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I~ INTRODUCTION

Th1s report presents the resu]ts of our 5011 and Foundat1on

Invest1gat1on for Hawa11an Independent Ref1nery S proposed Harbor _f

f.Term1na] in Hono]u]u The 4 1- ~acre site is Tocated on the west
.s1de of Sand Is]and Access Road between the Ka11h1 Channe] and

’ the Texaco Tank Farm, as. shown on the V1c1n1ty Map, PTate T

The Harbor Term1na1 is p]anned to be a bu]k fue] storage

*:fac111ty cons1st1ng of a tank yard (15 tanks) and assoc1ated’
‘fsupport fac111t1es A four foot h1gh concrete, ‘dike wa]] w111
'be constructed around the tank yard. The Tocatlons and
'1wconf1gurat1ons of the tanks and support fac111t1es are shown on

Tthe Site P]an, P]ate 1.

Tanks 1 through 9 w111 be 85 feet 1n d1ameter and 60 feet

.h1gh Tank 10 and Tanks 13 through 15 w111 be 40 feet 1n d1ameter
~and 60 feet h1gh | Tanks 11 and 12 w1]l be 55 and 44 feet 1n

d1ameter, respect1ve1y, and 48 feet h1gh Tanks ]] and 12 w111 3

* ‘be constructed 1mmed1ate1y The. other tanks will be bu11t
dur1ng subsequent construct1on phases Stee] tanks were or1g1na1]y

pTanned however, due to prob]ems in stee] de11ver1es, prestressed

and post- tens1oned concrete she]]s and bottoms w1th aTum1num

“_=or stee] roofs are be1ng cons1dered as an a]ternat1ve f The tanks

w11] be water tested before being put 1nto serV1ce ' The spec1f1c .

a,‘grav1ty of the stored products w111 vary from 0. 72 to 0 92
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The'tank yard w111 be graded so-thatESUrface_draﬁnage wiT]’.

flow from west to east The high point will be in the northwest

| _corner at E1evat1on +7.4 feet (MLLW Datum) - The‘Tow:point will®

' be in the southwest corner at E]evat1on +4 8 | The tanks w1]1

be constructed on compacted f]]] pads ra1sed about 12 to 24 1nches

above yard grade There w111 be- aspha]t coated berms, approx1mate1y

2 feet w1de at the top, around the per1meter»of ‘the tank pads

~Our scope of work,,as out11ned in our proposa] dated October-(

.30, 1973, was to ana]yze the subsurface cond1t1ons at the site and -

to:

. 1. Recommend the most su1tab1e’foundat1on;scheme for the
.. tanks and support fac111t1es and deve]op cr1ter1a for
3 foundat1on des1gn v

*f2.' Est1mate sett]ement behav1or of the tanks"

3. Develop conc]us1ons and recommendat1ons regard1ng s1te

v preparation and grading, including: (a) an evaluation
of the quality of the existing fill and criteria for
its recompaction, if required; (b) a determination of ‘
the suitability of soil stockpiled on the site for S
.reuse as f111 (c) compact1on cr1ter1a - o

4. Est1mate the stab111ty of the s]ope a]ong the Ka11h1'
. Channel, considering the p]anned tank loads, and develop '
recommendat1ons for 1mprov1ng that stab111ty, if necessary

Our work was author1zed by Mr Fred Lange of Koepf and Lange,

B Consu]t1ng Eng1neers,von November 2, 1973 | Dur1ng the course of

our work, we d1scussed our. conc]us1ons and recommendat1ons w1th -

C Mr. Lange as~they were developed,‘;'“
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I1 ~ FIELD EXPLORATION AND LABORATORY TESTING

Our exp]orat1on cons1sted of dr1111ng ten test bor1ngs y

”wh1ch ranged from 50 to 97 feet deep The Tocat1ons of the'T"

bor1ngs are shown on P]ate ]. The bor1ngs were dr11]ed w1th a

' truck mounted, rotary wash dr111 rig. Our f1e1d eng1neer 1099ed

the bor1ngs and obtained representat1ve samp]es of the mater1a15

'*encountered for exam1nat1on and Taboratory test1ng ' Samp]es ,1

,fwere taken w1th a 2 4 1nch (1ns1de d1ameter) sp]1t barre] samp]er,'~'

driven with a 300 pound hammer fa1]1ng 30 1nches The b]ows

requ1red to dr1ve the samp]er were recorded and converted to
B "equ1va1ent standard penetrat1on b]ow counts" for corre]at1on W1th
: ,emper1ca] test data.’ Logs oflthe bor1ngs, show1ng the var1ous:f

| materia]s-encountered, sample depths and'convertéd bTOW‘COUntS,-

are preSented on-P]ates 4 through 13 in-Appendtx A. The soils are

~ﬂdescr1bed accord1ng to the Un1f1ed Soil Class1f1cat1on System,l'

‘PTate 14.

The 50115 were exam1ned in our Taboratory to conf1rm the1r o

’f1e1d cTass1f1cat1ons and to se]ect samp]es for laboratory test-
ﬂ“1ng The laboratory program cons1sted of mo1sture content/dry |
:dens1ty, tr1ax1a] compress1on (strength), part1c1e s1ze ana]ys1s
-and conso]1dat1on tests The test data are presented on: the Logsxi
of Bor1ngs in the _manner descrlbed by the Key to Test Data, P]ate .

14. -Detailed data from the part1c]e size ana]ys1s tests are

presented on PTate 15. The conso]1dat1on test data are presented

on Plates ]6‘through 18.
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III' SITE AND SOIL CONDITIONS -

The site'appears to haVepbeen‘a tidal areafwhich was;
rec1a1med by f1111ng Thefpresent”surface‘is nearly flat;

surface e]evat1ons vary from +3 to +7 The center portlon of

-athe s1te is current]y occup1ed by Tow concrete tanks wh1ch we
| understand ‘were used at one time for f1sh breed1ng There are“‘

}5nAstockp11es of 5011 and debr1s on the eastern port1on and an.

open d1tch, up to four feet deep, crosses the western han

| The Tocat1ons of the tanks, stockp11es and d1tch are shown on

PTate 1.. OTd car bod1es and debr1s are scattered over the

remaining port1on'of the_s]te. Grass, weeds,and_brush are

.. growing in some areas.

The. entire'site is b]anketed with a layer Of cOraldgraVeT

fi]] three to f1ve feet th1ck, wh1ch is nonun1form in dens1ty
':vand compos1t1on The fill. 1s under1a1n by weak and compress1b1ef
'.‘v]agoon depos1ts to depths genera]]y rang1ng from 20 to 25 feet

':i_beneath the - ex1st1ng surface

The Tagoon depos1ts are under1a1n by a reTat1ve1y competent‘”'

cora] ]edge at all bor1ng Tocat1ons except Bor1ng 1, Tocated at

- the southwest corner of the s1te 1 The Tagoon depos1ts 1n Bor1ng‘

1 are under]a1n by weak and compress1b1e stream and estuary so1Ts

These 50115 extend to a depth of 78 feet, and are under1a1n by pf
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reef coral to the depth explored (97 feet). 'ance reef coral

does not grow'ir a fresh water environment, 1t 1s ]1ke]y that

'Bor1ng 1 was dr1]1ed w1th1n the boundar1es of the o]d Ka]1h1

'_Stream The edge of the o]d stream a11gnment and thus the edge ;

of the cora] reef, appears to pass beneath Tank 1 and to'the -

| south of Tank 9. It may pass beneath ‘the south edge of Tank 8

Bor1ngs 7 8 and 9 1n the southern port1on of the s1te"

:penetrated the cora] 1edge at depths rang1ng from 3] ‘to 48 feet
Coral sands and grave]s ‘were encountered beneatn the cora] to

f:the depths exp]ored (50 to 60 feet) at these 1ocat1ons fThe

cora] sands and grave]s are genera]]y dense, however, a ]ayer .

of loose sand was encountered at depths between 38 and 48 feet

4in Bor1ng 9.

The ground water ]eve]s stab1]1zed in the borlngs at about

'Elevat1on +2 0 feet
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IV DISCUSSION AND CONCLUSIONS

The factors which'most affect foundation.ana1ysis'for the
site are the heavy tank 1oads and the presence of weak and
compress1b1e so1ls | |

Tank 1, 1ocated adJacent to the Ka11h1 Channe] is‘under-

lain by deep stream depos1ts in add1t1on to the 1agoon so1ls‘
~and mustvbe pile supported to prevent.fallure of the channel

‘bank : Tank-8‘is'also c1ose‘to the channel bank”and'may'be*'

part1a1]y under1a1n by deep stream depos1ts | An add1t1ona1

:_bor1ng shou]d be dr111ed beneath the south edge of th1s tank

to ver1fy the actua] soil cond1t1ons before a sha]]ow foundat1on,

,scheme is cons1dered to support 1t A]ternat1ve1y,vTank 8

could be re]ocated to the north or supported on piles

The rema1n1ng tanks can be supported d1rect1y on compacted

effi]] but they will. have marglnal factors of safety aga1nst
ffoundat1on fa11ure Based on our test1ng and ana1y51s, we
'».conclude that the factor of safety aga1nst foundatlon fa11ure
‘.fdur1ng 1n1t1a1 10ad1ng or dur1ng 11ght se1sm1c act1v1ty (say,
~ground surface acce]erat1ons of less than 0 059) would be c]ose,”
to 1. 0. The factor of safety under 1ong term cond1t1ons - after’
.the so1ls have consolldated under the tank 1oads - wou]d be about =

I S1nce the test1ng and ana]ys1s upon wh1ch our conc]us1ons"
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| are based are not prec1se, the above factors of safety const1tute .

some r1sk of foundat1on fa11ure Th1s risk wou]d be greatest

dur1ng 1n1t1a1 1oad1ng \water'test1ng)'or dur1ng an earthquake.‘

The tanks w111 exper1ence apprec1ab1e sett]ements as the

[under1y1ng 1agoon depos1ts conso]1date under the tank 1oads

Based on the conso]1dat1on test data presented on P]ate5v16 o

f.jthrough 18 we computed that the center of the tanks w111 sett]e S
’2 0 ‘to 2.8 feet and ‘the edge of the tanks w111 sett]e 1 0 to 1. 5

»feet ‘under fu]] water 1oads- Est1mated sett]ement contours for o

the ent1re tank yard are presented on P]ate 3 Actua] sett]ements

3 mon1tored at the adJacent She]] 011 Term1na1 for s1m11ar tanks

conta1n1ng 40 feet of water were about half of these va]ues We

-judge that actual sett]ements at th1s s1te w1]1 be somewhere between'

our values and those measured at the She]] s1te

The 1agoon depos1ts are re]at1ve1y free dra1n1ng and -

-~sett1ements shou]d occur fast. we ant1c1pate that a]] but about
ttwo dinches of the sett]ements will occur dur1ng water test load-
'i1ng if the tanks are~f111ed very s]ow]y ' Actua] sett]ements ‘
eshou]d be: monltored during 1oad1ng to check the pred1cted sett]e-v

-ments and to allow for mod1f1cat1on of des1gn cr1ter1a, 1f appropr1ate

S1gn1f1cant sett]ements and the r1sk of foundat1on fa11ure-v3'

can be eliminated by support1ng the tanks on dr1ven p1]es Dr1ven,

-end bear1ng, d1sp1acement piles bottomed in the cora] 1edge

'beneath the 1agoon depos1ts wou]d be most su1tab1e ' Precast,_l"
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: prestressed concrete p11es appear most econom1ca1 because of the1r -

“local ava11ab111ty and local exper1ence with the1r 1nsta11at1on

Se]ect1on of the foundat1on scheme shou]d be based on

(1) econom1cs, (2) the settlement tolerance of the tanks and

‘(3) consideration of the risk involved with:supporting the tanks-
‘d1rect1y on the fill. Reinforced cbncrete'tanks wou1d‘probab1y'

- not to]erate the ant1c1pated sett]ements and wou]d have to be

p11e supported Stee] tanks can to]erate some sett]ement and

_'can be releve]ed as the settlements occur

we d1scussed the above foundat1on schemes w1th Mr Fred

| Lange, Des1gn Engineer for the proaect. ‘We mutual]y anticipate

that;fif'steeTvtanks are.used, the.risk;of foundation failure
will be acceptab1e to the Reftnery in View_of‘thefIOWer‘cost‘of‘
supporting-the tanks directly on the‘fill Aiso; since thet-.
11ghter tanks (11 and 12) w111 be constructed f1rst actual

' so11 behav1or can be carefu]]y mon1tored by 1nstrumentat1on, and
",‘ foundat1on schemes for the larger tanks can be mod:f1ed 1f-

"settlements are too severe or 1f the r1sk of foundat1on fallure

appears too great
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'V RECOMMENDATIONS

‘A. Site'Preparation'and Gradfng

Remov é existing structures;‘1nc1ud1ng the concrete tanks,

manho]es and underground culverts before grad1ng Remove the

| debr1s which is scattered throughout the site and str1p grass

and other vegetat1on from the surface - Soft so1]. vegetat1on

and debr1s in the bottom of the dra1nage d1tch 1n the western

-port1on of the s1te shou]d a]so be removed

" The ex1st1ng f111 shou]d be excavated to E]evat1on +3

“.w1th1n and 10 feet beyond the per1meters of tanks wh1ch w1]]

not be pile supported, and within and five feet beyond the:
per1meters of structures wh1ch w111 be supported on. spread foot1ng
or slabs-on- grade. | | | |

The 50115 exposed by str1pp1ng or excavat1on shou]d be

,scar1f1ed to a depth of 6 1nches, mo1sture cond1t1oned to. ‘a
‘moisture content’suitable for compact1on and ro]]ed w1th a
Evibratory roller or other su1tab1e equ1pment to ach1eve at 1east S

- 95 percent re]at1ve compact1on*"

F111 mater1a1 should- be free of organ1c matter and debr1s

and shou]d conform to the fo]]ow1ng cr1ter1a

* Relative compactlon refers to the dry density of the fill
expressed as a percentage of the maximum dry density of the same
material as determ1ned by the ASTM D]557 (C) procedure
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‘Percent'Passing_,-'

 sieve size o (sy Meight) ~ o oL
4. 1nches . | o ,j_ 100 | |
- 1/2 1nches f:t,:°;v"f f'fvso'- 100 ‘
Mo.4 . 50-100
S_No;'zoo_ S o lt.ss;‘éo o
Liquid Limit - 40 Maximum
'P]asticityvlndex" K te_f?.nv_;--_cp15‘Maximuml>
~California Bearing Ratio ‘p o ;_f.aOQMin{mun

. Most mater1a1 obta1ned from on- s1te excavat1ons, ‘as wél].

as most of the mater1a1 stockp11ed on the s1te, will meet the

‘t above cr1ter1a - We shou]d check ‘the: su1tab1]1ty of f11] mater1a1

‘dur1ng construct1on

Fi]1s-$hou1d be‘placed in. thin-1ayers'(1ess than 8 inches .-

_th1ck); moisture cond1t1oned to a mo1sture content su1tab]e for :

o;compact1on and compacted to at least 95 percent re]at1ve compact1on

B. Foundations

1. Tanks (On -Grade Foundat1ons)

- The surface of the tank pads shou]d be ro]]ed w1th a smooth— :

Whee] roI]er.to prov1de a-uniformly dense; nony1e1d1ng‘subgrade,'

- The tanks will settle as-discussedpintParagraph'IV.p ProVisions,

-10-.
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shoqu be made to relevel the tanks 1nterm1ttent1y, as requ1red
dur1ng and after filling. N
2. Tanks (P11e Foundat1ons)

P11e s1zes can be selected based on the opt1mum structura]
capac1t1es “for the p11es P11es for Tanks 1 and 8 can be. e1ther_»_”
12 inch square or 16 1/2 1nch octagona], precast, prestressed

concrete The rema1n1ng tanks can also be supported on ]0 inch

,square p11es, s1nce the depth to support1ng cora] 1n these areas

1s'not-great and p11es w111 be reTat1ve1y short.. We‘recomMend B

f_.that p11e capac1t1es be: no greater than 80 tons

P1]es can be dr1ven to deve]op the1r fuTT structura] capac1t1es
by end bear1ng in the cora] ledge wh1ch under11es the s1te we

estimate that most p11es w111 reach refusa] after penetratlng Tess

T‘than five feet into the Tedge - Therefore, p11es for Tanks 1

~and 8 will range from about 30 to 85 feet Tong : P1]es for the

remaining tanks, 1f they are. used w111 range from about 25
to 30 feet long. . | .

We. shou]d develop - dr1v1ng criteria when actuaT p1Te sizes and

gcapac1t1es have been determ1ned The Un1form Bu11d1ng Code,_

ammended by the C1ty and County of Hono]u]u, requ1res that a pile o

" load test be run when any of the p11es on a proaect exceed a

'capac1ty of 40 tons i It is our op1n1on that a p11e Toad test w111 y
_not prOV1de'usefu11 data for-th1s prOJect, even 1f_p11e_10ads exceed_
': 40 tons, ‘and that it can be e11m1nated : This ufll reouire approval

_by the - C1ty and County of. HonoTu]u

3. Bu11d1ng Foundatlonsfy

~ Buildings, as_we]] as retaining:walls and_other reTativeTy

'?,A.‘_I]- v‘
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light structures, can be‘Supported'on'Spread footings. Footjngsh

“should be designed'according to the fo]]oWing'criteria"

A]]owab]e Bearing Pressures | L
'_Dead-p]us,reduced Tive Ioadsi,......{.;;.' ZOOO‘psf i

.Total desigh loads, ithuding ,5'-1;' e
~ wind or seismic forces.......... eeersesv. 3000 psf

Resistance to Lateral Loads
‘ Passive*pressUre....;;..e,...L,;{{...;.,t7-‘500 osf”
Frlctlon factor....;...J....;ﬁtg...,,;..;,7'0.5
: Pass1ve pressure in the top foot should be neg]ected when )
footlngs are not conf1ned by floor s]abs or-pavements f Fr1ct1ona1

res1stance to slldlng shou]d be determined. by mu]tlplylng the

1nd1cated fr1ct1on factor by ‘the downward dead 1oad

-~ C. Tank Loadtgg

We recommend that a]] tanks be water tested prior to

_ fi111ng w1th product We recommend that the tanks be 1n1t1a11y
B ~filled s]ow]y, 1n 1ncrements, to allow the under]ylng soft 50113 -

to eonsolldate and gain strength. We recommend_the following

sequence:

. d.Hater‘Depth l_ S Time_DEJay after‘Loading f}
20 feet L o ) ev._¥' 30 days )
30vfeet EES .t'iit:_igtd3d'day5*‘h'“

| ‘40,feet: - ::';_e ..'f 15.days{e
50 feet . 15 days

55 feet 15 days

60 feet f_j - R ]5ddays

;]2e77
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‘We should determ1ne 1f these 1nterva]s are appropr1ate when ‘the

actua] rate of. 1oad1ng (rate at wh1ch water 1s pumped 1nto the =

,tank) has been determined.

Actua] sett]ements should be mon1tored by read1ng sett]ement

marks per1od1ca]]y on each tank we recommend that at 1east

four settlement marks be located at equa] d1stance around the

base of each tank We shou]d rev1ew a]] sett]ement data and

‘»may e]ect to mod1fy the rate of 1oad1ng, or the 1nterva1

readings. -

D.. Instrumentat1on

We recommend that pore water pressures and ]atera] def]ect1onsv
in the soft foundation so1ls be mon1tored at 1east for the first:

two tanks. (Tanks 11 and 12) We shou]d mon1tor the pore water.

'-pressures by 1nsta111ng two p1ezometers at each of the two tank
-~ locations. - The~1atera1_deflect1ons~1n-the soft_so1]s,shou1d be
~monitored at one location adjacent»to eaoh of the'first'two tanks7

.by tak1ng read1ngs in two boreho]es w1th def]ect1on 1nstruments

The piezometer readlngs w111 enab]e us to determ1ne if the
so11 is- conso11dat1ng and ga1n1ng strength as we ant1c1pate The

lateral deflection read1ngs w11] he]p us to detect excess1ve

'stra1n in. the soft so1ls and thus, to ant1c1pate a poss1b1e

fa1]ure

13-
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We shou]d determine if instrumentation is necessary for

'subsequent tanks after the f1rst tanks have been f111ed and

the1r behav1or mon1tored

E. Dike Wall

A trench type footing, or cutoft wall, can be used beneath

~_the d1ke wa]]s down to the ground water level (about E]evat1on
;&2) A trench to th1s e]evat10n will genera]]y stand w1thout
- shor1ng and the concrete can be p]aced in-the- dry, aga1nst

| und1sturbed f111 : Be]ow th1svdepth,'soft and cav1ng so1]s will

be encountered and it w1]1 be d1ff1cu1t to construct a cast--.

in- p]ace wall w1thout extensive shor1ng If the trench must

extend be1ow E]evat1on +2, a sheetp11e cutoff wall wou1d be more
su1tab]e,. Wevcan deve]op recommendat1ons for sheetp11es;Jf

a deeper cutoff wall is necessary.

-14-
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VII SUBSEQUENTpSOIL,ENGINEERINGhsERVICES o

Before fina] design'of'the deve]opmentfis conp]eted,'
. we shou]d A | o

1. Consu]t with you to se]ect actual p11e sizes and
capac1t1es for. tanks wh1ch will be p11e supported

2., Dr111 and log an. add1t1ona1 bor1ng at the south edge ‘
- - .of Tank 8, un]ess it w111 be re]ocated or p11e supported

d3.f3Rev1ew the final plans and spec1f1catlons for :
’ corre]atlon w1th the 1ntent of our recommendat1ons'

*Durlng constructlon we shou]d

‘»fl.‘"Inspect the s1te preparat1on and grad1ng and perform p’
field and: 1aboratory tests to evaluate. fl]] quallty

and compactlon _ . R

o2, Inspect the installation of pi1es and bui]ding foundations_,

'Install and monitor p1ezometers and bore ho]e def]ect1on
'lnstruments at the f1rst two tank 1ocat1ons- ' :

4, Rev1ew sett]ement readlngs at the f1rst two tank
: 1ocat1onsv o

'5.. Determine sett]ement mon1tor1ng and 1nstrumentat1on
' schemes for the rema1n1ng tanks‘; :
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Topoqraphlc Survey Map, by erghf

Harvey and Wright Surveyors, dated
December 1973, L

~MLLW Datum (Foet)

‘“WATER LEVEL.

‘DARK‘GREY SILT (ML)
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Laboratory Tesfs
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»
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76.0 58

3
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& Depth(ft)-
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2
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v
¥

2
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'J ' volcanic ash)
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: stiff, saturated,
with coral fragments
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L,
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LOG OF BORING 8

Equipment

_Rotary Wash

oy oeh| |

Contont 0%) | |
) Depth (ft)

Blows/foot |- |
Dry

Interval:. !
Moisture

Cored -

lnhxomnrhnh

Date_| l/20‘/7} '

‘ Luborotory Tosts

GREY SAND (SP)
medium dense,

WATER LEVEL
SANDY SILT (MH)
, saturated _
LI1GHT GREY SAND((SP)
medlium dense,
fine grained
GREY SILTY SANDY GRAVEL (GM)
saturated

LIGHT BROWN SANDY GRAVEL (GP)
dense, moist

sa#yrafed,
11/30/73

safurofed, _

WHITE CORAL LIMESTONE
moderately. hard, .

- moderately strong
with cemented sand In . .- -
many medlum slzed cavaties '~ =

WHITE SANDY GRAVEL (GP)
' saturated,
with shells

WHITE GRAVEL SAND (SP) i
dense, saturated,
'I?h shells

s

FILL

A i L

B o o

'HARDING - LAWSON ASSOCCIATES

|

Recovery(%)}{
Cored |
Intervol -
Blows/foot

(Continuation of Log)

WHITE CORAL BRECCIA -

79 | 4?#‘?' moderately s?rong,;fﬂ“

75

: @ _ Congulting Engineers and Geologists
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X

Tx 1300
(1000)

Cored

1

LOG OF BORING 9

Equipment  Rotary Wash

1.0 Date

Density,'(p.cf).

Dry
o Depth (ft)
|  Sample

N
<

Interval .
Content (%) .

Moisture

Elevation 11/19/13

LIGHT BROWN SANDY GRAVEL (GP)
dense, moist

. FILL

GREY SILTY SAND (SM)
medium dense,

WATER LEVEL

8 28,7 90 5@
11/30/73

GREY SILTY GRAVEL (GM)
loose. saturated

GREY SILTY GRAVELLY SAND ¢sn)5 ﬁ,

Ioose. saturated

WHITE CORAL LIMESTONE
moderately hard,
moderately sfrong,
very porous

aaouu SlLTY GRAVELLY SAND (SM)
loose. sa*urafed’ ‘ TS

saturated  §;

-4

Intervol’ . =

Core . -
Recovery(
Cored
Blows/foot

Laboratory Tests

(Continuation of

'Los):_i

. 105

29
52

.

WHITE SANDY GRAVEL

- goJ

(GP) -
dense, saturated :

g g e | An W ot M v s e o

e ot am

. . o SIS L AL st vt
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s Jds B 3s LOG OF BORING 10 * 3 38 & &2
2 2§ . & : £, & 5 JE,
i 88 35 % 28 FEl equ e3 s ¥ 2E FE£%
e 59 gg{; E 2 c ea g q"Pm"______QIBL!_ﬂASh S 68 st 3B “3 gs “f&g : S
LubﬂﬂbfYTestsun: 3s a2 2§ 3883” Elevohon, 4.4 Date__11/20/23 . -‘LnborotoryTes'wm S a 28 2483 (Continuation of Log)
, , o : SR | . 40, v
LIGHT BROWN SANDY GRAVEL (GP) - ' L CORAL LIMESTONE
dense, molist - ' 17 ) @ . moderately fractured o
WATER LEVEL t|/30/75 = AF moderately hard, strong. .
- WHITE CORAL LIMESTONE
GREZfi'L:a:::;fed | e . ) 454 closely fractured,
’ L B A 111 8 - moderately hard, moderately
DARK GREY SANDY GRAVEL (GP) - 39 ' . ” strong with occaslonal
medlum dense, saturated : .; cavatles fllled with poorly-
. : ' 34 cemented sand v
GREY SILTY SANDY GRAVEL (GM) B

loose, saturated . | e T . © s0dE WHITE CORAL BRECCIA o
: o B ; i1 moderately hard, weak, =
poorly cemented ‘ s

55,
GREY GRAVELLY 'SILT (ML) ~  ~ . . . - o
: sof?, safurafed ST T o . 60y
S S S OUSL I | ¥
GREY ‘SANDY SILTY (GM) :

loose, saturated *. - S SR ' S

BLACK GRAVELY §ILT (ML) Lo

soff, saturated : ST ‘_ivi' , o ‘ o S|
WHITE SANDY GRAVEL (GP) = . "~ - .~ D T i
dense, saturated : - -;‘7;- o LT B . : ' ‘
WHITE CORAL BRECCIA- - '
closely factured, moderafely o
hard. moderately strong
WHITE CORAL LIMESTONE R ; : :
¢losely fractured, moderafely s : 7-
hard, moderately strong, with Lo : S I o
occaslonal cavitlies fllled . =~ s ' _ . |
with poorly cemented sand - . o - I o '-N
5 , . 80 : v :
] HARDING - LAWSON Assocm'rssi LOG OF BORING |0. - |PLATE
@ Consult:ngl’.‘ngmeerpandGeologwta . HIRI HARBOR- TERMINAL o 13
' ’ Gk 7 - Honolulu, Oahu, Hawall
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MAJOR DIVISIONS TYPICAL NAW ES
CQEAN GRAVELS ow w -] welL GraD20 ouvll.s, GRAVEL - SAND MIXTURES
: WITH LITTLE OR ;
3' GRAVELS NO FINES ap POORLY GRADED GRAVELS, ORAVEL - SAND
3 § : -:] MIXTURES
{0k mcousmc"n‘gn o | om T_ | SIL.Y GRAVELS, POORLY GRADED GRAVEL = SAND -
S LARGER THAN . QRAVELS WITH ¥] | SiLr mixTurts , .
Q NO. 4sitve size OVER 12% PINIS 4,
we e 9/ CLAYEY GRAVELS, POORLY GRADED GRAVEL - SAND -
&8 CLAY MIXTURRS _
3 o ,
g 2 CLEAN SANDS: WELL GRADED SANDS, GRAVELLY SANDS
’ WITH LITTLE OR -
1 3 S8ANDS .
. g g NO Fines | PoORLY GRADED SANDS, GRAVELLY SANDS
: % E 1 mort man nae ’
8 § COARSE FRACTION ’ SILTY SANDS, POCALY GRADED SAND - SILT-
IS SMALLER THAN NDS WITH _lo{ | mixTuRes .
NO. 4 SIEVE $12¢ an“u; FiNEs v
sc % CLAYEY SANDS, POOALY GRADED SAND « CLAY
: Yo MIXTURES )
¥ INORGANIC SILTS AND VERY FINE SANDS, ROCX
3 & ML FLOLR, SILTY OR CLAYEY FINE SANDS, OR
2 CLAYEY SILTS WITH SLIGHT.PLASTICITY
6.§ SILTS AND CLAYS /) INORGANIC CLAYS OF LOW TO MEDIUM PLASTICITY,
b9 - , cL / GRAVELLY CLAYS, SANDY CLAYS, SILTY CLAYS,
2 LIQUID LIMIT LESS THAN 30 1 wean clavs
' - [UTHI =
8 oL {lililif orcaNic cLAYS AND ORGANIC SiLTY cuws or
23 L i} cow pasmiciTy
ol MH INORGANIC SILTS, MICACEOUS OR DIATOMACIOUS
FINE SANDY OR SILTY SOILS, ELASTIC SILTS
3 SILTS AND CLAYS / -
W cH [/} INRGANIC CLAYS OF HIGH PLASTICITY,
2 g LIQUID LIMIT GREATER THAN 30 FAT CLAYS
(T On [/ RGANIC CLAYS OF MEDIUM TO HIGH PLASTICHTY,
7741 ORGANIC SILTS
HIGHLY ORGANIC SOILS : Pt “ad PEAT AND OTHER HIGHLY ORGANIC SOILS

IFIED_SOIL CLASSIFICAT!O

' ———Shoar Strongth, pef
I rConllnlng Pressure, pof

Coagq_! = Consolldotion *Tx 320 (2600) Unconsolldoted Undrained Triexlal
LWL e Liquld Limit (In %) TxCU 320 (2600)  Consolldated Undralned Triaxlol
PL «s  Plostic Limit (in %) ‘ 1] 2750 -(2000) Consollidoted Dralned Direat Sheor
. - Specific Grovity FVs 470 . Flold Vone Sheor .
SA == Sleve Analysls *uc 2000 Unconfined Compression
s ‘ "Undlisturbed® Somple Lvs 700 Labaratery Vane Shear
=x Bulk Sample ' ' .

Notes: (1) All strongth tests on 2.8" or 2.4° dlometer unplu
unless othorwlse Indlcoted.

(2) ° lndlutel 1.4" dlometor somple.

b |

KEY TO TEST DATA

HARDING - LAWSON ASSOCIATES [s0)1 cLASS IFICATION CHART | pLATE
‘ @ Consulting Engineers and Geologists , AND

KEY YO TEST DATA | ﬁ@
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Boring ’.’Depfh; : z:;g?:“; | ) z:;g?:; .Unified Soil
Number (Feet) No. 4 Sieve No..200 Sieve Classification

| 5.7 © 100 63 m

| 21,2 | 100 77 ML

] 25.7 79 M

! 45.7 99 57 ML

5 21,1 . 62 16 . SM

7 20.6 a6 22 M

8 2 - 52 18 oM

8 15:7 46 15 oM

9 9.7 | - 66 38 " GM -

9 202 - 57 12 SM

9 s SM

&

HARDING-LAWSON ASSOCIATES

- Consulting Engineers and Geologists

JobNo.3959,00.06  apgi%/cppate ) /23/14
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. , PRESSURE (psf x1000) _

0.1 0.2 030405 1 2 3 4.5 10 .20 30 40 50

-
TPd
.10 ;
' N
N
1<
-
= N
1.05 N
N
\\
N\
N

©l.00 ' \
=] SUNA ¥
< N\
ac \
o L\
o .
> |

0.95

N
_ \\
0.90 \g
: \ ,
N

0.85 : :

00 0.2 030405 | 2 3 4 5 o 20 30 40 50 |
TYPE OF SPECIMEN \j 4t cturbed BEFORE TEST o  AFTER TEST
DlA'METER(in.) 2.43 HE|GHT(iﬁ.) 0.80 MOISTURE CON.TENT Wo 38.8 % .”Wf 29.6 o/o
OVERBURDEN PRESS.,P, 1500 psf | VOID RATIO eo 1.159 et| 0.853
PRECONSOL. PRESS.P; Less than 500 psf | SATURATION So 96.4 % | st 100. %
COMPRESSION INDEX, C¢ - DRY DENSITY Y 83 pcf | Y 97 pct
LL PL e | 6s 2.88 (Actual)
CLASSIFICATION  GREY SANDY SILT (ML) | SOURCE Boring | at depth 25.7'
HARDING-LAWSON ASSOCIATES

, o i . o CONSOLIDATION TEST REPORT PLATE
| ConsultzngEngmeersandGeglogzstsx HIRI HARBOR TERMINAL 'Q@ 1
' ' GRS o Honolulu, Oahu, Hawaili '
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- PRESSURE (psf x1000) N ) ‘ : _
(ON| 0.2 030405 - I 2 3 4 5 ' 10 .20 30 40 50
T e I
3.0, ) ‘\' _'
N
N
_ NG
205 Q
@ A
=} N
g 1IN
2 ) -
a . é\
s T
’ - N
’ N
A T . Y No
l.5' . N
o0 02 030405 | 2 3 4 5 0 20 30 40 50
TYPE OF SPECIMEN Und : s‘rurbed BEFORE TEST . AFTER TEST
DIAMETER (in.) 2,43 HEIGHT(m) 0.80 MOISTURE CONTENT- - wo | ' 84.9 Y%| ws 64.5 % |
OVERBURDEN PRESS., P 3780 psf | VOIDRATIO eo 3,238 ef 1.847
PRECONSOL. PRESS,, P 3500  pst | SATURATION - |5, 76.0 % |ss 100 %
COMPRESSION INDEX, C¢ 1.080 DRY DENSITY Ye| 42 ocf Ya 64 pct
T w PL | PL _‘ Gs 2.90 (Assumed)
CLASSIFICATION DARK GREY SILT (ML) SOURCE Boring | at depth 61.2"
HARDING - LAWSON ASSOCIATE | - |
, , ATES | CONSOLIDATION TESTREPORT | PLATE
Consulting Engineers and Geologists .
’ _ HIRI HARBOR TERMINAL ﬂ%?
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~ PRESSURE (psf x1000) o
0.1 0.2 030405 . | 2 3 4 5. 10 20 30 40 50
1.400 S
B
1.30
\é\'
L-\.
120 - N
' N
[} y
S
g
« A
a. N
51.10
>
AN
N,
B ’ —
K\hh\ ] . é\
| ———._N_\‘ .
0.90 ~ AV
0.1 0.2 0.3 0405 1 2 3 45 10 20 30 40 50
TYPEOF SPECIMEN | qicturbed © . BEFORE TEST AFTER TEST -
 DIAMETER (in)  2.43 VHEI(:::HVT(in.)' 0.80 | MOISTURE CONTENT wo 44.8 % | we 34,0 %
. oVE-RBURD‘EN‘ PéEss.,Po . 500 ?sf ,YO(D.RATIO ' eo 1.434 ef 0.972
PRECONSOL. PRESS., P 250 Ppst | SATURATION So| . 89.0 %|ss 99.7 %
_COMPRESSION INDEX, C¢ 0.34° | DRYDENSITY 1¥a| 73 eef [Ya 90 pcf
LL_- ‘ PL Pl . | Gs 2. 85 (Assumed)
CLASSIFICATION GREY SANDY SILT (MH) SOURCEBorlng 8 at depth 5.7
HARDING - LAWSON ASSOCIATES | P
o . : CONSOLIDATION TEST_ REPORT PLATE |
@ Consu‘lting Engineers and Geologists _ . v E
T HIRI HARBOR TERMINAL %8 .
JobNo 3959.001.06 Appr’flcpoatellzs/u Honolulu, Oahu, Hawaii | N

N02470




B

4 copies‘

  2_cdpjeS7_

. HA&D:NG -L_A'wscm ASSOCIATES
DISTRIBUTION -

‘Koepf and_Langes'Consulting Engineérs
P. 0. Box 236 - o

. - Orinda, California - 94563

‘Attention:  Mr. Fred Lange vf,A"

Héwaiian,lndependent Refinery
1060 Bishop Street. : :
Honolulu, Hawaii 96813

~ Attention: UMrQ Char1es‘E.'Khettles

o _35_ :‘._.



