeld exploralloo and our i<Jlowledge of the area eo logy. per Chapter 16 of the lOOJ 
lnteJ'Itational Building Code ( IBC). Site Class ··C' should be used m structura dcs1gn. 

liquefactjon is a pbes,omenoo where there is a reduction. or complete loss f sod ~trength due to an increase in 
water prc$$Un: induced by vibrations. Liquefaction mainJy affec-ts geolog.i aJJy recent deposits of loose, ti.ne~ 

grained sand and silty sand underlying the g:mundwmer table. Soils of tJ\ s nature derh·e lheir strength. from 
int.ergranulat friction. The generated water pressure or pore pressure esse tiilly sc:panuc:s the soil grains and 
eliminates this inte:rgranu!ar friction: thus, eliminating the soiJ's sttength. 

As described earlier, our subsurface exploration fndie:ue:) that the soil!> at t e site consist of glacial recessional 
outwash sands. The s-tatic groundwater table is shallow, residing at a dcp o f about lbrcc feet below current 

surface elevations. CPT data indicates thaL the outwas h sand layers bel w the water table exhibit relative 

densities in lbe medium dense to very dense tange. Due to lhe dense na re of the saod fonn.ation, <UJAl~is 
indica!es it will be resis:lant to liquefaction during .a de.o;ign magni1ude ea quake. Based on analysis. In our 
opinion, 'he risk for soil liquefaction to occur ii'llhe site and its associated haco: rd arc low. 

5.0 DISCUSSION AND RECOMMENDATIONS 

S.l General 

Based on our srudy, there ate no geotecb.nical conditions that \\•ouJd precludr.d<welop-ment of the site as p lanned. 

The primal)' geottchnical consideration for site design and buiJding con.stJuc' n is the shallow groundwater table. 
To reduce impacts associauxl wu.h the shallow water rable. building gra es .should be designed as high as 
pmctie:al. At minimum, finished floor and pavement gr4-d.es sb<mld be at or ear existing· site elevations. Below
grude structu.res wiU need to be des-igned to account for hydrostatic pressures or provided with adequa1c drainage 

to prevent hydrosta1ic k>ading. Dewatering by weU poinl or deep pump 'c:JI~ "till be necessllry to futlhtate 
exca\•ation!l for in.st.a11ario.n of below-grade structures and utilities. The nc for and cxteot of dewaiering will 

depend on tbe depth oftbe strUcture or utHity and the time of year consuuctio will occur. The groundwater table 
will likely reeede to a depth of five to six feet below current site ctcvatio s during the nonnally dry summer 
season. 

BuHdlngs can be ~pponed on conventional spread footings bearing on eom etent native soils below the surface 
layer of organic topsoil and sod. Ahemati\'ely, If requ~rcd by desired fin building elevations, strur::tuml fiJI 
placed and compacted above these native soils can be used to suppon lhe b ilding foundation:i. floor slabs and 

pavements can be: similarly $Upportcd. 
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The near-surface native soils en<:ountered at the site lO a depth of about Hv feet contain a suflkient amount of 
soil fines that will make them difficult to compact as structural fill when t wet or dry. The ability 10 usc tho 
upper nathre soits from site excavations as structural filJ will depend on its moisrure content and the prcvaihng 

w~!her conditions at the time of constn1ction. The ~rthwork contra·ctor hould be prepzed to dry the nru:ive 
soils by aeration during the normaHy dty summer season to facilitAte cQmpa tion as structural ftll Alternatively~ 

stabilizing the moisrure in lbe u.ath•c soil with cemetn klln dust (CKD). ce em, or lime can be: considered. In 
general. the native outwash below the: upper five·foot soil horizon is re1a1i ely free of fines and could be used 
during most w~~ther conditiorts as structuraJ fill or Qacktifl. 

The foJ1owing sections provide detailed recommendations regarding these sues and. other geotechnical design 
corlSldcratious. These recommendations should be Ln<:orporat<XI into the fi dcs1go drawi:o.gs and construction 
spe(.ificariom'i. 

5.2 Site. Prw a.ration and Gr1tdln2. 

To prepare the site for eonstnJctiotl. a1J vcgctatioo, organi-c surface soils, and thcr deleterious materials should be 
stripped and removed from the site. Surface stripping depths of about 12 inc es should be expected tO remove tbc 
sod/organic topsoi.llaycr in the nonhern open field areas. In the de-.·elopcd fLA pon.ion of the site, removal of 
surface orga,~ic materials wiU be requited in the livestock holding area$.. tripped -.•eget.auon dtbris should be 
removed from the site. Organic topsoil wiiJ not be suitable for use as struc I fill but may be used for limited 
depths in non~structural areas or for landscaping purposes.. 

Demolition of existing struetu.rtS should include removal of all foundations m below areas ofoew conmuttion. 

Depending on final building grades. it may be possible 10 leave floor slabs nd pavement in place provided it is 
fracrured or broken up in place prior to filling over. 6xisting site utilities th tare abandoned should be removed 
frrun betow new foundtuion construction. Elk\"'here, the abandoned pipes n be left in place provided they are 
plugged or sealed to ptevent water and SOil intruSiOn. 

Once clearing and grubbing operations are complece. grading to establish de. ·red bt1ilding g.rades can be mitiated. 
Ln order to acbjcve proper compaction of the building fill. the rtative S\lb ade must be in a relatively stable 
condition. lf excessively son and yieMing subgrad.e is observed and ll c ot be !.ubilizcd in place by aeration 
an4 compaction, stabiUzing by the use of an additive. suc.:h as cement, C or lime win need lO be considered. 
Alternatively. the unStable sons can be excavated and 17cplaccd with cle granular structural fill. Typically, 
stabib2ation of soft >~eldm.g soils that, because of excess mots1urc ca t be stabiJized in place, req-uhes. 
runer.ding or otherwise remo,ring and replaeing affected soil$ to e depth of 12 10 l 8 inches. 

To construct suitable support for pavements, we recommend constructing soil cement base (SCB) using the 
na1ive soils. Based on out experien.:e, native sc.~ i ls shuutcl be blended with T pc 1 Portland ccrm:nt 3l a r.ue of .75 
pounds pet square foot of surface area per inch of depth, moisture oonditio d as necessary, and then compacted 
as &tnittu.ral fill. The soil eemenl should be tested to detenni.oe its eompr ssive strength. A minimum 28-day 
compressive strengJh of'200 pounds per square mcb (psi~ ts recommended. ecommcnded thickness oftbe sea 
Is ctiseussed in the pavement section. 
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If grading actlvmes are planned during the wet winter months. and the <m .. it.e soils become too wet to ach1cvc 

adequate compaction. the owner or eoorractor should be, prepared to treal .foils with CKD, l ime, or tc:ment.. or 
impon wet weather structural fitl For wet weather structural fi ll, we cecon mend importin& a granular soil thai 
meets the following grading requiremen1s: 

t:.S. Sieve Si:le 
6 incbea 100 

No. 4 15 mot.x.l um 
1-lo. 200 

•Based on the 3/4-ioch fraction. 

Prior to use, Terra Associatcs. Inc., $hOuld cxarnlne Md Lest 1111 miltcrials P be imported to the site for use as 
structural fill. If the buildmg subgradc is c:onstrocted usio.g native soils and v m be exposed dunng wet weather, it 
would be advisable to place 12 inches of this granular SU'UCt\lral fiJI on tbe bu I ding pad to prevent deterioration of 
the floor 5ubgrade. 

Structural fill should be placed in unifonn loose layers not exceeding 12 in(; es-and compacted to a minimum of 
95 percent of the $Oil's maximum dry density, (.IS dc:termined by Americ.a Soci.ety for Tcs!ing and Materials 
(AST~f) Te&t Oesipatton 1)..698. (Standard Proctor). The mo1sture content f the sod at the lime of compactjon 
should be within two percent of its optimum, as de~cnn1ned by this same AS" [rvt standard. Ln non-.structural areas. 

or fo r backfill in utility lrc:octtcs below a dcptb of 4 feet, the degree of c.ompa t!on ca.1 be reduced 10 90 ptrcc:nt. 

5.3 E;ccnatlnns 

All excavations at lhe s11e associated wtth confined spaces. such as utility tre1 chelt and lower building levels
1 
must 

be completed i.n accordance with local, state. or federal rt:qUlrements. Sase on current OccupationaJ Safety and 
Health Admimstratioo (OSHA) regutatjons, soiJs found om lhe prQject snt: we ld be classified as Group C soiJs. 

For properly dewatered excavations more than 4 feel bui less than 20 feet in~epth. the side slopes should be !aid 

back 31 3 minimum slope inclination ofl.5:1 (Hori1.otnai:Ver1ic:al). lf tb.cre is insufficient room ro complete the 
excavations in this manner. or if cxca\'ations greater than 20 feet i.o dc;pth are planned. using temporary sborhll]lO 
suppon the excavatioas may need to be <:.onsidered. Vtihty trench sidew 11s can be supported by a properly 
designed and installed shoring trench. box. 

Grour.dwate.r should be amicipatcd wnhin excavations ext-ending to depths o three: feci and greater below ~xi.stiog 
surface. grades. For excavations below six f~ the voiUtJ'Jt . af water and mt of flow into lhe exc.a\•ation may be 
s.ig:nifi<:ant. and dewatering or the excavations will be necessary. Shollow xcavalions thru do not extend mon: 
Ulan one to two feet beiow the groundwater table can likely be dewatel~ by c.onvtmtional sump pumping 
procedures. along with a system of collection trenches. Deeper exca\•ation \\ ·u requue dewatering by well points 
or isolated deep-pump wells. The ut11ity subcontractor s.bou1d be prepared o implement excavation dewatc:.ring 
by well point or deep-pump wells, as needed. This will be an especially itical c~nsidera1ion for deep utHity 
exc3vations that will likely be required to tie illto ex.ist.ing utflities aJong Smo ey Point Boulevard. 

Page No. 5 



March 2. 2005 
Project No. T·5675 

11lis lnfonnatioo is provided solely for the benefit o f the owner and othe:r d ig;n consultants. and should not be 

construed to imply that Terra Associates, Inc .. assumes responsibility for job site sarety. h is underStood \hat job 
site safety is the sole responsibility oflhe project contractor. 

5.4 Foundation~ 

The buJfdmgs may be supponed on c.onventJonaJ spread footing foundauons bearing on competent nauve sotls or 

on suucmral fill placed above competent nanve so1Js. Foundarion subgrade hould be prepared as recommended 
in Section 5.2 of this repon. Perimeter foundations exposed to the weathers ould bear at a minimum depth of t.S 

feet below final exterior grades for froSt protection. interior foundations C- n be constructed ilt any convc:njent 

depth below the floor slab. 

Foundations supponed on undisturbed bearing surfaces composed of n rive soil or struC-tural fill can be 

dimensioned for a ne< allowable bearing capacity of 2,000 pounds per sq re tool (psO. For sbort·lerm loads. 
such a.~ wind and seismic, a one.lhi.rd increase in thjs aJiowable capacity c be used. With structural loading as 
anricipated and these bearing stresses applied, est1rnated total foundation s Jemcnt ranges from one·half to one 
inch. 

For designing foundations to resist latera) loads, a base friction coefficient of 0.35 can be used. Passive eatth 

pr-cssvres acting an the $ides af the footin~ can also be considered. W recommend caleulnting Lhis lateral 

resistance using an equivalent fluid weight of 300 pounds per cubic foot (pc . We do not recommend including 
lhe upper 12 inches of soil in this computation because il can be aft'ecte by \Yettther or disturbed by future 

grading activity. This value assumes the foundation wLIJ be backfilled with truc-tural fill. as described in Section 
5.2 of this ~port. lbe values recommended include a safety factor of 1.5. 

5.5 RetAining \\'alb 

The magniwde of eanh pressure de,·elopment on retaJning walls will partly end on the quality of backfill. We 

recommend placing and compac,lng wall backfill as structural filL To guafd against the buildup of hydrostatic 
pressure, walt drai.nagc must also be installed. A typical wall drninage detail s anached as Figure 3. 

With gnmul81' backfill placed and eompac1ed a$ l«<lmmended and d.raina property installed, we r«<>mmend 
dcsigoing unrestrained re1alnir.g walls for an ac,i\'e eanh pressure equival lll to a fluid weighing 35 pcf. for 
restrained condition$, sn additional uniform pres$Ure equ]valcot \0 100 psf s ould be applied and jncluded i.n lhe 

wall loading calcuJations._ For below·grade waJI.s, such as utiluy vaulls, I f it i not pos..c;iblc to effecu\'ely drain th~ 
walls,. they should be designed lO suppor1 an equivalent fluid weight of 90 pd. When required, to account for 
traffic surcharge, the walls should be designed for an additional height of tw feet 

Friction a1 the base of foundations and passive earth pressure. will provide rc ·stante to 'hcse hlteralloads. Values 
fo r lhese parameters are provided in Section S.S of this rcpon. 
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Slabs-()n-grade may be supported on tbe subgrade prepared as recomme ded in Section 5.2 of lhis report_ 
IJ.l):m«iiately below the floor slab. we recommend placiog a four-inch thic capillary break layer composed of 

coarse sand or ftne gravel that has Jess than three percent ·passin~ the No. 2 sieve. This material will reduce lhe 
po1cntial tOr upward capillary moveme,nt or water through the underlying soi and subsequent wettina, of the floor 
slab. 

The capillary break layer wiU not prevent moismre i.n.trus[on through the slab caused by water vapor uansrnlssion. 
Where moisture by vapOr transmission is unde.o;;irable. such as covered floor , a common practice is 10 place a 
durable plastic membrane on the capillary break layer and then cover \he m nbrane with a layer of clean sand or 
fine gravel to protect it from damage during construction. and aid in uoj rm curing of the con(.,'Ttte slab. It 
should be noted that if the sand or gravel layer overlying the membrane is :turated prior to pouring tbe s1ab, it 
will be lncffoc:tive in assisting 10 uniform curing of the slab and can atruaUy serve as a water supply for moisture 
uansnllssion through the. slab. and aff~ting noor covcrin~ Then:fon::, m ur opinion, covering the membrane 
with a layer of sand or gravel should be OYOided if noor slab construction cc:urs during the wet winter months 
and the layer cannot be effectively drained. 

Other methods arc available for pre\·enting or roduci.og water vapor nsmission llnougb the slab. We 

recommend t.oosuhing with building envelope specialiM or contractor for additional assistance regarding this 
issue. 

5.7 Draintgt 

Surface 

FmaJ c.xtcrior grades should promote free and positive dra1nagc away from t site at aU times. Water must not be 
allowed co pond or collect adjacent to foundations or within the immedi to building areas. We recommend 
providing a gradient of at least three. percent for a minimum distance oft feet from the building perimeters, 
excep~ in paved locatjons. In paved locatjons, a minimum gradient or tw percent sbou!d be provided, unless 
provision$ arc incJudcd for coJlccuon and djsposaJ of surface wtuer adjacent t the structure. 

S llh.·miface 

In our opinion, with pavemem surfaces exlendiog. up to the building pedmet 
pMitive sloping away from the building. or by Monn sewer iostaUations, 
be required. 

5.8 Utilitit!l 

and surface drainage com rolled by 
imeter foundation <.lrains would not 

Utility pipes s.ho-u1d be bedded ar.d bacldil1ed in accordance with Americ Public Works Associates (APWA) 
specitlcations. As a minimum, trench backfill should be placed and compa ed as structural fi ll as described an 
Section 5.2 of this repon. At lbe Lime of our study, tJ'e soil's moisture eo tent was .above optimum: therefore. 
drying back or other means to oondi!ion the material will probably be ooce · ry to facditate proper compaction. 
lf utility construction takes place during the winter, it may be necessary to impon suit.3ble wet weather fill (or 
urili1y trench backfiUing. AJso. due to the b.i&h grol.lndwater table, any t.re ch l!xcavation deeper than four feet 
will tikely r«juir< dewatering. 
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Hydrostatic uplift: forws will oeed to be considered for below.grade struct res.. $uch as utility vaults or buried 
tanks. For design. the groundwater table shoultl be assumed cquivaJcnl to isting surface grade. Resistance to 
uplift will be provided by the weight oftbo structure itself aod the weight of lhe backfill :r;oil. F'or backfill that i.s 
compacted to structural fill requirements. a soil unit weraht of 115 pef can be ~ 

5.9 PavenHtnt:f 

In ord~r t() prepare a S&able subgrade and pavemem base. we recommend using a soil cement applic::nion as 
discussed in Sec1ion 5.2 of this repon. The ceme.n1 should be: blended uni rmJy with the native soil, with the 
mixture also moisture condidoncd as necessary. The soil cement tnoislure .uuld be within - I to +2 pcrtent of 

optimum, as determined by ASTM Test Designation 0~698 (Standard PJoctor) prior to compaction. Once 
blended and conditioned. the soil cement sbouJd be oompacted to a minimu.k of 95 percent of it.<> maximum dry 

density, as determined by this ASTM standard. The soil -cement should act•e a minimum 28-day compressive 
strength or200 poundS per squRre incb (psi), 

Initial compaction of the soil cement should be accompli&hed with a sheep' foot compactor. Once compacted: 
rough grading can be c.omplcted with final compaction acbicved using tt steel roller. Compaction and rough 
greding should be completed whbin a three· hour lime period foltowing ap kation and blending of the: cement 
with the sotL 

After grading and compaction, traffic on the soU cement base sbould be kept a' a minimum for at least three day$ 
to allow the base to cure and gam Its in.itial compresstvc strength. Pa mem construction should then be 
completed shonly fo llowmg trus imtlal cunng pcnod. Ounng th.is ume perio , a'\d up 10 when pavement surfaces 
are con.:;tructed. the SCB must be kept moist and not allo\\•ed to dry r:x.cessJ ely. If needed. mamtajning a moiS1 
surface by watering with a water uuck is rec:ommended. If the sod cement b se wiJJ not be paved o\ler foUowmg 
initial curing, and traffic will traverse tbe base, we recommend placing a tWO· n<:h lhick layer of crushed rock over 
the SCB to reduce surface degrad;njon.. 

Quality contrOl during construction of the so1l cement base shouJd include\' fications of the foiJowing: 

• Cement application ra.te 

• Thickness 

• Moisture and compaction 

• Compressive strength 

A minimum of three test specimens from the same soil cement sall'lple s uld be prepared ft>r compressive 
.strength testing for each day•s construction. 

\Vt: ex.pect traffic at the fec.ility will con.'list of csn and lis,ht trucks. along ·itb occas1onal heavy traffic ln the 
fonn of traetor-traHer rigs. For design consider.nions, we have assumed tra c in parking and in car/Lig.hi truck 
access pavement Sieas can be represented by an IS-kip Equivalent Single Ax e Loading (ESAL) of 50.000 over a 
20-year design life. for heavy traffic p3vemcnt areas. we have assume and ESAL of 300,000 would be 
reprtsentative of the e-xpected loading. These .ESA.Ls rtpresent loading eq ivalent to 3 and l 8, loaded (80,000 
pound GVW) tractor·trailer ngs traversmg the pavement daily m each area. r pectively. 

Pose No.8 



Maroh 2, 2005 
Project No. T -5675 

Based on the.~>e traffic loading assumptions. we recommend the following pav ment $tcrions be consuvcted: 

Light traffic and parking: 

• Three inches uf aspbtllt conc.te1e (A C) over eight i:nches of SCB 

Heavy traffic: 

• Three inc.hes of AC over l2lnches ofSCB 

Asphalt concre1e should meet the requirementS for \.4-inch HMA mtx, as outlined in Washington State 
Deparunent of Transportation's (WSDon standard ~pccifkatiOn$.. Asphalt .treated base and crushed rock base: 
should aJso meet WSOOT requirements.. 

Long-term pavement performance ,..,ill depend on surface d rainage. A poo y-drained p:JVemcnt section will be 

subject to premarure failure as a result of surface water tnfiltrating into subg:rade soils and reducing their 
suppOrting capabilhy. For Optimum pavement performance. we recommend urface drainage gradients of at least 
two percent Some degree of longitudinal and transverse cratking of the p vement surface should be -expcc:tcd 
over time. Regular maintenance should be planned to seal crack:~ whtn they ccur. 

6.0 ADDITIONAL SERVICES 

Terra Associates. lnc .• should rt\·iew fm.al designs aod specifications in rdcr to verify lha1 eanhwork and 
fuun~tioo recommendations have been properly interpreted and implemen ed into project dcsi.s;n. We should 
also provide geotechnical service$ during construction io order •o observe t mpliance with me design concepl$, 
spec.ifications, and recommendations. n~is will aJlow fer design chang<.'S f subs-urface conditions differ from 
those anticipated prior to the stan. of construction. 

7.0 LIMITATIONS 

This repor1 1s the property of Terra Associate-s. Inc., and was prepM'ed in 
geotechnical engineering practices. This report is intended for spedfic 
project in MarysvUie, Wasbmgton, and for the exclus1ve use of Opu 
representatives. No oth-er warranty, expressed or impljed, IS made. 

cordance with generally accepted 

plication to the Pilchuck Landing 
NW, LLC and tbe1r authorized 

The analyses and recommendations presented i_n this repon are lxlsed u n data obtained from the test pits 
excavated On·She. Variations in !iOH coodluons can occur, the naturt an exlent of which roay no1 become 
evident until construction. I( variations appear evident, Terra Assoctates, ln .. should be requested to reevaluate 
the recommendations in lh.is ·repon prior lO proceeding with construction. 
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12' MINIMUM 3/4" --, 
MINUS WASHED 
GRAVEL 

SEE NOTE 

s· ,,.,,.,., 

SLOPE TO DRAIN 

,, COMp'AcTED ' 
' STRUCTURAL FILL 

:}: 

12" 

4" DIAMETER PERFORATED PVC PIPE 

NOT TO SCALE 
NOTE: 

PIPE 

MIRADRAIN G! OON PREFABRICATED DRAINAGE PAI~EI.S 

PRODUCT CAN BE SUBSTITUTED FOR THE 12·"<Cr~WIOE 

EXCAVATED SLOPE 
(SEE REPORT TEXT 
FOR APPROPRIATE 
INCLINATIONS) 

DRAIN BEHIND WAlL. DRAINAGE PANELS SHIJULoieXTI:ND AMINIMUM 
OF SIX INCHES INTO 12-INCH THICK DRAINAGE LAYER 
OVER PERFORATED DRAIN PIPE . 

.c:c-"' Terra 
Associates Inc. 
C~lt4nl5 ~ Oootoctwdeolll'llj!nocri"i 

Gtologyand 
Envlronme,_al Ear1h Sciences 

~Y~ILL DRAINAGE DETAIL 
riU.vr'u''" LANDING 

WASHINGTON 

Proj. No. T-5675 Date MAR 2005 Flgure 3 



APPENDIX A 
FIELD EXPLORATION 

Pllthutk Landing 
Mary~\·tllc, Washington 

On February 11, 2005, we pc:rformed our field exploration using a roi?IJer·ti• 
soil conditions at Lhe sn:e by excavating J 2 1cs. pits loa u:axim1~m dquh of l 
On February 16, 2005, we also explored subsurface conditions at the site b 
Cone Exploration (NWC) under subcontrll(..'t whb T em Associates, J.oc. peril 
by Terra Associates1 lnc. Tbe CPTs were advanced to depths of -40 feel belo 
lot.allons were determined in the field by pacing measurements from existing 
and test ph locations are shown oo Figure 2. 

backhoe. We explored subsurface 
feel bcJow existing surface grades. 
pertOnning Si:t CPTs. Nonhwesl 
cd the CPTs at locations selected 
the surf.1:ce. The CPT and test pit 

ite tearures. The approximate CPT 

In the. CPT, an instrumemed approximately l ~·inch diameter cone is pusbe Into the ground at a constant rate. 
During advancement, continuous mt.aliUremt nts are m11Ce of the resistance. to penetration of the cone and the 
friction of the outer sur-face or a sleeve. The cone is also equipped wilh a p ous fllter and a pressure trarL.:;ducer 
for measuring g.roundwtner ot pore. wa.ter pressure g(;nerotod. Measure ents of tip and $leeve frictional 

resistance. pore ptessur·e, and interpreted soil conditions are summarized in raphical form on the attached CPT 
Jogs. 

An engineering gooloa.i.st from our Qffice observed the U!St pit exca\<atioo and classified the soil eonditions 
encountered. mamtained a Jog of eaeh. test pil. obtained rcpresenta1ivc soil mplcs. and observed peninent site 
features. All 50iJ samples were visually classified in accordance with tbc Unified Soil Classification System 
(USCS) described on Figure A•1. The tCSl pit Jogs are presented on Figures 2lhrough A· 7. 

Represent3\1Ve soil samples obtamed from the test ptu were pl3Ced in Eosed containern ond taken to our 
laboratory for fUrther exanunadon and testing. The n:oisture content of ch sample was measured and is 
reponed on the Test Pit Logs.. Grain size :m3~Ses were perfonned on six of he sa.mples, the re~ults of which arc. 

shown on Figures A-S Lhrough A-1 0. 

Project No. T-5675 
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MAJOR DIVISIONS LETIEA TYPICAL DESCRIPTION SYMBO L 

Clean GW W•ll·gradOO oravels, gravel-sand mixtures.. lttte or no 
GR.AVELS Gravels fines. 

~ 

<f) a> (less than GP Poorty-graCI ~ grave:S, gra..,ef.sand mixtures, finle or ...J 2' 
0 .,:II Mo<e than 5% lines) no fine$. 
(/) -·~ 50% ol coarse GM Silty oravel , ~avel·sand·sih mixtures. non-Qias11c ... tractlon ts 
Cl >::~ Gravels fines. 
w 2 ., larger than No. with fines z <0 ·- 4 sieve GC Clavev ora IS, oravffi..sand·clav mixtures. olastic Mes. E'" 
<( 

*8 cr Clean sw We~radec (!) o"' sands. gravely sands, little or no lines. 
"'o SANDS Sands 

w C:2 (less than 
SP I Poorly -graa ~ sands oc gravely sands, little or no <f) "' MGtelhan 5% finos) cr .:c: fines . -., SOo/o of coarse <( "'"' 0 ~- fraction is SM Silty sands. Mnd·sill mixtufes, non·p!asue r.n$$.. 0 Sands (.) ::: smaller lhan 

No. 4 sieve with fines sc Clayey san ~· sand-clay miXtures, l)fastie llnes. 

<f) ML Inorganic sl ts. rock flour, dayey s4ts wlth sight 

...J ·~o SI LTS AND CLAYS pla$1lc11y. 

0 <!>0 CL iijN tno.yaniC cl ys 01 low 10 medium plaSticty, (!~an etay). 
<f) EO a; liquid lmlt Is less than 50% 
Cl ~ z~ OL Organic silt and organic days of low plasbCity. w ~ c:"' z "'i!!"' ;? iii - > MH lnorgartic sl ls. e&asUc ·~ ·~ .J::Q) l.l) SILTS AND CLAYS (!) :;;m I lnorgan1c d w ~ E CH ys of Ngn plasdclly, felt clays. 
z o., Uqukl limit is greater ihan 50% 

1 - :2 OH u. Organio da s of high pla;stoty 

H IGHLY ORGANIC SOILS PT Peat 

DEFINITION OF TERMS A ND S VMBOLS 

<f) Stancsartl Penetration I 
I 2' O~!I IDC DIAMCTCn DPLIT "' Densltv Aeslstance In BlowS/Foot w SPOO SAMP1.EA 

..J z Very loose 0·4 ll 2.,. IN IDE DIAMETER RING $AMP1.ER 0 
ii! Loose 4·10 OR SH LBY TUBE SAMP'LER 
UJ Medium dense 1().30 

5 Dens& 30.50 :t: WATE.R LEVEL (DATE) 

u Very dense >50 
Tr TORVA E READINGS. tsf 

Slandatd Penetration Pp PENET OMETER READING tsf 
Coosistencv Resistance In Blows1Foo1 DO DRY D ~SITY, pounds per cubic toot lU 

~ Very soft ().2 LL UOUIO LIMIT. percent 
"' w Soft 2-4 

PLAST l: Medium strtl 4-8 PI f' INDEX 
0 Still 6· 16 0 

VfMY StiH 16·32 
N STAND RO PENETRATION, blows per fool 

Hard >32 

~Terra UNIFIED SC IL CLASSIFICATION SYSTEM 

Associates, Inc. 
p LCHUCK LANDIN G 

MAR' SVILLE, WASHINGTON 
Ccm.$\Aemb in GeotCGhnkool Engjn~ng 

Geology and 
Proj. No. T·567 I Oats MAR 2005 I Figure A· 1 Environlfl~l E<t.~ Sd.cnoe& 



Test Pit No. TPI1 
Logged by: DPL 

Approximate Elev. 
Date: 2/11105 

Depth' Moisture 

(ft.) Soil Description Content 
(%) 

0 !!'~"'Ciles 
Aeddish•brown ::;ilfY SAND. fine gra~ned, IOOSQ to medium dense, moist 10 

23h w&l ($M ) 

Grayi$hol>rown to gl'3y $ill)' SAND to SANO with s!lt , fine raJnod. med1um 23.0 

5 - dense·, moist. (SWSP) 

21.8 :'[ 

Gray SAND. fine to coatSe gra•ned,.medium c:tense. wet. SP) 19.4 

10- Test p!l terminated at9 lee1. 
MOderato gtoundwater seepage ObSetVed at 6 JoM.. 
TMt p!t sid4wialls easily caved. 
2·ir'ICh S!OU&CS pvc SUiOdplp$ ~ailed, 

15 

Test Pit No. TP·2 
Loggedl by: DPL 

Approximate Elev. 
Date: 2/t t/05 

Depth Moisture 

(ft.) Soil Description Con~jnl (% 
0 (12 incnes TOPSOIUSOO) 

RGddish-brown siltv SANO. fine arainod. mocio.Jm donso. old. lSW 
18.4 

2 \.8 

5 -
Gn~yiSh•bf'own 10 gray SAND with s it to clean SANO, tine 
medium dense, moes. •o wel. ($P) 

grained, 25.3 :'[ 

23.6 

tO 24.3 

Test ptt terminated at 10 feeL 
MOderato gtouAdwater seepage ob~rved at 6.5 feet. 
Test pit $idewaus t.llSily e&ved. 

15 

~Terra 
MA~ 

TEST PIT LOGS 

Associates, Inc. 
ILCHUCK LANDING 
SVILLE, WASHINGTON 

Consulams "' GOOOtd'lnQJ ~Hrf'lg 
Go<IIQgy t~oT~d 

Proj. No. T·5 75 I Date MAR 20051 Figure A·2 Env~rvnenal EaM Sc:lence:s 



Test Pit No. TP 3 
Logged by: DPL 

Approximate Elev. 
Date: 2111/05 

Depttn Moisturo 

(ft.) Soil Description Content 
(%) 

0 (12 illCileS TOPSOtlJSOO) 

Reddish-brown silty SAND. f!ne grcined, medium dense, 
"'""· ($M) 

25.6 

Grayish-br0\\'0 to t;~ay SAND with fit, fine grajned, medi rn dense. moist 25.3 

5 - (SMISP) 20.7 y: 
23.4 

Gray SANO, lin& 10 coarse grained, trace gra\191, medium de$19, weL 
(SP) 21 3 

10 
Test plllermlrr.ated allO tee1. 
Moderate groundwa1er seepage observed at 6 f*1. 
TO$T p'n SideWalls easty cai.'Od, 

15 

Test Pit No. TP 4 
Logged by: DPL 

Approximate Elev. 
Date: 2:111/05 

Depth Moisture 
(ft.) Soil Descripfion 

Content 
(%) 

0 ( t2 1nches TOPSO!USOO) 

AllddiSh·brown silty SAND, ~no gr.irled. medium dense, 
(SM) 

rolst to wet 

ZM 

s- Gray SAND w!ln some slit, tine gtat'le<J, rned:um dense, et. (SP) 
y: 

23.1 

Gray SAND with gravel, fine to coarso g.rainod. mcdfum d pnso. WOI. (SP) 
14.5 

10 
Test pit tem'linated at10 teet 
MOderate groundwatet seepage observco at 6 leet 
Test pil sidewalls easily caved. 
2·incn dotted pvc stsn~ipo ln$!aJIOCf 

15 

~Terra TEST PIT LOGS 
ILCHUCK LANDING 

Associates, Inc. MAR lisVILLE, WASHINGTON 
CQnsullantSin Geo~ectlniCa! Etlginf41tlG 

Geology and 
Proj, No. T-5 ps l Date MAR 20051 Agure A-3 EnvirOMrenl&f Earth Scier~c:os 



Test Pit No. TP 5 
Logged by: DPL 

Approximate Elev. 
Date: 2/11/05 

Depth Moisture 
(ft.) Soil Description 

Content 
(%) 

0 (12 'nchas TOPSOIL/SOO) 

Redcfistl•brown Silly SAND, !Inc graned, mocJum cet~oo. •e<. (SM) 

- Gra;tsn-brcwn sOI\dy clayey Sll T, mod um sbff, wcL (Ml. 27.4 -- 43.1 Redcfis.tl·brown sandy clayey SILT, &Oft. wet (Ml} y 
5 - Gray SAND, rane grained, mOdlum Clenso. w~ (SP) 26.3 

Gray SAND with gravei, fine to coafSO gra1ncd. medtlm d nse, wet. (SP) 
13.7 

Test pi1 1erminaled at 8 feet. 
10- Moderate ground'~~ateJ seepage observed at 4.5 feet. 

Test pit sklewa!t& easily caved. 

15 

Test Pit No. TP 6 
Loggeci by· OPL 

Approximate Elev. 
Date: 2/11/05 

Depth Moisture 
(ft.) Soil Description 

Content 
(%) 

0 E~•_":_OPSOilJSOO) ----A~<tcfiSh·brown silly SANO, nne granco, mooum oOh'So, ¢1St 10 WOI, 29.1 
(SM) 

5- Gfa.v SAND. Me grained. medium dense. mom. (SP) 2 \,8 
y 

G!e,y SAND with oomc gmvol, fine b CO.)!~ grained, me um. donso, wot. 19.9 
(SP) 

10 
TeSI pf1 terminated at 10 feet 

~· MOdttato 10 heavy groundwautt seepage ObServed a1 a r 
Tes1 plt sloewal!s easily caved. 

15 

I 
~Terra MA: 

TEST PIT LOGS 
ILCHUCK LANDING 

Associates, Inc. SVILLE, WASHINGTON 
' COflsU!tallt& In Geoleeh!IIICCd EngmQOnn!J 

GeolOgy 80!1 
Proj. No. T·S 75 I Date MAR 20051 Figure A·4 &lvWOMWII'I~J~I Earth ScienCA~s 



--
Test Pit No. TP 7 

Logged by: DPL 
Approximate Elev. 

Date: 2111/05 

Oepthl Moisture 
(ft.) Soil Description c1~rt 
0 (12 tnchos TOPSOiliSODJ 

Redcllsh·brown 5lHY SAND, fine grcfned, mecium dense. ~· (SM) 
15.2 

21.5 

5 - Gray SAND, flne grainP.d, medium dense, moss!. (SP) 

25.6 
~ 

Tmce coarse sand g1ains below 8 tael 
24.7 

10 
1G$t pit tcuminattd at 10 feet. 
Moderate g1ounctwat« soecagc obsel'\led at 6.5 ieee. 
T esa pit sidewalls ea.Slty eaV$d 
2·1ncl'\ slotttecl pvc S1a."KKpipe inSl!ru:ed. 

15 

Test Pit No. TP 8 
Logged by: DPL 

Approximate Elev. 
Date: 2/11/05 

Depth Moisture 
(ft.) Soil Description Content 

(%) 
0 {12 ind\es TOPSOIUSOO} 

Redellsh·brown Silty SAND. fine grclned, mediiJJTI dc.mse, inolsa. (SM} 20. 1 

Grayieh-brown to gray SAND with &il to ctean SAND, fin g1ained. 20.4 

5-
medfum dense. moist to wet (SP) 

~ 
Trace g1avot Md eooi'So sano gtaers botow 6 toot. 15.9 

192 

10- Test ¢1 1ermina!ad a~ 9 foet . MOde(ale orounctwa1er seeoaoe cbserved aJ5 foot 
Test pil sidewal;s easily caved, 
2-tnch SlOtted pvc Sl'andl)lpe lnstaUttl 

15 

~Terra TEST PIT LOGS 
ILCHUCK LANDING 

Associates, Inc. MAR fiSVILLE, WASHINGTON 
• • C¢f'l$ultai\:S in Geoteehn.cal Eoglnee1¥1g 

G«:llogy ilr.d 
Proj. No. H 675 I Date MAR 2005] Figure A-5 Envitonmental Eallll Se!eOOH 



-
Test Pit No. TP 9 

Logged by: DPL 
Approximate Elev. 

Date: 2/11/05 

Depth Moisture 
(ft.) Soil Description 

Content 
(%) 

0 (12in::lleSTO?SOIU$00) 

Brown 10 roddlsh·btown silty SANO tine grained, mod~ 
wet (SM) 

11CM&, moist to 19.8 

5 
28.2 

20.1 
y 

Gray SAND, fine grefned, me<llum dens.e, tra.ec gravol bo 
lO wet. (SP) 

w 1 root, moist 

r-3.9 
10 

lost pit tormlnatod 91 10 foot. 
Moderate groondwaler seepage obseNed at s .s feeL 
Test pit sidwa!ls easily caved. 

15 

Test Pit No. TP-~0 
Logged by: DPL 

Approximate Elev. 
Date: 2111/05 

Deptlll Moisture 
(h.) Soil Description Content 

(%) 
0 (1 2 inches TOPSOil.iSOO 

Rcdd!Sn·brown sl!ty SAND, ri'l~ grained, medium deme, ·et. (SM! 
Grayish-brown to gray :slfty SANO to SANO whh stt llne rained , 1'1\firllum 17.1 
dense, moist. {SM) y 

5 -
Gray SAND, fine grained, medium de~. trace grevet, flr 
grained bcNOw 8 1oet. moist to wet (SP) 

10 coarse 20.9 
23.7 

20.2 

10 
Tesl pi tem~f.nated at 10 feet 
Moderate grouodwater seepage cb;erved at 4.5 JeeE~ 
Tcst l)>i sidewalls easily caved. 
2-mch slorted pvc sta~ipe- ins.taaEd. 

15 

~Terra TEST PIT LOGS 

MA~ ILCHUCK LANDING 
Associates, Inc. SVILLE, WASHINGTON 

' Cone~M!t&-!1'1 Ge<mchnice.l !;ng;-,eelll'lg 
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Test Pit No. TP- 1 
Logged by: DPL 

Date: 2/11/05 
Approximate Elev. 

Depth ""'• 
(ft.) Soil )ascription ~~ ;) 
0 to darl< ~"'""' !i'.'s ~~·~i) some isinch.s 

&ulsh·Qfay Silty SANO, f11'10 grained, medium den.se., mol~ (SM) >2.7 

5 B•own . w ... '""' 29.8 

!lanse, wet. 
][ 

Gray SAND, tine to coatie grmneCI.rrace gmve1. mecium 22.5 
(SP) 

14.6 

1" 
Tes1 P" terminated at 10 teet. 
Moderate groundwalet &Ocp8!QC Ob$Orvod at 6.5 feet 
Te$1 p~ .$idewall& eaaly caved. 
2·ineh Slotted pvc standpipe inslaUBi. 

1 

Test Pit No. TP· 2 
Logged by: DPL 

Approximate Elev. 
Date: 2/11/05 

Depth. 
(ft.) Soil Description (%) 
0 

ti~~ 15.9 

43.4 ][ 
5 -

Gray SANO. lin.e to coarse grained. medium dense, wei. {SP) 
t5.9 

Tett pit IOfmiMted a; 8 teet 
10- Heavy grounmvater seepage obsel'\'ed at 4 1~ 

Test pil sidewa!ls easily caved. 

1" 

~ Terra o itT~3~/J~ ~OGS 
Associates, Inc. '"'"'' ,' ';'~' • I UN 

Con:s!Aai'IIS i'l GeotecMbal En{1rleerlng 
Geok'lgy afld 

Proj. No. 1 Date MAR 20051 Flguro A·7 &w~tal iai'ltll\ S¢otneet 
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