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BOUGAINVILLE INDUSTRIAL PARK OFF-SITE SEWERS 
SOIL EX�LORATIO�REPORT 
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WALTlR LUM 

WALTER LUM ASSOCIATES, INC. 
CIVIL, STRUCTURAL, SOILS ENGINEERS I 

EDWARD WATANABE 
EZRA KOIKE 

. WALLACE WAICAHIRO 
3030 WAIALAE AYE., HONOL"LU, H_AWAII 96816 • TEL 717·7911 

July 29, 1975 

MR. GEORGE HOUGHTAILING. 
Community Planning, inc. 
700 Bishop Street, Suite 608 
Honolulu, Hawaii 96813 

Dear Mr. Hough tailing: 

Subject: Addendum No. -1 to Bougainville 
Industrial Park Off-site Sewers 
Soil Exploration Report 
Dated April 11, 1975 

·Halawa, Ewa,. Oahu, Hawaii 
Tax Map Key: · 9-9-02.: 2, 3, 18 & 25 

It has been brought to our attention that the proposed sewer line will 
cross over an existing Navy ut:.:i.lity tunnel near Boring No. 8. The. proposed 
sewer invert will be about 8-1/2. ft above the crown of the tu{lnel. 

Bor·ing No. 8, which may be about 10 to 20 ft from the. tunnel, indicated 
mudrock-down 'to about the crown of the tunnel, then unde1:lain _with stiff 
clays. 

It is our understanding that the tunnel at the crossing is lined. The 
tunp.el linin� in the vicinity of the sewer line crossing should be observed 
and evaluated for the proposed construction. Based on the evaluation, the 
tunnel lining may have to oe reinforced. 

The sewer line should be jacketed o·r reinforced to span across the tunnel. 

The contractor should be advised to exercise care when working near the 
tunnel. Blasting or excavation procedures that may disturb the in-place 
mudrock should be avoided to .reduce possible damages to the tunnel. 

EK:vl 

Respectfully. submitted, 

WALTER LUM ASSOCIATES, INC .• 

_(., v- :} . 

By ( ��'-'�·· f.-/l./_Q _ __. 

· E<'ira Koike 
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WALTER LUM 

WALTER LUM ASSOCIATES, INC. 

CIVIL, STRUCTURAL, �OILS ENGINEERS I 
EDWARD 'tfiATANA�E 

EZRA KOIKE 
WALLACE WAKAHIRO 

3030 WAIALAE AYE., HONOLULU, HAWAII 96816 • TEL. 737.•7931 

MR. GEORGE HOUGHTAILING 
Community Planning, Inc. . 
700 Bishop Street, Suite 608 
llonolulu, Hawaii 96813 

Dear Mr. Houghtailing: 

April 11, 1975 

Subject: Bougainville Industrial Park 
Off-Site Sewers 
Soil Exploration Report 
(for sewer pipe bedding design purposes) 

Halawa, Ewa, Oahu, Hawaii' 
Tax Map Key: 9-9--02: 2, 3, 18 & 25 

Transmitted herewith is our soil exploration report for .the. design of 
the proposed Bougainville Industri;:!.l Park Off-Site Sewers at Haleiwa, 
Ewa, Oah�, Hawaii. 

This report includes a Boring Location Sketch, boring logs, laboratory 
test results, �eco�me�dations and limitations. 

· 

Respectfully submitted, 

WALTER Lilli ASSOCIATES, INC . 

. y c� � 
Ez�ke . 

FM/EK:vl 
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BOUGAINVILLE INDUSTRIAL PARK OFF-SITE SEWERS 
SOIL EXPLORATION REPORT 

HALAWA, EWA, OAHU, HAWAII 
TA.X MAP KEY:. 9-9-02: 2, 3, 18 & 25 

SCOPE OF EXPLORA'I;ION 

The purpose of this soil e�ploration was to evaluate general soil conditions 

for desig·n considerations for .the proposed Bougainville Industrial Park 

Off-Site Sewers at Halawa, Ewa, Oahu, I:Iawaii. 

This report includes field e�pl.ora,tions, laboratory tests, general pipe 

bedding design recommendations and limitations. 

:FIELD EXPLORATION 

Nine exploratory borings were made along the proposed alignment. The 

approximate locations of the l;>orings a:re sh<;>wn on the Boring Location 

Sketch. 

Borings were made. with 4-in; diameter augers using tungsten carbide drag 

bits and finger type bits. Soil samples were recovered with 3-in. thin-

wall tubes and 2-in. standard split spoon samplers driven with a 140-lb 

hammer falling ·30 inches. 

LABORATORY TESTS 

Laboratory tests included: natural water content and density, unconfined 
., 

comptessio:n, laboratory vane si;J.ear, Atte:rberg lil)lit, grain-!>iz¢ analysis, 

tr.iaxial and consolidation. 
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SOIL CLASSlFICATiQN SYSTEM 

Soil samples were visually observed and subjected to appropriate tests 

ii:l the laborcitory. B;ised OI1 visual observations and laboratory tests, 

the soil descriptions given on the boring logs ate generally made in 

accordance with the "Unified Soil Classification System." 

GEOLOGIC AND SOIL CLASSIFICATIONS BY OTHERS 

·From a review of geologic literature and the U. S. Soil Conservation 

Service maps of the area, the soils are generally described by otl1ers 

as follows: 

Stearns, H. T. and U. S. Geological Survey, "Geologic and 

Topographic Map, Island of Oahu," USGS 1938: 

Qht - (Honol-ulu Volcanic Series) 

Consolidated gray, lavender and brown·bedded 

only slightly permeable deposits of basic 

vitric' - crystai - lithic tuff 

U .. S. Soil Conservation Service, "Soil Survey of Islands of 

Kauai, Oahu, Maui, Molokai and Lanai, State of Hawaii·," 

August 1972: 

MdB - Makalapa. cla.y, 2 to 6% slopes 

Unified Soil Classification - CH 

KTKE - Kokokahi very stony clay, 0 to 35% slopes 

Unified Soil Classification - CH 

rRK · - Rockland . 

- 2 -
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GEJ:')"ERAL SITE CONDITIONS 

A sewer line about 3,600 ft in length is proposed from Bougainville Road 

(:under construction) to Salt Lake Boulevard. The route crosses. the back 

(westerly) portions of Hale Keiki School, Radford High -School and Makalapa 

Elementary School grounds. 

A 30-ft wide. energy corridor and the proposed H-1 Freeway are ],.Qcated on 

the west side of the proposed route. A shallow unlined ditch generally 

follows alongside the freeway a�d energy corridor. 

A 30-in. Navy water line, some sewer line� and drainage culverts crol?S 

portions of the site near Hale Keiki School. Some highway construction 

work was in progress south of the Hale Keiki school grounds during the 

field explorations. 

The route crosses a depression behind (west) Hale·Keiki School and 

Radford High School. ·some water was ponded in localized pockets during 

the field e�ploration. Several.moutids of l)liscellaneous soils, boulders, 

etc. were stockpiled along this section. An earth surcharge about 10 to 
. . I 

12 ft in height was noted, i.n tbe l:l-1 Freeway right-of--way about T5 to 

100 ft west of the proposed sewer. 

A track field, bleachers, floodlights, classroom building, patking lot, 

basketball court, Navy water lines and some concrete structures occur 

a-loiJ.g the proposed route in back Of (west) Rad:ford High School and 

Makalapa Elementary School grounds. 

- 3 -
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INTERPRETAT.ION OF SOIL CONDITIONS 

From the field exploration and laboratory test results, the soils encountered 

in the borings may be generally approximated as follows: 

B�l ,& B�2 (F:UJs ov�J;" mudrock) 

Surface fills of clays, sand� and gravels to about 8 to 9 ft, 

then dense silty sands and mudrock.to about 25 to 30-ft, the 

depths drilled. 

B-3, B-4, B-5, B-6 (Fills over soft clay deposits) 

Surface fills of clayey silty materials mixed with sand, 

gravel, coral and occasional boulders about; 5 to 10 ft thick, 

then, soft clay deposits to about 25 to 30 ft·or more . .  Below 

·this, stiffer materials of clay and/or decomposed mudrock (?) 

were noted. 

B-7, B-8, B-9 (Fills over mudrock) 

Surface fills of clayey silts, sands and gravel to about. 

3 to 7 ft, then dense s:f..lty.sands and mudrock to about 38 to 

42-ft depths. 

In Boring Nos. 7 and 8, stiff brown clay and silty sand 

were noted below the mu4rock to about 46 to 50 ft, the depths 

drilled. 

Water was noted in Boring Nos. 3 thru 6 at about 5 to 25-ft depths dutip.g 

the fieid explorations. 

- 4 -
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Variations to the above soil conditions are to be expected between 

.·borings and in localized areas. For more detailed descriptions of soils 

encountered.in the borings, refer to the boring iogs. 

DISCUSSION AND RECOMMENDATIONS 

·A 12-dn. diameter gravity flow sewer line about 3, 600 ft in length is 

proposed. 

The profile of the ground starts about elevation 52, slopes general�y 

to about elevation 33 .about the middle of the line, then rises to elevation 

64 for most of the latter half of the line. The ground slopes down to 

about elevation 25 ft at the end of the project. 

The invert of the se.wer line generally varies from about elevation 34 ft 

at the beginning (Bougainville Road) tc:> about elevation 24 ft at the end 

(Salt Lake Boulevard). 

The depth to the pipeline will be about 13 ft at the beginnittg of the 

Bougaihville Road to a few.feet along the depressed area of the middle 

section and deepens to about 35 ft at the ending half of the project. 

At the beginning (from about B-1 to B-2), the invert of the pipeline 

will probably be in dense silty sands and mud'rock. In the middle (B-3 

thru B-6), the pileline will probably be in soft to medium clay soils. 

In the ending one-third of the project, the invert of the pipeline will 

probably be in mudrock or dense silty sands. 

- 5 -
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For about one-half of the project, about the middle of the route, the 

invert of the sewer line will be in soft clays. Settlements of several 

inch�s to over a foot me1y occur in this area depending what loads are 

placed over the line at the ground surface. Also, the line may be 

disturbed from construction activities next door along the energy 

corridor. 

General Des:j.gn GuicieJ.ines 

The sewer line will be in mudrockat.the beginning, then 

soft mud and end in mudrock or dense sands. 

Because of the hard and soft materials; the sewer lines 

should be constructed with flexible joints, particularly 

where the
.

lines are connected to sewer manholes� 

Whe:re the sewer is underlain with soft clay deposits, some 

waving of the line from differential settlenients are 

anticipated, particularly where the underlying material 

transitions fro� the soft deposits to dense silty sand and 

mudrock formations. In. general, the sewer line profile 

should be steep so tha.t the overall line would function 

even with some localized sags .or dips. 

If grading work, particularly the construction of fills 

are planned along the sewer line route, it should be don� 

as soon as ptacticable over the soft area to allow time for. 

- 6 -
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the ground to consolide1te and settle prior to the start of 

pipeline construc;:tion. Preferably, a surcharge should be 

placed over tbe sewer easement prior to the installation of 

the line .• 

Because of potentia.! slope creep, manholes should generally 

be avoided on or near tops of·slopes. 

Subbase for Sewer Line 

In general, because the soil conditions would vary along the 

proposed.route, the subbase thickness should be adjusted 

according to the material below tbe sewer invert. 

. . 

Guidelines for the thickness of t}le subbase may be as follows: 

Material below invert Subbase thickness 

Soft �layey silty soils 36+ in. 

Gravel, boulders, mudrock 6+ in. 

or decomposed rock 

The granular materials for·the subbase should gene]:"ally be 

equivalent to base course rock; 1-1/2 in. to dust sizes. The 

fines passing the No. 200 sieve should be less than about 15% 

of the fraction passing the l-in. sieve. 

If the contractor'§'l excavation and dewq.teril),g metho4s weaken or 

disturb the subgrade, the above thicknesses should be increased. 

- 7 -
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Provisions should be made in the contract documents to allow 

for local adjustments fot su,bbase in the field where soft .or 

weak spots are encountered during constru,ction. 

Pipe bedding 

In general, crushed .rock cradle ot concrete cradle 

ma,y be considered over the subbase. A crushed rock 

c;radle would be preferable·• 

In general, the sewer.pipe should be set in a bed 

of granular tilateria:J,s beginning from about 6 in. 

below the pipe invert to about 1 ft over the top 

of the pipe. 

The granular materials should preferably be 

equivalent to base coutse rock, well graded from 

about 1-1/2 to 0 in. with less than about 15% 

passing the No. 200 sieve. 

Back.f:i,ll 

Backfill above the pipe may be made with soils 

compacted to about 90% of AASHO T"'-180-731 if 

fine-grained soils are used. 

Where water is encountered, the backfill material 

should be constructed with fairly well-graded 

e 
granular materials. The granular materials may be 

placed by sluicing with water, provided there is 

good drainage for the water to flow. 

- 8 -
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Const::tuction Considerations 

Care should be exercised when working near existing utilities, 

particularly along the energy corridor where oil anq gas lines 

are located and near Navy water mains by Boring Nos. 1 and 8. 

Caution should be taken and support provided to minimize· 

damage to existing buildings, walls, fences and utility lines 

that are located mostly along the deVeloped sections of the 

school grounds. Some underpinning may be required. 

Work should alSo be coordinated with the respective utilities 

to minimize damages and interference with their operations. 

Support at excavations in soft area 

The excavation depths will vary from shallow to 

fairly deep. The s_idewalls of the excavations 

in the soft clayey deposits should he well 

supported. 

To minimize s_ettlements if sheeting or soldier 

piles are used, the portion of sheets or soldier 

piles that extend below the top of the sewer line 

should be left in place. (See Figure 1.) 

Dewatering 

Water was generally noted over the soft deposits at the 

middle portion at various elevations. Some dewatering will 

probably be done to :i__nstall the sewe� line. 

- 9 -
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Unforeseen Conditions 

Because of the variability of soil d�posits, site 

improvements, design and construction techniques, conditions 

may be encountered that cannot be foreseen with even the most 

exhaustive studies of s:ite and project conditions. These 

unforeseen conditions should be recognized when encountered 

and then evaluated so that the designs or the construction 

methods i:nay be modified accordingly, if necessary. 

Unforeseen or undetected conditions such as soft spots, 

existing utility trenches, undergroun<i structures, boulders, 

expansive soil pockets or seepage water, etc., may occur in 

localized areas and will have to be adjusted and corrected 

in the field as they are detected. 

- 10 -
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The str�tHication lines shown on each of the boring logs represent 
the approximate boundary between· soil types and the transition may 
be g��dual. 

Symbols 

Symbols used generally are in accordance with the Unified So::i..l 
Classification System. 

Whe:te a parenthesis "(MH)" is used, the soil sample was classified 
by visual observation of the sample recovered. 

Where no parenthesis "MH" is used, the soil sample was classified 
from either the Atterberg limit or grain-size analysis test results. 
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WALTER LUM ASSOCIATES, INC. I 3030 WAIALAE AVENUE • HONOLULU. HAWAII 96816 • PHONE 737-7931 

Boring Log . ·  . . _ 

_ BOUGAINVJLLE INDUSTRIAL PARK 
PROJECT . OFFSITE SEWERS 
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WALTER LUM ASSOC:IA 1'ES, INC:. I 3030 WAI_ALAE AVENUE • HONOLULU, HAWAII 96816. • PHONE 737�7931 
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. WALTER i.UM ASSOCIATES, INC. I 3030 WAIALAE AVENUE • HONOLULU, HAWAII 96816 • PHONE 737-.7931 

·Boring Log BOUGAINVILLE INDUSTRIAL PARI< 
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TABLE I � _· - SUMMARY OF LABORATORY TEST RESULTS 

BORING NO. 
SAMPLE NO. 
DEPTl;I BELOW SURFAC� 

DESCRIPTION 

GRAIN-SIZE ANALYSIS 
(% Passing) 

Sieve 
1''

. 

1/2" 
114 
//10 
t/2,0 
il40 
11100 
il200 

ATTERBERG LIHIT$ 
Air Dried or Natural 
Liquid Limit 
Plastic Limit 
Plasticity Index· 

Dilatancy 
Toughness 
Dry Strength 

UNIFIED SOIL CLASSIFICATION 

APPARENT SPECIFIC GRAVITY 

CBR TEST 
. (Surcharge-51 P.S.f.) 
Molding Moisture, % 
Molding Dry Density, P.C�F. 
Swell upon saturation, % 
CBR at 0.1" Penetration 

MOISTURE-DENSITY RELATIONS OF SOILS· 
(AASHO T-180.,.131; Hethod_) 
Dry to Wet or Wet to Dry 
Hax. Dry Density (P. C. F. j 
Optimum Mo:j.�?tute (%) 
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TAaLE It> . - SUMMARY OF LABORATORX TEST RESULTS 

BORING NO. 
.·SAMPLE NO. 
DEPTH BELOW SURFACE . 

l)ESCRIPTION 

GRAIN-SIZE ANALYSIS 
(% Passing) 

Sieve 
1" .. 

1/2" 
114 
1110 
11�0 
1140 
/1100 
11200. 

ATTERBERG LTHITS 
Air· Dried or Natural 
Liquid Limit 
Plastic Limit 
Plasticit-y Index 

Dilatancy
Toughness 

·Dry Stre_ngth 

UNIFIED SOIL CLASSIFICATION 

APPARENT SPECIFIC GRAVITY 

CBR TEST 
(Surcharge-51 P.S.F.) 

Molding Moisture, % 
Holding Dry Density, P.C.F. 
Swell upon saturation,, % 
CBR at: 0.1" Penetration 

MOISTURE-DENSITY RELATIONS OF SOILS 
(AASHO T-180-73I, Method. . ) 
Dty to Wet or Wet to Dry-
Max. Dry Density (P. C. F.) 
Optimum Moisture (%) 

REMARKS: 
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LIMITA:f;I:ONS 

In general, soil formations are col)llllonly erratic and rarely uniform or 

regular. The·boring logs indicci,te the <3,pproximate subsurface soil · 

conditions encountered only at the drill holes where the borings were 

made at the times designated on the logs and may not represent c.onditions 

at other locations or at other dates. Soil conditions and water levels 

may change with the passage'of time and'construction methods or improve

ments at the site. 

During construction, should subsurface conditions much different from 

those in the borings be observed, encountered, or otherwise indicated, 

we should be advised immediately to .review·or reconsider our recommen

dations in light of the new developments. 

If there is. a. substantial lapse .of time between the submission of this 

report and the start of work at the site, or if conditions have changed 

due to natural causes, plan changes, or constructioil operations at or 

adjacent to the site, it is recommended that this report be reviewed to 

determine the applicability of the re�ommendations consid�ring the time 

lapse, changed conditions, and changes in the state of the art. of soil 

engineering. 

Our professional services were performed, findings obtained and 

recommendations prepared in accordance with generally accepted engineering 

practiees. This wattanty :i,s tn l:teu o:f alL otl::ler warranties expte:?sed· or 

implied. 

�· :, 


