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path distance, no wall extension was required. If not, then extension of the deeper wall section would 
be necessary to achieve the calculated flow path distance.  

Following assessment of all 26 locations and discussion with the review agencies, it was concluded 
that based on the available subsurface information, 20 of the 26 wall transitions were considered to 
provide adequate protection from end around effects. For the remaining 6 locations wall extensions 
were required in lieu of providing more definitive subsurface information.  

Based on these findings, the design team decided to perform additional explorations to provide more 
definitive information on the need for cutoff wall extensions. This Technical Memorandum presents 
the details of the additional explorations undertaken, the analyses performed using this additional 
subsurface data and the need for cutoff wall extensions. 

2.0 BACKGROUND INFORMATION 

A cutoff wall system has been analyzed and proposed in the Geotechnical Design 
Recommendations Report (GDRR) for the FRWL Project in most of the reaches between Reach 7 
and 41. The planned tip depth of the proposed cutoff wall varies along the length of the levee and 
depends on the vertical and lateral extent of fine- and coarse-grained soils encountered during 
subsurface explorations.  

Following a review of the GDRR, DWR requested additional assessment of end around effects at 
transitions between changing cutoff wall depths at 26 different locations (Table 1). Following this 
assessment, it was identified that wall extensions were needed at the following 6 cutoff wall 
transition locations unless further information could be provided to justify that extensions were not 
needed: 

 Reach 17, Station 1125+00. 
 Reach 19, Station 1248+00. 
 Reach 19, Station 1268+75. 
 Reach 25, Station 1625+00. 
 Reach 30, Station 1816+50. 
 Reach 30, Station 1866+00. 

A review of these 6 locations indicated that approximately 2,300 feet of wall extension might be 
required. As such, additional explorations at these 6 locations were performed to refine the extent of 
required wall extensions to cover end around effects. 

Based on a review of the 6 locations, 9 supplemental explorations were performed and the additional 
subsurface information was used to evaluate the need for cutoff wall extensions. This Technical 
Memorandum presents the results of this evaluation and provides recommendations for cutoff wall 
extensions.  
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3.0 SUPPLEMENTAL EXPLORATIONS AND LABORATORY TESTING  

A total of nine (9) explorations were performed along the levee crown in Reaches 17, 19, 25 and 30, 
including 5 sonic boings and 4 cone penetration test (CPT) soundings. The sonic borings were 
performed by National EWP between September 30, 2013 and October 8, 2013. The CPT 
soundings were performed by Fugro from October 7, 2013 to October 8, 2013. The depths of 
supplemental explorations varied between 62 and 130 feet.  

A laboratory testing program was implemented on selected samples from these supplemental 
explorations. The laboratory testing program included water content tests, Atterberg limits tests, 
sieve analyses, and percent passing #200-sieve tests. The laboratory tests were performed at 
Blackburn Consultant’s laboratory in West Sacramento, California. 

Plan and stick log profiles for Reaches 17, 19, 25 and 30 were updated with the nine (9) 
supplemental explorations and copies are included in Attachment A for reference. The CPT and 
boring logs for these supplemental explorations are included in Attachment B and the laboratory test 
results are included in Attachment C.  

4.0 DISCUSSION OF END AROUND EFFECTS AT CUTOFF WALL TRANSITIONS 

Each of the 6 locations identified for potential cutoff wall extension were evaluated based on the new 
exploration information. As discussed in Section 1.0, the average exit gradient calculated from the 
existing conditions analyses was used to determine the horizontal flow distance needed through the 
aquifer layer to generate sufficient head loss to meet underseepage criteria (average exit gradient 
across the blanket of 0.5 or less) for the 200 year WSE. This data was used to determine whether 
extension of the deeper portion of cutoff wall was needed. The evaluations for each of the 6 
locations are discussed below and details are summarized in Table 2.  

Reach 17, Station 1125+00: A cutoff wall tip elevation transition from elevation +35 feet to elevation 
+0 feet was originally recommended at Station 1125+00. Due to a lack of explorations between this 
change in wall depth at Station 1125+00 and boring WL0009_007A at Station 1136+00, a question 
was raised about end around effects. Accordingly, two CPTs were advanced at Stations 1129+00 
and 1133+50 to provide coverage in this data gap. Based on the new CPT data at Station 1133+50 
(SL0009_012C), an approximately 10 feet thick blanket is underlain by a 20 feet thick shallow 
aquifer. The new CPT at Station 1129+00 (SL0001_044C), identified an approximately 8 feet blanket 
overlying sandy silt and sandy clay with interbeds of silty/clayey sand, which are considered to form 
a composite blanket layer, beneath which there is an approximately 10 feet thick aquifer layer. 

Due to issues associated with installing a cutoff wall in proximity to the UPRR crossing, it is now 
proposed to install relief wells and not extend the cutoff wall through this area. Relief wells have 
been designed using the existing condition analysis results and based on this the calculations 
indicate a well spacing of 100 feet. It is proposed to place relief wells between approximately 
Station 1125+00 and 1138+00, creating a two-well overlap at the end of each wall (an approximate 
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250 feet overlap either side of the gap between cutoff walls taking into consideration the 100 feet 
center-to-center well spacing and a radius of influence of 50 feet).  

At the end of the cutoff wall at Station 1126+50, the explorations do not indicate a well-defined 
aquifer layer, but at the end of the cutoff wall at Station 1137+00, the explorations indicate a well-
defined aquifer layer approximately 20 feet thick. In this area there is effectively a double row of 
relief wells, because relief wells are proposed along the toe of the railroad embankment and the toe 
of the levee embankment, as the two diverge away from each other. The railroad embankment may 
block the seepage exit at the gap and may cause a concentration of seepage, however the double 
line of wells should address this. 

Based on the fact that relief wells have been designed to address seepage at the gap between the 
cutoff walls at the UPRR crossing, it is considered that no wall extension is necessary at this 
location. 

Reach 19, Station 1248+00: A cutoff wall tip elevation transition from elevation -42 feet to 
elevation + 3 feet was originally recommended at Station 1248+00. Due to the lack of deep 
explorations between Station 1248+00 and boring SL0009_004B at Station 1244+00, one sonic 
boring was advanced at Station 1246+30. Based on the new sonic boring, a roughly 30 foot thick 
clay blanket was encountered at Station 1246+30 with a sand and gravel aquifer below to 
elevation -23 feet.  

Based on the new exploration at Station 1246+30 (SL0009_008S), the blanket thickness increases 
in a northerly direction from 6.5 feet at approximately Station 1242+00 to 30 feet at Station 1246+30 
and then thins to 14 feet at approximately Station 1248+00. As such, there is a distance of 
approximately 600 feet between the thinnest blanket condition at approximately Station 1242+00 and 
the wall transition at Station 1248+00. Based on the calculated flow path distance of 546 feet, there 
is sufficient distance to dissipate excess head by flow through the aquifer layer and end around 
effects are not a concern. 

The hydraulic gradient was also checked at Station 1248+00 for the 200-yr WSE, where boring 
WL_0009_017B shows the blanket is 14 feet thick. The exit gradient at this location based on the 
existing conditions analysis is 0.56. However, in accordance with the exploration data, there is a 
rapid change in the thickness and base elevation of the aquifer layer either side of the transition. As 
such, it is questionable whether a true end-around effects condition exists. As the deeper section of 
wall will be installed using Deep Mixed methods, contractor explorations will be undertaken to 
provide subsurface information at 100 feet center spacing prior to construction. Based on 
discussions with DWR, it was agreed that the contractor’s exploration data would be reviewed to 
make a final decision as to whether a wall extension is needed at this location. 

Reach 19, Station 1268+75: A cutoff wall tip elevation transition from elevation +3 feet to 
elevation + 35 feet was originally recommended at Station 1268+75. Based on the existing 
explorations, the subsurface conditions between boring WL009_019B at approximately 
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Station 1268+50 and boring SL0009_002B at Station 1266+00 (a distance of approximately 
250 feet) change rapidly with a composite blanket varying in thickness from approximately 35 feet to 
12 feet thick.  

Two new CPTs, SL0009_013C and SL0009_15C were advanced at Station 1264+75 and 1267+50 
respectively to determine the subsurface conditions either side of the 12 foot thick blanket at 
Station 1266+00. Based on the new CPT data, the blanket at Station 1267+50 is 14 foot thick. At 
Station 1264+75, there is a 6 foot thick layer of silt/clay overlying approximately 28 feet of sandy silt 
and sandy clay with interbeds of silty/clayey sand, which are considered to form a composite blanket 
layer. As such, the thinnest blanket condition still occurs at Station 1266+00, from where calculations 
indicate a flow path distance of 216 feet is required to generate sufficient head loss for the gradient 
to meet criteria. The existing wall overlap from Station 1266+00 is approximately 300 feet and so 
from this perspective no wall extension is required. 

The hydraulic gradient at the location of the new CPT at Station 1267+50 for the 200-yr WSE was 
also checked to see if it met criteria. At this location the blanket is 14 feet thick and the calculated 
exit gradient is 0.68. A flow path distance of 151 feet is required to produce enough head loss 
through the aquifer layer to meet underseepage criteria. The current overlap between 
Station 1267+50 and the wall transition is about 130 feet. Taking into account three-dimensional 
effects, whereby seepage forces calculated from two-dimensional analyses will actually be less due 
to radial dissipation around the end of the wall, it is considered that there is adequate wall overlap. 
Therefore, no wall extension is necessary at this location. 

Reach 25, Station 1625+00: The deep cutoff wall from Reach 24 was originally extended into 
Reach 25 by approximately 100 feet to address potential end around effects associated with the 
canal at this location, which has the effect of thinning the blanket. Based on existing explorations, 
the subsurface conditions between CPT SM0016_008C at Station 1622+00 and boring 
WM0016_004S at Station 1628+50 are variable and the blanket thickness at the end of the cutoff 
wall at Station 1625+00 is not certain. Therefore, a new sonic boring was performed at 
Station 1626+40 to determine the blanket conditions between the existing explorations. 

Based on new exploration SM0016_002S at Station 1626+40, the foundation soils comprise 
interbedded silty sand, clayey sand and clay to a depth of approximately 20 feet below the landside 
toe overlying an approximately 20 feet thick sand and gravel aquifer layer. Based on laboratory 
testing from explorations in this area, the fines content of the interbedded sand layers ranges from 
25% to 42%, and fines content of the underlying sand and gravel aquifer ranges from 4% to 7%. As 
such, it is considered that there is sufficient permeability contrast between the interbedded zone of 
silty sand, clayey sand and clay and the underlying sand and gravel aquifer that the upper 20 feet of 
foundations soil will act as a blanket. 

Based on this assumption, a cross-section perpendicular to the canal and the end of the cutoff wall 
at Station 1625+00 was analyzed. For this model, the seepage gradient across the composite 
blanket layer is calculated as 0.38 assuming no water in the canal. The seepage gradient across the 
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uppermost clay layer at the base of the canal is 1.02, but the flux for this condition is very low at 
0.53 cubic feet per day per 100 foot length of canal. A sensitivity analysis was run assuming the 
canal has 5 feet of water in it, which would put the water surface at existing ground level. For this 
condition the seepage gradient across the uppermost clay layer drops to 0.08. 

Taking into account the new boring data and the analysis results, it is considered that the current 
end point of the wall is adequate, but to provide additional protection it is proposed to extend the end 
of the wall to Station 1626+00, which would increase the distance between the end of the cutoff wall 
and the canal to approximately 300 feet. 

Reach 30, Station 1816+50: A cutoff wall with a tip elevation of +80 feet was originally 
recommended from Station 1813+33 to 1816+50 that transitions to a deeper cutoff wall with a tip 
elevation of +30 feet from Station 1816+50 to 1848+25. A boil was reported at Station 1820+00 
during the 1986 flood. A new sonic boring was performed at Station 1816+50 to determine the 
subsurface conditions between existing explorations SM0007_011B at Station 1815+00 and 
WM0007_030B at Station 1818+10. Based on the new exploration, a well graded sand layer was 
encountered at 1816+50 from elevation +78 feet to elevation +70 feet. To avoid potential end around 
seepage effects, it is proposed to deepen the cutoff wall tip elevation between Station 1813+33 and 
1816+50 to elevation +50 feet, which would effectively cutoff the potential for end around effects. 

Reach 30, Station 1866+00: A cutoff wall tip elevation transition from elevation +70 feet to 
elevation +47 feet was originally recommended at Station 1866+00 in Reach 30. Based on the 
existing explorations, no subsurface information was available between boring WM0007_034B at the 
start of the deep wall at Station 1866+00 and exploration WM0007_005S at Station 1877+00. 
Additionally, a boil was reported at Station 1871+00 during the 1986 flood. Due to the lack of 
subsurface information, two new sonic borings were performed at Stations 1868+00 and 1871+00.  

These explorations indicate the foundation soils generally consist of silty sand to elevation +80 feet 
with interbedded silty sand, silt and sandy silt to an elevation of +70 feet. A clay layer was 
encountered at elevation +53 feet at Station 1868+00 and at elevation +59 feet at Station 1877+00. 
As such, the current wall depths and transition points are considered adequate and no wall 
extension is necessary at this location. 

5.0 RECOMMENDATIONS 

Using the additional exploration data undertaken at Reaches 17, 19, 25 and 30, the end around 
effects at cutoff wall transitions has been re-evaluated. Based on this work the following 
recommendations for cutoff wall extensions are proposed: 

 Reach 17, Station 1125+00: It is now proposed to install relief wells in proximity to the UPPR 
crossing and not extend the cutoff wall. The relief wells have been designed to address seepage 
directly at this location and will provide approximately 250 feet of coverage at the ends of the 
walls either side of the UPRR crossing gap. Therefore, no wall extension is recommended. 
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 Reach 19, Station 1248+00: The originally proposed cutoff wall transition location from tip 
elevation -42 feet to elevation + 3 feet at Station 1248+00 will be reviewed once contractor 
explorations are performed as part of the construction contract. 

 Reach 19, Station 1268+75: The originally proposed cutoff wall transition location from tip 
elevation +3 feet to elevation + 35 at Station 1268+75 is considered appropriate and no wall 
extension is recommended. 

 Reach 25, Station 1625+00: It is proposed that the originally proposed end of cutoff wall at Station 
1625+00 be extended by 100 feet to Station 1626+00. 

 Reach 30, Station 1816+50: It is proposed that the cutoff wall from Station 1813+33 to 1816+50 
be deepened by 25 feet to a tip elevation of +55 feet. 

 Reach 30, Station 1866+00. The originally proposed cutoff wall transition location from tip 
elevation +70 feet to elevation +47 feet at station 1866+00 is considered appropriate and no wall 
extension is recommended. 

6.0 LIMITATIONS 

This technical memorandum was prepared in accordance with the standard of care commonly used 
as the state-of-practice in the engineering profession. Standard of care is defined as the ordinary 
diligence exercised by fellow practitioners in this area performing the same services under similar 
circumstances during the same period. The limitations section of the final GDRR for the FRWL is 
applicable for this technical memorandum also. 

The construction of the cutoff wall should be monitored continuously by a representative of the 
geotechnical engineer of record to confirm that the soil conditions are consistent with those used in 
developing these recommendations. Variations in soil conditions found during construction may 
result in adjustments to these recommendations. 

This technical memorandum is for the use and benefit of the HDR design team and SBFCA. Use by 
any other party is at their own discretion and risk. 
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TABLES 

 Table 1: Initial Evaluation of End Around Effects 
 Table 2: Evaluation of End Around Effects following Additional Field Investigation 

 
ATTACHMENTS 

Attachment A 

 Plans and Stick Log Figures of Reaches 17, 19, 25 and 30 (updated with supplemental 
explorations) 

 Layout of Proposed Relief Wells in Reach 17 

Attachment B 

 Boring and CPT Logs for Supplemental Explorations in Reaches 17, 19, 25 and 30 

Attachment C 

 Laboratory Test Results for Supplemental Explorations in Reaches 19, 25 and 30 
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Coordinates:  Northing: 2,221,852.77

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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SANDY SILT (ML); very dark gray; wet;  55% no to low
plasticity, rapid dilatancy fines;  45% fine sand; slight
organic odor; presence of woody organic fragments;
presence of mica.

LEAN CLAY with Sand (CL); olive brown; moist;  55% low
plasticity, no to slow dilatancy fines;  45% fine sand;
presence of mica; trace organic fragments.

SANDY LEAN CLAY (CL/SC); olive brown; moist;  50%
fine sand;  50% low plasticity, no to slow dilatancy fines;
presence of mica and organics.

SILTY SAND (SM); very dark greenish gray; wet;  70%
fine to medium sand;  30% no to low plasticity, rapid
dilatancy fines.
SANDY SILT (ML/SM); very dark greenish gray; wet;
50% fine sand;  50% low plasticity, rapid dilatancy fines;
micaceous.
SILTY SAND with Gravel (SM); very dark greenish gray;
moist;  46% fine to coarse sand;  40% fine to coarse,
rounded, hard gravel, max. 1.5 in.;  14% low plasticity, no
to slow dilatancy fines; micaceous.

At 68.5 feet 65% fine to coarse sand; 20% fines; 15%
gravel.

At 69.5 feet 0.8' interbedded with Clayey Sand (SC); 70%

33

27 14

Run 10
Use open bit.

At 50' set casing to
45'.
Run 11
No recovery
Core barrel fell off
three times during
extraction from
borehole, sample
lost out of sampler.

At 55' set casing to
50'.
Run 12

At 60' set casing to
55'.
Run 13

At 65' set casing to
60'.
Run 14

40

14

3

3

D
ep

th
, f

ee
t

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

Sheet 3 of 6

Final Report Version

R
ec

ov
er

y,
 %

S
am

pl
e 

Lo
ca

tio
n

CLASSIFICATION OF MATERIALS
(Description)

B
lo

w
s 

pe
r 

6 
in

.
[B

lo
w

s 
pe

r 
ft]

Li
qu

id
Li

m
it

F
in

es
,

%
 <

 #
20

0

N
60

(A
S

T
M

)

O
th

er
 L

ab
T

es
ts

S
am

pl
e 

N
um

be
r

E
le

va
tio

n,
 fe

et

P
P

 o
r 

T
V

, t
sf

SBFCA Feather River West Levee

LOG OF BORING

SL0001_002S

LABORATORY DATA

M
at

er
ia

l
G

ra
ph

ic
s

REMARKS

W
at

er
C

on
te

nt
, 

%

P
la

st
ic

ity
In

de
x

County: SutterBorehole Location: Levee Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,656,328.16

Longitude: -121.60229                        Latitude: 39.09819
Levee Station or Milepost: 848+00 Levee Mile:

Coordinates:  Northing: 2,221,852.77

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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fine to coarse sand; 30% low plasticity fines; trace fine
gravel.

Poorly Graded GRAVEL with Silt and Sand (GP-GM);
very dark greenish gray; wet;  60% fine to coarse,
rounded gravel;  30% fine to coarse sand;  10% no to low
plasticity fines.

Poorly Graded SAND (SP); very dark greenish gray; wet;
95% fine to coarse sand;  5% no plasticity fines; trace
gravel, max. 1.5 in.

Poorly Graded SAND with Silt (SP-SM); very dark
greenish gray; wet;  90% fine to coarse sand;  10% no
plasticity fines; trace fine to coarse gravel, max. 1.5 in.
SILTY GRAVEL (GM); very dark greenish gray; moist;
40% fine to coarse gravel, max. 1.25 in.;  30% fine to
coarse sand;  30% no plasticity fines; well consolidated;
blocky to friable texture.

At 82.5 feet 0.3-0.5' thick interbeds; micaceous; Silty
Sand (SM); 75% fine to medium sand; 25% no plasticity
fines; Sandy Silt (ML); 70% no to low plasticity fines; 30%
fine sand; Poorly graded Sand with Silt (SP-SM); 90%
fine to medium sand; 10% no plasticity fines.

Poorly Graded SAND (SP); greenish black; wet;  95% fine
to medium sand;  5% no plasticity fines; presence of mica.

SILT with Sand (ML); very dark greenish gray; moist;
75% low plasticity, rapid dilatancy fines;  25% fine sand;
micaceous.

SANDY LEAN CLAY (CL); very dark greenish gray; moist;
70% low to medium plasticity, slow dilatancy fines;  30%
fine sand; micaceous.
At 94.5 feet poorly-well indurated to 95.7'.

At 70' set casing to
65'.
Run 15
No recovery 70-72'

At 75' set casing to
70'.
Run 16

At 85' set casing to
80'.
Run 17
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County: SutterBorehole Location: Levee Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,656,328.16

Longitude: -121.60229                        Latitude: 39.09819
Levee Station or Milepost: 848+00 Levee Mile:

Coordinates:  Northing: 2,221,852.77

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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SANDY SILT (ML); very dark greenish gray; moist;  65%
low plasticity, rapid dilatancy fines;  35% fine sand.

SILTY SAND (SM); very dark greenish gray; moist;  60%
fine sand;  40% no to low plasticity fines; presence of
mica; fine grained organic fragments.

SILTY SAND with Gravel (SM); very dark greenish gray;
moist;  50% fine to coarse sand;  30% fine to coarse,
rounded, hard gravel, max. 1 in.;  20% no to low plasticity,
slow dilatancy fines; poorly indurated; friable to crumbly
texture.

SILTY GRAVEL with Sand (GM); very dark greenish gray;
moist;  50% fine to coarse, rounded, hard gravel, max.
3 in.;  35% fine to coarse sand;  15% no plasticity fines.

At 109 feet 0.5' lens of (SM) similar to Silty Sand with
Gravel from 98.8 to 103 feet; friable texture.

Run 18

Gradational content.

At 100' set casing to
95'.
Run 19

At 110' set casing to
100'.
Run 20
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County: SutterBorehole Location: Levee Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,656,328.16

Longitude: -121.60229                        Latitude: 39.09819
Levee Station or Milepost: 848+00 Levee Mile:

Coordinates:  Northing: 2,221,852.77

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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100

74

Poorly Graded SAND (SP); greenish black; wet;  100%
fine to coarse sand; trace fine gravel, max. 1/8 in.;
presence of mica.

CLAYEY SAND (SC); dark greenish gray; moist;  80%
fine to coarse sand;  20% low plasticity, no dilatancy fines;
micaceous; poorly indurated; friable texture.
SANDY LEAN CLAY (CL/SC); very dark greenish gray;
moist;  55% low to medium plasticity, no dilatancy fines;
45% fine sand; very hard; blocky texture; poorly
indurated; micaceous.
SILT with Sand (ML); very dark greenish gray; moist;
80% medium plasticity, no dilatancy fines;  20% fine
sand; very hard; blocky texture variably crumbly; poorly
indurated; micaceous.

SANDY CLAYEY SILT (ML/CL); very dark greenish gray;
moist;  50% fine sand;  50% low plasticity, slow to rapid
dilatancy fines; blocky texture; poorly indurated;
micaceous.

At 131.5 feet to 134 feet well indurated; blocky texture; too
hard to manually work to soil (similar to mudstone).

46

Borehole terminated at 135 feet. Backfilled boring with 250
gallons of neat grout consisting of 185 gallons water, 25
pounds of bentonite powder, 40-47 lb sacks of portland
cement.

At 120' set casing to
110'.
Run 21

Run 22

Upper 1.3 disturbed
and mixed with
slough and tossed
out.
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County: SutterBorehole Location: Levee Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,656,328.16

Longitude: -121.60229                        Latitude: 39.09819
Levee Station or Milepost: 848+00 Levee Mile:

Coordinates:  Northing: 2,221,852.77

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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Poorly Graded SAND with Silt (SP-SM); loose; dark
yellowish brown; dry;  90% fine sand;  10% no plasticity
fines.

SILTY SAND (SM); dark yellowish brown; dry;  77% fine
sand;  23% no plasticity fines.

SANDY SILT (ML); yellowish brown; moist;  60% medium
plasticity, slow dilatancy fines;  40% fine sand.

Poorly Graded SAND (SP); yellowish brown; moist;  95%
fine sand;  5% no plasticity fines.

CLAYEY SILT (ML/CL); dark yellowish brown; moist;
90% medium plasticity, slow dilatancy fines;  10% fine
sand. 44

23

Run 1

Run 2

Run 3

Run 4

42 15

DRILLING ROD TYPE AND DIAMETER
3-1/2" Sonic

DRILL BIT SIZE AND TYPE (HOLE DIAMETER)
4-1/2" Sonic Corebarrel/6-1/4" csg bit

DRILLER'S NAME
J. Marok

DATE COMPLETED
10/4/12

GROUNDWATER READING: DURING DRILLING
NA

SAMPLER TYPE(S)
4-1/2" OD, 3-1/2" ID Core Barrel

AFTER DRILLING (DATE-TIME)
 NA

GROUND ELEVATION
54.1853 ft

X

HELPER'S NAME
R. Estrado/E. Jasso

CONSULTANT COMPANY
URS Corporation

DRILLING METHOD
Sonic

TOTAL DEPTH OF FILL
0 ft

DRILL RIG MAKE AND MODEL
Geoprobe 8140 LC #34

CASING TYPE, DIAMETER, INSTALLATION DEPTH
5-7/8" OD, 5-1/8" ID Steel

ELEVATION DATUM
NAVD 88

TOTAL DEPTH OF BORING
95.0 ft

HAMMER EFFICIENCY

DRILLING CONTRACTOR
National

FIELD LOG REVIEWER
M. PALMER

HAMMER TYPE, MAKE/MODEL, WEIGHT/DROP
NA

FIELD LOGGER
GT Hong

BOREHOLE BACKFILL OR COMPLETION
Cement with 5% Bentonite

DATE STARTED
10/2/12

VERTICAL INCLINED
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County: SutterBorehole Location: Landside Toe

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,997.64

Longitude: -121.60416                        Latitude: 39.09988
Levee Station or Milepost: 856+04 Levee Mile:

Coordinates:  Northing: 2,162,621.88

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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Poorly Graded SAND (SP); dark yellowish brown; wet;
95% medium sand;  5% no plasticity fines.

SILTY SAND (SM); dark yellowish brown; wet;  77%
medium sand;  23% no plasticity fines.

Poorly Graded GRAVEL with Sand (GP); very dark
greenish gray; wet;  65% gravel;  30% sand;  5% no
plasticity fines.

At 28 feet tree trunk to 30'; 40% of composition.

At 30 feet 60% gravel; 35% sand; 5% fines.

SILTY SAND with Gravel (SM); dark greenish gray; wet;
59% sand;  28% gravel;  13% no plasticity fines.

Poorly Graded SAND with Gravel (SP); dark greenish
gray; wet;  80% sand;  15% gravel;  5% no plasticity fines.
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County: SutterBorehole Location: Landside Toe

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,997.64

Longitude: -121.60416                        Latitude: 39.09988
Levee Station or Milepost: 856+04 Levee Mile:

Coordinates:  Northing: 2,162,621.88

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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Poorly Graded GRAVEL with Sand (GP); dark greenish
gray; wet;  55% gravel;  40% sand;  5% no plasticity fines.

At 50 feet 70% gravel; 25% sand; 5% no plasticity fines.

At 60 feet grading with less fines, more sand.

LEAN CLAY with Sand (CL); dark greenish gray; moist;
85% medium plasticity, no dilatancy fines;  15% fine
sand.
Poorly Graded SAND with Silt (SP-SM); dark greenish
gray; wet;  90% medium sand;  10% no plasticity fines.

Run 10

Run 11
No recovery 50-51'

Run 12
No recovery 55-56'

Run 13

Run 14
No recovery 65-66'
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County: SutterBorehole Location: Landside Toe

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,997.64

Longitude: -121.60416                        Latitude: 39.09988
Levee Station or Milepost: 856+04 Levee Mile:

Coordinates:  Northing: 2,162,621.88

Levee Segment Reach 13
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CLAYEY GRAVEL with Sand (GC); dark greenish gray;
wet;  40% fine to coarse gravel;  39% fine sand;  21%
fines.

FAT CLAY (CH); greenish gray; moist;  95% high
plasticity, no dilatancy fines;  6% fine sand.

SILT (ML); greenish gray; moist;  95% medium plasticity,
no to slow dilatancy fines;  5% fine sand.

SILTY SAND (SM); greenish gray; wet;  64% fine sand;
36% no plasticity fines.

FAT CLAY (CH); greenish gray; moist;  97% high
plasticity, no dilatancy fines;  3% fine sand.

LEAN CLAY with Sand (CL); hard; greenish gray; moist;
75% low plasticity fines;  25% fine sand.
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21

36

97

4.5+P

Run 15

Run 16
No recovery 75-76'

Run 17

Run 18

Run 19
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County: SutterBorehole Location: Landside Toe

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,997.64

Longitude: -121.60416                        Latitude: 39.09988
Levee Station or Milepost: 856+04 Levee Mile:

Coordinates:  Northing: 2,162,621.88

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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Borehole terminated at 95 feet. Backfilled boring with neat grout
consisting of 70 gallons water and 18-47 lb sacks of portland
cement.
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County: SutterBorehole Location: Landside Toe

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,997.64

Longitude: -121.60416                        Latitude: 39.09988
Levee Station or Milepost: 856+04 Levee Mile:

Coordinates:  Northing: 2,162,621.88

Levee Segment Reach 13
CA State Plane Zone IICoord. System:

S
U

T
T

E
R

 B
U

T
T

E
 S

O
IL

 L
O

G
 R

E
V

1;
   

G
IN

T
S

B
F

C
A

; 
  S

U
T

T
E

R
B

U
T

T
E

LI
B

R
A

R
Y

20
13

1
11

1.
G

LB
;  

 1
/2

9/
1

4

-45

-50

-55

-60

-65



100

25

40

76

60

3-inch Asphalt concrete.
9-inch Aggregate Base.

[LEVEE FILL]
CLAYEY SAND (SC); olive brown; dry;  75% fine to
medium sand;  25% low plasticity, slow dilatancy fines;
micaceous.

[LEVEE FILL]
Poorly Graded SAND with Silt (SP-SM); yellowish brown;
dry;  90% fine to medium sand;  10% no plasticity fines;
micaceous.

Advance boring to 1'
with casing bit.
Run 1

Blocked with 4"
cobble at 2'.
No recovery 2-5'

Run 2
No recovery 5-8'
5-8' disturbed by
slough from above.

At 10' set casing to
5'.
Run 3

At 15' set casing to
10'.
Run 4
No recovery 15-19'

DRILLING ROD TYPE AND DIAMETER
3-1/2" Sonic

DRILL BIT SIZE AND TYPE (HOLE DIAMETER)
4-1/2" Sonic Corebarrel/6-1/4" csg bit

DRILLER'S NAME
J. Marok

DATE COMPLETED
10/20/12

GROUNDWATER READING: DURING DRILLING
NA

SAMPLER TYPE(S)
4-1/2" OD, 3-1/2" ID Core Barrel

AFTER DRILLING (DATE-TIME)
 NA

GROUND ELEVATION
81.9978 ft

X

HELPER'S NAME
N. Castro/J. Woolcott

CONSULTANT COMPANY
URS Corporation

DRILLING METHOD
Sonic

TOTAL DEPTH OF FILL
24.5 ft

DRILL RIG MAKE AND MODEL
Geoprobe 8140 LC #34

CASING TYPE, DIAMETER, INSTALLATION DEPTH
5-7/8" OD, 5-1/8" ID Steel

ELEVATION DATUM
NAVD 88

TOTAL DEPTH OF BORING
135.0 ft

HAMMER EFFICIENCY

DRILLING CONTRACTOR
National

FIELD LOG REVIEWER
G.T. HONG

HAMMER TYPE, MAKE/MODEL, WEIGHT/DROP
NA

FIELD LOGGER
M. Palmer

BOREHOLE BACKFILL OR COMPLETION
Neat cement grout

DATE STARTED
10/19/12

VERTICAL INCLINED
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County: SutterBorehole Location: Levee Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,552.11

Longitude: -121.60572                        Latitude: 39.10241
Levee Station or Milepost: 866+19 Levee Mile:

Coordinates:  Northing: 2,163,543.05

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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[LEVEE FILL]
SILTY SAND (SM); olive brown; moist;  70% fine to
medium sand;  30% no to low plasticity, slow dilatancy
fines; presence of mica and fine organic fragments.

[LEVEE FILL]
CLAYEY SAND (SC); hard; olive brown; moist;  60% fine
to medium sand;  40% low plasticity, slow dilatancy fines;
presence of mica and organic fragments.

SANDY LEAN CLAY (CL); light olive brown; moist;  55%
low plasticity, no to slow dilatancy fines;  45% fine to
medium sand; micaceous and fine organic fragments.

SANDY LEAN CLAY (CL); light olive brown; moist;  55%
low plasticity, no to slow dilatancy fines;  45% fine to
medium sand; trace of mica; presence of roots.

SILTY SAND (SM); dark yellowish brown; dry;  87% fine
to medium sand;  13% no plasticity fines; micaceous.

LEAN CLAY (CL); yellowish brown;  90% low plasticity,
slow dilatancy fines;  10% fine sand; orange-red iron
oxide staining.

SILTY SAND (SM); light yellowish brown; moist;  75% fine
sand;  25% no plasticity fines; micaceous.

At 43 feet 85% fine to medium sand; 15% fines.

33

13

At 25' set casing to
15'.
Run 5

At 30' set casing to
25'.
Run 6
No recovery
30-32.2' washed out

At 35' set casing to
30'.
Run 7
No recovery 35-36'
washed out

At 40' set casing to
35'.
Run 8
No recovery
40-40.8' washed out
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County: SutterBorehole Location: Levee Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,552.11

Longitude: -121.60572                        Latitude: 39.10241
Levee Station or Milepost: 866+19 Levee Mile:

Coordinates:  Northing: 2,163,543.05

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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At 47 feet 80% fine to medium sand; 20% fines;
predominantly fine sand.

At 48.5 feet 0.5' lens of Sandy Silt (ML); light olive brown.

Poorly Graded SAND (SP); olive gray; wet;  95% fine to
medium sand;  5% no plasticity fines; presence of mica.

At 57 feet 98% sand; 2% fines.

At 61 feet dark gray.

Poorly Graded SAND with Gravel (SP); dark gray; wet;
55% fine to coarse sand;  40% fine to coarse, subrounded
to rounded, hard gravel, max. 1.25 in.;  5% no plasticity
fines; presence of mica.

2

At 45' set casing to
40'.
Run 9
No recovery 45-47'
washed out

Run 10
No recovery 50-55'
washed out

Hard drilling 57-59'.

At 60' set casing to
55'.
Run 11
No recovery 60-61'
washed out
61-63' highly
disturbed.
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County: SutterBorehole Location: Levee Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,552.11

Longitude: -121.60572                        Latitude: 39.10241
Levee Station or Milepost: 866+19 Levee Mile:

Coordinates:  Northing: 2,163,543.05

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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15

Well-Graded GRAVEL with Sand (GW); dark bluish gray;
wet;  67% fine to coarse, subrounded to rounded gravel,
max. 2.5 in.;  30% fine to coarse sand;  3% no plasticity
fines; presence of mica.

SILTY SAND (SM); gray; wet;  85% fine to medium sand;
15% no to low plasticity, rapid dilatancy fines; micaceous.

3

At 70' set casing to
65'.
Run 12

At 80' set casing to
75'.
Run 13
No recovery
80-89.5' washed out
sample. No gravel
just sand in shoe.

Run 14
No recovery
90-98.5' washed out
sample
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County: SutterBorehole Location: Levee Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,552.11

Longitude: -121.60572                        Latitude: 39.10241
Levee Station or Milepost: 866+19 Levee Mile:

Coordinates:  Northing: 2,163,543.05

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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Poorly Graded SAND with Silt (SP-SM); dark gray; wet;
90% fine to coarse sand;  10% no plasticity fines;
micaceous.

Poorly Graded SAND with Gravel (SP); dark gray; wet;
55% fine to coarse sand;  40% fine gravel;  5% no
plasticity fines.

Poorly Graded GRAVEL with Sand (GP); dark gray; wet;
80% fine to coarse, subrounded to rounded, hard gravel,
max. 3 in.;  15% fine to coarse sand;  5% no plasticity
fines.

LEAN CLAY with Sand (CL); dark gray; moist.

SILTY SAND (SM); dark gray; wet;  78% fine to medium
sand;  14% no plasticity fines;  8% fine to coarse gravel;
micaceous.

Poorly Graded GRAVEL (GP);  100% fine to coarse
gravel, max. 2.5 in..
LEAN CLAY with Sand (CL); dark gray; moist;  75%
medium plasticity, no dilatancy fines;  25% fine sand.

SILTY SAND (SM); dark gray; wet;  77% fine to coarse
sand;  23% no to low plasticity, slow dilatancy fines;
micaceous; top and bottom of layer is boarded by 0.1'
lenses of fine to coarse gravel, max. 1 in.
LEAN CLAY with Sand (CL); greenish gray; moist;  85%
medium plasticity, no dilatancy fines;  15% fine sand.
SILTY SAND (SM/ML); hard; very dark greenish gray;
moist;  55% fine sand;  45% low plasticity, slow dilatancy
fines; micaceous; over consolidated friable texture.

SILTY SAND (SM); very dark greenish gray; moist;  85%
fine sand;  15% no plasticity fines.

29

14

23

45

At 100' set casing to
95'.
Run 15
No recovery
100-101.5'. Washed
away; 101.5-104'
highly disturbed.

Run 16
No recovery. Upper
1.5' disturbed and
destroyed by
gravelly slough.

Run 17
No recovery.
115-118' destroyed
by slough; 118-119
highly disturbed.
Did not save
118-118.5'.
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County: SutterBorehole Location: Levee Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,552.11

Longitude: -121.60572                        Latitude: 39.10241
Levee Station or Milepost: 866+19 Levee Mile:

Coordinates:  Northing: 2,163,543.05

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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100

100

At 121 feet 75% sand; 25% fines.

CLAYEY SAND (SC); very dark greenish gray; moist;
70% fine sand;  30% low plasticity, no to slow dilatancy
fines; micaceous.

SILTY SAND (SM); very dark greenish gray; moist;  85%
fine to medium sand;  15% no plasticity fines; micaceous;
crumbly texture.
SANDY FAT CLAY (CH/SC); very dark greenish gray;
moist;  50% low to medium plasticity, no dilatancy fines;
50% fine sand and very hard; fine to coarse sand size
indurated (CL) fragments; poorly indurated; blocky
texture.

SILTY SAND (SM); very dark greenish gray; moist;  80%
fine sand;  20% no plasticity fines; micaceous;
crumbly-friable texture.
SANDY SILT (ML); dark greenish gray; moist; 70% fine
sand and fine to coarse sand size indurated (ML/CL)
fragments; 30% low plasticity, no dilatancy fines;
micaceous; poorly to well indurated; blocky texture;
induration increases with depth. Sand fraction (70%)
breaks down to 30% fine sand and 40% indurated lean
clay (ML/CL) fragments.

CLAYEY SAND (SC); dark greenish gray; moist;  65%
fine sand;  35% low plasticity, slow dilatancy fines;
presence of mica; friable to crumbly texture; poorly
indurated.
SANDY SILTY CLAY (CL/ML); dark greenish gray; moist;
65% low plasticity, no dilatancy fines; 35% fine sand and
fine to medium sand size indurated (CL) fragments;
poorly indurated to trace well indurated.

71

40

25

Borehole terminated at 135 feet. Backfilled boring with 250
gallons of neat grout consisting of 185 gallons water, 30
pounds of bentonite powder, 37-47 lb sacks of portland
cement.

Run 18

Run 19
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County: SutterBorehole Location: Levee Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,552.11

Longitude: -121.60572                        Latitude: 39.10241
Levee Station or Milepost: 866+19 Levee Mile:

Coordinates:  Northing: 2,163,543.05

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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100

100

100

100

Poorly Graded SAND with Silt (SP-SM); loose; dark
yellowish brown; moist;  92% fine sand;  8% no plasticity
fines.

SILT (ML); soft; olive gray; moist;  95% low plasticity, no
dilatancy fines;  5% medium sand.

Poorly Graded SAND with Clay (SP-SC).

SANDY LEAN CLAY (CL); dark olive gray; moist;  55%
low plasticity fines;  45% fine to medium sand.

42

8

<0.5P

Run 1
Hand auger to 5'

Run 2

Run 3

Run 4
No recovery 15-19',
driller indicated
sand lost due to
water used to
advance casing.

33 14

DRILLING ROD TYPE AND DIAMETER
3-1/2" Sonic

DRILL BIT SIZE AND TYPE (HOLE DIAMETER)
4-1/2" Sonic Corebarrel/6-1/4" csg bit

DRILLER'S NAME
J. Marok

DATE COMPLETED
10/5/12

GROUNDWATER READING: DURING DRILLING
NA

SAMPLER TYPE(S)
4-1/2" OD, 3-1/2" ID Core Barrel

AFTER DRILLING (DATE-TIME)
 NA

GROUND ELEVATION
52.6943 ft

X

HELPER'S NAME
R. Estrado/E. Jasso

CONSULTANT COMPANY
URS Corporation

DRILLING METHOD
Sonic

TOTAL DEPTH OF FILL
0 ft

DRILL RIG MAKE AND MODEL
Geoprobe 8140 LC #34

CASING TYPE, DIAMETER, INSTALLATION DEPTH
5-7/8" OD, 5-1/8" ID Steel

ELEVATION DATUM
NAVD 88

TOTAL DEPTH OF BORING
90.0 ft

HAMMER EFFICIENCY

DRILLING CONTRACTOR
National

FIELD LOG REVIEWER
M. PALMER

HAMMER TYPE, MAKE/MODEL, WEIGHT/DROP
NA

FIELD LOGGER
M. Weil

BOREHOLE BACKFILL OR COMPLETION
Cement with 5% Bentonite

DATE STARTED
10/4/12

VERTICAL INCLINED
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County: SutterBorehole Location: Landside Toe

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,672,931.45

Longitude: -121.60789                        Latitude: 39.10552
Levee Station or Milepost: 878+83 Levee Mile:

Coordinates:  Northing: 2,164,673.03

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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100

100

100

100

100

SILT (ML); soft; olive gray; moist;  95% low plasticity fines;
5% fine sand.

At 24 feet with decomposing tree core fragments.

SANDY SILT (ML); olive gray; moist;  55% low plasticity
fines;  45% fine sand.

Tree core section.

Poorly Graded SAND with Clay (SP-SC); very dark
greenish gray; moist;  90% fine to coarse sand;  10% low
plasticity fines.

CLAYEY SAND with Gravel (SC); medium dense; very

47

32

10

Run 5

Run 6

Run 7

Run 8

Run 9
No recovery
40-42.5'. Loose
sand, loss of sample
in hole.
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County: SutterBorehole Location: Landside Toe

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,672,931.45

Longitude: -121.60789                        Latitude: 39.10552
Levee Station or Milepost: 878+83 Levee Mile:

Coordinates:  Northing: 2,164,673.03

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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100

100

100

dark greenish gray; moist;  60% fine to coarse sand;  20%
gravel;  20% low plasticity fines.

Well-Graded GRAVEL with Sand (GW); very dark gray;
moist; 59% gravel and cobbles; 36% coarse sand; 5% low
plasticity fines.

Well-Graded SAND with Silt (SW-SM); very dark gray;
moist;  90% fine to coarse sand;  10% no plasticity fines.

Poorly Graded SAND with Silt (SP-SM); very dark gray;
moist;  90% fine to medium sand;  10% no plasticity fines.

Well-Graded SAND (SW); very dark gray; moist;  95%
fine to coarse sand;  5% no plasticity fines.

5

5

Run 10
1st attempt to
recovery (rock in bit)
2nd attempt full
recovery.

Run 11

Run 12

Run 13

Run 14

D
ep

th
, f

ee
t

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

Sheet 3 of 4

Final Report Version

R
ec

ov
er

y,
 %

S
am

pl
e 

Lo
ca

tio
n

CLASSIFICATION OF MATERIALS
(Description)

B
lo

w
s 

pe
r 

6 
in

.
[B

lo
w

s 
pe

r 
ft]

Li
qu

id
Li

m
it

F
in

es
,

%
 <

 #
20

0

N
60

(A
S

T
M

)

O
th

er
 L

ab
T

es
ts

S
am

pl
e 

N
um

be
r

E
le

va
tio

n,
 fe

et

P
P

 o
r 

T
V

, t
sf

SBFCA Feather River West Levee

LOG OF BORING

SL0001_005S

LABORATORY DATA

M
at

er
ia

l
G

ra
ph

ic
s

REMARKS

W
at

er
C

on
te

nt
, 

%

P
la

st
ic

ity
In

de
x

County: SutterBorehole Location: Landside Toe

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,672,931.45

Longitude: -121.60789                        Latitude: 39.10552
Levee Station or Milepost: 878+83 Levee Mile:

Coordinates:  Northing: 2,164,673.03

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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86

89

65

Poorly Graded GRAVEL with Sand (GP); dark greenish
gray; wet;  80% fine to coarse, subrounded to rounded
gravel, max. 2 in.;  17% fine to coarse sand;  3% no
plasticity fines.

SILTY SAND (SM); greenish black; moist;  80% fine to
medium sand;  20% no plasticity fines; micaceous; friable
texture.

SILTY SAND with Gravel (SM); greenish black; moist;
60% fine to coarse sand;  20% fine to coarse, rounded,
hard gravel, max. 1.5 in.;  20% no plasticity fines.

SILTY SAND (SM); greenish black; moist;  65% fine to
medium sand;  30% no plasticity fines;  5% fine gravel;
poorly indurated; friable texture.

3

At 70' set casing to
65'.
Run 12

At 75' set casing to
70'.
Run 13

Run 14
No recovery
85-88.5'

D
ep

th
, f

ee
t

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

Sheet 4 of 6

Final Report Version

R
ec

ov
er

y,
 %

S
am

pl
e 

Lo
ca

tio
n

CLASSIFICATION OF MATERIALS
(Description)

B
lo

w
s 

pe
r 

6 
in

.
[B

lo
w

s 
pe

r 
ft]

Li
qu

id
Li

m
it

F
in

es
,

%
 <

 #
20

0

N
60

(A
S

T
M

)

O
th

er
 L

ab
T

es
ts

S
am

pl
e 

N
um

be
r

E
le

va
tio

n,
 fe

et

P
P

 o
r 

T
V

, t
sf

SBFCA Feather River West Levee

LOG OF BORING

SL0001_006S

LABORATORY DATA

M
at

er
ia

l
G

ra
ph

ic
s

REMARKS

W
at

er
C

on
te

nt
, 

%

P
la

st
ic

ity
In

de
x

County: SutterBorehole Location: Levee Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,123.92

Longitude: -121.60719                        Latitude: 39.10943
Levee Station or Milepost: 893+00 Levee Mile:

Coordinates:  Northing: 2,166,097.89

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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100

80

100

100

Poorly Graded GRAVEL with Sand (GP); very dark
greenish gray; wet;  65% fine to coarse, subrounded to
rounded, hard gravel, max. 1 in.;  30% fine to coarse
sand;  5% no plasticity fines.

Poorly Graded GRAVEL (GP); very dark greenish gray;
wet;  85% fine to coarse, subrounded to rounded, hard
gravel, max. 2 in.;  10% fine to coarse sand;  5% no
plasticity fines.

SILTY SAND with Gravel (SM); very dark greenish gray;
wet;  42% fine to coarse sand;  38% fine, subangular to
subrounded, hard gravel, max. .75 in.;  20% no plasticity
fines; poorly indurated; friable texture.

SILTY SAND (SM); very dark greenish gray; moist;  55%
fine sand;  45% no to low plasticity, low dry strength, slow
to rapid dilatancy fines; micaceous; variably thin bedded
to massive bedding; no to weakly indurated.

At 114.5 feet 75% fine to medium sand; 25% no to low
plasticity, slow to rapid dilatancy fines; micaceous; friable
texture.
CLAYEY GRAVEL with Sand (GC); very dark greenish
gray; moist;  50% fine to coarse, rounded, hard gravel,
max. 1.25 in.;  35% fine to coarse sand;  15% low
plasticity, medium to high dry strength, no dilatancy fines;
blocky texture; poorly indurated.
SILTY SAND with Gravel (SM); very dark greenish gray;
moist;  40% fine to medium sand;  35% fine to coarse
gravel, max. 1.5 in.;  25% low plasticity, no to slow
dilatancy fines; micaceous.
CLAYEY SAND (SC); very dark greenish gray; moist;
75% fine to coarse sand;  25% low plasticity, no to slow
dilatancy fines; micaceous.

30

20

At 95' set casing to
85'.
Run 15

At 105' set casing to
95'.
Run 16
No recovery
105-107'

Rig broke, core
barrel in hole at
115'.

Recover core barrel
continue coring.

Run 17
Clean out and
advance to 116.
Run 18
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County: SutterBorehole Location: Levee Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,123.92

Longitude: -121.60719                        Latitude: 39.10943
Levee Station or Milepost: 893+00 Levee Mile:

Coordinates:  Northing: 2,166,097.89

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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100

100

SANDY SILTY CLAY (CL/ML); very dark greenish gray;
moist;  65% low plasticity, no to slow dilatancy fines;  35%
fine sand; micaceous.
LEAN CLAY (CL); very hard; very dark greenish gray;
moist; 1% fine sand and sand size indurated soil
fragments; 99% low plasticity, no dilatancy fines;
micaceous; blocky; weakly indurated.

At 125 feet poorly indurated to well indurated (similar to a
mudstone).

SILTY SAND (SM); very dense; very dark greenish gray;
moist; 70% fine sand and fine to coarse sand size
indurated fragments of (SM); 30% low plasticity, slow
dilatancy fines; micaceous; poorly indurated; friable
texture.

SANDY SILTY CLAY (CL/ML); very hard; very dark
greenish gray; moist; 50% fine sand and fine to coarse
sand size indurated soil fragments; 50% low plasticity, no
to slow dilatancy fines; well indurated (similar to a
mudstone).

99

Borehole terminated at 133 feet. Backfilled boring with 225
gallons of neat grout consisting of 170 gallons water, 25
pounds of bentonite powder, 38-47 lb sacks of portland
cement.

At 120' set casing to
115'.
Run 19

Run 20

Driller over drilled
by 3'.
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County: SutterBorehole Location: Levee Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,123.92

Longitude: -121.60719                        Latitude: 39.10943
Levee Station or Milepost: 893+00 Levee Mile:

Coordinates:  Northing: 2,166,097.89

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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92

88

100

65

3-inch Asphalt Concrete.
9-inch Aggregate Base.

[LEVEE FILL]
SILTY SAND with Gravel yellowish brown; moist;  60%
fine to coarse sand;  25% fine to coarse, subrounded to
rounded, hard gravel;  15% no plasticity fines; presence of
mica.

[LEVEE FILL]
SILTY SAND (SM); yellowish brown; moist;  81% fine to
coarse sand;  14% no plasticity fines;  5% fine,
subrounded to rounded, hard gravel, max. 3/8 in.;
presence of mica.

At 9 feet olive gray; 80% fine to coarse sand; 20% no
plasticity fines.

At 12 feet 70% fine to coarse sand; 20% no plasticity
fines; 10% fine to coarse gravel, max. 1 in.

At 14 feet 80% fine to coarse sand; 20% no plasticity
fines.

At 15 feet dark olive gray; 60% fine to medium sand; 40%
no to low plasticity, rapid dilatancy fines; micaceous; trace
fine organic fragments with 3.5" lifts of Silt with Sand
(ML); 75% no plasticity fines; 25% fine sand; trace fine
organic fragments and Silty Sand (SM); 85% fine to
medium sand; 15% no plasticity fines.

14

0-0.5' sonic

Hand auger to 5'

Run 1

Run 2

Run 3

At 15' set casing to
10'.
Run 4

DRILLING ROD TYPE AND DIAMETER
3-1/2" Sonic

DRILL BIT SIZE AND TYPE (HOLE DIAMETER)
4-1/2" Sonic Corebarrel/6-1/4" csg bit

DRILLER'S NAME
J. Marok

DATE COMPLETED
10/12/12

GROUNDWATER READING: DURING DRILLING
NA

SAMPLER TYPE(S)
4-1/2" OD, 3-1/2" ID Core Barrel

AFTER DRILLING (DATE-TIME)
 NA

GROUND ELEVATION
81.8208 ft

X

HELPER'S NAME
N. Castro/G. Becker

CONSULTANT COMPANY
URS Corporation

DRILLING METHOD
Sonic

TOTAL DEPTH OF FILL
28 ft

DRILL RIG MAKE AND MODEL
Geoprobe 8140 LC #34

CASING TYPE, DIAMETER, INSTALLATION DEPTH
5-7/8" OD, 5-1/8" ID Steel to 100'

ELEVATION DATUM
NAVD 88

TOTAL DEPTH OF BORING
120.0 ft

HAMMER EFFICIENCY

DRILLING CONTRACTOR
National

FIELD LOG REVIEWER
G.T. HONG

HAMMER TYPE, MAKE/MODEL, WEIGHT/DROP
NA

FIELD LOGGER
M. Palmer

BOREHOLE BACKFILL OR COMPLETION
Neat cement grout

DATE STARTED
10/11/12

VERTICAL INCLINED
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County: SutterBorehole Location: Levee Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,197.52

Longitude: -121.60692                        Latitude: 39.11134
Levee Station or Milepost: 900+00 Levee Mile:

Coordinates:  Northing: 2,166,793.84

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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CLAYEY SAND (SC); hard; olive gray;  60% fine to coarse
sand;  40% low to medium plasticity, no to slow dilatancy
fines; micaceous.

SILTY SAND (SM); light olive brown; moist;  80% fine to
medium sand;  20% no plasticity fines; micaceous.

At 41 feet interbeds of Silty Sand as in 31-41 feet and Silt
(ML) as in 43-44 feet..

SILT with Sand (ML); black; moist;  79% low plasticity,
slow to rapid dilatancy fines;  21% fine sand; micaceous;
presence of fine organic matter; slight organic odor.
At 44 feet very dark grayish brown; no organics or organic
odor.

35

20

79

Run 5

Run 6

Original ground at
28'.

Run 7

Hard drilling to 34'.

No recovery 33-40'

At 35-36 soft/quick
advance.

At 40' set casing to
30'.
Run 8
40-50' no vibration
used, sample
advanced to depth
under weight of
rods.
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SBFCA Feather River West Levee

LOG OF BORING
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County: SutterBorehole Location: Levee Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,197.52

Longitude: -121.60692                        Latitude: 39.11134
Levee Station or Milepost: 900+00 Levee Mile:

Coordinates:  Northing: 2,166,793.84

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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SILTY SAND (SM); dark olive gray; wet;  86% fine to
medium sand;  14% no plasticity fines; trace coarse sand;
micaceous.

SILTY SAND with Gravel (SM); olive gray; wet;  65% fine
to coarse sand;  25% no to low plasticity fines;  15% fine
to coarse, rounded, hard gravel; presence of mica.

Poorly Graded SAND with Silt and Gravel (SP-SM); dark
greenish gray; wet;  60% fine to coarse sand;  30% fine to
coarse, rounded, hard gravel, max. 1 in.;  10% no
plasticity fines.

Poorly Graded GRAVEL with Sand (GP); very dark
greenish gray; wet;  80% fine to coarse, rounded, hard
gravel;  15% fine to coarse sand;  5% no plasticity fines.

Poorly Graded SAND with Silt (SP-SM); very dark

14

At 50' set casing to
50'.
Run 9
Initial recovery 3'/10'
some sample fell
out of core barrel.
Re-cored interval to
60' and recovered
5'/10', however, 2'
were disturbed
appears as slough.

No recovery
55-59.5'

At 60' set casing to
60'.
Run 10

Flapper bit is
disturbing sample,
request to use open
bit.

No recovery
63.5-65'

Run 11
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SBFCA Feather River West Levee
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County: SutterBorehole Location: Levee Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,197.52

Longitude: -121.60692                        Latitude: 39.11134
Levee Station or Milepost: 900+00 Levee Mile:

Coordinates:  Northing: 2,166,793.84

Levee Segment Reach 13
CA State Plane Zone IICoord. System:

S
U

T
T

E
R

 B
U

T
T

E
 S

O
IL

 L
O

G
 R

E
V

1;
   

G
IN

T
S

B
F

C
A

; 
  S

U
T

T
E

R
B

U
T

T
E

LI
B

R
A

R
Y

20
13

1
11

1.
G

LB
;  

 1
/2

9/
1

4

35

30

25

20

15



98

86

90

92

100

greenish gray; wet;  90% fine to medium sand;  10% no
plasticity fines.

At 72 feet 90% fine to coarse sand; 10% no plasticity
fines; trace fine gravel.

SILTY SAND (SM); greenish gray; wet;  70% fine to
coarse sand;  30% no to low plasticity, slow dilatancy
fines; presence of mica.
SILTY SAND with Gravel (SM); greenish gray; wet;  55%
fine to coarse sand;  30% fine to coarse gravel, max. 1 in.;
15% no to low plasticity, slow dilatancy fines.

SILTY GRAVEL with Sand (GM); dark greenish gray;
moist;  65% fine to coarse, rounded gravel, max. 2.25 in.;
26% fine to coarse sand;  14% no to low plasticity fines;
consolidated, gravels leave pluck marks (casts) in matrix
when removed.

Poorly Graded SAND (SP); dark greenish gray; moist;
95% fine to medium sand;  5% no plasticity fines.

SILTY SAND (SM); dark greenish gray; moist;  80% fine
to medium sand;  20% no plasticity fines; friable texture.

Well-Graded SAND with Silt and Gravel (SW-SM); dark
greenish gray; moist;  66% fine to coarse sand;  25% fine
to coarse gravel, max. 1.5 in.;  9% no plasticity fines.

CLAYEY SILT with Sand (ML/CL); dark gray; moist;  85%
low plasticity, slow to rapid dilatancy fines;  15% fine

14

9

Run 12

At 75' set casing to
70'.
Run 13

At 80' set casing to
75'.
Run 14

At 85' set casing to
80'.
Run 15

At 90' set casing to
85'.
Run 16
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SBFCA Feather River West Levee
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County: SutterBorehole Location: Levee Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,197.52

Longitude: -121.60692                        Latitude: 39.11134
Levee Station or Milepost: 900+00 Levee Mile:

Coordinates:  Northing: 2,166,793.84

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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sand; micaceous; slight organic odor; trace organic
fragments.
At 94.5 feet one 1/4 in. diameter root.
SILTY SAND (SM); dark gray; moist; 30% no plasticity
fines; micaceous; presence of finely disseminated
organics; friable texture; interbedded (0.3'-1.0' thick) with
Poorly graded Sand (SP): dark gray; moist; 95% fine to
medium sand; 5% no plasticity fines.

Poorly Graded SAND (SP); dark gray; moist;  95% fine to
medium sand;  5% no plasticity fines; micaceous.

Poorly Graded GRAVEL with Sand (GP); dark gray; moist;
60% fine to coarse, subrounded to rounded gravel, max.
1.5 in.;  35% fine to coarse sand;  5% no plasticity fines.

SILTY SAND (SM); dark gray; moist;  80% fine sand;
20% no plasticity fines; micaceous; poorly indurated;
friable.
At 105 feet 85% fine to medium sand; 15% no plasticity
fines; non-indurated.
Poorly Graded SAND with Silt (SP-SM); dark gray; moist;
93% fine sand;  6% no plasticity fines;  1% fine, rounded,
hard gravel.
Poorly Graded GRAVEL with Sand (GP); dark gray; wet;
60% fine to coarse, subrounded to rounded, hard gravel,
max. 1.25 in.;  35% fine to coarse sand;  5% no plasticity
fines.
SILTY SAND (SM); dark gray; wet;  85% fine to medium
sand;  15% no plasticity fines.
At 108.9 feet lens of fine to coarse gravel, max. 1.25 in.
CLAYEY SAND (SC); very dark greenish gray; moist;
75% fine to coarse sand;  25% low plasticity, no dilatancy
fines; micaceous; over consolidated texture.
SILTY SAND (SM); dark gray; moist;  80% fine to medium
sand;  20% no plasticity fines; micaceous.
SILTY SAND with Gravel (SM); dark gray; moist;  70%
fine to coarse sand;  15% fine to coarse, rounded, hard
gravel, max. 3 in.;  15% no plasticity fines.

FAT CLAY (CH); dark greenish gray;  90% high plasticity,
no dilatancy fines;  10% fine sand; micaceous; blocky
texture.

SANDY SILT (ML); dark greenish gray;  60% low
plasticity, slow dilatancy fines;  40% fine sand;
micaceous.

37

6

At 95' set casing to
90'.
Run 17

At 100' set casing to
95'.
Run 18

Run 19

Upper 3' disturbed.

At 110' set casing to
100'.
Run 20
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SBFCA Feather River West Levee
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County: SutterBorehole Location: Levee Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,197.52

Longitude: -121.60692                        Latitude: 39.11134
Levee Station or Milepost: 900+00 Levee Mile:

Coordinates:  Northing: 2,166,793.84

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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Borehole terminated at 120 feet. Backfilled boring with 230
gallons of neat grout consisting of 170 gallons water, 0 pounds
of bentonite powder, 28-47 lb sacks of portland cement.
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SBFCA Feather River West Levee
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County: SutterBorehole Location: Levee Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,197.52

Longitude: -121.60692                        Latitude: 39.11134
Levee Station or Milepost: 900+00 Levee Mile:

Coordinates:  Northing: 2,166,793.84

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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3-inch Asphalt Concrete.
14-inch Aggregate Base.

[LEVEE FILL]
SILTY SAND (SM); brown; moist;  70% fine to medium
sand;  30% no plasticity fines.

At 12 feet 78% sand; 22% fines.

[LEVEE FILL]
SANDY SILT (ML); very dark gray; moist;  55% low
plasticity, slow dilatancy fines;  45% fine sand.

22

Run 1

Run 2
Difficult drilling, very
stiff soil, low
recovery, 2nd
attempt additional
20" recovered.

Run 3

Run 4

DRILLING ROD TYPE AND DIAMETER
3-1/2" Sonic

DRILL BIT SIZE AND TYPE (HOLE DIAMETER)
4-1/2" Sonic Corebarrel/6-1/4" csg bit

DRILLER'S NAME
J. Marok

DATE COMPLETED
10/9/12

GROUNDWATER READING: DURING DRILLING
NA

SAMPLER TYPE(S)
4-1/2" OD, 3-1/2" ID Core Barrel

AFTER DRILLING (DATE-TIME)
 NA

GROUND ELEVATION
81.0599 ft

X

HELPER'S NAME
R. Estrado/E. Jasso

CONSULTANT COMPANY
URS Corporation

DRILLING METHOD
Sonic

TOTAL DEPTH OF FILL
23 ft

DRILL RIG MAKE AND MODEL
Geoprobe 8140 LC #34

CASING TYPE, DIAMETER, INSTALLATION DEPTH
5-7/8" OD, 5-1/8" ID Steel

ELEVATION DATUM
NAVD 88

TOTAL DEPTH OF BORING
120.0 ft

HAMMER EFFICIENCY

DRILLING CONTRACTOR
National

FIELD LOG REVIEWER
M. PALMER

HAMMER TYPE, MAKE/MODEL, WEIGHT/DROP
NA

FIELD LOGGER
M. Weil/G. Hong

BOREHOLE BACKFILL OR COMPLETION
Cement with Bentonite

DATE STARTED
10/5/12

VERTICAL INCLINED
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SBFCA Feather River West Levee
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County: SutterBorehole Location: Levee Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,571.75

Longitude: -121.60558                        Latitude: 39.11512
Levee Station or Milepost: 914+40 Levee Mile:
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SILTY SAND (SM); olive brown; wet;  70% medium sand;
30% low plasticity fines.

At 26 feet moist; very dark gray; 80% medium sand; 20%
low plasticity fines.

At 28 feet 62% sand; 37% fines; 1% fine gravel.

SANDY SILT (ML); very dark gray; wet;  68% low
plasticity, slow dilatancy fines;  32% fine sand.
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Run 5

Run 6

No Recovery
30-35'

Run 7

No Recovery
40-45'
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Levee Station or Milepost: 914+40 Levee Mile:

Coordinates:  Northing: 2,168,172.15
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SILTY SAND (SM); brown; wet;  70% medium sand;  30%
low plasticity fines.

SANDY SILT (ML); brown; wet;  56% low plasticity fines;
44% fine to medium sand.

SILTY SAND (SM); very dark greenish gray; wet;  85%
medium sand;  15% low plasticity fines.

Well-Graded GRAVEL with Sand (GW); very dark
greenish gray; wet;  80% gravel;  15% coarse sand;  5%
no plasticity fines.
Poorly Graded SAND with Silt and Gravel (SP-SM); very
dark greenish gray; wet;  53% medium to coarse sand;
37% gravel;  10% no plasticity fines.

Well-Graded GRAVEL with Sand (GW); very dark gray;
wet;  70% gravel;  25% coarse sand;  5% no plasticity
fines.

20 56

10

Run 8

Run 9

Run 10

Run 11

Run 12
Low recovery due to
large cobble at tip
(not good for sieve
analysis).
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Poorly Graded SAND (SP); very dark greenish gray; wet;
90% medium to coarse sand;  5% gravel;  5% no
plasticity fines.

Poorly Graded GRAVEL with Silt and Sand (GP-GM);
dark gray; wet;  65% gravel;  25% coarse sand;  10% low
plasticity fines.

Poorly Graded GRAVEL with Sand (GP); dark greenish
gray; wet;  65% gravel;  31% coarse sand;  4% no
plasticity fines.

SILT (ML); dark greenish gray; moist;  95% no dilatancy
fines;  5% fine sand.

SILTY SAND (SM); very dark gray; moist;  80% fine to
medium sand;  20% no plasticity fines; micaceous; with a
few 1" thick interbeds of Sandy Silt (ML); 60% no
plasticity fines; 40% sand.

At 93.5 feet a 2" lens of fine to coarse, round, hard gravel,
max. 1.5 in.

43

4

Run 13

Run 14

Run 15

Run 16

Run 17
At 90' add casing
from 75' to 90'.
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County: SutterBorehole Location: Levee Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,571.75

Longitude: -121.60558                        Latitude: 39.11512
Levee Station or Milepost: 914+40 Levee Mile:

Coordinates:  Northing: 2,168,172.15

Levee Segment Reach 13
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At 101 feet 75% fine to medium sand; 15% no plasticity
fines 10% fine, round, hard gravel.

Poorly Graded GRAVEL with Silt and Sand (GP-GM);
very dark gray; moist;  50% fine to coarse, rounded, hard
gravel;  40% fine to coarse sand;  10% no plasticity fines.
FAT CLAY (CH); grayish green; moist;  90% slow
dilatancy fines;  10% fine sand.

SANDY SILTY CLAY (CL/ML); grayish green; moist;  70%
low plasticity, medium to high dry strength, slow dilatancy
fines;  30% fine sand.

SILTY SAND (SM); grayish green; moist;  65% fine sand;
35% no to low plasticity, medium dry strength, slow to
rapid dilatancy fines.

At 118 feet a 6" lens of (SM) 75% fine to coarse sand;
25% no plasticity fines; (SM) as in 115.5 with 1-3"
interbeds of (SM) as in 118 to 118.5.

SANDY LEAN CLAY (CL); grayish green; moist;  70% low

59

Run 18

105.75' bit blocked
off, no recovery to
110'.

Run 19
Upper 18"
(110-111.5') lost
due to mixing with
slough.
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County: SutterBorehole Location: Levee Crest

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,571.75

Longitude: -121.60558                        Latitude: 39.11512
Levee Station or Milepost: 914+40 Levee Mile:

Coordinates:  Northing: 2,168,172.15

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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to medium plasticity fines;  30% fine sand.

Borehole terminated at 120 feet. Backfilled boring with
250 gallons of neat grout consisting of 200 gallons water,
45 pounds of bentonite powder, 40-47 lb sacks of
portland cement..
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Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,571.75

Longitude: -121.60558                        Latitude: 39.11512
Levee Station or Milepost: 914+40 Levee Mile:

Coordinates:  Northing: 2,168,172.15

Levee Segment Reach 13
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3-inch Asphalt Concrete.
SILTY SAND (SM); dark yellowish brown; moist;  55%
fine sand;  45% no to low plasticity, rapid dilatancy fines;
micaceous.

At 13 feet moist to wet.

At 14.5 feet low plasticity, slow to rapid dilatancy fines.

At 15 feet wet.

SILT (ML); dark yellowish brown; wet;  89% no plasticity
fines;  11% fine to medium sand; micaceous.

28

0-0.5' sonic core

0.5-6' hand auger,
bagged

Run 1

At 10' set casing to
10'.
Run 2

Run 3

31 3

DRILLING ROD TYPE AND DIAMETER
3-1/2" Sonic

DRILL BIT SIZE AND TYPE (HOLE DIAMETER)
4-1/2" Sonic Corebarrel/6-1/4" csg bit

DRILLER'S NAME
J. Marok

DATE COMPLETED
10/10/12

GROUNDWATER READING: DURING DRILLING
NA

SAMPLER TYPE(S)
4-1/2" OD, 3-1/2" ID Core Barrel

AFTER DRILLING (DATE-TIME)
 NA

GROUND ELEVATION
58.5248 ft

X

HELPER'S NAME
N. Castro/G. Becker

CONSULTANT COMPANY
URS Corporation

DRILLING METHOD
Sonic

TOTAL DEPTH OF FILL
0 ft

DRILL RIG MAKE AND MODEL
Geoprobe 8140 LC #34

CASING TYPE, DIAMETER, INSTALLATION DEPTH
5-7/8" OD, 5-1/8" ID Steel to 80'

ELEVATION DATUM
NAVD 88

TOTAL DEPTH OF BORING
97.5 ft

HAMMER EFFICIENCY

DRILLING CONTRACTOR
National

FIELD LOG REVIEWER
G.T. HONG

HAMMER TYPE, MAKE/MODEL, WEIGHT/DROP
NA

FIELD LOGGER
M. Palmer

BOREHOLE BACKFILL OR COMPLETION
Neat cement Bentonite grout

DATE STARTED
10/9/12

VERTICAL INCLINED
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County: SutterBorehole Location: Landside Toe

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,792.83

Longitude: -121.60479                        Latitude: 39.11705
Levee Station or Milepost: 921+69 Levee Mile:

Coordinates:  Northing: 2,168,876.02

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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At 28.5 feet 86% no to low plasticity fines; 14% fine to
medium sand.

SILTY SAND (SM); very dark greenish gray; moist;  80%
fine sand;  20% low plasticity, rapid dilatancy fines;
organic odor; micaceous.

SILTY GRAVEL with Sand (GM); very dark greenish gray;
wet;  65% fine to coarse, rounded, hard gravel, max.
1.5 in.;  20% fine to coarse sand;  15% no plasticity fines;
micaceous.

Poorly Graded GRAVEL with Sand (GP); wet;  75% fine to
coarse gravel;  20% fine to coarse sand;  5% no plasticity
fines; micaceous; slight organic odor.

32

89

86

Run 4

Run 5

Run 6

Run 7

At 40' set casing to
35'.
Run 8

35 2
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Survey Method: GIS/LiDAR
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Poorly Graded SAND with Silt (SP-SM); olive brown;
moist;  90% fine to medium sand;  10% no plasticity fines;
few thin (1") interbeds of Sandy Silt (ML); presence of
mica.

Poorly Graded SAND with Gravel (SP); greenish gray;
wet;  60% fine to coarse, rounded to subangular, hard
sand;  35% fine to coarse, rounded to subangular gravel,
max. 1 in.;  5% no plasticity fines.

SILTY SAND (SM); greenish gray; wet;  70% fine to
medium sand;  30% no plasticity fines; micaceous;
several 0.1' lenses of coarse sand with gravels, max. 3/4
in.

ELASTIC SILT (MH); gray; wet;  95% low to medium
plasticity, medium dry strength, slow dilatancy fines;  5%
fine sand; slight organic odor.
Poorly Graded SAND with Silt (SP-SM); very dark
greenish gray; wet;  90% fine to medium sand;  10% no
plasticity fines; micaceous; scattered thin (0.1-0.2') lenses
of Silty Sand (SM); 85% fine to medium sand; 15% no
plasticity fines; and Sandy Silt (ML); 60% no to low
plasticity fines; 40% sand.

At 61.99 feet one hard, subangular 3" cobble.
SILTY SAND (SM); very dark greenish gray; wet;  83%
fine to medium sand;  17% no plasticity fines; micaceous;
slight organic odor.

At 64.8 feet one hard, rounded 2 in. gravel.
LEAN CLAY with Sand (CL); soft; dark greenish gray; wet;
85% low to medium plasticity, no to slow dilatancy fines;
15% fine sand; slight organic odor.
SILTY SAND (SM); very dark greenish gray; wet;  60%
fine sand;  40% no plasticity fines; micaceous.

Interbedded (SM) and (SP); 6"-12" beds; very dark
greenish gray; wet; micaceous; Silty Sand (SM); 80% fine
to medium sand; 20% no plasticity fines and Poorly
Graded Sand with Silt (SP-SM); 90% fine to medium
sand; 10% no plasticity fines.

17
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45'.
Run 9
Upper 18-24"
disturbed and
contaminated with
slough from casing
advancement.

Run 10

At 55' set casing to
50'.
Run 11

At 60' set casing to
55'.
Run 11

At 65' set casing to
60'.
Run 12
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County: SutterBorehole Location: Landside Toe

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,792.83

Longitude: -121.60479                        Latitude: 39.11705
Levee Station or Milepost: 921+69 Levee Mile:

Coordinates:  Northing: 2,168,876.02

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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100

94

90

100

85

Poorly Graded SAND with Silt (SP-SM); very dark
greenish gray; wet;  90% fine to medium sand;  10% no
plasticity fines; micaceous.

Poorly Graded GRAVEL with Silt and Sand (GP-GM);
very dark greenish gray;  70% fine to coarse, subangular
to subrounded gravel, max. 1.25 in.;  20% fine to coarse
sand;  10% no to low plasticity fines; presence of mica.

SILTY SAND with Gravel (SM); very dark greenish gray;
moist;  50% fine to coarse sand;  30% no to low plasticity
fines;  20% fine to coarse, subangular to subrounded
gravel; micaceous.
Poorly Graded SAND with Gravel (SP); very dark
greenish gray; moist;  80% fine to medium sand;  15%
fine to coarse gravel, max. 1.25 in.;  5% no plasticity fines;
presence of mica.
SILTY SAND with Gravel (SM/SC); very dark greenish
gray;  58% fine to medium sand;  22% gravel;  20% low
plasticity, slow dilatancy fines; micaceous; friable.
0.1-0.2' interbeds grayish green; moist; micaceous; Silty
Sand (SM/SC); friable; 60% fine to medium sand; 40%
low plasticity, slow dilatancy fines and Sandy Lean Clay
(CL); hard 65% low plasticity fines; 35% fine sand.

SILT with Sand (ML); grayish green; moist;  75% low to
medium plasticity, no to slow dilatancy fines;  25% fine
sand; over consolidated; blocky texture.

CLAYEY SAND (SC); grayish green; moist;  55% fine to
coarse sand;  45% low to medium plasticity, no to slow

39

20

At 70' set casing to
65'.
Run 13

At 75' set casing to
70'.
Run 14

Run 15

At 85' set casing to
80'.
Run 16

Stopped coring,
driller thought core
barrel was full, just
hard ground.
Run 17
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County: SutterBorehole Location: Landside Toe

Survey Method: GIS/LiDAR
Channel / River Name / Feature: Feather River

Easting: 6,673,792.83

Longitude: -121.60479                        Latitude: 39.11705
Levee Station or Milepost: 921+69 Levee Mile:

Coordinates:  Northing: 2,168,876.02

Levee Segment Reach 13
CA State Plane Zone IICoord. System:
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85

dilatancy fines; presence of mica; blocky texture; over
consolidated.
LEAN CLAY with Sand (CL); grayish green; moist;  75%
low to medium plasticity, no to slow dilatancy fines;  25%
fine sand; over consolidated; blocky texture.

Borehole terminated at 97.5 feet. Backfilled boring with 185
gallons of neat grout consisting of 148 gallons water, 30
pounds of bentonite powder, 30-47 lb sacks of portland
cement.
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Channel / River Name / Feature: Feather River

Easting: 6,673,792.83
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Job Number  04.0913-0019          CPT Number 1129+00            Location Feather River Yuba City, CA 

Operator  Daniel Garza     Date  07-Oct-2013        16:56:43 Cone Number F7.5CKE2HAW22404

Client URS Corporation 

Robertson et al. 1986  * Overconsolidated or Cemented
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Job Number  04.0913-0019 CPT Number 1133+50            Location Feather River Yuba City, CA 

Operator  Daniel Garza     Date  07-Oct-2013        14:30:08 Cone Number F7.5CKE2HAW22404

Client URS Corporation 

Robertson et al. 1986  * Overconsolidated or Cemented

 0 

 10 

 20 

 30 

 40 

 50 

 60 

 70 

 80 

 90 

 100 

 0  300 
TIP
TSF  0  4 

FRICTION
TSF -2  10 

PRESSURE U2
TSF  0  10 

RATIO
% 0 12

1 -   sensitive fine grained   

2 -      organic material      

3 -            clay            

4 -     silty clay to clay     

5 -  clayey silt to silty clay 

6 -  sandy silt to clayey silt 

7 -  silty sand to sandy silt  

8 -     sand to silty sand     

9 -            sand            

10 -    gravelly sand to sand   

11 - very stiff fine grained (*)

12 -   sand to clayey sand (*)  

CPT DATA

D
E

P
T

H
(f

t)

S
O

IL
B

E
H

A
V

IO
R

T
Y

P
E



Job Number  04.0913-0019          CPT Number  1264+75           Location Feather River Yuba City, CA 

Operator  Daniel Garza     Date  08-Oct-2013        12:07:20 Cone Number F7.5CKE2HAW22404

Client URS Corporation 

Robertson et al. 1986  * Overconsolidated or Cemented
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Job Number  04.0913-0019          CPT Number  1267+50            Location Feather River Yuba City, CA 

Operator  Daniel Garza     Date  08-Oct-2013        08:33:09 Cone Number F7.5CKE2HAW22404

Client URS Corporation 

Robertson et al. 1986  * Overconsolidated or Cemented
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12 -   sand to clayey sand (*)  

CPT DATA

D
E

P
T

H
(f

t)

S
O

IL
B

E
H

A
V

IO
R

T
Y

P
E



Job Number  04.0913-0019          CPT Number  1267+55           Location Feather River Yuba City, CA 

Operator  Daniel  Garza     Date  08-Oct-2013        10:04:30 Cone Number F7.5CKE2HAW22404

Client URS Corporation 

Robertson et al. 1986  * Overconsolidated or Cemented
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Sacramento, CA 95833 
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Addendum 2 to Geotechnical Design 
Recommendations Report 

Segments 1 through 6  
(Reaches 17,19, 25 and 30) 
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SL0009_008S 36 52.5 ML 20 79.0 35 26 9

SL0009_008S 51 37.5 SM 7 13.6

SL0009_008S 86 2.5 SM 37 46.2 33 27 6
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SM0007_035S 19 86.0 SM 10 30.6

SM0007_035S 28 77.0 SM 15 38.6

SM0007_035S 32 73.0 SM 21 29.8

SM0007_035S 37 68.0 SC-SM 11 48.2 22 17 5

SM0007_035S 43 62.0 GC 5 12.6
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SM0007_036S 18 87.0 SM 13 49.4

SM0007_036S 22 83.0 SM 10 47.3

SM0007_036S 36 69.0 SM 17 47.4 22 NP 22

SM0007_036S 40 65.0 SM 11 45.3
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SM0007_037S 15 87.0 ML 10 69.5

SM0007_037S 19 83.0 SW-SM 2 8.7

SM0007_037S 22.25 79.8 CL 17 69.4

SM0007_037S 32.25 69.8 SC 29 33.5

SM0007_037S 35 67.0 SC-SM 37 25.2
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SM0016_002S 19 76.0 SM 15 24.7 NP NP NP

SM0016_002S 39 56.0 GP 6 3.5

SM0016_002S 51 44.0 MH 37 91.0 63 36 27

SM0016_002S 60.5 34.5 SM 24 25.2

SM0016_002S 63 32.0 SM 18 16.2

SM0016_002S 65 30.0 SC 20 22.7

Sheet 5 of 5R
ep

or
t 

S
B

F
C

A
 L

A
B

 S
U

M
M

A
R

Y
 T

E
S

T
; 

 G
IN

T
S

B
F

C
A

;  
 1

1
/1

2/
2

01
3

Depth,
feet

Elevation,
feet

Sample Information

USCS
Group
Symbol

In Situ
Water

Content,
%

In Situ
Dry Unit
Weight,

pcf
PI

Sand,
%

Gravel,
% PL

Sieve

Sample Number
<#200,

% LL

Atterberg Limits

TABLE  A-15

SUMMARY  OF
SOIL  LABORATORY  DATA

Other
Tests

Boring Number

SBFCA Feather River West Levee
Evaluation of End Around Effects



0

10

20

30

40

50

60

70

80

0 10 20 30 40 50 60 70 80 90 100 110

MH or OH

ML or OL

PLASTICITY  CHART

LIQUID LIMIT, LL

P
L

A
S

T
IC

IT
Y

 IN
D

E
X

, P
I

CL o
r O

L

"A" LINECH o
r O

H

CL-ML

"U" Line

20.0

37.3

10.6

17.4

14.9

36.7

WC
(%)

Depth
(feet)Sample NumberBoring Number

SL0009_008S

SL0009_008S

SM0007_035S

SM0007_036S

SM0016_002S

SM0016_002S

LL
Test

Symbol

36

86

37

36

19

51

PI ClassificationPL

35

33

22

22

NP

63

26

27

17

NP

NP

36

9

6

5

22

NP

27

SILT with SAND (ML)

SILTY SAND (SM)

SILTY, CLAYEY SAND (SC-SM)

SILTY SAND (SM)

SILTY SAND (SM)

ELASTIC SILT (MH)

S
B

F
C

A
 L

E
V

E
E

 U
/N

U
 A

T
T

. P
LO

T
 (

U
 L

IN
E

) 
R

E
V

1;
   

G
IN

T
S

B
F

C
A

;  
 S

U
T

T
E

R
B

U
T

T
E

LI
B

R
A

R
Y

20
13

11
11

.G
LB

;  
 1

1/
12

/1
3

SBFCA Feather River West Levee
Evaluation of End Around Effects

Equation of "A"-line
Horizontal at PI=4 to LL=25.5,
   then PI=0.73 (LL-20)

Equation of "U"-line
Vertical at LL=16 to PI=7,
   then PI=0.9 (LL-8)

For classification of fine-grained soils
and fine grained fraction of coarse-grained
soils.
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