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GEOTECHNICAL SECTION

1. SOILS

1.1 Solslnvedigation

1.1.1 Drilling. Six (6) borings, BL-1, 2, 4, 6, 8, and 9 (BL-3, 5 and 7 were deleted due to
access redrictions), were drilled a the locations shown in Appendix 1 from 20 September to
26 September 2000 at Bolinas Lagoon. The depth of the soil borings ranged from 13.0 feet to
70.5 feet below the exigting surface. Bore holes were advanced to the find depths using rotary
wash drilling with drilling mud recirculation.  After completion of the sampling, each of the
boreholes was grouted with cement- bentonite and the surface restored to its origina condition.

1.1.2 Sampling. Both disturbed and undisturbed samples were obtained at 3 feet intervas for
identification. Phydicd laboratory testing utilizing severd types of samplers were used as
follows

SPT. The Standard Penetration Test (ASTM D-1586) sampler was used to obtain
relatively disturbed samples for soil identification and classfication with index tests, and to
obtain penetration resstance data. A 140-1b safety-type hammer faling 30 inches was used to
drive the samples. The penetration resistance vaues recorded on the boring logs adjacent to
the sample depth is the number of blows required to drive the sampler for the final 12 inches of
an 18 inch drive.

Dames & Moore U-Sampler. The U-Sampler was used in granular soils and cohesive
soils to obtained relaively undisturbed soil samples.  The ring-lined barrd sampler, with a
nomina 2 1/2-inch inner diameter and 3-3/4-inch outer diameter is in compliance with ASTM
D-3550. The same hammer used to drive the SPT sampler was used to drive the U-Sampler.
Soil samplesfor laboratory testing were obtained with the U-Sampler lined with Sx 1-inch brass
ring liners

NQ-Rock Core Barrd. NQ split barrels with diamond core bits were used to obtain
continuous cores of bedrock materid a boring BL-9 where bedrock was encountered at a
depth of 2.0 feet. The NQ barrd has a 2-inch-diameter diamond bit. Typicad runswere 5 feet
in length at the BL-9 locetion.

1.1.3 Laboratory Soil Teding. Soil samples were delivered to Signet Testing Labs, Hayward,
Cdifornia (AASHTO Materids Reference Library (AMRL) accredited) for classfication and
testing. Testing conssted of seve and hydrometer tests (ASTM D-422), Atterberg limits tests
(ASTM D-4318), unconsolidated undrained triaxid compression tests (ASTM D-2850), and
consolidated, drained direct shear tests (ASTM D-3080). Results of the |aboratory testing are
shown on the Boring logs on Appendix 2.
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1.1.4 Subsurface Soils. The subsurface soil in the North East and West side of Seadrift
between Seadrift Lagoon and Bolinas Lagoon (See Appendix 1) consst of multiple dternating
soil layers of Silty Sand (SM), Poorly-Graded Sand (SP), with the largest portion being a
mixture of these two, Poorly-Graded Sand with Silt (SP-SM). Additiond soil layersin smdler
quantities found in this area are Wdl-Graded Sand (SW), Well-Graded Gravel (GW), and Silt
(ML).

The soil found on the beach off the south end of Wharf Road (on the west sde of the Bolinas
Lagoon Entrance) is a 2 feet layer of Poorly-Graded Sand (SP) underlain by Dark Gray
Siltstone with increasing Rock Quality Designation (RQD) of up to 80% at 12 feet below the
surface.

The grain lithology andysis datain the 19 February 1999 Philip Williams and Associates draft
report “Bolinas Lagoon Hydrographic Data Report”, was converted for engineering grain Sze
andyss for classfication of soil type. The top layer of submerged soil in Bolinas Lagoon
conssts mogtly of Silty Sand (SM) and Clayey Sand (SC). Smdler amounts of Poorly-Graded
Sand (SP), Well-Graded Gravel (GW), Clayey Grave (GC), Poorly-Graded Gravel (GP), and
Silty Grave (GM) were dso found in and around localized areas in Bolinas Lagoon.

2. ANALY SES
21 Shed Ples

2.1.1 Sheet Pile Embedment Length The Corps computer program X0031, CSHTWAL, was
used to determine the sheet pile embedment length for Seadrift Lagoon. Subsurface
dratification and soil strength parameters were based on data obtained from borings BL-1, BL-
2, BL-6, and BL-8. Cantilevered walls were analyzed and assumed saturated conditions
behind the wall equd to high tide water devation and water level devation in Seadrift Lagoon
equa to low tide weter level.

2.1.2 North Seadrift Lagoon Sheet Pile. The overal length of the cantilever sheet pile required
for the Northern location is thirty-two (32) feet with a twenty-one (21) feet embedment (See
Appendix 4). The maximum bending moment is 53,823 LB-FT located a nine and ahaf (9.5)
feet above the bottom of the sheet pile. If A690 marine sted is used, the section modulus
required for the sheet pileis

Sx>870in /ft.

2.1.3 South Seadrift Lagoon Sheet File. Theoverdl length of the cantilever sheet pile required
for the Southern location is thirty (30) feet with a twenty-one (21) feet embedment (See
Appendix 4). The maximum bending moment is 46,859 LB-FT located at ten (10) feet above
the bottom of the sheet pile. If A690 marine sted is used, the section modulus required for the
sheet pileisSx>7.58in /ft.




Bolinas Lagoon Ecosystem Restoration Project
Technical Appendices. Engineering Appendix

22  Sope Stability Analyses

2.2.1 Sope Sability Cases. The Corps computer program, UTEXASS, for dope stability
anayses was used to determine the factor of safety for the Bolinas Lagoon channel for a4H:1V
and a3H:1V design dopefor (1) after construction case, (2) the pseudo gtatic seismic case and
(3) the rapid draw down case from tidal changes. Spencer’ s method of analysis with the search
option was used to locate a series of dip surfaces from which the critica dip surface was
determined. The converted grain size “Bolinas Lagoon Hydrographic Data Report” by Philip
Williams and Associates was used to develop the soil profile for the sections (see Appendix 3).
The result of the dope gability andyses are presented in the following paragraphs.

2.2.2 4H:1V Sope Sability Andyses. The after congtruction case safety factor is 2.48. The
safety factor for the pseudo static seismic caseis 1.01 using a seismic coefficient of 0.14G (See
Sheet 1, Appendix 5). The safety factor for the rapid draw down case at low tide is 1.46 (See
Sheet 2, Appendix 5).

2.2.3 3H:1V Sope Sahility Andlyses. The after construction case safety factor is 1.92. The
safety factor for the pseudo static seismic caseis 1.01 using a seismic coefficient of 0.11G (See
Sheet 3, Appendix 5). The safety factor for the rapid draw down case at low tide is 0.91 which
indicates afailure of the dope (See Sheet 4, Appendix 5).

2.2.4 Bolinas Lagoon Channd Design Sope of 4H:1V. Base on the result of the dope stability
anadyses for a3H:1V and a4H:1V dope, the dope of 4H:1V dope is proposed for the design
dope asit is stable for each of the following cases. after congtruction, pseudo static seismic and
rapid draw down. The 3H:1V dope will fall during rapid draw down which will occur during
low tide.
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NOTES: !
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R e it SRR STl SN PRIPES SpupA s FR I S L
3A SPT | 12 *”1 |1/ 8M  grades more silt with slight organic oaor
133.5) | ]i
i SPT | 17 R 1| SP GRAY TODARK GRAY POORLY GRADED SAND
: 111 8M WITH SILT medium dense to dense, wet, fine to
b medium sand
U 52 l o
55 R B g T R TS [URNNG DRI SRR DU JIORE T S
SPT | 19 ‘
i
SPT | 85 “;J
70
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LABORATORY TEST DATA SAMPLING |
ATTERBERG EN T !
LMITS | STRENGTHDATA | BORING BL-2
C} —

o A8 o L oy o
W o o Bt E B i
blge = Zx &892 E ¥2.3 .x g8
L oW iof | 5 = Tziiana Bl 2.0 80022
z &S ST Ex | ow ZEERiSEEiEz H#E0F 28 o
T 83 85 BE O ZESHEY vl SR I EE EZ O
Elog =2 <2 uw EBRBESIoz 2% 2220 g
= ‘ & = o BYMBOL DESCRIPTION

NOTES:

1. Boring was completed to 70.5 fest depth on
September 26, 2000, Borehole advanced using

AT Al e e e T e I S T rotary wash driliing technigues. Borehole
backfilied witn cement bentonite grout.

2. Boring log indicates interpreted subsurface
conditions only at the location and the time that the
borehole was drilled,

3. Sampling resisiance for the U and SPT samplers
are measured in blows per foot to drive the
sampler 12 inches after an initial seating depth of 8
inches using a 148 Ib hammer dropping 30 inches.

o] N T e R B T T T 4. Groundwater level not chserved due to method of
drilling but was estimated from the observed
moisture change in samples. )

5. Ses Plate A-7 for general log notes and explanation
of symobols.

<o) e il L e S S e T LI P

Q{BMWW :m:.wwwwu_mawwwwmu*«~*--w»wuwu.‘ o wd e

T R el A S S R Al S SIS -
EE e e e e S E s SR PR RISIR P
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LABORATORY TEST DATA SAMPLING |
ATTERBERG STRENGTH DATA BORING BL-4
o o : .
| Wd o - £ : i
HigE _iro @ Befl oz i wE B Lol
S 00| of | 5E B S2hep g0 2 5E 2%
2188 Fc B3| 6 |SEEINEs £D |60 wIigE @
2L 23 %0 L EZpi st Eniouf £2 22 0Y
Ele9 -5 32 & 982 28 % F3 58.%
il e A RS &
s 18" - & °F % SymBOL DESCRIPTION
0 SP | LIGHT BROWN POORLY-GRADED CLEAN SAND,
very loose, d? medium sand, no fines,
subrounded [FILL7]
o1 2 N
|
5P BROWN TO LIGHT GRAY PCORLY GRADED SAND
SPT 4 . BN M WITH SILT, loose to medium dense, wet, medium
o to coarse sand, common shell fragments
DS | 1100 837 228/ 1257 U | 25 |
10 o il et el e e I IR B R ‘
4 8A SPT | 24 T ' finely lanminated sand, occasionai pebbles
@1 10
L] Mt rieit il n N R S T I coarse clean sand to pebbles
U 44 l o .
12101 SIECIRUECTE SN PRI SRS USRS VS SRR DS SRR SO ) N
SPT | 38 N - grades finely laminated fine sand
- ] grades coarser 1o pebbles
141 8M | DARK GRAY SILTY SAND. Toose to medium dense.
SPT 5 f Al wet, fine 1o very fine sand, no shell fragments, no
e R it il SECEEI FARTINPS PAPSIRS R s A SIS S discernible bedding.
SA DS | 3200] 2450, 387 1127, U | 21 :
{22.0) b
B0F - mm e e e MSWMMMWH T
1 8P DARK GRAY POCRLY GRADED SAND WITH SILT,
BPT 1 48 || 41 BM dense to very dense, wet, medium to coarse sand,
1 . some gravel
35 o
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LABORATORY TEST DATA | SAMPLING .
ATTERBERG - —_— : '
LiMITS | STRENGTH DATA BORING BL-4
o ;';wg
g ozl - rz @ 182% F w2 3 ,e0Q0
oW of | e oL EL o B D Z s S £z
z 82 SrlEx w Z2pisEkh ooz Wik Sd oL,
T ES 9% gu O z232ud 2958 a3 S8 .uw
= g0 o2 <2 @ (EERGET 0Z 2T XF 23 %
& onm, T EF ¥ zow o 28 5 P9 2
FeeRd - ha O 9 < - JR—
8w & s v SYMBOL DESCRIPTION
35
DS | 4300] 4539) 22.8) 1253 U | 508" l
5A SPT 52 |
PTaT X Wit T UM WS SO S S DU, SRR SR R
kOT&S
. Boring was completed 1o 40.5 feet depth on
September 21, 2000, Borenocie was advanced
F e T e SR SR St St e S i S dhi: Sl usmgmtarywasﬁ-:ﬁr&“mgtéchnques Barehole
was backfilied with cement bentonite grout.

2. Boring log indicaies interpreted subsurface
conditions only at the jocation and the tima that th
porehole was drilled.

- 3. Sampling resistance for the "U" and SPT samplers
are measured in blows per foot to drive the
sampler 12 inches after an initial seating depth of 8
inches using a 140 b hammer dropping 30 inches.
80 ~ - - R e e i e R e R 4, Groundwater level not observed due to driling
method but estimated from the observed moisture
change in samples. )

E. See Plate A-7 for general log notes and explanation

of symobols.
A
gau pr— o e e i e e e e e e e e e e s e e e e ]
60“u‘...u.‘.uw‘.wumwwuuumm“wuw‘uww“ - -y .
ﬁg.vwwv - [P - - v o e wedon e e w o wd e e e W
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LABORATORY TEST DATA | SAMPLING |
BER v : ; ? '
ATlaTs | STRENGTHDATA! | | | BORING BL-6
- -~ ’ i
e o L. 1 L
Y OEE] ~lre & Zod x wE|E of |
£ 8E o8 EEH SZEelb i EC %&*5@ ZZ
Z B2 3 x| 6 |SE2085 B850 9T 250
£ =5 83195 57588 25 € 22 So 0y
Foong =2 45 0 W O BSAIGEY OF |z o S -
&g T g % B0y o |28 5 |79 wplS
&g - & = & symBoL DESCRIPTION
0 SP L LIGHT GRAY TO BROWN POORLY GRADED
SAND, loose, dry at surface, medium to coarse
o sEnd with some gravel
SA SPT &
(2.4}
ﬁ, - - o oo PR AN SO NORPEIS S
SPT L 0 /1 8M | DARK GRAY SILTY SAND, very iocse to mecium
oA dense, wet. fine to very fine sand with some black
1 interbeds, occasional shell fragments
TXUL 1440 288 373 1144 U P4 i grades clayey
‘LO_-.-_. T L [ RpCpws PRV PV ANV SOVONLOUN R NN SO RR:
578 NP NP SPT 5 g
{32.33 : ]
?3“‘“‘"‘“‘”‘”“”“”‘““‘“‘”““'"“‘“‘“”“‘““‘““““‘”“‘”“‘“““‘S‘“p:‘r*" 16’ ’"1
SPT | 28 Y ki grades few pebbies
24t i S Bl vl el e E S R
ol 8P DARK GRAY POORLY GRADED SAND WITH SILT,
U 59 l T M medium o coarse sand, medium dense to dense,
o wet
set 28 (N |
25 m_‘..,..‘.“‘.*,,\.‘.»,.,wmww..,““-'ﬁ.,,,v‘.,u...w».,,,,»wwww-,,‘.;
DS | 3200 3529) 162 U o74 l hil
ST R e [ IR R R - R B
(6.6} :
SPT | 31 q
LA
35 -t
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LABORATORY TEST DATA ! SAMPLING |

ATTERBERG o ; e : K ; _ :
LIMITS STRENGTHDATA 2 ‘ ‘ BQR‘NG BL-6
o - i i . ;
P A o L > ] ;
u W . LDl 3 o i 5 o
O xe S Ex @ 16%g 2 wf g a0
S PE o8 5 F B0~ S0 2 54 22
£ g3l 30 | Ex & ISSXI0Z5 EF | BS wE Fo 0
£ cz 8398 § |E23 e 4t o€ gs 50y
Lope -5 3z B 50a%ET 2z 12T 2512218
o il o t z@%ﬂ- ] 8B 4§ E
S ‘ & = @ SYMBOL DESCRIPTION
35 :
8P
= M
U | 505 l
SPT § ;
: cccasional to common shell ragments

&
kel
-3
£a¥
[}

45w.......‘.~-, B T “IESISDVY PNAPUII SRS [OOSR SOV VRS0 SV S

o
i
ey
i
e

'

8PT | 85

5GMWW~._“..,»..w,m.,wu..‘w“w,‘»umwwmwm,u»ﬁ~,mmww

bedding 8-inch thick

oy
0
_{
o
©

DS | 8500 6784 264 U 15040

55_~_..~.v.,,wvw»w-..mwwwww_....«.wu..V»,W.‘w.....,w..‘..,“.m.v

few 1-inch thick dark gray siity clay interbeds

i E i 4‘..!'

SA& SPYT | 37
{11.5}
170] SINENS FPRPUS N RPRY TS O WU O PSR S ST S

3
e
_{
g
3

U | sus

65,..‘Ww B S N S LSS (VRS SRR SOV (SR I

5PT | B2

P

SPT | 505" 1
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LABORATORY TEST DATA [ SAMPLING
ATTERBERG o é ] e '
LimiTs | STRENGTHDATA| & BORING BL-6
o] P, i ; :
- D - L PG - : :
@ | e el @ Zoll x ¥ E Lol
C108 | oF BEI B Sglan 1 EC 2 iuE 89
= b2 32 |55 o 3308555 &5 wzigfie
E o8 3225 g EZpscE® 85 2% E2 29 ¢
b 3 I gz o DY = =25 = L 7 S e Sl
7t ET L ECE P =815 Lz 2
&~ & - & - i 9 SYMBOL DESCRIPTION
70 ; 5 G P

NOTES:

1. Boring was completed to 70.5 fest depth on
September 21, 2000. Borehole arilied using rotary

L4 e ol o e Rt CE ] L PRNICIPY PR e wash driling technigues. Borehole was backfiliad
with cement bentonite grout.

2. Boring log indicates interpreted subsurface
conditions only &t the location and the time that the
borehole was driiled.

3. Sampling resistance for the *U" and SPT samplers
are measured in blows per foot to drive the
sampler 12 inches after an initial seating depth of 6
inches using & 140 b hammer dropping 30 inches,

o S il SIS WIS WP ISP S SO NP P 4. Groundwater level not observed due to drilling
method but estimated from the observed moistura
change in samples. i
5. See Plate A-7 for general log notes and explanation
of symobois,
e e i i St S SR T SRR (SR DN
90 R SIS S E IR SORPSIRSTP PRI SRS RIS SRR SR - e
Q:’i B T ot U VU . R NP SO DR I
FR010) SIS STl SETINET PSR Sy S U RO SR SRS SR
108
A TND
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LABORATORY TEST DATA | SAMPLING
ATTERBERG STRENGTH DATA ! BORING BL-8
o) ey i
= & i = g:'; ey & i i
dEE _olEg 8 88 z w¥ig o of
z | £ 8L /0% F osw%o- 55 Zo 09 22
Z 1 4s 2 22X B cEiwer =8 20wl g e
. g £ oy b [ 2E DI o e vl
ElTL =3 25 0 FZpisrk e Lt & 252
E oo =5 33 ¥ SoYETi gz &7 XL 2@ g
blpa| ~ 25| % 200 6 |28)5 |79 883
s g - g CIR T3 symsoL DESCRIPTION
e : ! [ 5F | LIGHT GRAY TO BROWN POORLY GRADED
: SAND, very ioose, dry at surface, medium 10
- Coarse sand
2
SPT | 2 N grades mors brown, wet
{?ﬁ} i grades more dark gray, common shell fragment, no
[-3 MDAV NSRS FUSVISE SN SR B ) I B DR discernibie bedding
sA SPT 3 1 : jg S;j ‘grades more silty
(es) e || grades loose
ML | BLACK TO DARK GRAY SANDY SILT, very sof wer
U 2 very thin sand pockets of irreguiar shape, some
10- BAL L 45 LU 28 L TXUUL 28801 3381 50701088 L L L | organics
(50} i
| 5P DARK GRAY SAND, very loose, wet, medium-grained
- BPT 30 o sand, commen shell fragments, no discernible
N bedding
[ 7S et il e et e el el RS S l 117}/ SMTDARK BROWN SILTY SAND, ioose, wet
{13.9) !
U 14 I i
S Rt R i el e el Rl Rl Rl ML'| DARK BROWN CLAYEY SILT with brown motiing,
SA CiseT | s $Of. wet
5 H
{56.4} ‘ U 8P DARK GRAY POORLY-GRADED SAND, medium
e R dense, wet, medium grains, little fines
DARK GRAY SANDY GRAVEL, dense, wet, grave! to
SA s Pt | 33 172 inch diameter, well-rounded, 1/2 inch bedding
PYI"1c; ¥ AN S U TN NN NN HOIN IRdiot Mt DARK GRAY POORLY GRADED SAND WiTH SILT,
dense, wet, medium to coarse sand, 4 inch thick
bedding
u oo (f
l sand with common gravel, clasts to 3/4 inch diameter
! o 4 inches thick gravel lens
¥ M GWW DARK GRAY GRAVEL, wet, ciasts (o 1 inch diameter
SPT . 358 i SP | DARK GRAY POORLY GRADED SAND WITH SILT,
| | M dense, wet, fine to coarse sand, little to no gravel,
45 i - subangular to subrounded
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LABORATORY TEST DATA | SAMPLING '
ATTERBERG: - :
ATTERBERG. STRENGTH DATA BORING BL-8
o * o~ '
h P e - 3
Lou|of [5E F SEheh JEo 2o B0 22
2 B3 25 Ex| % 1222825 22 85 oz 25 e
- B85 BI S =55#57 U L 82 0 U
Fleog S92 S5y EBRGETIOz|ZT FE 23 g
gl EF 5 m0uw v |28 & a3
5219 - x e = ,
21g ' & b F3 SYMBOL DESCRIPTION
35 = i 8p 8 inches thick grave! lens
DS | 4300 4517) 221 1253 U | 508" l | SM
set s ¥
B et H i S S e e e il EEEEE BRI ! i

NOTES:

1. Boring was completed to 40.5 feet depth on
September 20, 2000 and was backfilled with

45~ - - - el e i Ll it EIETE R SR cernent bentonite grout.

2. Boring log indicates interpreted subsurface
conditions only at the location and the time that the
borehole was drilled.

3. Sampling resistance for the “U”" and SPT samplers
are measured in blows per fool to drive the
sampler 12 inches after an initial seating depth of 6
inches using a 140 b hammer dropping 30 inches,

4. Groundwater level was estimated from the

e T e e e e S R " I [ observed moisture change in samples.

5. See Plate A-7 for general log notes and explanation

of symobols.
55w.~u~,-.~ [ER YNSRI SRV FAONVH RIS U SR R U,
5wa.‘_‘u“*‘,.-wwuuwmuw“*‘.wuwuwmm«-_uuwwu._..,.,M
55. SRR SR SRR VER R IIDIE VLU S S TS e UG |
70
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LABORATORY TEST DATA | SAMPLING |
ATTERBERG) = AT
LiiTs = STRENGTHDATA BORING BL-9
o -~ | ? ;

HOEE —Es o 1898 oz jwfly e o8

L0W o s~ mgilen . B 2 EL ) 22

Z G5 3= Exl s |22z|525 22 55 e 2850w

- B3 |gE! O 250 zha ol £ &= 'z590.4

Elowg| o2 |28 w EERGES 55 4% >3 25 2

o o -~ igs & 58 E 1252 Y sw g

ol & r ety S0 €z

e w & = % SYMBOL DESCRIPTION

0 z : [ 8P LIGHT GRAY POORLY GRADED FINE SAND, very
: loose, dry o wel subangular, no fines
GRAB §
’ DARK GRAY SILTSTONE, poorly consolidated, thinly
" e bedded, moderately fractured, low hargness. weak,
SPT . 45 ‘ moteralely weathered
F-3 SV WU VRN FURVDTOS A ORI USRI SO S I o switched 1o rock coring at depth of 8 #
HQ g ;
RAD = 65%
HG ) ‘ B
3 inches thin well cemented, hard siistone layer
L i S ) s e e R e A unfractured at the bottom of 3 ft of the core
RQD = 80%
*]5..,,,,‘.‘.“..._,..;mu...m.,w“mwn.w- P P SRR - pe
- NOTES:
1. Bering was completed to 13.0 feet depth on
September 22, 2000 and was backfilled with
cement bentonite grout,
2. Boring log indicates interprated subsurface
conditions only at the location and the time that the
. o N N A borehole was drilied.

Y e S S e T I A R 3. Sampling resistance for the SPT sampler is
measured in biows per foot to drive the sampler 12
inches after an initial seating depth of 6 inches
using a 140 Ib hammer dropping 30 inches.

4. Groundwater level was estimated from the
observed moisture change in samples.
5. See Plate A-7 for general log notes and explanation
- of symobols, N .

25 - B e e e A e P RS IR

R e e e e I B S R -

35
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APPENDIX 3

Grain Size Analysis
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APPENDIX 4

Seadrift Lagoon Sheet Pile Analyses
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APPENDIX 5

Bolinas Lagoon Channel Slope Stability Analyses
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