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Figure 2
Exploration
Location Map

1" = 10'

Map and Data Source:
Basemap provided by MCDOT via electronic
transfer on 10/31/2017.  Survey completed by
MCDOT.
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Figure 3
Regional
Geologic Map

1" = 10,000'

Map Source:
Jennings, C.W. and Strand, R.G., 1960, Geologic
Map of California, Ukiah Sheet, California Division
of Mines and Geology, Scale 1:250,000
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Figure 4
Fault Activity
Map

1" = 10,000'

Map and Data Sources:
1. Basemap via AutoCAD Civil 3D geolocation tool

2. Fault data via CGS Fault Activity Map of
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APPENDIX	A 	

BORING	LOGS	LEGEND	
BORING	LOGS	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



C

CL

CP

CR

CU
DR

DS
EI
M

OC
P

PI

PA

PL

PM

R
SE

SG

SW

UC

UU

UW

Boring Record Legend

Soil Legend Sheet 1 of 2

REFERENCE:  Caltrans Soil and Rock Logging, Classification, and Presentation Manual (2010) with Errata Sheet (2015).



0 - 5

5 - 10

10 - 30

30 - 50

No discernable moisture

Moisture present, but no free water

Visible free water

(blows / 12 inches)

Boring Record Legend

Soil Legend Sheet 2 of 2

REFERENCE:  Caltrans Soil and Rock Logging,
Classification, and Presentation Manual (2010).



∑

∑

3 ft - 10 ft
1 ft - 3 ft
4 in - 1 ft
1 in - 4 in
1/4 in - 1 in
< 1/4 in

manual pressure.

No fractures
Core lengths greater than 3 ft.
Core lengths mostly from 1 ft. to 3 ft.
Core lengths mostly from 4 in. to 1 ft.

Mostly chips and fragments.
Core lengths mostly from 1 in. to 4 in.

PERCENT CORE RECOVERY (REC)

ROCK QUALITY DESIGNATION (RQD)

Note: RQD* indicates soundness criteria not met

∑

∑

PERCENT CORE RECOVERY (REC)

ROCK QUALITY DESIGNATION (RQD)

Note: RQD* indicates soundness criteria not met

Boring Record Legend

Rock Legend Sheet 1 of 1

REFERENCE:  Caltrans Soil and Rock Logging,
Classification, and Presentation Manual (2010).
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REFUSAL.
Bottom of borehole at 24.8 ft bgs

Backfilled with bentonite grout (mix 0.5 bags/15 gal.
water).

*Elevation Reference:  CP 1, Elev. 1000.00 feet per
MCDOT topographic survey

6" HSA used as casing

100/10" at 24'

|
80

LOCATION: Low Gap Rd (CR 212), Ukiah

DRILLING CONTRACTOR: Clear Heart Drilling, Inc.

HAMMER TYPE: Automatic, 140 lbs, 30" drop

PROJECT NO: 16-337.12
PROJECT: Low Gap Road MP 19.40

CITY/COUNTY: Mendocino
CLIENT: MCDOT

FIELD

LOGGED BY: MVG

DRILLING METHOD: Dynamic Cone Penetrometer (2" OD)
DRILL RIG: Deeprock - DR5K (Truck)

SAMPLER TYPE & SIZE: N/A
BOREHOLE DIAMETER: 2"
BACKFILL METHOD: Bentonite GroutDEPTH OF BORING: 24.83 (ft)

BEGIN DATE: 3/8/18
COMPLETION DATE: 3/8/18
SURFACE ELEVATION: 998.9 (ft)*
SURFACE CONDITION: Dirt/Gravel
WATER DEPTH: Not Encountered (ft)
READING TAKEN: 3/8/18
HAMMER EFFICIENCY: 80 (%)
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SHEET 1  of  1

Crawford & Associates, Inc.
1100 Corporate Way, Suite 230
Sacramento, CA 95831
(916) 455-4225

PROJECT NUMBER: 16-337.12
PROJECT: Low Gap Road MP 19.40
BORING: P1
ENTRY BY: MVG
CHECKED BY: RRH
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CLAYEY SAND with GRAVEL (SC); yellowish brown;
dry; about 35% coarse to fine, subrounded GRAVEL,
max. 1 in. dia.; about 35% coarse to fine SAND;
medium plasticity, medium toughness fines [FILL].

Lean CLAY with SAND (CL); very stiff; yellowish brown;
moist; about 25% medium to fine SAND; medium
plasticity, medium toughness fines [RESIDUAL SOIL].

SANDY lean CLAY (CL); very stiff; reddish yellow;
moist; about 40% coarse to fine SAND; medium
plasticity, medium toughness fines.

CLAYEY SAND with GRAVEL (SC); dense; olive
variegated w/ reddish yellow; moist; about 30% coarse,
angular to subangular GRAVEL, max. 1.5 in. dia.;
about 49% medium to fine SAND; medium plasticity,
medium toughness fines; GRAVEL is hard Shale
fragments [DECOMPOSED BEDROCK].

Very dense; olive gray.

Lean CLAY (CL); hard; gray; moist; about 5% coarse to
fine, subangular GRAVEL, max. 1 in. dia.; about 5%
medium to fine SAND; medium plasticity, medium
toughness fines.

SEDIMENTARY ROCK (SHALE), clay, very thinly
bedded, dark gray, very intensely weathered, very soft
to soft, open, thin fracture spacing filled with calcite and
CLAY; (Lean CLAY (CL), hard) [UNDIVIDED MARINE
FORMATION].

20 Chemical Analysis
pH = 6.02
Min. Res. = 1070 ohm-cm
Chloride = 138.5 ppm
Sulfate = 6.7 ppm

Near auger bit refusal at 27'

Driller reports soft material
at 29'
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LOCATION: Low Gap Rd (CR 212), Ukiah

DRILLING CONTRACTOR: Clear Heart Drilling, Inc.

HAMMER TYPE: Automatic, 140 lbs, 30" drop

PROJECT NO: 16-337.12
PROJECT: Low Gap Road MP 19.40

CITY/COUNTY: Mendocino
CLIENT: MCDOT

FIELD

LOGGED BY: MVG

DRILLING METHOD: Hollow-Stem Auger (6" OD, 2.25" ID)
DRILL RIG: Deeprock - DR5K (Truck)

SAMPLER TYPE & SIZE: SPT (ID 1.4")
BOREHOLE DIAMETER: 6"
BACKFILL METHOD: Neat Cement and BentoniteDEPTH OF BORING: 61.5 (ft)

BEGIN DATE: 3/8/18
COMPLETION DATE: 3/8/18
SURFACE ELEVATION: 997.6 (ft)*
SURFACE CONDITION: Dirt/Gravel
WATER DEPTH: 18 (ft)
READING TAKEN: 3/8/18
HAMMER EFFICIENCY: 80 (%)
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Sacramento, CA 95831
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PROJECT NUMBER: 16-337.12
PROJECT: Low Gap Road MP 19.40
BORING: B2
ENTRY BY: MVG
CHECKED BY: RRH
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SEDIMENTARY ROCK (Shale) (continued).

Decomposed, moderately hard, (Lean CLAY (CL), very
stiff).

(Lean CLAY (CL), stiff).

0.3" lense of Poorly-graded SAND with SILT (SP-SM).

Intensely to moderately weathered, moderately soft.

METAMORPHIC ROCK (SERPENTINITE),
fine-grained, pale green, decomposed, very soft,
moderately open, moderately thin fracture spacing filled
w/ filled calcite; (SILTY SAND to SANDY SILT
(SM/ML), very dense).

SEDIMENTARY ROCK (SHALE), clay, thinly to
moderately bedded, dark gray, decomposed, soft,
Interbedded with poorly graded SAND with SILT
(SP-SM) lenses ~1"; (Lean CLAY with SAND (CL),
hard).

Bottom of borehole at 61.5 ft bgs

Backfilled with 94lbs bags of portland cement grout
(mix 8 bags/80 gal. water) and 2 bags of bentonite
grout.

*Elevation Reference:  CP 1, Elev. 1000.00 feet per
MCDOT topographic survey
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PROJECT: Low Gap Road MP 19.40
BORING: B2
ENTRY BY: MVG
CHECKED BY: RRH
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SILTY GRAVEL (GM); brown; moist; about 50% coarse
to fine, subrounded GRAVEL, max. 1 in. dia.; about
30% medium to fine SAND; low plasticity fines [FILL].

ASPHALT (8"-9").
SILTY GRAVEL (GM); brown; moist; about 50% coarse
to fine, subrounded GRAVEL, max. 1 in. dia.; about
30% medium to fine SAND; low plasticity fines.

ASPHALT (2"-3").
GRAVELLY lean CLAY (CL); hard; reddish brown;
moist; about 40% coarse to fine, subangular GRAVEL,
max. 1 in. dia.; about 10% medium to fine SAND;
medium plasticity, medium toughness fines; GRAVEL
is Sandstone, moderately hard, medium sand, oxidized
tan..
CLAYEY GRAVEL (GC); medium dense; reddish
brown; moist; about 70% coarse to fine GRAVEL;
about 10% medium to fine SAND; medium plasticity
fines.
Lean CLAY (CL); hard; tan variegated w/ yellowish
red,; dry; about 10% medium to fine SAND; medium
plasticity, medium toughness fines; moderately
indurated [RESIDUAL SOIL].

SEDIMENTARY ROCK (GRAYWACKE), fine sand,
gray with oxidized tan fracture faces, very intensely
weathered, moderately hard, partially decomposed;
(SILTY SAND (SM), dense) [UNDIVIDED MARINE
FORMATION].

Very thinly bedded, decomposed, moderately soft to
moderately hard, (SANDY lean CLAY (CL), stiff).

Driller reports very soft
material at 14'-17'

Driller reports hard drilling,
auger grinding at 19'

Drilling reports very hard
material at 22', but once
through this layer rods
began to skip and drop
downhole, suspected void
area
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LOCATION: Low Gap Rd (CR 212), Ukiah

DRILLING CONTRACTOR: Clear Heart Drilling, Inc.

HAMMER TYPE: Automatic, 140 lbs, 30" drop

PROJECT NO: 16-337.12
PROJECT: Low Gap Road MP 19.40

CITY/COUNTY: Mendocino
CLIENT: MCDOT

FIELD

LOGGED BY: MVG

DRILLING METHOD: Hollow-Stem Auger (6" OD, 2.25" ID)
DRILL RIG: Deeprock - DR5K (Truck)

SAMPLER TYPE & SIZE: SPT (ID 1.4")
BOREHOLE DIAMETER: 6"
BACKFILL METHOD: Neat Cement and BentoniteDEPTH OF BORING: 61.5 (ft)

BEGIN DATE: 3/8/18
COMPLETION DATE: 3/8/18
SURFACE ELEVATION: 996.8 (ft)*
SURFACE CONDITION: Dirt/Gravel
WATER DEPTH: 55 (ft)
READING TAKEN: 3/8/18
HAMMER EFFICIENCY: 80 (%)
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SEDIMENTARY ROCK (Graywacke) (continued).

Lean CLAY with SAND (CL); hard; brown; moist; about
25% medium to fine SAND; medium plasticity, medium
toughness fines [DECOMPOSED BEDROCK].

METAMORPHIC ROCK (SERPENTINITE), clay, dark
gray with pale green, decomposed, soft, (Lean CLAY
with SAND (CL), hard, moist) [UNDIVIDED MARINE
FORMATION].
METAMORPHIC ROCK (META-SANDSTONE), fine
sand, thickly bedded, dark grayish green, intensely to
moderately weathered, moderately hard.

METAMORPHIC ROCK (SERPENTINITE),
medium-grained to fine-grained, moderately bedded,
green with dark gray, decomposed, very soft, some
platy rock fragments (Schistose); (Lean CLAY (CL),
very stiff).

Thinly to moderately bedded, interbedded with Shale,
dark gray, moderately hard.

Pale green, very soft to soft, moderately open,
moderately thin fracture spacing filled with calcite.

Bottom of borehole at 61.5 ft bgs

Backfilled with 94lbs bags of portland cement grout
(mix 12 bags/90 gal. water) and 2 bags of bentonite
grout.

*Elevation Reference:  CP 1, Elev. 1000.00 feet per
MCDOT topographic survey

Driller reports increased
drilling effort at 43'
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SANDY lean CLAY (CL); brown; moist; about 10%
coarse to fine, subangular GRAVEL, max. 2 in. dia.;
about 25% medium to fine SAND; medium plasticity,
medium toughness fines [FILL].

Light brown; about 30 to 35% medium to fine SAND.

Well-graded GRAVEL (GW); loose; brown; moist;
about 90% fine, subangular to subrounded GRAVEL,
max. 0.75 in. dia.; nonplastic fines.
Bottom of borehole at 5.0 ft bgs

Backfilled with bentonite chips.

*Elevation Reference:  CP 1, Elev. 1000.00 feet per
MCDOT topographic survey

**Well-graded GRAVEL (GW) lense was observed on
the right lateral scarp.  It appears to be ~2-3 ft thick
with a SANDY Lean CLAY (CL) bed.  SANDY Lean
CLAY bed is brown variegated w/ yellow; moist; 5%
cobbles (angular to subangular); 5% subangular,
coarse to fine GRAVEL; 25 to 30% medium to fine
SAND; medium plasticity, no dilatency, medium
toughness fines.

***Orientation of GRAVEL lense - N05E 06S Top of
lense and N30W 26S bottom of lense; lense appears to
pinch and swell.

Hand auger refusal at 5'
due to caving of gravel layer

LOCATION: Low Gap Rd (CR 212), Ukiah

DRILLING CONTRACTOR: Clear Heart Drilling, Inc.

HAMMER TYPE: N/A

PROJECT NO: 16-337.12
PROJECT: Low Gap Road MP 19.40

CITY/COUNTY: Mendocino
CLIENT: MCDOT

FIELD

LOGGED BY: MVG

DRILLING METHOD: Hand Auger (3" OD)
DRILL RIG: Deeprock - DR5K (Truck)

SAMPLER TYPE & SIZE: Bulk
BOREHOLE DIAMETER: 3"
BACKFILL METHOD: Bentonite ChipsDEPTH OF BORING: 5 (ft)

BEGIN DATE: 3/9/18
COMPLETION DATE: 3/9/18
SURFACE ELEVATION: 985.6 (ft)*
SURFACE CONDITION: Dirt
WATER DEPTH: Not Encountered (ft)
READING TAKEN: 3/9/18
HAMMER EFFICIENCY: N/A (%)

LOG OF BORING HA1
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GEOTECHNICAL	MEMORANDUM		 CAI	File:	16-337.12	
Low	Gap	Road	(CR	212)	Failure	at	MP	19.40	 September	14,	2018	

	

APPENDIX	B 	

LABORATORY	AND	FIELD	TEST	SUMMARY	
	



Job: Low	Gap	Road	MP	19.40
Job	No: 16-337.12
Date: 9/4/18

Liquid	
Limit

Plastic	
Limit

Plasticity	
Index

B2 0.0 A 0.0-5.0 SC N/A - 37 20 17 35 35 30 - 6.02 1,070 138.5 6.7
B2 5.0 1 6.0-6.5 CL 19 25 2.25
B2 10.0 2 10.5-11.5 CL 10 13 117.1 16.1 136.0 2.25
B2 15.0 3 16.0-16.5 SC 35 47 106.8 12.1 119.7 30 49 21 4.50
B2 20.0 4 21.0-21.5 SC 39 52 3.25
B2 25.0 5 26.0-26.5 CL 45 60 143.3 8.1 154.9 +4.50
B2 30.0 6 31.0-31.5 W.	ROCK 16 21 143.6 7.5 154.4 4.50
B2 35.0 7 36.0-36.5 W.	ROCK 23 31 2.50
B2 40.0 8 41.0-41.5 W.	ROCK 39 52 143.0 9.7 156.9 1.75
B2 45.0 9 45.0-45.3 W.	ROCK REF - -
B2 50.0 10 51.0-51.5 W.	ROCK 53 71 +4.50
B2 60.0 11 60.5-61.5 W.	ROCK 31 41 4.50
B3 5.0 1 6.0-6.5 CL 10 13 4.25
B3 10.0 2 11.0-11.5 CL 20 27 13.0 4.50
B3 15.0 3 None CL 5 7 -
B3 20.0 4 None W.	ROCK REF - -
B3 25.0 5 26.0-26.5 W.	ROCK 32 43 116.6 4.3 121.6 -
B3 30.0 6 31.0-31.5 W.	ROCK 30 40 1.75
B3 35.0 7 36.0-36.5 W.	ROCK 30 40 107.7 3.7 111.7 -
B3 40.0 8 40.5-41.5 CL 50 67 135.9 1.5 137.9 4.50
B3 45.0 9 None W.	ROCK REF - -
B3 50.0 10 50.5-50.9 W.	ROCK 50/5" - 2.00
B3 55.0 11 56.0-56.5 W.	ROCK 40 53 2.50
B3 60.0 12 61.0-61.5 W.	ROCK 54 72 4.50
HA1 0.0 A 0.0-4.0 CL N/A - -
HA1 4.0 B 4.0-5.0 GW N/A - -
- CL N/A - -Sl

op
e

Scarp

Field	
Blows	
N				

(bpf)

Top	of	
Sampling	
Depth					
(ft)

Ro
ad

-le
ve
l	B

or
in
gs

Laboratory	and	Field	Test	Summary

Pocket	
Pent.														
(tsf)

Uncon.	
Comp.	
(psf)

Chemical	Analysis

pH

Minimum	
Resistivity	
(ohm-cm)

Chloride	
Content	
(ppm)

StrengthClassification
Moist.	
Content	
(%)

Boring	
I.D.

Retained	
Sample	
Depths				
(ft)

Sample	
I.D.

Sulfate	
Content	
(ppm)

USCS	
Class.

Gravel	
(%)

Sand	
(%)	

Fines	
(%)	

In-Situ	
Density	
(pcf)

SPT	
Blows	
N60	
(bpf)

Atterberg	Limits
Moisture/Density

Dry	
Density	
(pcf)



Project Name:
CAInc File No: 16-337.12

Date: 6/20/18
Technician: KE/AC

1 2 3 4 5
Sample No. B2-2A B2-3A B2-5A B2-6A B2-8A

USCS Symbol SC RX RX RX RX
Depth (ft.) 11 16 26 31 41

Sample Length (in.) 5.988 4.548 1.945 2.623 3.195
Diameter (in.) 1.400 1.402 1.421 1.413 1.419

Sample Volume (ft3) 0.00533 0.00406 0.00178 0.00238 0.00292
Total Mass Soil+Tube (g) 451.3 351.7 125.3 297.6 341.6

Mass of Tube (g) 122.1 131.2 0.0 131.0 133.5
Tare No. H7 R18 C14 D2 D13
Tare (g) 13.2 130.4 21.0 13.9 13.8

Wet Soil + Tare (g) 68.2 376.7 101.2 85.3 86.0
Dry Soil + Tare (g) 60.5 350.2 95.2 80.3 79.6

Dry Soil (g) 47.3 219.8 74.3 66.5 65.8
Water (g) 7.6 26.5 6.0 5.0 6.4

Moisture (%) 16.1 12.1 8.1 7.5 9.7
Dry Density (pcf) 117.1 106.8 143.3 143.6 143.0

Notes:

Low Gap Road MP 19.40

MOISTURE-DENSITY TESTS - D2216



Project Name:
CAInc File No: 16-337.12

Date: 6/20/18
Technician: KE/AC

1 2 3 4 5
Sample No. B3-2A B3-5A B3-7A B3-8A

USCS Symbol CL RX RX RX
Depth (ft.) 16 26 36 41

Sample Length (in.) - 4.287 3.872 4.832
Diameter (in.) - 1.401 1.409 1.401

Sample Volume (ft3) - 0.00382 0.00349 0.00431
Total Mass Soil+Tube (g) - 346.2 311.8 399.5

Mass of Tube (g) - 135.1 134.9 129.9
Tare No. D15 C2 G1 B13
Tare (g) 13.8 20.8 13.5 13.8

Wet Soil + Tare (g) 64.8 86.9 84.7 96.2
Dry Soil + Tare (g) 59.0 84.1 82.2 94.9

Dry Soil (g) 45.2 63.4 68.7 81.1
Water (g) 5.9 2.7 2.5 1.2

Moisture (%) 13.0 4.3 3.7 1.5
Dry Density (pcf) - 116.6 107.7 135.9

Notes:

Low Gap Road MP 19.40

MOISTURE-DENSITY TESTS - D2216



Low Gap Rpad MP 19.40
16-337.12
6/25/18
GL
B2-Bulk

Depth (ft): 0-5

% Fines
Coarse Fine Coarse Medium Fine Silt/Clay

15 20 9 12 14

0 30

Opening Cummulative % Passing  
mm Mass Retained (g) %

3" 75 0.0 100%

2" 50 0.0 100%

1-1/2" 37.5 0.0 100%

1" 25.0 0.0 100%

3/4" 19.0 74.3 85%

1/2" 12.5 99.3 80%

3/8" 9.50 125.6 74%

#4 4.75 171.2 65%

#10 2.00 214.4 56%

#20 0.825 250.9 49%

#40 0.425 274.8 44%

#60 0.250 295.9 39%

#100 0.150 315.0 35%

#200 0.075 339.5 30%

Cu = NA Cc = NA

Coefficient of Uniformity Coefficient of Curvature

Project Name:

Technician:

CAInc File No:
Date:

Sample ID:

USCS Classification:

35

CLAYEY SAND with GRAVEL (SC)

% Cobble % Gravel % Sand

ASTM 6913 - Method A
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Low Gap Rpad MP 19.40

16-337.12

6/25/18

GL

B2-3A

Depth (ft): 16

% Fines
Coarse Fine Coarse Medium Fine Silt/Clay

0 30 15 20 15

0 21

Opening Cummulative % Passing  
mm Mass Retained (g) %

3" 75 0.0 100%

2" 50 0.0 100%

1-1/2" 37.5 0.0 100%

1" 25.0 0.0 100%

3/4" 19.0 0.0 100%

1/2" 12.5 0.0 100%

3/8" 9.50 43.2 80%

#4 4.75 65.3 70%

#10 2.00 97.4 56%

#20 0.825 124.4 43%

#40 0.425 140.6 36%

#60 0.250 153.1 30%

#100 0.150 162.3 26%

#200 0.075 172.7 21%

Cu = NA Cc = NA

Gravel

Coarse

Fine

Sand

Coarse

Medium

Fine

% Gravel % Sand

ASTM 6913 - Method A

Sieve #

Cobbles

30

Coefficient of Uniformity Coefficient of Curvature

Project Name:

Technician:

CAInc File No:

Date:

Sample ID:

USCS Classification:

49

CLAYEY SAND with GRAVEL (SC)
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Project Name:
CAInc File No: 16-337.12

Date: 6/15/18
Technician: AC

Sample ID Depth (ft) Liquid Limit Plastic Limit PI
B2- Bulk 0-5 37 20 17

Plastic Index - ASTM D4318

Low Gap Rpad MP 19.40
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