
Subsurface _Expior·ation ·and 

Geotechnica·i:Englneerirjg-Study 
. . -- ' . ·. -.-·_-;.:_· .. ---· .!_-~-:~- ... · .. ~·/"·.·.·: 

--·-. - . ·- ----
Proposed Sitctim V/aterw_~y .Termin~r 

.... --'- ·- -~-

:..--

... .__·_ -
. . ..... _,-.. -. 

- .:·- -. 

- ______ ,._ -................ _ .. ' 



J-1042-02 

APPEtmlX A 
FIELD EXPLORATIONS 

The field exploration program completed for this study consisted of a total 
of 10 hollow-stem auger borings. Seven borings, designated S-1 through S-7, 
were advanced on land. Three borings, designated OS-1 through OS-3, were 
completed offshore. These explorations were completed in general accordance 
with our April 22, 1982 proposal letter. 

The purpose of the onland borings was to explore the conditions of the slag 
fill placed in the previous site development for TOTE operations and evaluate 
the nature, of the underlying natural soils encountered in the vicinity of the 
proposed rear crane rail in order to evluate slope stability, alternative 
crane rail foundation types and potential settlement of the completed structure. 
The offshore borings, accomplished at the Pierhead Line during this study and 
our previous site study ("Soil and Foundation Engineering Study Proposed Terminal 
Development, Sitcum Waterway, Port of Tacoma, Washington" dated April 4, 1978) 
provided boring explorations with a spacing on the order of 300 feet to delineate 
subsurface conditions along the waterside of the completed pier structure. The 
approximate locations of the various explorations accomplished for this study, 
together with the locations of explorations completed for the previous site 
study, are shown on Figure l; Site and Exploration Plan. Detailed interpre­
tative logs of the subsurface conditions disclosed at the 1982 exploration loca­
tions are included in this Appendix as Figures A-1 through A-10. 

The offshore borings, OS-1 through OS-3, were accomplished using hollow-stem 
auger techniques by Tom Campbell, Inc. of Lynnwood, Washington, under subcontract 
to Hart-Crowser & Associates, Inc. These borings were advanced utilizing a 
barge-mounted modified Mobile B-40 drill rig using 3-3/8 inch ID hollow auger. 
Borings OS-1 through OS-3 were advanced to depths ranging between 65 feet and 
32 feet below mudline or 120.5 to 132 feet below the deck of the barge. The 
offshore borings were advanced to near the depth limit of the equipment utilized. 
Borings S-1 through S-7 were drilled onshore by FLD Industries of Edmonds, 
~ashington, under subcontract to Hart-Crowser & Associates using a truck-mounted 
CME 75 drill rig with 3-3/4 inch ID hollow auger. These borings were advanced 
to depths ranging from 78.5 to 119 feet below the ground surface. 

Locations of the onshore borings were determined by hand taping methods from 
horizontal survey control points set by Port of Tacoma survey crews. An optical 
reference system consisting of a series of range stakes installed by the Port 
of Tacoma survey crew was used to locate the offshore borings. Elevation control 
of the offshore borings was accomplished using tide gauges established by the 
Port of Tacoma survey crews. The elevation of the onshore borings was determined 
by interpolation from topographic data furnished by the Port of Tacoma. The 
locations and elevations should be considered accurate to the degree implied 
by the method used. 

Representative soil samples were obtained at 2.5 foot and 5 foot intervals, in 
zones of particular interest. Representative disturbed samples of the predom­
inantely granular soils were obtained using the Standard Penetration Test (SPT) 
procedure in general accordance with the procedure described in ASTM D 1586. 
The SPT procedure consists of driving a standard 2-inch outside diameter 
split-barrel sampling tube a distance of 18 inches, using a 140 pounds hammer 
free-falling 30 inches. The resistance to sampler penetration is recorded in 
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three six-inch intervals. The number of blows required to drive the split­
barrel sampler the final 12 inches is referred to as the Standard Penetration 
Resistance or N value. This N value is used to classify the samples into. 
relative density categories. The Standard Penetration Resistance for each 
sample has been plotted on the boring logs at their respective sample elevation. 

If the high penetration resistance encountered in very dense materials pre­
cluded driving the total 18-inch sample interval, the penetration resistance 
for the partial penetration is entered on the logs as foll~""'s: if the total 
penetration is greater than six inches and less than 18 inches, then the noted 
N value is the sum of the number of blows completed after the first six inches 
of penetration, over the number of inches driven in excess of the first six 
inches. For example, a blow count series of 12 for 6 inches~ 30 for 6 inches, 
and 50 for 3 inches would be reported as 80/9 inches; while a blow count 
series of 30 for 6 inches, and 50 for 4 inches would be reported as 50/4 inches. 
In the case where total penetration is less than 6 inches, the total number of 
blows and penetration is indicated. 

Although the site soils are predominantly granular in nature, a few Shelby 
tube samples of the siltier zones were obtained. Generally, poor sample 
recovery was noted for this sampling method. This sampling method consists 
of hydraulically pushing three-inch diameter seamless thin wall, steel tube 
samplers into the siltier soils at the desired depth. This sampling method 
substantially reduces the degree of sample disturbance, as compared to driven 
SPT samples. Shelby tube samples were sealed in the field. Representative 
samples of the materials recovered within the split-barrel sampler were class­
ified and placed in water-tight jars. All samples were transported to the 
Seattle laboratory of Hart-Crowser & Associates 'for further classification 
and testing. 

The borings were continuously observed and sOil conditions were logged by 
Messrs. Scott Wright, Bruce McDonald and Jon Sondergaard, all engineering 
geologists with Hart-Crowser & Associates. The soil stratification was gen­
eralized from drilling observations and the samples recovered from the explora­
tions. The material changes indicated on the boring logs are often gradational 
in nature, and subsurface conditons may vary at locations other than where the 
explorations were completed. 
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APPE~lllX B 
LABORATORY TESTING PROGRA.'1 

A laboratory testing program was performed for this study to e'\·aluate the 
basic index and geotechnical engineering properties of the site soils. 
Laboratory tests were performed on both disturbed and relatively. undisturbed 
samples. The laboratory tests performed and the procedures followed are 
outlined belOI,. 

Visual Classification 

All soil samples recovered in the exploration-s were visually classified in 
the field and then transported to the laboratory where the classifications 
were verified in a relatively controlled environment. Classifications were 
made in general accordance with the Unified Soil Classification System presented 
in Table B-1. Visual ~lassifications included soil consistency or density, color, 
moisture content, major soil type and the modifying fractions in the sample. The 
classifications of selected samples were checked by performing grain size analyses 
on the samples. 

Moisture Content Determinations 

Moisture contents were determined for each samples recovered in the explorations 
in general accordance with ASTM D 2216071 as soon as possible following their 
arrival in our Seattle laboratory. The results of these tests are shown adjacent 
to each soil sample on the Boring Logs, Figure A-1 through A-10. In addition, 
the moisture contents of samples subjected to other testing have been determined 
and are presented along with the various test results.which follow in this appendix, 

Grain Size Analysis 

Grain size analyses were performed on representative samples in general accordance 
with test procedures described in ASTM D 422063. The wet sieve analysis method 
was used for most samples and determines the size distribution greater than the 
U.S. No. 200 mesh sieve size. The size distribution for particles less than the 
No. 200 mesh sieve was determined by the hydrometer method for a selected number 
of samples. - The results of the tests are presented as curves in Figures B-1 
through B-13, plotting percent finer by weight versus grain size. Each curve 
is identified as to boring and sample number with a complete written description 
presented in tabular form at the bottom of the figure. Samples subjected to 
grain size analyses are identified on the boring logs. 
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Boring Log OS-1 
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INTERPRETATION 
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Grain Size Classification 
Boring OS-1 

Sieve Analysis 
Size of OpeninQ in Inches I Number of Mesh per in., US Standard 
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Grain Size Classification 
Boring OS-2 

Sieve Analysis 
Size of OpeninQ in Inches I Number of Mesh per in. 1 US Standard 
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J-1042-02 October 1982 
HART-CROWSER & associates inc. 

Figure B-9 



Boring 
SOIL 
IUTEnPRETATION 

Log OS-3 

(Elev.) 
Approldma1e S!allon 11+50 Depth .Feel 
Approximate Mudline Elevallon In Feet -4S (ltlUI) Feel Fu1ur• 
~-----------------------~ 0 oredo10ne 

~odium dense, ,aturated, black, slaq GRAVEL (FILL), -,:ai,i-
increas1ng SA/10 and clayey SILT content with 
depth. 

Loose to MC1iu11 d~nse, s~turated, gray, fine to 
medium SAIIO 

Medium dense, s~ightly silty 

Medium dense, silty, occasional wood fragments 

-51 

IO (-55} 

15 

Sample 

5-1 

S-1 

S-3 

S-4 

S-5 

20 (-65) 5-6 

Silty, fine SAUD interbeds 

Medium dense to dense, saturated, gray, sllty,fine· 
SAND with thin SAflD lenses • 

Grades to silty, fine to medium SANO 

Hedi um dense, saturated,. gray, fine to medium 
5AIIO 

Dense, saturated, gray, silty, fine to medium 
5AIIO. 

25 

30 

35 

40 

45 

50 

$- 7 

5-8 

(-75) 

5-9 

• S-1 O 

( -05) 

5-11 

5-11 

(-95) 

STANDARD· 
PENETRA T\ON RESISTANCE 

I uo oouno .. ,,on1, 30 ,nen cs,opJ 

~ Blows por Fool 
S 10 20 " "' I I I I 

' 
~. 

\ 

' •. 

c 

a 

' ,, 

' 
I 

~ • a 

'\ 

• 
I 2 S 10 20 SO 100 

• Nalural Waler Contenl (") 

LABORATORY 
TESTS 

.GS 

GS 

GS 

,GS 



SOIL 
INTERPRETATION 

' 

Dep!h (Elev.) 

STANDARD 
PENETRATION RESIS.TANCE 

I uo po.,,..d ,..,,gri1. JO inch d•ool 

LABORATORY 
TESTS 

Feel Feet Sarnple • Blows pet Fool 
' .. " !>O ,on 

.-------------------, 00 (-95) 
Dense, saturated, gray, silty, fine to·medium 
SAUD. 

f------ -- -- -- -- --
Medium dense, to very dense, saturated, 
silty fine SANO to fine sandy SILT. 

__ (-98.5) 

gray, 

(-110) 

60 (-105) 

·~ Bottom of Borehole at 65 feet below rnudline, 
Completed 5/6/82. 

70 (-llSi 

eo (-125) 

90 (-135) 

90 

100 (-145) 

Groundwaler Level Samplin Laboralory Tesls 

l8l 2· 0.0. SOlil Spoon GS G,,in 5111 An;ilysis 
s,mpl1 

e,n1onll1 s,11 CN Consolida\ion T111 

[SJ 3' O.D. Sh1lbr Tub, 
S1mpl1 K Plfm11bilil1 TUI . OS Di•1c1 Sh111 

i!Ill Cutting S1mpl• 
~ Ou UfH:Onlin•d Com11ru1ion, 

Wuer l•v•I 1011•1 • No S1mpl1 
,,, 

Al Tim• ot Drilling A•cov•,, 
TV lorun•, 111 

Obn•vuion W•II lip pp Pock•• P•n•trom•I••. '" or Slou•d S1chon 

' 

GI 

• 
I/ 

I 
GI 

S-15 • 

• 

> 

' 

I 2 S 10 20 " ••• 
• Natural Water Conlent ("l 

TUU Triaual Uncon$Dlldit1d 
Undr1m1(;1 

,cu Tri,•lat Consohdal1d 
Und11in1d 

!CD lria,ial Con1ohd111d 
01•in•d 

Water Contenl c•> 
P11sllc 

JNal~11II 
liquid 

l(m!f UmU 

W1t•r Con1•nl 

Notes 

I. Soil d1\c11plic)n1 11• inl11p,.1, .. , ind 

,c1u11 ch1n11•s ma, b• gradu1I 

1 W1l1, l•v1l, •f md•Cll•d, II lo• lh• d1I• 
11>•Clhtd and m1, n,, ,u1h lh• \l<i,. ~I , . ., 
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Grain Size Classification 
Boring OS-3 
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Hydrometer Analysis 
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Sample Depth-ft u.s.c. Classification 
Nol Atterberg Limils 

WC. % LL PL Pl 
S-4 9.0 - SM Silty SAND 23 

1 0. 5 

S-8 28.0 - SM s i1 ty' medium to fine SAND 23 
29.5 

S-11 42.0 - SP Medi um to fine SAND 23 
43.5 

S-12 46. 5 - SM Very silty, medium to fine SAND 25 
48.0 

S-14 55.5 - ML - Very sand SILT to very silty SAND 25 
57 .0 SM 

S-15 63.5 SM Very s i 1 ty, fine SAND 23 
65.0 

J-1042-02 October 1982 
HART-CROWSER & associates inc. 

Figure B-.10 
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Boring Log S-1 
SOIL 
INTERPRETATION 

Appro1dma1e Station 17+50 
•18 (IILLW) 

Deolh (Elev.) 
~eel Feet App10 .. ma1e Ground Surface Elevation In Feel 

~-----------------, O (•18) 
Asphalt and Crushed GRAVEL Surfacing 

Medium dense, moist, black, slightly sandy, 
fine to coarse slag GRAVEL (FILL). 

Loose, saturated below 16 feet. 

( -9) 

11edium dense to dense, saturated, gray, silty, 
fine to medium SAND with occasional wood and shell 
fra9ments. 

( -14) 

Dense, saturated, gray, fine to medium SAND. 

Grade!s to fine SANO. 

( -23 I ------ ---- --
MediJJm dense, saturated.gray, silty, fine SllflD 
to fine sandy SILT. 

(-28) -- -- -- -- -- --
Dense, saturated, gray, fine SAND. 

------------- (-32) 

5 

10 ('8) 

IS 
.,,_ 
ATD 

20 (-2) 

25 

30 (-12) 

35 

40 (-22) 

45 

50 (-32) 

Sample 

S-1 

S-2 

S- 3 

S-4 

S-5 

S-6 

S-7 

S-8 

S-9 

S-10 

S-11 

STANDARD 
PENETRATION RESISTANCE 

& Blows oer Fool 
• ,o ,o •• ,oo 

i 
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.. 
I 

> 
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I'\. 

" I\ 
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lY SOIL 
INTERPRETATION 

Very dense, saturated, gray, fine SAND, 
trace of organics. 

I -J91 

Deplh {Elev.) 
Feet Feel 

50(-32) 

- --- --- --- --- --- --- --- -

Mediur;1 dense, saturated, gray, silty, fine to 
medium SANO. 

~ Trace wood fragments 

60(-42) 

-

t-- -- -- -- -- -- --
I -4 71 --~ 65 

!'.edium dense to dense, saturated, gray, silty, 
fine SAflO 

r Wood fragments 

t---- --

Medium dense, saturated, gray, fine SAND. 

Bottom of bortng at 89 Feet. 
Completed 5/20/82. 

Groundwater Leve! 

Wart, Ln•I (011,) 
A1 T,,.., or Q1111,ng 

Obu,.-,1,on Well T,o 
or S1011,e1 Sec11on 

Samphn9 

[3l ... 0 0 Si,111 Si,i,on 
Si1mo1, 

[SJ 3• 0 0 Sl"leltlr luht 
Sa,.,01, 

[Ill Cu11,ng S1molt 

No S1mo1t 
AttO•tfJ 

70(-52) 

-

75 

eo (-62) 

85 

(-71 

90 (-72) 

100(-82) 

Labor~tory Tas!S 

GS Gril,n S11, An1lys,s 

CN Consohdi1!1on T,s1 

' P1rmtab1h•y Ttsr 

OS o,,.ct Sl"lt1t 

OU Uncontontd C<'"'D••ssion, 

'" 
" Tor,1,., "' 
" Poc~,1 "'"""'"''1"· "' 

STANDARD 
PENETRATION RESISTANCE 

LABORATORY 
TESTS 

A Blows per Fool Sample ' ,, " " "" I 

S-12 

/ 
/ 

./ • 
\ 

S-1 J > GS 

I 

S-14 • 

\ 
S-lS •• 

I 
S-16 • • GS 

S-17 • 

S-18 •• 

S-19 • 

10 20 " ,oo 
• Na1urel Water Con1en1 (%) 

TUU '"'"ill Unconsohd1111d 
Urd•1,nad 

TCU T,,a.,11 Co"•ol,d1••d 
Undr1,n,d 

TCO T,,a,o,I Consnhd11td 
o,,,,,,c, 

Water Conlenl (%) 

PllshC ~ llOu•<I 
l om,r "411u•1I l.,..,, 

w,,e• Conle<>I 

Notes 

1 Soll d1•cr1ohons fr1t ,n1e•or1111,, 1nd 

lth.,11 c1>1ngu ,.,~, b" gr11lu1I 

w,1., Le•tl ,r ,,,<:1,c111•H1 Is to, 1.,, dt1• 

10,c,t.•d ,,,d .... , ••• , ..,,rh I"•,,,.,, DI 

, ... 

J·1042-02 Auousl 1982 

HART·CROWSER & associates Inc 

Figure A· 1 



.-::-.::.. Grain Size Classification 
Boring S-1 

Sieve Analysis 
Size of OpeninQ in Inches I Number of Mesh per in., US Standard 
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Sand 

Hydrometer Analysis 
Groin Size in mm 
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20 

40 
() 
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50 u, 
n, 
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80 
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' 00 

Sample Depth-ft u.s.c. Clossif,colion 
A!lerberg Limits 

we % LL PL Pl 

S-6 27.5 - SM Silty, medium to fine SAND 31 
29. 0 · 

S-10 42.5 - ML Very sandy SILT 37 
44.'o 

S-13 57. 5 - SM Very silty, medium to fine SANO 26 
59.0 

S-16 72.5 - SM Si 1 ty, fine SAND 28 
74.0 

J-1042-02 October 1982 

HART-CROWSER & associates inc. 
Figure B-1 



Boring Log S-2 
SOIL 
INTERPRETATION 

Approxlmala Siellon 22+00 
Appro•lm•t• Ground Surlect Elevellon In Fett +18 (MllW) 

0,01h (ElevJ 
Feet Feet 

,-------------------, o (+18) 
Loose to medium dense, ~ofst, brown, silty SANO 
wtth occastona1 gravel, metal and wood fragments. 
(FILL). 

Saturated, brown and black. 

-- __ (+1.5 

Loose, satur~ted: black, stlty, fine SArlD, 

Grades to ft ne sandy Sil T. 

-3 

Hedtum dense to dense, satur-ated, gray, fine to 
medt um SANO. 

Silty, trace shell fragments. 

Hedfum dense to dense, saturated, gray, slfghtly 
silty to silty, fine SANO. 

m 
10 (+8) 

IS 

20( -2) 

2S 

30(.12) 

eo(-32) 

Sample 

S-1 

S-2 

S-3 

S-4 

A 
S-5 B 

S-6 

S-8 

STAND4RD 
PENETRATION RESISTANCE 
(140 pound wtlOl'II, 30 lncfl drool 
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·.· SOIL 
· lliTEAPAETATION 

Otplh 
Fttl 

.-~~~~~~~~~~~~~~~~~~~ so 
(ElevJ 
Feat 
( -32) 

Medium dense to dense, saturated, gray, sltghtly 
stlty to silty, fine SAND. 

Very dense 

Thin SILT 1nterbeds 

60 (-42) 

65 

70 (-52) 

75 

80 {-62) 

es 

90 ( -72) 

95 

100 ( -82) 

Sample 

-S-13 

S-14 

S-1 

S-1 

S-1 

S-1 
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S-21 

s 

STANDARD 
PENETAA TION RESISTANCE 
( 140 pound •111,1111, 30 lflcfl droo) 
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• N1lur1tl Water Conlenl (1') 
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! 
' 

SOIL 
INTERPRETATION 

Deolh (Elav.J 
Fett Feet 

,------------------, 100 (-B2) 
Hedfum dense to dense, saturated, gray, slightly 
s11ty to silty, fine SAND. 

- - -- -- -- -- -- __ Gfil..l 105 
Dense. saturated, gray, f'tne to medtu111 SAND. 

- Thin SILT lenses 

Bottom of Boring at 119 feet. 
Completed 5/12/82. 

., 

-
(. '"'' 

110 (-92) 

115 

120 (-102) 

125 · 

130 (-112) 

135 

,140 ( -122) 

150 (-132) 

( Groundwaler Leyef Sampllnq LabOratory Testa 

I 
i 

I 
Benlonu, s,11 

... l Wet•r L•.,•I ID•t•) 
)ATD Al Time of Drffllflt 

I 
ObllrYlliOn w,N TtD 

Of SIOIHd S1c11on 

~ z• 0.0. Spill S1>oon 
S1mpt1 

ISJ 3• o.o. Shel'br Tub• 
S1mo1, 

DIID Culllno S1molt 

• No s,mple 
Aecowe,, 

OS Drain Size An1tr1l1 

CN CoMOlld1tlo1t T11I 

• ,,,m,1bni•r T11t 

OS DtrKI St1e1r 

OU Unconllned Cornc,,esslon, 

"' 
TV Torw1n1, 11r 

,... "oc••t Penetromele,, 111 

STANDARD 
PENETRATION RESISTANCE 

LABORATORY 
TESTS 

.&. Blow• par Fool Sample • ,o •• .. • •• 
I 

S-23 •• GS 
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,, 
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1 z 5 tO zo 60 100 

• Natural Water Content (") 

TW Trl1•ltl Uncon1old1ted 
Undr1lned 

TCU Trt111tt Con1olldU1d 
Und11lntd 

TCO Trl11ltl Con10Hd1ted 
Onlned 

W•ter Contenl (1') 

PIIIOC ~ llOUNf 
Llmlt Nllur•I Lknll 

w11e, Co"11n1 

Note• 

t. Boll d11er1Dllon1 ,,, 1n1110,ethoe 1"11 

1c1uel ch•no•• m,, be aredu11 

J. w,1., L•"'· tt fftcHceted, 11 10, 11'11 d111 

u11clfl1d 1nd "''' ""' wlllt lhe 11me ol , . .,. 

J-10•2-02 Auousl 1982 
HART-CROWSER & assoclalts Inc. 

Figure A·2 



Grain Size Classification 
Boring 8-2 
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Sample Depth-ft U.S.C. Classification 
Atterberg Limits 

WC% LL PL Pl 

S-4 17. 5 - ML 
19. 0 

S-9 32.5- SP 
34.0 

S-15 62.5 - SM 
64.0 

S-18 79.5 SM 
81. 0 -

S-23 l 02. 5 - SM 
l 04. 0 

Very sandy SILT 

Medium to fine SAND 

Silty, fine SAND 

Silty, fine SAND 

Silty, fine SAND 

33 

29 

26 

29 

26 

J-1042-02 October 1 982 
HART-CROWSER & associates inc. 

Figure B-2 



Boring 
SOIL 
INTERPRETATION 

Log 

Approxlmale Stalion 19•10 

S-3 

Appro•imale Ground Sulfaca Elavalion In Feat +18 (llllW) 
OePlh 
Feel 

(Elev.) 
Feet 

~-------------------~ 0 ( + 18) 
Asphalt and Crushed GRAVEL surfacin 

Loose, mo1s~own SANO (FIL.!:l:_ _____ (.+15 

Medium dense, molst, black, sandy slag GRAVEL 
(Fill). 

Saturated below 19 feet. 

Loose 

Oense, saturated, 91ay, silty, fine to medium 
SAND. 

Grades to slightly silty, fine to medium SANO. 

Grades to fine to medium SArlD. 
-- -------- ----

Hedlum dense to dense, saturated, gray, silty, 
fine SAND with .trace shell fragments. 

fine SANO fnterbeds 

-- -- -- -- -- -- --
Dense, saturated, gray, silty, fine and fine to 
medium SAUD with scattered wood fragments. 

5 

10 ( +O) 

15 

25 

30 (-12) 

40 (-22) 

45 

50 (-32) 

S-11 

S-12 

STANDARD 
PENETRATION RESIST ANGE 

I 140 pound weigh!, JO inch dro11l 

a\ B1ows per Fool 

' " " ,00 

' 
C 

\ 

... \ 
• I 

I 
Ii 

·• 

' 
'\ 

i\ . ' 
I 

• 
;,. 

/ 

• • 
\. 

w 

. ~ 
I 10 lO !,O 100 
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SOIL 
INTERPRETATION 

Oopth (Elev,) 
Feel 'Feet 

~--------------'---- 50 (-31) 
Dense, saturated, gray, silty, fine and fine to 
medium SAtlO with scattered wood fragments. 

60 (-41) 

~---. ---------~ 
Dense, saturated, gray, slightly silty, fine 
SANO with SILT int\rbeds ·, 

Bottom of boring at 80 feet. 
Completed 5/14/82. 

I -61) 

70 (-51) 

eo (-61) 

85 

90 (-71) 

95 

100 (-82) 

Groundwa1er Level Sampling Laboratory T c.sls 

eenton,le S•al 

WIIII l••tl (0111) 
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o• S1011ed Stcl,on 
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3' 0.0. S"1lt11 Tube 
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GS Gra,n S111 .lnaly515 
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" Poc~el Ptl'<!IIOm<!ll!'r. '" 

STANDARD 
PENETRATION RESISTANCE 
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1ES1S 
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Grain Size Classification 
Boring S-3 

Sieve Analysis 
Size of Openim~ in Inches I Number of Mesh per in.1 US Standard 
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Hydrometer Analysis 
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Sample Depth-ft u.s.c. Classification 
Not. Atterberg Limits 

w.c 0/o LL PL Pl 

S-8 32.5 SP Fine to medium SAND 26 
34.0 

S- l 0 37.5 - SM Very s i 1 ty, fine SAND 31 
39.0 

S-13 52. 5 - SM Very silty, fine SAND 27 
54.0 

S-16 69.5 - SM - Slightly silty, fine SAND 24 
71 . 0 SP 

J-1042-02 October 1982 

HART-CROWSER & associates inc. 
Figure B-.3 



Boring 
SOIL 
INTERPRETATION 

Log S-4 

Approximate S!ation 16+00 Deplh cE1ov.J 
App,0Jima1e G1ound Surface Elevallon In Feel +18 (MLLW) Feel Feet 
.----------------,---------, O (•18) 

Asphalt and Cru$hed GRAVEL $urfatin9 

Oense, damp, brown, fine to medium SANO (FILL). 

-- -- -- __ (• 4 

Medium dense, moist, black, slag GRAVEL {FllL} 

Saturated, sa.ndy 

~ 

Sandy _____ . _________ {-10.S) 

lnterbedded, medium dense, saturated, brown-green 
stlty,ffne to medium SAND and stiff, saturated, 
brown-green SILT. 
Trace wood fragments and shells (--14) 

Occasional SILT lnterbeds and shell fragments. 

-- -- -- -- -- -- __ (-18 

Medium dense to dense, saturated,,gray, slightly 
silty, fine to medium SANO. -

----------- (-28 

Dense, ~aturated, gray, silty, fine to medium 
SANO, 

• 

10 (+8) 

15 

.l2.. 
ATO 

20(-2) 

25 

30(-12) 

35 

40(-22) 

•• 

oo(-32) 

Sample 

S-1 

S-3 

S-4 

S-5 

S-7 

S-8 

S-9 

S-10 

5-11 
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PENETRATION RESIST ANGE 

{140 pou"d w1t11;1h1, :,o ;,,,h d100) 
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LABORATORY 
TESTS 
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SOIL 
INTERPRETATION 

Oens.e, saturated, gray, silty, fine to·medium 
SAND. 

- Silt interbeds and wood fragments -

--- -- ____ _l;4Zl 

Dense, saturated, gray, slightly silty, fine 
to medium SAND. 

• 
~--- --- --- - _ l.:..ill_ 

s ti ff to hard, sa~urated, brown, fine sandy 
SILT. 

f -61' 

Bottom of boring at 79 feet. 
Completed 5/17 /01 
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Grain Size Classification 
Boring S-4 

Sieve Analysis 
Size of Openino in lnches I Number of Mesh per in. 1 US Standard 
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Sample Depth-ft U.S.C. Classification 
Not Atterberg Limits 

WC % LL PL Pl 

S-7 30.0 - SM Silty, medium to fine SAND 27 
31 . 5 

I 

S-10 37. 5 - SM - Slightly silty, medium to fine 23 
39. 0 SP SAND 

S-12 47.5 - SM silty' medium to fine SAND 37 
49.0 

S-15 62.5 - SM - Slightly silty, medium to 31 
64.0 SP fine SAND 

S-18 77 .5 - ML Sandy SJ.LT 28 
79.0 

J-1042-02 October 1982 

HART-CROWSER & associates inc. 
Figure 8-.4 



Boring Log 
SOIL 
IN1EAPAETAT10N 

ApproXlmele Station 13+00 

S-5 

App1o•imate Ground Surface Elevation In Feel +18 (MLLW) 

Asphalt and Crushed GRAVEL surfacing 

Medium dense, moist, brown, s11ghtlys11ty, 
gravelly SANO (FILL). 

Loose, moist, black, slag GRAVEL (FILL}. 

Saturated below 18 feet, sandy 

Sandy below 23 feet 

__ (-11.5) 

Dense, saturated, gray, silty, fine to medium 
SAND. 

Interbedded, dense, saturated, gray, silty, 
fine to medium SAND, with stiff, saturated, brown, 
clayey SILT. 

-3 

Oeplh 
Feet 
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SOIL 
INTERPRETATION 

Oooth (ElevJ 
Feel Feet 

-----------------~ 50 (-32) 
Mediurn dense to very dense. saturated, gray, 
sl tghtly stl ty, fine to medium SANO. 

(-49) 

60 (-42) 

65 

Medium dense to dense, silty, fine to medium SAflD. 

Cottom of borin9 at 79 feet. 
Completed 5/11/82. 

Groundwater Level 

W1ter le•~I fD•t•J 
Al Tom• ot Drilling 
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Grain Size Classification 
Boring S-5 

Sieve Analysis 
Size of Openino in lnches I Number of Mesh per in., US Standard 

Hydrometer Analysis 
Groin Size in mm 
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S-10 
Depth·fl 

37.5 -
39.0 

u._s.c. 
SM 

Classification 

Very silty, medium to fine 
SAND 

W.C. 0/o 
24 

Atterberg Umi!s 
LL PL Pl 

S-14 

S-15 

S-17 

5-21 

44.6 -
44.8 

47. 5 -
49.0 

52.5 -
54.0 

72.5 -
74.0 

SM 

SM 

SM 

Silty, medium to fine SAND 
with slag and wood fragments 

Very silty, medium to fine 
SAND 

Slightly silty, medium to fine 
SAND 

Silty, fine to medium SAND 

25 

20 

23 

28 

J-1042-02 October 1982 

HART-CROWSER & associates inc. 
Figure B-.5 



Boring 
SOIL 
INTERPRETATION 

Log S-6 

Appro,dmale Stalion 10+00 
Appro•imafl!I Ground Surface Elava/ion In F1tel 4-18 (i'ILLIJ} 

Depth (Elev.) 
Fee/ feel 

.-----,---c:--c-==---,----,-----~ O ( +18) 
As halt and Crushed GRAVEL surfacin 

!4edlum dense to dense, moist, mixed brown SAUD 
and black, slag GRAVEL (FILL). 

Lonse, saturated, black, sandy, fine to coarse 
slag GRAVEL (FILL). 

Slightly sandy 

• 
S 1 i ght ly sandy 

Medium stiff, satur-ated, brown, silty SANO 
to fine sandy SILT, with scattered organics, 
roots and shell fragments. 

tiedium dense, saturated, gray, slightly silty, 
fine to medium SAUD. 

Medium dense, saturated, gray, fine sandy 

Dense, saturated, gray, fine to medium SANO 
with silty, fine SAND lnterbeds. 

Grades to silty. fine to medium SANO. 
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·-. ~ 
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SOIL 
INTERPRETATION 

Very dense, saturated, gray, fine SAND. 

Shel 1 fr.agme~ts 

Slightly silty 

___[-33 

(-52) 

Oeolh 
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,o 
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( -32) 

(-41) 

( -52) 
Very dense, s~turated, gray, silty, fine SAtlD. 

Bottom of Doring at 78.S feet. 
Completed 5/l~/82 
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( - Grain Size Classification 
Boring S-6 

· Sieve Analysis 
Size of Openino in Inches I Number of Mesh per in., US Standard 
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Hydrometer Analysis 
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Sample Depth-ft U.S.C. Classification Not Atterberg Limits 
WC.% LL PL Pl 

S-6 27. 5 - SM 
29.0 

S-9 37.5 - ML 
39.0 

S-11 47.5 - SM 
49.0 

S-16 72.5 - SM 
74.0 

Gravelly, very silty SAND 35 

Very sandy SILT 

Very silty, medium to 

silty, fine SAND 

25 

fine SAND 19 

22 

J-1042-02 October 1982 

HART-CROWSER & associates inc. 
Figure 8-6 



Boring Log S-7 
SOIL 
lt~TEnPRET ATION 

Approximalo Station 7+1S 
Appro-.mall G1ovnd Sutlace Elevation In Feat +18 (t\LLW} 

i halt and Crushed GRAVEL surfacln 

Dense, moist, bro·.~n. fine to medium SANO w1th 
occasiona'l SILT -inclusion and shell fragments 

f ll!.L_ -- -- -- -- --

Loo!i.e, moist, black, slag GRAYEL (FILL) 

Sandy 

Saturated below 10 feet 

Stiff, saturated, brown, fine sandy SILT with 
shell fragments. 

Clayey 

Loose, saturated, gray, fine to medium SANO. 

Slightly silty 

-9) 

-- -- -·- -- -- -- -- -11 

lnterbedded, medium stiff to stiff, saturated, 
brown, fine sandy SILT and medium dense, saturated 
gray, fine to medium SANO and silty, fine SANO, 

- S) 
Medium dense to dense, saturated, gray, sli9htly 
s11ty to silty, fine and fine to medium SAIID. 

DePlh (Elev.) 
Foat Feel Sample 
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SOie· 
INTERPRETATION 
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Feel 
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.--~~~~~~~~~~~~~~~~~~~ 00 (-31) 
Medium dense to dense, saturated, gray, slightly 
silty to silty, fine and fine to medium SAtlD. 

_ Very stiff SILT lenses and shell fragn,ents(-40.S}--
Dense to very dense, saturated, gray, slightly 

60 1-41) 
silty, fine to medium SAtlO. 

.- Trace shell fr'agments 

t- Trace shell fragments 

Bottom of boring at 79 feet. 
Complelt!U 5ii3/82. 
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Grain Size Classification 
Boring S-7 

Sieve Analysis 
Size of Openino in Inches I Number of Mesh per in., US Standard 
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Hydrometer Analysis 
Groin Size in mm 
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Sample Depth-ft U.S.C. Classification 
Not. Atterberg Limits 

S;-6 27 .5 - ML 
29.0 

S-8 34.6 - SM 
34.8 

S-9 37.5 - SM -
39.0 SP 

S-13 52.5 - SM 
54. 0 

S-16 72.5 - SM -
74.0 SP 

WC% LL PL 
Slightly gravelly, very 36 
sandy SILT· 

Silty, medium to fine SAND 22 
with slag and wood fragments 

S l i g ht l y s i 1 ty , rn ed i urn to fine 30 
SAND 

s i l ty, fine SAND 23 

Slightly silty, medium to fine 24 
SAND 
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