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CONSULTANTS IN APPLIED EARTH SCIENCES 

SOIL MECHANICS · ENGINEERING GEOLOGY · GEOPHYSICS 

184 SOUTH HOTEL STREET • HONOLULU 13, HAWAII • TEL EPHONE 587-784 

PA R TNER: DAVID C.LIU 

SuNN,. Low, ToM·& HARA, INc. 
195 SoUTH KING STREET 
HONOLULU, HAWAII 96815 

ATTENTION: . MR. JAMES S. HARA 

GENTLEMEN: 

. OcTOBER 20, 1966 

ATLANTA 

• CHICAGO 

HONOLULU 

HOUSTON 

LOS ANGELES 

NEW.YORK 

PORTLAND 

SALT LAKE. CITY 

SAN FRANCISCO 

SEATTLE 

FOUR COPIES OF OUR REPORT, 11SOILS INVESTIGATION, PROPOSED LAKESIDE 
DEVELOPMENT UNIT 5, MOANALUA, OAHU, HAWAII, FOR INTERNATIONAL DEVELOPMENT 
COMPANY,11 ARE HEREWITH SUBMITTED, 

THE SCOPE OF OUR WORK WAS DEFINED IN DISCUSSIONS WlTH MESSRS. HARA, 
FUJITA, AND TAKAMI YA, .AND PRELl Ml NARY Fl NDI NGS WERE ALSO Dl SCUSSED WITH THEM. 

THE SITE WAS RECLAIMED LAND OF ENGINEERED FILL PLACED IN A PORTION 
OF SALT LAKE. SETTLEMENT MEASUREMENTS HAVE BEEN MADE DURING THE FILLING 
OPERATION AND WILL BE CONTINUED. IT IS OUR OPINION THAT THE SITE IS SUITABLE 
FORe THE PLANN�D DEVELOPMENT, AND TH�� SOME SETTLEMENT SHOULD BE ANTICIPATED, 

IF THERE IS ANY �OINT NOT CLEAR, PLEASE FEEL FREE TO DISCUSS FURTHER 
WITH US. 

YOURS VERY TRULY, 

DAMES & MOORE 

�J- (,c:A;_ 
DAVID C. LIU 

DCL VKS 

CABLE ADDRESS• DAMEMORE 
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SO I LS I NVEST·I GAT I ON 

PROPOSED L'AKESIDE.DEVELOPMENT UNIT 5 

MOANALUA,. OAHU,. HAWAII 

FOR 

JNTERNATIONAL DEVELOPMENT COMPANY 

INTRODUCTION 

THIS REPORT CONTAINS THE RESULTS OF OUR SOILS INVESTIGATION 

PERFORMED FOR THE PROPOSED LAKESIDE DEVELOPMENT, UNIT 5, AT MOANALUA, 

0AHUj HAWA.I I. THE PROPOSED DEVELOPMENT IS LOCATED ON THE SOUTHERN EDGE 

OF SALT LAKE AND IS ADJACENT TO UNITS I, 3, 3A AND 4 AS SHOWN ON . THE. MAP 

OF AREA, ,PLATE I. � 

THE AREA WHICH �S NOW TO BE DEVELOPED AS UNIT 5 WAS ONCE LOCATED 

WITHIN SALT LAKE. A FILL WAS tONST�UCTED· RECENTLY TO RECLAIM A PORTION 

OF THE LAKE FOR RESIDENTIAL DEVELOP�ENT. OUR STUDY OF THE SOIL CONDITIONS 

AT THE SITE INCLUDES A SITE INVESTIGATION BOTH BEFORE AND AFTER THE CON­

S�RUCTION·OF THIS LAKE FIL�. A REVIEW OF THE PREVIOUS WORK DONE BY OTHERS 

PRIOR TO FILLING WAS MADE AND PORTIONS OF THEIR WORK HAVE BEEN INCLUDED 

FOR COMPLETENESS IN THIS REPORT. 

THE PURPOSE OF OUR SOILS. INVESTIGATION. IS TO ESTABLISH THE SUIT­

ABILIT� OF THE SITE FOR THE PROPO�ED DEVELOPMENT, SOILS DATA ARE TO BE 

OBTAINED FOR USE BOTH. IN DESIGN AND. IN CONSTRUCTION· AND WILL BE USED AT A 

LATER TIME AS AN AID IN PREDICTING MAGNITUDtS AND RATES OF SETTLEMENT FOR 

ACCEPTANCE Or IMPROVEMENTS BY THE CITY AND COUNTY OF HONOLULU • 
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PROPO$_ED O�VELOPMENT 

JHE PROPOSED LAKES I DE UNIT 5 WILL COVER AN AREA. OF ABOUT 35 · c'r;i' · 

ACRES. APP�OXIMATELY 31 ACRES WILL BE DEVELOPED INTO TYPE 8 AND C MULTI­

PLE DWELl,.INGS, A RECREATIONAL AREA OF ABOUT 4 ACRES IS TO BE CONSTRUCTED 

AT THE SOUTHWESTERN CORNER OF THE SUBDIVISION. 

EARTHWORK WILL CONSIST OF FILl,.ING APPROXIMATELY 194,700 CUBIC 

YARDS OVER THE EXISTING LAKE FILL; BORROW MATERIAL £ROM EXCAVATIONS IN 

UNITS 2 AND 4 WILL BE USED. THE EXISTJNG GROUND SURFACE PRIOR TO CON­

STRUCTION Ot UNIT 5 .VA�IES F�6M ELE�ATION 14.5 TO ABOUT EL�VATION· 33·5· 

THE DEPTH OF FILL TO BE CONSTRUCTED VARIES FROM ABOUT 16 FEET ALONG UNIT 4 

TO ONt FOOT ADJACENT TO SALT LAKE • 

THE LAKE LEVEL IS.TO Bt l,.OWERED·WHEN THE PROPOSED.GOLF COURSE 

�S CONST�U�TED WITHIN THE FORMER BOUNDARIES .OF SALT LAKE. IT IS OUR UNDER� 

STANDING THAT THE LAKE SURFACE. WILL ULTIMATELY BE �ELD AND MAINTAINED AT 

ELEVATION +3. 0 .  

. S ITE-•CONDI Tl ONS 

THE SITE IS.LOCATED·WITHIN THE FORMER �OUNDARIES OF SALT LAKE. 

THIS LAKE OCCUPIES THE $ALT LAKE CRATER; AN EXTINCT VOLCANIC CRATER FORMED 

BY SECONDARY ERUPTibNS IN THt GEOLOGIC �AST, THE BEDROCK SURROUNDING THE 

LAKE CONSISTS OF POORLY BEDDED VOLCANIC TUFFS DEPOSITED FROM EITHER THE 

SALT LAKE CRATER OR THE ALIAMANU·CRATER, WHICH LIES TO THE NORTHWEST • 

SALt LAKE WAS ONCE USED AS A LAKE FOR RAISING FISH. AN ARTESIAN 

WELL SUPPLIED THE WATER TO PROVIDE WATER CIRCULATION AND MAINTAIN A 
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CONSTANT LAK� LEVEL AT ABOUT ELEVATION 10.5. RECENTLY, THIS WELL HAS BEEN 

SEALED OFF, AND THE WATER EN�ER�NG THE LAKE HAS COME FROM SURFACE ORAINAGE 

OF THE SURROUNDING AREAS. SINCE THE WELL WAS TURNED OFF, THE LAKE LEVEL 

HAS VARIED BETWEEN·ELEVATIONS 13.5 AND 8.5. 

·To INVESTIGA!E SUBSURFACE CONDITIONS PRIOR TO PLACEMENT OF tiLL, 

BORINGS 0..,2, 0 ... 3, AND D-4 WERE DRILLED AT THE LOCATIONS SHOWN ON THE PLOT 

PLAN, PLATE 2. A DETAILED DESCRIPTION OF THE FIELD EXPLOR�tiON AND LABO­

RATORY TEStiNG IS INCLUDED IN THE APPENDIX. 

THE ELEVATION OF THE ORIGINAL LAKE BOTTOM RANGED ACROSS THE SITE 

FROM ABOUT +2 TO +10�5 AT THE EDGE OF THE LAKE. THE SUBSURFACE CONDITIONS 

CONSIST OF SOFT TO VERY SOFT SILT AND CLAY SEDIMENTS VARYING IN THICKNESS 

FROM ZERO AT THE ORIGINAL SHORELINE TO A MAXIMUM OF SEVEN �EET ALONG THE 

NORTHEASTERN BOUNDARY OF THE UNIT. BELOW THE RECENT SEDIMENTS, THERE IS 

A· LAYER OF OLDER MEDIUM STIFF TO STIFF SILTY CLAY. GENERALLY, THIS SOIL 

OVERLIES A THIN GRANULAR MAT£RIAL WHI�H R�STS ON CEMENTED VOLCANIC TUFF 

BEDROCK. 

LAST YEAR, AN ENGINEERED FILL WAS CONSTRUCTED FROM THE SHORE� 

LINE. OUT INTO THE LAKE TO THE EXTERIOR . LIM.IT OF UNIT 5· THE LAKE FILL 

WAS BUILT FROM VOLCANit TUFF BORROW MATERIALS BY P0SHING THEM INTO THE 

LAKE TO CREATE 11MUD WAVES" OUT OF THE.EXIS)ING SOFT SEDIMENTS. ABOVE THE 

LAKE LEVEL, THE FILL WAS COMPACTED.TO AT LEAST 90% OF THE MAXIMUM STANDARD 

AASHO DENSITY. SETTLEMENT GAGES WERE PLACED AND READ TO DETERMI'NE Fl LL 

MOVEMENTS ONCE THE FflL.WAS IN PLACE. 

BDRINGS·D-22, D-23, D-24 AND D-25 WERE DRILLED AS SHOWN·ON THE 
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PLOt PLAN AFTER THE LAKE HAD BEEN FILLED IN ORDER TO DETERMINE THE ACTUAL 

FILL THICKNESS FOR USE IN•EVALUATING FILL SETTLEMENTS. 

DISCUSSIONS AND. RECOMMENDATIONS 

GENERAL 

IT IS OUR BELIEF THAT UNIT 5 CAN BE DEVELOPED WITH THE PROPOSED 

MULTIPLE-FAMILY DWELLINGS. THE MATERIAL WHICH IS PLACED TO REGRADE THE 

SITE SHO.ULD BE PROPERLY PLACED AND COMPACTED TO CREATE AN 11 ENG I NEERED11 

FILL. THE SETTLEMENT OBSERVATION PROGRAM SHOULD BE CONTINUED DURING �HE 

FILL CONSTRUCTION TO DErERM.INE THE.MAGNITUDE OF FILL MOVEMENTS. ONCE T�E 

FILL IS IN PLACE, A REVIEW OF THE SETTLEMENT DATA SHOULD BE MADE TO DETER­

MINE IF THE SETTLEMENTS HAVE DIMINCSHED TO AN ACCEPTABLE RATE I'N ORDER TO 

PROCEED WITH THE CONSTRUCTION OF THE u'TILITIES AND IMPROVEMENTS. 

FILL CONSTRUCTION 

VOLCANIC TUFF ( ALSO KNOWN AS MUDROCK ) EXCAVATED FROM UNITS 2 AND 

4 WILL BE USED AS THE PRIMARY FI.LL MATERIAL. IF ADDITION.AL MATERIAL IS 

NEEDED TO COMPLETE THE FILL, IT IS OUR UNDERSTANDING THAT OTHER 80RROW AREAS 

WtTHIN SALT LAKE CRATER WILL BE USED. ALL FILL MATERIAL SHOULD BE FREE. FROM 

ROOTS, TREES, ADOBE, AND OT�ER OB�ECTIONABLE FOREIGN MATTER. 

FROM OUR PAST EXPtRIENCE AT LAKESIDE, WE BELIEVE THAT A GOOD 

11ENGINEERED11 FILL CAN BE CONSTRUCTED FROM THE VOLCANIC TUFF. THE FILL 

MATE.RI ALS SHOULD BE COMPACTED IN Sl X INCH. LAYERS TO NOT LESS THAN 90% OF 

THE MAXIMUM· DENSITY AS DETERMINED BY THE MODI FlED A'ASHO COMPACTION TEST, 

TEST DESIGNATION T-180-57 C. A DESCRI�TION OF THIS TEST IS INCLUOED IN 

THE APPENDIX. 
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COMPACTION.OF THE FILL MATERIALS SHOULD BE PERFORMED·WIT� MESH 

ROLLERS AND A HIGH FI�LD MOISTURE CONTENT TO FACILITATE DEGRADATION. ONCE 

THE: MATE:RI AL HAS BEEN BROKE:N DO'tJN 'AND H AS AN ACCEPTABLE .GRADATION, HEAVY 

PNE UMAJ I C EQU I. PMENT MAY BE USED, TO C.OMPACT THE FILL TO THE REQU I RED 

DENSITIES. · FIEDD SOIL INSPECTION DURING CONSTRUCTION SHOULD BE MAINTAINED 

TO CI:IE:CK THE FILL FOR PROPER COMPACTION AND UNIFORMITY. 

FILL SETTLEMENTS 

IN TH E CONSTRUCTION GF THE LAKE FILL, THE MATERIAL WAS DUMPED 

AND PUSHE D INTO THE LAKE IN AN ATTEMPT TO DISPLACE TH E SOFT SEDIMENTS AS 

MUD WAVES. PAEVIOUS BORINGS REVEALED T�E PRESENCE 0� A MAXIMUM OF SEVEN 

FE ET OF SOFT SILT AND CLAY IN UNIT 5· MEASUREMENTS AND OBSERVATJONS MADE 

DURING THE FILLING OPERATIONS INDICATED THAT SOME MUD WAVES WERE CREATED 

IN THESE AREAS OF THICK SOFT SE DIMENTS. 

·THE BORINGS DRI.LLED AFTER THE FILL WAS IN PLACE SHOWE D THAT THERE 

WAS STILL A LAYER OF SOFT SILT AND CLAY BE�EATH THE FILL• IT IS OUR BELitF 

THAT SOME OF THE SOFT MATERIAL WAS PUSHED OUT IN THE CONSTRUCT! ON OF THE 

Fl�ti.,� BU,r: THAT THE SILT AND CLAY SE DIME N T S  WERE NOT COMPLETELY DISPLACED. 
' -� 

SETTLEME NT DAlA HAVE BEEN OBTAINE D FROM SIXTY-�VE SETTLEMENT 

GAGES INSTALLED AT SELECTEa LdCATIONS DURING THE CONSTRUCTION OF T�E LAKE 

FILL. AN ANALYSIS OF DATA GATHERED OVER THE LAST NINE MONTHS SHOWS THAT 

THE FILL HAS UNDERGONE SETTLEMENT. SETTLtMENTS NEAR THE ORIGINAL SHORE� 

LINE �AVE A�ERAGE D ABOUT ONE INCH AND MOVE ME NTS ALONG THE NORTHEASTERN 

BOUNDARY OF UNIT 5, ADJACENT TO THE LAKE, H AVE AVERAGE D SLIGHTLY L£SS THAN 

.TWO INCHES • 
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WE BELIEVE THAT THE PROPOSED·UNIT 5 ·CAN BE CONSTRUCTED OVER THE 

PRESENT LAKE FILL. THE FILL W�ICH IS TO BE ADDED TO REGRADE THE AREA FOR 

BUILDING CONSTRUCT I ON AND TH.E SUBSEQUENT LOWERING OF THE LAKE FOR GOLF 

COURSE CONStRUCTION WILL INCREASE SETtLEMENT MA�NITUDES, IT IS OUR OPINION 

THAT FUTURE SETTLEMENTS WILL BE ABOUT ONE AND ONE HALF INCHES AND WILL OCCUR 

MORE OR. LESS UNIFORMLY ACROSS THE SITE, ONCE THE LOTS ARE REGRADED, OUR 

SETTLEMENT RECORDS WILL BE REVIEWED WITH THE CITY AND COUNTY ENGiNEERS 

DURING QISCUSSIONS ON THE CONSTRUCTION OF UTILITIES AND. IMPROV�MENTS, 

UTILITY CONSTRUCTIO� 

EXCAVATIONS FOR UTILITIES IN'UNIT 5 SHOULD POSE NO ANTICIPATED 

PROBLEMS, TRENCHES MAY BE CUT IN THE COMPACTED TUFF niLL AND THE EXCA-

• 
VATIONS WILL STAND ON NEARLY VERTICAL SLOPES FOR SHORT PERIODS OF TIME, 

' 

IF ANY SOFT CLAYEY SOIL. IS ENCOUNTERED IN ANY OF THE UTrLITY TRENCHES, 

THE SIDE SLOPES SHOULD BE CUT BACK TO. PRESERVE STABILITY, 

FOUNDATIO� SUPPORT 

THE COMPACTED TUFF FILL WILL BE ADEQUATE TO SUPPORT THE FOUNDATION 

LOAOS OF MULTIPLE FAMILY DWELLINGS, fOR THE PURPOSES OF DESIGN, A. BEARING 

PRESSURE OF 3000 POUNDS PER SQUARE FOOT MAY BE USED AT A DEPTH OF TWO FEET. 

THE BEARING VALUE MAY BE REFINED AT A LATER TIME DEPENDING ON THE DESIGN 

OF THE PROPOSED .STRUCTURES. 

- ooo -

• 

• 
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THE FOLLO.WI NG PLAT�S _AND· APPEND I X ARE ATTACHED AND COMPLETE THIS 

REPORT: 

'DCL.:HAS: VKS 

PLATE - - MAP 0� AREA 

,,, 

PLATE 2 PLOT PLAN 

APPEND I X Fl ELD [XPLORAT I ON AND LABORATORY TESTING 

- oOo -

RESPECTFULLY SUBMITTED, 

DAMES & MOORE 

�'--A c_. o( _:_. 

DAVID C. ll U 

--�---�-���---------_1_ __ ____, 
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SCALE: 

THIS MAP I� A PORTIO� OF THl 

USGS PuuLOA QuADRANGLE, 1959· 

··· . 

SAL 'I' 

A�EA' :HOW�· 
PLOT PL��� 

0 F A R E A 

.I N C H = 2 000 FE £T 
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REFERENCE; PRELIMINARY "GENERAL PLAN, 
DRAINAGE SYSTEMg, LAKESIDE 
SUBDIVISION UNIT 5, MOAIIALUA, 
OAHU, HAWAI 1" BY SuNN, Low, ToM 
& HARA, UNDATED, 

OF UNIT 5 

SALT LAKE 

.--;. 

D-23 

PLOT PLAN . 

SCALE: I !I = 200' 

~ 

D-24 

D-3 
S ·  

LEGEND: 

,.--BoRIIN� NuMBER 
D-1 

----·--··- .. 

s -- LOCATION OF BORING DRI. LLED 
FOR DAMES & MOORE 

EB _.-LOCATION OF BORING 
PREVIOUSLY DRiLLED BY 
OTHERS 

DAME&BMOOAE 

PLATE 2 
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APPENDIX 

FI-ELD EXPLORATION AND LABORATORY TESTING 

FIELD EXPLORATION 

To. INVESTIGATE SUBSURFACE CONDITIONS WITHIN THE PROPOSED' UNIT 5 

DEVELOPMENT, SEVEN BORINGS WERE DRILLED AT THE LOCATIONS SHOWN·ON THE PLOT 

PLAN, PLATE 2 • .  THREE OF THESE, NUMBERS D-2, D-3, AND D-4 WERE DRILLED 

PRIOR. TO THE FILLING QF THE LAKE. AFTER: T�E LAKE FILL WAS COMPLETED, FOUR 

ADDITIONAL BORINGS, NUMBERED D-22 THROUGH 0-25, WERE DRILLED TO INVESJIGATE 

THE CONDITIONS WITHIN AND IMMEDIATELY BELOW THE FILL. 

THE LATEST D�ILLING WAS DONE BY· NAt WHITON DRILLING C�:-�PANY USING 

WASH BORING EQ�IPMENT, THE FOUR BORINGS 0� L��D WERE. PREDRILLED WITH A 

GASOLINE-DRIVEN AUGER PRIOR TO WASH BORING, .THROUGHOUT THE DRILLING OPERA-
.

... ,·. 

TIONS,. �N ENGINEER:FR6M OUR OFFICE WAS PRESE�J TO IDENTIFY THE SOILS tNCOUN-

TERED AND OBTAIN UNDISTU��ED SAMPLES. SAMPLING WAS DONE USING THE ��UIPMENT 

SHOWN, IN EXHIBIT� A-1 AND A�2. THE S�iLS.FOUND. IN THE BORINGS ARE DESCRIBED 

ON.THE.LOG Ot BoRINGS, ?LATES A-lA THROUGH A��G, AND HAVE BEEN CLASSIFIED 

ACCORDING.TO THE UNIFIED SOIL tLASSIFICATION SY STEM. A.DESCRIPTION·Or THIS 

SYSTEM IS INCLUDED AS PLATE A�2. 

TWO.OTHER BORINGS, NUMBERS 4 AND. 13, �ERE DRILLED·PREVIOUSLY BY 

· HI RASH I MA, LUM AND AS SOC I ATES PRIOR TO THE LAKE FILL O.PERAT IONS, . THEIR 

BORING LOG IS, INCORPORATED. IN·THIS APP¢NDIX AS PLATES A.,.IH AND A-11 • 
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-LABORATORY' TESTING 

SOIL STRENGTH PARAMETERS WERE .DETERMINED BY-PERFORMING DIRECT 

SHEAR AND UNCONFINED COMPRESSION TESTS ON SELECTED SOIL SAMPLES • .  THESE 

TESTS WERE MAD� IN ACCORDANCE WITH THE. TEST PROCEDURES DESCRIBED IN 

�X�IBITS A-3 AND A-4. THE RESULTS OF THE STRENGTH TESTS ARE LISTED BELOW. 

·DIRECT SHEAR TE�TS 

BORING DEPTH 

. FT. 

2 10.5 

4 9.0 

4 ·9·0 

UNCONFINED COMPRESSION' J��TS 

BORING 

2 

3 

NoRMAL PRESSURE 

LBs./SQ. FT. 

DEPTH 

. FT . 

. 11.0 

.100 

100 

500 

PEAK' SHEARING STRESS 

LJ3s .• /SQ. FT • 

_ 44o 

0 

220 

PEAK COMPRES�ION $TRESS 

LBs ./SQ • .  FT • 

740 

2200 

TWO CONSOLIDATION TESTS WERE.MADE ON•THE 50FT SILT AND CLAY 

MATERIAL. THE' PROCEDURE US�D TO· DETERMINE THE COMPRESSIBILITY CHARACTERISTICS 

IS DESCRIBED. IN ExHiBIT A-5 , AND THE
�

LOAD-CONSOLIDATION CURVES ARE PRESENTED 

.ON PLATE A-3· 

ATTERBERG. Ll Ml TS QETERMI NATIONS WERE PE Ftf='oRMED ON SELECTED· SAMPLES 
��:-,:.:.:.· . 

. AND THE RESULTS ARE LISTED·BE!-OW • 
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ATT£RB�RG LIMITS 

BO�ING DEPTH . Ll QUID LIMIT PLAS1 I C LIMIT PLASTICITY INDEX UNI F.l ED Sol 1,.. 

FT. % % � CLASSIFICATION 

3 5�5 89 27 62 CH 

4 9.0 140 4o 100 CH 

iMOISTURE AND DENSITY TESTS WERE MADE ON SOME SAMPLES. ·THE RESULTS 

ARE PRE$ENTE6 ON THE LOG OF BoRtNGS, 

MODIFIED AASHO COMPACJION TESTS HAVE.BEEN PERFORMED ON THE SALT LAKE 

VOLCA�IC TUFF DURING- OUR EARLIER· WORk IN OTHER UNITS, fROM THE RESULTS OF 

THESE TESTS, THE. MATERIAL HAS MAX I MUM DRY .DENSITIES RANG I NG FROM I 07 TO 113 

.POUNDS PER tUBIC FOOT AND OPTIMUM MOISTURE CONT�NTS RANGING FROM 2�0TO 1].5%, 

RESPECTIVELY, THE METHOD OF PERFORMING THE tOMPACTION TEST IS OUTLINED IN 

DETAIL ! � 'EXHIBIT A-6. 

- oOo -
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THE FOLLOWING EXj,IIBI TS AND PL.ATES. ARE ATTACHED· AND COMPLETE THIS 

EXHIBIT A�l PISTON SAMPLER 

EXHIBIT A-2 SOIL SAMPLER·TYPE u 

EXHIBIT A-3 .. METHOD.OF PERFORMIN� DIRECT SHEAR AND 
FRICTIONiTESTS 

EX�IBIT A-4 �METHOD·OF P�RFORMING·UNCONFINED·COMPRESSION 
·AND TRIAXIAL COMPRESSIO� TESTS 

EXHIBIT A-5 METHOD OF PERFORMING CoNSOLIDATION·TESTS 

EXHIBIT A-6 - METHOD· OF PERFORMING COMPACTION ·TESTS 

PLATE A-lA lOG OF BORINGS, BORING D-2 

PLATE A�IB LoG oF BoRINGs, BoRING D-3 

PLATE A-IC LoG OF 80RINGs,,BORING D-4 

PLATE A-ID LoG OF BORINGs, BORING D-22 

· PLATE A-IE LoG or BoR 1 NGs, BaR 1 NG D-23 

. PLATE A.,. IF LOG OF BoRINGS,. BaRING D-24 

PLATE A�·IG LoG OF BORINGs, BORING D-25 

,PLATE A�IH LOG OF BORINGS, BORING 4 

PLATE A-1 I LOG-OF BORINGS, BORING 13 

PLATE A-2 UNIFIED·SOIL CLASSIFICATION SYSTEM 

PLATE A-3 CoNso.LIDATION TEsT DATA 

.... oOo -



HEAD 

• 

DF!IVING PISTON 

SEALING PISTON 

• 

-

--

<0 
• I 

:::t' 
-

('f') 

I 

...... 

:::t' 

EXHIBIT A-1 

COUPLING 

CYLINDER 

PISTOI\I CUPS 

SAMPLE TUBE 

PISTON SAMPLER 

THE DAMES & MOORE PISTON SAMPLER 

HAS BEEN DEVELOPED TO OBTAIN SAM­

PLES OF SOFT SOILS WITH A MINIMUM OF 

DISTURBANCE. THE MOST SIGNIFICANT 

FEATURES ARE THE SEALING PISTON 

WHICH CONFINES THE SOIL DURING 

SAMPLING AND THE SAMPLE TUBE 

WHICH HAS A WALL THICKNESS OF ONLY 

0.042 INCHES. 

AT THE START OF THE SAMPLING, THE 

LOWER END OF THE SAMPLE TUBE IS 

ADJACENT TO THE SEALING PISTON AT 

THE BOTTOM OF AN EXPLORATION 

TEST BORING. THE SEALING PISTON, 

CYLINDER, HEAD, AND REACTION MEM­

BER REMAIN STATIONARY DURING 

SAMPLING. COMPRESSED AIR, COM­

PRESSED NITROGEN, OR WASH WATER 

ARE FORCED INTO THE CYLINDER 

THROUGH THE SAMPLING RODS FROM 

THE DRILLING EQUIPMENT. THE DRIV· 

lNG PISTON MOVES THE SAMPLE TUBE 

DOWNWARD INTO THE SOIL. 

DAMES 8- MOORE 

APPL.IEO EARTH SCIENCES 
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NO TE: 

"HEAD EX·T-ENSION" CAN 
BE INTRODUCED BETWEEN 
"HEAD".AND "SPLIT BARREL" 

SPLIT BARREL 
(TO FACILITATE REMOVAL 

OF CORE SAMPLE) 

EXHIBIT A-2 

CHECK VALVES 

VALVE CAGE 

SPACE TO RECEIVE 
DISTURBED SOIL 

CORE-RETAINER 
RINGS 

(2·112" 0.0. BY I" LONG) 

CORE-RETAINING 
DEVICE 

RETAINER RING 
RETAINER PLATES 

(INTERCHANGEABLE WITH 
OTHER TYPES) 

SOIL SAMPLER TYPE U 

FOR SOILS DIFFICUl. T TO RETAIN IN SAMPLER 
U. S. PATENT NO. 2,318,062 

ALTERNATE ATTACHMENTS 

• CORE-RETAINING 
DEVICE 

DAMES 8 MOORE 
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�XHIBIT A-3 

METHOD OF PERFORMING DIRECT SHEAR AND FRICTION TESTS 

D IRECT SHEAR TESTS ARE PERFORMED TO DETERMINE 

THE SHEARING STRENGTHS OF SOILS. FRICTION TESTS 

ARE PERFORMED TO DETERMINE THE FRICTIONAL RE­

SISTANCES BETWEEN SOILS AND VARIOUS OTHER MATE­

RIALS SUCH AS WOOD, STEEL, OR CONCRETE. THE TESTS 

ARE PERFORMED lN THE LABORATORY TO SIMULATE 

ANTIOPATED FIELD CONDITIONS. 

EACH SAMPLE IS. TESTI;:D WITH.IN THREE BRASS RINGS, 

TWO AND ONE-HALF INCHES IN DIAMETER AND ONE INCH 

IN LENGTH. UNDISTURBED SAMPLES OF IN-PLACE SOILS 

ARE TESTED IN RINGS TAKEN FROM THE SAMPLING 

DIRECT SHEAR TESTING 

& RECORDING APPARATUS 

DEVICE IN WHICH THE SAMPLES WERE OBTAINED. LOOSE SAMPLES OF SOILS TO BE USED IN CON-

STRUCTING EARTH FILLS ARE COMPACTED IN lUNGS TO PREDETERMINED CONDITIONS AND TESTED • 

D!REC::J' SHEAR TE:STS 

A THREE-INCH LENGTH OF THE SAMPLE IS TESTED IN DIRECT DOUBLE SHEAR. A CONSTANT PRES­

SURE, APPROPRIATE TO THE CONDITIONS OF THE PROBLEM FOR WHICH THE TEST IS BEING PER­

FORMED, IS APPLIED NORMAL TO THE ENDS OF THE SAMPLE THROUGH POROUS STONES. A SHEARING 

FAILURE OF THE SAMPLE IS CAUSED BY MOVING THE CENTER RING IN A DIRECTION PERPENDICULAR 

TO THE AXIS OF THE SAMPLE. TR.ANSVERSE MOVEMENT OF THE OUTER RINGS IS PREVENTED. 

THE SHEARING FAILURE MAY BE ACCOMPLISHED BY APPLYING TO THE CENTER RING EITHER A 

CONSTANT RATE OF LOAD, A CONSTANT RATE OF DEFI,..ECTION, OR INCREMENTS OF LOAD OR DE­

FLECTION. IN EACH CASE, THE SHEARING LOAD AND THE DEFLECTIONS IN BOTH THE AXIAL AND 

TRANSVERSE DIRECTIONS ARE RECORDED AND PLOTTED. THE SHEARING STRENGTH OF THE SOIL 

IS DETERMINED FROM THE RESULTING LOAD-DEFLECTION CUR YES. 

FRICT"IQN TESTS 

IN ORDER TO DETERMINE THE FRICTIONAL RESISTANCE BETWEEN SOIL AND THE SURFACES OFVARIOUS 

MATERIALS, THE C ENTER RING Of SOIL IN THE DIRECT SHEAR TEST IS REPLACED BY A DISK OF THE 

MATERIAL TO BE TESTED. THE TEST IS THEN PERFORMED IN THE SAME MANNER AS THE DIRECT 

SHEAR TEST BY FORCING THE DISK OF MATERIAL FROM THE SOIL SURFACES. 
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EXHIBIT A-4 

METHODS OF PERFORMING UNCONFINED COMPRESSION AND TRIAXIAL COMPRESSION TESTS 

THE SHEARING STRENGTHS OF SOILS ARE DETERMINED 
FROM THE RESULTS OF UNCONFINED COMPRESSION AND 
TRIAXIAL COMPRESSION TESTS. IN TRIAXIAL COMPRES­
SION TESTS THE TEST METHOD AND THE MAGNITUDE OF 
THE CONFINING PRESSURE ARE CHOSEN TO SiMULATE 
ANTICIPATED FIELD CONDITIONS. 

UNCONFINED COMPRESSION AND TRIAXIAL COMPRESSION 
TESTS ARE PERFORMED ON UNDISTURBED OR REMOLDED 
SAMPLES OF SOIL APPROXIMATELY SIX INCHES IN LENGTH 
AND TWO AND ONE-HALF INCHES IN DIAMETER, THE TESTS 
ARE RUN EITHER STRAIN-cONTROLLED OR STRESs­
CONTROLLED. IN A STRAIN-cONTROLLED TEST THE 
SAMPLE IS SUBJECTED TO A CONSTANT RATE OF DEFLEC­
TION AND THE RESULTING STRESSES ARE RECORDED. I_N 
A STRESS-cONTROLLED TEST THE SAMPLE IS SUBJECTED 
TO EQUAL INCREMENTS OF LOAD WITH EACH INCREMENT 
BEING MAINTAINED UNTIL AN E;QUI.LIBRIUM CONDITION 
WITH RESPECT TO STRAIN IS ACHIEVED. 

YIELD, PEAK, OR ULTIMATE STRESSES ARE DETERMINED 
FROM THE STRESS-STRAIN PLOT FOR EACH SAMPLE AND 

TRIAXIAL COMPRESS.ION TEST UNIT 

THE PRINCIPAL STRESSES ARE EVALUATED. THE PRINCIPAL STRESSES ARE PLOTTED ON A MOHR'S 
CIRCLE DIAGRAM TO DETERMINE THE SHEARING STRENGTH OF THE SOIL TYPE BEING TESTED. 

UNCONFINED COMPRESSION TESTS CAN BE PERFORMED ON!,. Y ON SAMPLES WITH SUFFICIENT COHE­
SION SO THAT THE SOiL WILL STAND AS AN UNSUPPORTED CYLINDER. THESE TESTS MAY BE RUN AT 
NATURAL MOISTURE CONTENT OR ON ARTIFIOALLY SATURATED SOILS • 

IN A TRIAXIAL COMPRESSION TEST TiiE SAMPLE IS ENCASED IN A RUBBER MEMBRANE, PLACED IN A 
TEST CHAMBER, AND SUBJECTED TO A CONFINING PRESSURE THROUGHOUT THE DURATION OF THE 
TEST. NORMALLY, THIS CONFINING PRESSURE IS MAINTAINED AT A CONSTANT LEVEL, ALTHOUGH FOR 
SPECIAL TESTS IT MAY BE VARIED IN RELATION TO THE MEASURED STRESSES. TRIAXIAL COMPRES­
SION TESTS MAY BE RUN ON SOILS AT FIELD MOIS11JRE CONTENT OR ON ARTIFICIALLY SATURATED 
SAMPLES. THE TESTS ARE PERFORMED iN ONE OF THE FOLLOWING WAYS: 

UNCONSOLIDATED-UNDRAINED: THE CONFINING PRESSURE IS IMPOSED ON THE SAMPLE 
AT tliE START OF THE TEST. NO l)RAINAGE IS PERMITTED AND THE STRESSES WHICH 
ARE MEASURED REPRESENT THE SUM OF THE INTERGRANULAR STRESSES AND PORE 
WATER PRESSURES. 

CONSOLIDATED-UNDRAINED: THE SAMPLE IS ALLOWED TO CONSOLIDATE FULLY UNDER 
THE APPLIED CONFINING PRESSURE PRIOR TO THE START OF THE TEST. THE VOLUME 
CHANGE IS DETERMINED BY MEASURING THE WATER AND/OR AIR EXPELLED DURING 
CONSOLIDATION. NO DRAINAGE IS PERMITTED DURING THE TEST AND THE STRESSJ;:S 
WH ICH ARE MEASURED ARE THE SAME AS FOR THE UNCONSOLIDATED-UNDRAINED TEST. 

DRAINED: THE INTERGRANULAR STRESSES IN A SAMPLE MAY BE MEASURED BY PER­
FORMiNG A DRAINED, OR SLOW, TEST. IN THIS TEST THE SAMPLE IS FULLY SATURATED 
AND CONSOLIDATED PRIOR TO THE START OF THE TEST. DURING THE TEST, DRAINAGE 
IS PERMITTED AND THE TEST IS PERFORMED AT A SLOW ENOUGH RATE TO PREVENT 
THE BUILDUP OF PORE WATER PRESSURES. THE RESULTING STRESSES WHICH ARE MEAS­
URED REPRESENT ONLY THE INTERGRANUi.AR STRESSES. THESE TESTS ARE USUALLY 
PERFORMED ON SAMPLES OF GENERALLY NON-cOHESIVE SOILS, ALTHOUGH THE TEST 
PROCEDURE IS APPLICABLE TO COHESIVE SOII,.S IF A SUFFICIENTLY SLOW TEST RATE 
IS USED. 

AN ALTERNATE MEANS OF OBTAINING THE DATA RESULTING FROM THE DRAINED TEST IS TO PER­
FORM AN UNDRAINED TEST IN WHICH SPEOAL EQUIPMENT IS USED TO MEASURE THE PORE WATER 
PRESSURES. THE DIFFERENCES BETWEEN THE TOTAL STRESSES AND THE PORE WATER PRESSURES 
MEASURED ARE THE INTERGRANULAR STRESSES • 
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EXHIBIT A-5 

METHOD OF PERFORMING CONSOLIDATION TESTS 

Consolidation tests are performed to evaluate the volume changes of soils 

subjected to increased loads. Time-consolidation and pressure-consolidat·ion curves 

may be plotted from the data obtained in the tests. Engineering analyses based on 

these curves permit estimates to be made of the probable magnitude and rate of 

settlement of the tested soils under applied. loads. 

Each sample is teeted within a brass ring two and one-half inches in 

diameter and one inch in length. Undis-

turbed samples of in-place soils are tested 

in rings taken from the sampling tool in 

which the samples were obtained. Loose 

samples of soils to be used in construct• 

ing earth fills are compacted in rings to 

predetermined conditions and tested • 

In testing, the sample is rigidly 

confined laterally by the brass ring. Axial 

l.oads are transmitted to the ends of the 

sample by porous disks. The disks allow 

CONSOLIDATION MACHI�S 

drainage of the loaded sample. The axial compression or expansion of the sample is 

measured by a micrometer dial indicator at appropriate time intervals after each 

load increment is applied. Each load is ordinarily twice the preceding load. The 

.increments are selected to obtain consolidation data representing th�:� fteld loading 

condi tiona for which the test is being performed.. Each load increment is allowed 

to act over an interval of time dependent on the tYpe and extent of the soil in the 

field. 

Soils saturated in the field are tested submerged i]l water. The effect 

of increased moisture content 011 partially saturated soils is determined by adding 

water to the sample during the test • 

DAMES 8 MOORE 

APPLIED EARTH SCIENCES 



• 

• 

-

• 
(0 

I 
0 

. 
• 

> 
Q) 

0::: 
-

" 
. 

" 

::I" 

EXHIBIT A-6 

METHOD OF PERFORMING COMPACTION TESTS 
(STANDARD AND MODIFIED A.A.S.H.O. METHODS) 

IT HAS BEEN ESTABLISHED THAT 

W HEN COMPACTING EFFORT IS HELD 

CONSTANT, THE DENSITY OF A 

ROLLED EARTH FILL INCREASES 

WITH ADDED MOISTURE UNTIL A 

MAXIMUM DRY DENSITY IS OBTAINED 

AT A M05TURE CONTENT TERMED 

THE "OPTIMUM MOISTURE CON­

TENT," A FTER WHICH THE DRY 

DENSITY DECREASES. THE COM­

PACTION CURVE SHOWING THE RE­

LATIONsHIP BETWEEN DENSITY AND 

MOISTURE CONTENT FOR A SPEOFIC 

COMPACTING EFFORT IS DETER­

MINED BY EXPERIMENTAL METHODS. 

TWO COMMONLY USED METHODS ARE 

DESCRIBED IN THE FOLLOWING 

PARAGRAPHS. 

FOR THE "ST�NDARD A.A.S.H.O.'' 

(A,S.T.M, D698-58T & A.A.S.H,O. 

T99·57) METHOD OF COMPACTION A 

PORTION OF THE SOIL SAMPLE 

PASSING THE NO. 4 SIEVE 5 COM­

PACTED AT A SPECIFIC M05TURE 

CONTENT IN THREE EQUAL LAYERS 

IN A STANDARD COMPACTION CY­
LINDER HAVING A VOLUME OF 1/30 

CUBIC FOOT, USING TWENTY-FIVE 

12,.JNCH BLOWS OF A STANDARD 5-1/2 

POUND RAMMER TO COMPACT :EAQI. 
LAYER. 

• 

SOME APPARATUS FOR PERFORMING COMPACT I ON TESTS 
Shows, f rom left to right, 5·1/2 pound rammer (sleeve 
controlling 12" height of drop removed), 1/30 cubic­
foot cyl i nd.er with removable coli ar and base plate, 
and 10 pound r ammer within sleeve. 

IN THE "MODIFIED A.A.S.H.O." (A.S.T.M. D-1557-58T & A.A.S.H.O. T 180 - 57) METHOD OF COMPACTION 

A PORTION OF THE SOIL SAMPLE PASSING THE NO. 4 SIEVE IS COMPACTED AT A SPECIFIC MOISTURE 

CONTENT IN FIVE EQUAL LAYERS IN A STANDARD COMPACTION CYLINDER HAVING A VOLUME OF 

1/30 CUBIC FOOT, USING TWENTY-FIVE 18-INCH BLOWS OF A 10-POUND RAMMER TO COMPACT EACH 

LAYER. SEVERAL VARIATIONS OF THESE COMPACTION TESTING METHODS ARE OFTEN USED AND 

THESE ARE DESCRIBED IN A.A.S.H.O. & A.S.T.M. SPECIFICATIONS, 

F OR BOTH METHODS, THE WET DENSITY OF THE COMPACTED SAMPLE IS DETERMINED BY WEIGHING 

THE KNOwN VOLUME OF SOIL; THE MOISTURE CONTENT, BY MEASURING THE LOSS OF WEIGHT OF A 

PORTION OF THE SAMPLE WHEN OVEN DRIED; AND THE DRY DENSITY, BY COMPUTING IT FROM THE 

WET DENSITY AND MOISTURE CONTENT. A SERIES OF SUCH COMPACTIONS IS PERFORMED AT IN­

CREASING MOISTURE CONTENTS UNTIL A SUFFICIENT NUMBER OF POINTS DEFINING THE MOISTURE­
DENSitY RELATIONSHIP HAVE BEEN OBTAINED TO PERMIT THE PLOTTING OF THE COMPACTION 

CURVE. THE MAXIMUM DRY DENSITY AND OPTIMUM MOISTURE CONTENT FOR THE PARTICULAR COM­

PACTING EFFORT ARE DETERMINED FROM THE COMPACTION CURVE. 

APPUED EARTH SCIENCES 
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BORING D-2 SuRFACE ELEV. APPRox. +10.8 MSL 

SAMPLES------------ rDEPTH IN FT 
BLows/FT oN SAMPLER___, 'I GRAfPH 

DRY DENSITY IN PCF LETTER 
MoiSTURE CoNTENT IN % DESCRIPTION 

���-J-��-r--���---��--�����------------

5 

53 4 

30 

L 0 G 0 F 

WATER 

rGRAY SILT WITH SOME SAND 

tl�H:;�::::;:�� { VERY S 0 FT ) 

GP 

DARK GRAY CLAY AND SILT WITH 
SAND LENSES ( sOFT ) 

BROWN SILTY CLAY W)TH SOME SAND 
( sTIFF ) 

I 
BROW� CLAYEY SAND AND GRAVELj 

PARTIALLY CEMENTED { DENSE ) 
LIGHT GRAY VOLCANIC TUFF (HARD ) 

BORING COMPLETED ON 6-J-65 

BORINGS 

NOTES: 

• - DEPTH AT 
� DEPTH AT 
0 - DEPTH AT 
p SAMPLER 
DRIVING ENERG Y 

WHICH 
WHICH 
WHICH 

PUSHED 
::oJ40 

UNDISTURBED SAMPLE WAS TAKEN 
DISTURBED SAMPLE WAS TAKEN 
SAMPLE WAS LOST DURING EXTRA�TION 
INTO SOIL 
-LB WEIGHT DROPPING 30 IN. 

DAMES 8 MOORE 

APPLIEO E.\RTH SCIENC£5 

PLATE A-lA 
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BORING D-3 SuRFACE [LEV. APPROX. +10.8 MSL 

rOE PT H IN f.T 
,-GRAPH 

DESCRIPTION 

WATER 

( VERY GRAY SILT WITH SOME SAND 
SOFT ) 

GRAY.SILTY CLAY ( sTIFF ) 

GRADES WITH SOME SAND 

4'.•;"• : .• .,.: GRAY VOLCANIC TUFF ( HARD ) :·.,····=· ......... : 

BoRING COMPLETED ON 6-2�65 

L 0 G 0 F B 0 R I N G S 

NOTES: 
• DEPTH AT WHICH UNDISTURBED SAMPLE WAS T�KEN 
� - DEPTH AT WHICH DISTURBED SAMPLE WAS TAKEN 
0 - DEPTH AT WHICH SAMPLE WAS LOST DURING EXTRACTION 
p SAMPLER PUSHED INTO SO)� 
DRIVING ENERGY = J 40.LB WEIGHT OROPPING 30 IN. DAMES 8 MOORE 

APPLI[ � EA;�Tt-1 SC:tENCES 

PLATE A-I B 
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SAMPLES--· 
BLows/FT .. ON SAMPLER­

BORING D-22 SURFACE [LEV. +14.9 MSL 

rDEPTH IN FT 

DRY DENSITY IN PCF. 
MoisTuRE coNTENT IN DEscRIPTION 

�-L-,-.J-,_.J--r--�n��--L,r---�������---------------

46. 

NOTES: 

• - DEPTH AT WHICH 
� DEPTH AT WHICH 
0 - DEPTH AT WHICH 
p SAMPLER PUSHED 

5 

12 

84 6t 

BROWN SILTj SA�b AND GRAVEL; 
OCCASIONAL COBBLES ( FILL ) 
(DENSE ) 

WATER LEVEL 10-6-66 

BROWN SILTY CLAY WITH SOME SAND 
(MEDIUM STIFF ) 

GRADES WITH MORE SAND 

BROWN SILTY SAND WITH VOLCANIC 
TUFF GRAVEL ( otNsE ) 

BoRING COMPLETED ON 10-6-66 

L 0 G 0 F B 0 R I N G S 

UNDISTURBED SAMPLE WAS TAKEN 
DISTURBED SAMPLE WAS TAKEN 
SAMPLE WAS LOST DURING EXTRACTION 
INTO SOIL 

DAME& 8 MOORE 
APPLIEO EARTH SCIENCES 
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SAMPLES- ----· --

1 8Lows/FT ON SAMPLER- i 

BORING. D-2 3 SURFACE [LEV. +14.5 MSL 

rDEPTH 1 N FT· 

DRY DENSITY IN PCF I ,. MOISTURE CONTENT IN % I I 

i rGRAPH 

1 1 r 
LETTER 

i DESCRIPTION �---------------------------

NOTES: 

. -
� -
0 -
p -

; 

5· 

10 

15 

L 0 G 0 F 

�-� 
�:r. �-· ... 
t' ' 

bii. �· ,� :fj �; .. �.,. ... , 
�-t� �; 
�!; ,. .. .... 
�·: . , . �� 
��� �� "-'· 
·..: 

� 

GM­
GW 

CH­
MH 

GRAY AND BROWN SILT, SAND AND 
�RAVEL; OCCASIONAL COBBLES 
{ FILL ) (DENSE ) 

( HOLE CAVED ) 
WATER LEVEL 10�5-66 

GRAY CLAY AND SILT WITH SOME FINE 
SAND {soFT ) 

BORING COMPLET�D ON 10-5-66 

BORIN GS 

DEPTH A� WHICH UNDISTURBED SAMPL� WAS TAKEN 
DEPT� AT WHICH DISTURBED SAMPLE WAS TAKEN 
DEPTH AT WHICH SAMPLE WAS LOST DURING EXTRACTION 
SAMPL£R PUSHED 1NTO SOIL 

DAME& 8 MOOAB 
4PP.L.IEO EARTI-4 SCIENCES 

PLATE A-IE. 
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BORING D-24 SuRFACE ELEV. + 15 .I MSL 

SAMPLEs-·- rDEPTH 1 N FT 

8LO�s/fT ON SAMPLER-. 
DRY DENS 1 TY IN PC

'
f 

MOISTURE CONTENT IN DESCRIPTION 

NOTES: 

• DEPTH AT WHICH 

� DEPTH AT WHICH 

0 - DEPTH AT WHICH 

p SAMPLER PUSHED 

5 

10 

15 

L 0 G 0 F 

GRAY AND BROWN SILT, SAND AND 

GRAVEL; OCCASIONAL COBBLES 
( F"ILL ) ( DENSE ) 

( HOLE CAVED ) 
WATER LEVEL 10-5-66 

GRAY CLAY AND SILT WITH SOME FINE 

SAND ( soFT ) 

BORING COMPLETED ON 10•5-66 

t3 0 R I N G S 

UNDISTURB�D SAMPLE WAS T·AKEN 

DISTURBED SAMPLE 

SAMPLE WAS LOST 

INTO SOIL 

WAS TAKEN 

DURING EXTRACTION 

DAMES 8 MOORE 

APPLIED EARTM SCt!:NCES 

PLATE A-·t F 
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SAMf>LES-·---­

BLows/FT ON SAMPLER­

BORING D.-25 SURFACE [LEV. 

;DEPTH I.N.fT 

+13.7 MSL 

DRY DENSITY j N PCF 
Mo 1 sTu R E CoN T EN T 1 N % l.-·r-·--'--,-.......J-T--"-nrn'lrb-;..-.....!..-r-"'"'-· .::.D:..:.E....:s....:c:...R_I....:P_T_I_O:...N_:_ ______ _ 

NoTEs: 
. -
� 
0 -
p 

L 0 G 0 F 

GRAY .AND BROWN SILT, SAND �NO 
GRAVEL; OCCASIONAL COBBLES 
{FILL ) (DENSE ) 

( HOLE CAVED ) 
WATER LEVEL 10-5-66 

GRAY CLAY AND SILT WITH SOME FINE 
SAND ( SOFT ) 

BORING COMPLETED ON 10-5-66 

B 0 R I N G S 

DEPTH AT WHICH UNDISTURBED SAMP�E WAS TAKEN 
DEPTH AT WHICH Dl STURBEO SAMPLE WAS T.AKEN·. 
DEPTH AT WHICH SAMPLE WAS LOST DURING EXTRACTION 

I 

SAMPLER PUSHED INTO SOIL _/ 

DAME& 8 MOORE 
APPL.IEO EARTH SCIENCES 

PLATE A-IG 



0 

0 

> 

u 

t: 

,. 

SAMPLES--------­
BLows/FT ON SAMPLER-­

BORING 4 

:DEPTWIN FT 

SURFACE [LEV. II .4 

DRY DENSITY IN PCF 
MOISTURE CONTENT IN %� � i 

i rRAPH. . 

I I 
LETTE�

ESCRIPTION r , ' 
�---------------------

NoTEs: 
• 
1&1 
0 -

p 

WATER 

5-

VERY SOFT BLACK MUD 

. 10- SoFT BROWN MUD 
FIRM BROWN CLAY 
STIFF BROWN CLAY 

REF: HIRASHIMA, LuM & AssociATEs 

L 0 G 0 F B 0 R I N G S 

D E P T H AT W H I C H· U N D I S T U R BE D S A Mf L E : W A S T A K E N 
DEPTH AT WHICH DISTURBED SAMPLE WAS TAKEN 
OEPTH AT WHJCH SAMPLE WAS LOST DURING EXTRACTION 
SAMPLER PUSHED INTO SOIL 

DAMES 8 MDOA .. 

A.PPLI£0 EA.RT� SCt[NCES 

PUTE A-IH 
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SAMPLES-
BLows/FT ON SAMPLER­

BORI NG 13 

"DEPTH IN FT 
.--GRAPH 

SuRFACE [LEV. 11.4 

DRY DENSITY IN PCF 

MOISTURE C6NTENT IN % . I j 
I 
I 

I 
I 

l 
r LETTER I � · . DESCRIPTION I 

NOTES: 

• 
IE 

0 

p 

WATER 

5· 

Son BLACK MUD 

10 PLASTIC BROWN CLAY 

STIFF BROWN CLAY 

REF: HIRASHIMA, LuM & AssoCIATES 

L 0 G 0 F B 0 R I N G S 

DEPTH AT WHICH UNDISTURBED SAMPLE WAS TAKEN 
DEPTH AT WHIC� DISTURBED SAMPLE WAS TAXEN 

DEPTH AT WHICH SAMPLE WAS LOST DURING tXTRACTION 

SAMPLER PUSHED INTO SOIL 

DAME& a MOORE 
APPLIED EAPTH.SCIENCES 

PLATE A-1 I 
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BORING D-4 

SAMPLES--------_:_______ "D EPTH IN FT 

SuRfACE (LEV. APPRox� +10.8 MSL 

. -
BLows/FT ON SAMPLER--- ! 1-GRAPH 

DRY DENs 1 TY 1 N �cF

_ 

.. -.�- 1 11. I 1 1 LETTER 

Mo 1 sTuRE ·coNTENT 1 N 10- _ ! ! 1 ._, DEscR 1 PT 1 oN 
....,.-�...,;--·'- ------:::: r..... ------------------·---- -----

I r:;r:; 70 J., I 
I I 

L 0 G 

NoTEs: 

p 

I 
I ' 

•ro-

I . . . 

�:�,�: 
-. 0 

.' . 

' . . . 
I 

• 0 I . . .  

CH-
MH 
CH 

SM 

W ATER 

DARK GRAY CLAY AND SILT WITH 

SOME SAND LENSES ( VERY SOfT ) 
DARK GRAY SILTY CLAY ( MEDIUM 

STifF ) 

L IGHT BROWN SILTY SAND ( DENSE ) 
GRADES HARDER AND PARTIALLY 

CEMENTED 

BORING COMPLETED ON 6-4-65 

0 F B 0 R I N G S 

• - DEPTH AT WHICH UNDISTURBED SAMPLE WAS TAKEN 

� - DEPTH AT WHICH DISTURBED SAMPLE WAS TAKEN 

0 - DEPTH AT WHICH SAMPLE WAS LOST DUR)NG EXTRACTION 

p - SAMPLER PUSHED INTO SOIL 

DRIVING ENERGY. = t 40-LB WEIGHT DROPPING 30 IN. DAMES 8 MOORE 
APPLIED EAPT� SCIENCES 
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MAJOR DIVISIONS 

COARSE 
GRAINED 

SOILS 

MORE THAN 
Or MATERIAL 
J...AIWU THAN 
200 S I_EVE S 

f'INE 
GRAINED 

SOILS 

MC)RE TH_AN SO% 
Or MATERIAL IS 
� THAN NO 
20_0 SIEVE SiZE 

GRAVEL 
AND 

GRAVELLY 
SOil_S 

MORE T_HAN 5.0% 
Or COARSE rRAC-. 
TION R

�
TAINED 

ON NO, SIEVE 

SAND 
AND 
SANDY 
SOILS 

��
R

�o!��� ��c-
floN �­
NO, 4 SIEVE 

SILTS 
AND 

CLAYS 

SILTS 
AND 

CLAYS 

CLEAN GRAVELS 
(LIT-TLE OR NO 

I'INES) 

LIQUI� LIMIT 
�THAN 50 

LIQUID LIMIT 
� THAN 50 

HIGHLY ORGANIC SOILS 

GP 

GM 

GC 

sw 

SP 

SM 

sc 

ML 

CL 

OL 

MH 

CH 

OH 

PT 

WELL-GRADED GRAVF:LS, GRAVEL� 
SAN� MIXTURES, LITTLE OR 
NO FINES 

POORLY-GRADED GRAVELS, GRAVEL• 
SAN� MIXTURES, LITTLE OR, 
NO ·1'1 NES 

SILTY GRAVELS, GRAVEL-SAND­
SILT MIXTURES-

CLAYEY GRAVELS, GRAVEL•SAND­
. CL.AY MIXTlfR:Es 

W[LL_.GRADED SANDS, GRAVELLY 
SANDS, LITTLE- OR NO I'INES 

POORLY:_GRA�ED SANDS_, GRAVELLY 
SAN)lS, LITTLE o'R NO F I tit'Es 

SILTY SANDS, SAN�·SILT MIXTURES 

CLAYEY SAN�S, SAN�·CLAY MIXTURES 

INORGANIC SILTS AND VERY FINE 
- SAN�S, R_06K i'LOUR, SILTY OR 
CLAYEY riNE SAN�S OR CLAYEY 
SILTS WITH GHT PLASTICITY 

INORGANIC CLAYS OF LOW TO MEilfUM 
PLASTICITY, GRAVELLY i:LAY·s, 
SAN�Y CLAYS, SiLTY CLAY·s, UAN 
CLAY-S 

ORGANIC SILTS AND ORGANIC 
SILTY CLAYS o·F Low· PLASTICITY 

INORGANIC SILTS, MICACEOUS OR 

DIATOMACEOUS I'INE SAND OR 
SILT-Y SOILS 

INORGANIC CLAYS OF HIGH 
PLASTIC.ITY, rAT CLAYS 

ORGANIC CLAYS OF MEDIUM TO HIGH 
PLASTI Cl TY, ORGANIc· Sl L TS 

PEAT, HUMUS, SWAMP SO _ILS 
WITH HIGH ORGANIC CONTE:NTS 

NOTE: DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE SOIL CLASSIFICATIONS, 

SOIL CLASSIFICATION CHART 

UNIFIED SOIL CLASSIFICATION SYSTEM 

DAM&& 8 MOOiilil 

PLATE A-2 
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