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3.1.4.2  Acceptance Criteria 
Requirements for sand fill can be found in section 02331A, paragraph 2.1.5 of the technical 
specifications for Phase 2. 

1. Shall meet requirements of ASTM C 33 grading for fine aggregate. 

2. Shall have no more than 5% passing the #200 sieve. 

3.1.4.3  Summary of Test Results 
3.1.4.3.1 Phase 2 

Table 3-13 below shows the sample size, minimum, maximum, mean, and standard deviation of 
the QC laboratory testing for gradation of Phase 2 sand fill materials. Summary sheets for the 
QC data are included under Tab C-7 of Appendix C. The mean of the QC data is 4.7%, just 
below the upper limit of 5%. There were 50 failing QC tests. The maximum % passing for the 
QC data was 10.5%, well above the requirements.  These values represent approximately 
86,000 cubic yards of sand fill. 
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% FINES – PHASE 2 SAND FILL 

Value QC 

Number of Samples 139 

Minimum 0.3 

Maximum 10.5 

Mean 4.7 

Standard Deviation 1.57 

No. Failing Tests 50 

 
Figure 3-12 shows the distribution of the gradation data. The numbers on the x-axis denote the 
maximum value of the corresponding interval and the minimum value for the subsequent 
interval.  The numbers on the y-axis denote the total number of samples in each category.  
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3.1.4.3.2 Phase 4 
The Phase 4 seepage berm was relatively small, resulting in only two samples taken for 
laboratory testing. Statistical analysis for Phase 4 sand fill was not completed due to the small 
number of tests. Both samples met the gradation requirements denoted above, at 3.9% and 
0.6% fines. The results are included under Appendix G in tab G-7. 

3.1.4.4  Analysis 
During construction of the Phase 2 sand berm, several gradation tests did not meet the 
requirements noted in section 3.1.4.2. Collaboration between the design and construction team 
resulted in a revision increasing the allowable limit of fines passing the No. 200 sieve.  For 
more information regarding these issues and the associated engineering analysis, refer to the 
Technical Memorandum titled, “Evaluation of As-Built Conditions, Yuba River Seepage 
Berm” in Appendix G.  The evaluation of as-built conditions contained in this technical 
memorandum indicates that the seepage berm meets the original intent of the design and 
satisfies USACE design criteria. 
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3.2.1  Cutoff Walls 
3.2.1.1  Description 

Slurry cutoff walls are vertical layers of low-permeability material that act as a diffuser for 
excessive build-up of hydraulic head. These walls help prevent seepage by restricting water 
from going through the levee or levee foundation, thereby preventing large hydraulic exit 
gradients on the levee face or at the landside levee toe. All of the slurry cutoff walls installed as 
part of this levee improvement program were comprised of soil, cement, and bentonite.  Figure 
3-13 depicts the slurry wall on the WPIC under construction. 
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The following steps are required for slurry wall construction; 

1. Mix Design – The first step towards slurry wall construction is the creation of a mix 
design. The contractor uses on-site soils to create a mix design that will meet the 
specifications for permeability and compressive strength. 

2. Site Preparation – This includes clearing and grubbing any trees or shrubs larger than 3 
inches in diameter and the stripping of surficial grasses and vegetation to a depth of 
roughly 6 inches. 

3. Degradation of Levee Crown – This includes excavating the upper third of the levee to 
prevent hydraulic fracturing during placement of the slurry cutoff wall. The material is 
cast aside for disposal or re-use as backfill for the cutoff wall. 

4. Excavation of Lead-in – An excavator with a long-stick boom begins a lead-in trench 
for the slurry cutoff wall. Bentonite slurry is pumped into the trench for stability 
purposes.  

5. Trench Excavation – The excavator continues digging the trench along the design 
alignment to the required depths. 

6. Backfill – Soil and cement are mixed in a baker tank adjacent to the slurry trench until 
the mix design is met. A smaller excavator places the backfill into the trench where it 
mixes with the bentonite slurry to form the slurry cutoff wall.  

7. Levee Restoration – No sooner than 7 days after placement of the backfill the levee is 
built back to design grade. 

8. Impervious Cap – A trench is dug into the rebuilt levee along the centerline of the 
alignment for placement of the impervious fill material. 
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9. Final Levee Preparation – Once the levee is built to grade, the aggregate base is placed 
on the levee crown for the access road and the slopes are hydroseeded for slope 
protection. 

3.2.1.2  Locations 
A total of four slurry cutoff walls were constructed for Phase 1, 2 and 4.  The following is a 
short description of each slurry wall and any changes that occurred during construction. 

3.2.1.2.1 Phase 1 
The Phase 1 construction contract included a 2,200 foot long slurry wall from Station 4+00 to 
26+00 on the left bank of the Yuba River between Highway 70 and the SPRR. The average 
depth of the slurry cutoff wall was 50 feet.  Construction was completed during the fall of 2004.  
There were no design changes or outstanding issues from construction.  The location of the 
cutoff wall is shown on the three plan and profile drawings included as Plate 2-1. 

3.2.1.2.2 Phase 2 
Phase 2 included two slurry walls on the WPIC, a 1,000 foot wall and a 500 foot wall. The two 
walls were constructed in the fall of 2005. The average depth of the slurry cutoff walls was 35 
feet and 44 feet respectively.  There were no design changes or outstanding issues from 
construction.  The location of the cutoff wall is shown on the 34 plan and profile drawings 
included as Plate 2-2. 

3.2.1.2.3 Phase 4 
The Phase 4 construction contract featured a 6,850 foot long slurry wall from Station 35+00 to 
103+50 on the left bank of the Yuba River between the UPRR and just east of Simpson Lane. 
The average depth of the slurry cutoff wall was 80 feet.  Construction was completed in 
November 2006. The location of the cutoff wall is shown on the seven plan and profile 
drawings included as Plate 2-3.  There were two design changes during construction to this 
slurry wall.     

1. The slurry wall was extended 50 feet to the west to Station 35+00 to decrease the size 
of the corner seepage berm. 

2. At the eastern end of the slurry wall near Simpson Lane the depth was decreased to 
elevation 40. This was done due to the time requirements set forth in the traffic control 
plan and the underlying soil stratigraphy. 

An issue that arose during the preliminary stages of Phase 4 construction was the method of 
mixing the backfill material. Conventional methods utilize cement slurry when mixing with 
excavated soil to ensure consistent mixing. A portion of the Phase 4 cutoff wall used dry 
cement when mixing backfill. The ultimate differences between these two methods has not 
been determined; however, portions of the slurry wall that utilized dry cement experienced low 
compressive strengths that ultimately resulted in the removal and replacement of approximately 
200 feet of slurry wall.  Additional discussion regarding the replaced section of cutoff wall is 
contained in Section 3.2.1.7.   
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3.2.1.3  Acceptance Criteria 
Requirements for slurry walls can be found in section 02261A, paragraph 3.8.2 of the technical 
specifications for Phase 1, section 02261A, paragraph 3.8.2 of the technical specifications for 
Phase 2, and section 02261, paragraph 3.8.2 of the technical specifications for Phase 4. These 
requirements are the same for all phases and include the following; 

1. Phase 1 and 2 cutoff walls shall have a thickness at least 30 inches.  Phase 4 cutoff wall 
shall have a thickness of at least 36 inches. 

2. Shall have minimum unconfined compressive strength of 30 psi at 7 days and a 
maximum compressive strength of 300 psi at 7 days (ASTM D 4832). 

3. Shall have permeability no more than 1x10-6 cm/sec at 7 days (ASTM D 5084). 

3.2.1.4  Test Data Summary – Phase 1 
3.2.1.4.1 Compressive Strength 

Table 3-14 below shows the sample size, minimum, maximum, mean, and standard deviation of 
the compressive strength data for Phase 1 QC and QA. The mean of the QC data is 67 psi, more 
than two standard deviations greater than the minimum of 30 psi. The mean of the QA data is 
74 psi, more than three standard deviations greater than the minimum of 30 psi.  Summary 
sheets for the QC data are included under Tab C-3 in Appendix C; and, summary sheets for the 
QA data are included under Tab C-4 in Appendix C.  These values represent approximately 
95,000 square feet of slurry cutoff wall. 
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COMPRESSIVE STRENGTH – PHASE 1 

Value QC QA 

Number of Samples 45 10 

Minimum (psi) 42 54 

Maximum (psi) 103 97 

Mean (psi) 67 74 

Standard Deviation (psi) 15 14 

No. Failing Tests 0 0 

 

There were no failing tests for compressive strength as shown in the following histogram. The 
minimum strength result for the QC data was 42 psi; and, the minimum strength result for the 
QA data was 54 psi.  The maximum values were well within the maximum allowable strength 
of 300 psi.  

Figure 3-14 shows the distribution of the compressive strength data. The numbers on the x-axis 
denote the maximum value of the corresponding interval and the minimum value for the 
subsequent interval.  The numbers on the y-axis denote the total number of samples in each 
category. 
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3.2.1.4.2 Permeability 
Table 3-15 below shows the sample size, minimum, maximum, mean, and standard deviation of 
the permeability data for Phase 1 QC and QA.  The mean of the QC data is 4.37 E-07 cm/sec, 
more than three standard deviations less than the maximum of 1.00 E-06 cm/sec. The mean of 
the QA data is 4.91 E-07 cm/sec, more than three standard deviations less than the maximum of 
1.00 E-06 cm/sec.  Summary sheets for the QC data are included under Tab C-3 in Appendix C; 
and, summary sheets for the QA data are included under Tab C-4 in Appendix C.  These values 
represent approximately 95,000 square feet of slurry cutoff wall. 
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PERMEABILITY – PHASE 1 

Value QC QA 

Number of Samples 45 10 

Minimum (cm/sec) 2.29 E-07 2.50 E-07 

Maximum (cm/sec) 9.34 E-07 7.80 E-07 

Mean (cm/sec) 4.37 E-07 4.91 E-07 

Standard Deviation (cm/sec) 1.53 E-07 1.67 E-07 

No. Failing Tests 0 0 

 

There were no failing tests for permeability as shown in the following histogram. The 
maximum permeability result for the QC data was 9.34 E-07 cm/sec, which lies below the 
requirements. The maximum permeability result for the QA data was 7.80 E-07 cm/sec, which 
also lies well below the requirements.  

Figure 3-15 shows the distribution of the permeability data. The numbers on the x-axis denote 
the maximum value of the corresponding interval and the minimum value for the subsequent 
interval.  The numbers on the y-axis denote the total number of samples in each category. 
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3.2.1.5  Test Data Summary – Phase 2 
3.2.1.5.1 Compressive Strength 

Table 3-16 below shows the sample size, minimum, maximum, mean, and standard deviation of 
the compressive strength data for Phase 2 QC and QA.  The mean of the QC data is 78 psi, 
more than two standard deviations greater than the minimum of 30 psi. The mean of the QA 
data is 69 psi, more than four standard deviations greater than the minimum of 30 psi.  
Summary sheets for the QC data are included under Tab C-16 in Appendix C; and, summary 
sheets for the QA data are included under Tab C-17 in Appendix C.  These values represent 
approximately 70,000 square feet of slurry cutoff wall.  
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COMPRESSIVE STRENGTH – PHASE 2 

Value QC QA 

Number of Samples 14 5 

Minimum (psi) 42 53 

Maximum (psi) 125 77 

Mean (psi) 78 69 

Standard Deviation (psi) 24 9 

No. Failing Tests 0 0 

 

There were no failing tests for compressive strength. The minimum strength result for the QC 
data was 42 psi; and, the minimum strength result for the QA data was 53 psi.  The maximum 
values were well within the maximum allowable strength of 300 psi. 

Figure 3-16 shows the distribution of the compressive strength data. The numbers on the x-axis 
denote the maximum value of the corresponding interval and the minimum value for the 
subsequent interval.  The numbers on the y-axis denote the total number of samples in each 
category. 
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3.2.1.5.2 Permeability 
Table 3-17 below shows the sample size, minimum, maximum, mean, and standard deviation of 
the permeability data for Phase 2 QC and QA.  The mean of the QC data is 3.00 E-07 cm/sec, 
more than three standard deviations less than the maximum of 1.00 E-06 cm/sec. The mean of 
the QA data is 3.96 E-07 cm/sec, more than four standard deviations less than the maximum of 
1.00 E-06 cm/sec.  Summary sheets for the QC data are included under Tab C-16 in Appendix 
C; and, summary sheets for the QA data are included under Tab C-17 in Appendix C.  These 
values represent approximately 70,000 square feet of slurry cutoff wall. 

� �����"	�3����� �������!�*����
�� � ��!�������������
����!�) �����

PERMEABILITY – PHASE 2 

Value QC QA 

Number of Samples 14 5 

Minimum (cm/sec) 1.20 E-07 2.70 E-07 

Maximum (cm/sec) 9.30 E-07 5.30 E-07 

Mean (cm/sec) 3.00 E-07 3.96 E-07 

Standard Deviation (cm/sec) 2.12 E-07 1.12 E-07 

No. Failing Tests 0 0 

 

There were no failing tests for permeability. The maximum permeability result for the QC data 
was 9.30 E-07 cm/sec, which lies below the requirements. The maximum permeability result 
for the QA data was 5.30 E-07 cm/sec, which also lies well below the requirements.  

Figure 3-17 shows the distribution of the permeability data. The numbers on the x-axis denote 
the maximum value of the corresponding interval and the minimum value for the subsequent 
interval.  The numbers on the y-axis denote the total number of samples in each category. 
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3.2.1.6  Test Data Summary – Phase 4 
3.2.1.6.1 Compressive Strength 

Table 3-18 below shows the sample size, minimum, maximum, mean, and standard deviation of 
the compressive strength data for Phase 4 QC and QA.  The mean of the QC data is 64 psi, 
nearly one standard deviation greater than the minimum of 30 psi. The mean of the QA data is 
65 psi, also nearly one standard deviation greater than the minimum of 30 psi.  Summary sheets 
for the QC data are included under Tab C-21 in Appendix C; and, summary sheets for the QA 
data are included under Tab C-22 in Appendix C.  These values represent approximately 
550,000 square feet of slurry cutoff wall.  
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COMPRESSIVE STRENGTH – PHASE 4 

Value QC QA 

Number of Samples 161 158 

Minimum (psi) 13 8 

Maximum (psi) 239 290 

Mean (psi) 64 65 

Standard Deviation (psi) 37 38 

No. Failing Tests 10 11 

 

There were 10 failing QC tests and 11 failing QA tests for 7 day compressive strength as shown 
in the following histogram. The minimum strength result for the QC data was 13 psi, well 
below the requirements. The minimum strength result for the QA data was 8 psi, also well 
below the requirements.  The maximum strength result for the QC data was 239 psi; and, the 
maximum strength result for the QA data was 290 psi.   

Figure 3-18 shows the distribution of the compressive strength data. The numbers on the x-axis 
denote the maximum value of the corresponding interval and the minimum value for the 
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subsequent interval.  The numbers on the y-axis denote the total number of samples in each 
category. Analysis of these results is included in Section 3.2.1.7. 
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3.2.1.6.2 Permeability 
Table 3-19 below shows the sample size, minimum, maximum, mean, and standard deviation of 
the permeability data for Phase 4 QC and QA. The mean of the QC data is 5.41 E-07 cm/sec, 
more than two standard deviations less than the maximum of 1.00 E-06 cm/sec. The mean of 
the QA data is 5.33 E-07 cm/sec, nearly one standard deviations less than the maximum of 1.00 
E-06 cm/sec.  Summary sheets for the QC data are included under Tab C-21 in Appendix C; 
and, summary sheets for the QA data are included under Tab C-22 in Appendix C.  These 
values represent approximately 550,000 square feet of slurry cutoff wall. 
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PERMEABILITY – PHASE 4 

Value QC QA 

Number of Samples 157 132 

Minimum (cm/sec) 1.10 E-07 4.00 E-08 

Maximum (cm/sec) 1.00 E-06 3.60 E-06 

Mean (cm/sec) 5.41 E-07 5.33 E-07 

Standard Deviation (cm/sec) 2.4 E-07 5.00 E-07 

No. Failing Tests 0 5 

 

There were 5 failing QA tests; the largest are not shown on the histogram for scaling purposes. 
The maximum permeability result for the QC data equaled the acceptance threshold of 1.00 E-
06 cm/sec. The maximum permeability result for the QA data was 3.60 E-06 cm/sec, above the 
requirement. Analysis of the QA data is included in Section 3.2.1.7. 
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Figure 3-19 shows the distribution of the permeability data.  The numbers on the x-axis denote 
the maximum value of the corresponding interval and the minimum value for the subsequent 
interval. The numbers on the y-axis denote the total number of samples in each category. 
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3.2.1.7  Analysis – Phase 4 
A number of failing compressive strength and permeability test results were experienced during 
the installation of the slurry cutoff wall in Phase 4.  For compressive strength, 25 out of 319 
tests failed to meet the acceptance criteria for minimum strength.  For permeability, 7 out of 
289 tests failed to meet the acceptance criteria for maximum permeability. 

Slurry wall construction associated with Heading 2 between approximately Station 84+20 and 
85+05 did not meet compressive strength requirements of 30 psi at 7 days.  A majority of the 
failing tests in this area also failed to meet the minimum acceptance criteria at 28 days.  In 
October 2006, the wall was removed from approximate Station 83+00 to Station 85+00 and 
rebuilt as Heading 5. There were 7 samples taken from Heading 5. 7 day compressive strengths 
for Heading 5 ranged from 36 to 112 psi, all passing the requirements. 7 day permeability 
results for Heading 5 ranged from 1.5 E-07 to 5.5 E-07, also meeting the acceptance criteria. 

3.2.1.7.1 Compressive Strength 
The reconstruction of the portion of slurry cutoff wall between 83+00 and 85+00 leaves 13 
total failing compressive strength results (6 QC and 7 QA).  12 of these 13 tests did achieve 
compressive strengths of greater than 40 psi at 28-days.  Table 3-20 identifies the 6 failing QC 
results according to Station and depicts the 7-day and 28-day test results. 
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COMPRESSIVE STRENGTH – PHASE 4 QC 

STATION 7-DAY 28-DAY 

86+30 29 45 

89+80 24 43 

96+50 28 46 

97+00 15 57 

34+30 25 51 

34+80 21 47 

 

Table 3-21 identifies the 7 failing QA results according to Station and depicts the 7-day and 28-
day test results.  The failed test at Station 72+80 was a sample from the lead in trench, so 
achieving strength is not as critical. 
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COMPRESSIVE STRENGTH – PHASE 4 QA 

STATION 7-DAY (psi) 28-DAY (psi) 

86+30 28 47 

90+30 24 49 

89+70 21 41* 

92+00 29 47 

98+20 29 52 

35+50 24 47 

72+80 8 9 

*29 day strength 

3.2.1.7.2 Permeability 
With the exclusion of tests taken from the reconstructed portion of the wall, the number of 
failing permeability tests decreased from 5 to 2. Both of these tests did achieve a permeability 
less than 1.00 E-06 cm/sec at 28-days.  Table 3-22 identifies the 2 failing QA results according 
to station and depicts the 7-day and 28-day test results. 
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PERMEABILITY – PHASE 4 QA 

STATION 7-DAY (cm/s) 28-DAY (cm/s) 

90+30 1.20 E-06 5.20 E-07 

34+30 1.10 E-06 6.50 E-07 

 
3.2.1.8  Conclusions 

The Phase 1 cutoff wall met the requirements for permeability and compressive strength. After 
reviewing trench logs and geotechnical borings it was determined that the ultimate goals of the 
slurry wall were met. The wall penetrated through the sandy levee as well as the silt layer 
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between approximate elevations 35 and 45, thereby mitigating the through seepage and shallow 
underseepage concerns raised in the Problem Identification Report. 

The Phase 2 slurry walls met all requirements for permeability and compressive strength. The 
bottoms of the slurry walls were tied into the underlying clay layer to prevent through seepage 
as well as shallow underseepage. 

The Phase 4 slurry cutoff wall met the requirements for permeability and compressive strength 
once the failing portion of the wall was removed. After reviewing the trench logs provided by 
the Contractor’s quality control, it was found that up to 6 locations may not have fully 
penetrated 5 feet into the underlying clay layer. We have concluded that the as-constructed 
cutoff wall should meet the intent of the design. Monitoring wells will be placed on the 
landside of the slurry wall to monitor performance of the cutoff wall.  For more information 
regarding the installation of monitoring wells and the underlying clay layer, reference the 
Technical Memorandum in Appendix G titled, “Evaluation of As-Built Conditions, Yuba River 
Cutoff Wall (Phase 4)”.  Plate 4 – Slurry Cutoff Wall As-Constructed Profiles includes profiles 
for each phase of work. 

3.2.2  Berms 
3.2.2.1  Description 

Seepage berms are embankment structures of varying widths that extend outward from the 
landside levee toe.  These embankments are designed to extend the path of through-seepage and 
underseepage to lower the exit gradients on the landside of the levee.  These berms can be 
made of several different types of material or combinations of material. 

Stability berms are embankments constructed on the landside levee slope to buttress or support 
the slope against failure.  The size of these berms varies depending on the severity of the 
stability issues within the levee embankment and the types of materials used. 

Construction of all berms was completed in accordance with Section 02331 of the construction 
specifications.  In general, the following steps were followed for berm construction: 

1. Site Preparation – This includes clearing and grubbing any trees or shrubs larger than 3 
inches in diameter and the stripping of all surface vegetation to a depth of roughly 6 
inches. 

2. Material Placement – Once the foundation has been prepared, fill is imported and 
placed in lifts according to the technical specifications. 

3. Revegetation – Once the berm is built to the lines and grades shown in the design 
drawings the surface is hydroseeded to avoid excess erosion. 

3.2.2.2  Locations 
A total of seven berms were installed during the construction of Phases 1, 2, and 4.  There were 
two seepage/stability berms and two seepage berms proposed for the YRLB in the Basis of 
Design reports for Phases 2 and 4; however, three seepage berms were added to the BRNL 
during Phase 2 construction.  Table 3-23 summarizes the location and rationale for all berms 



Three  R iv er s  L ev ee  Impro v emen t  Au thor i t y  
F ina l  Con s truc t ion  Do cume nta t ion  R epor t  

 

� ����������

�
 $�

installed as part of the levee improvement program.  Following the table is a short description 
of each berm and any changes that occurred during construction. 
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LEVEE STATION INTERVAL ISSUE RECOMMENDED PLAN 

Yuba River 
South Levee 

1+00 to 1+40 Underseepage & 
Through-seepage 90 foot wide Seepage & Stability Sand Berm 

Yuba River 
South Levee 

9+00 to 26+00 Underseepage 90 foot wide Seepage Sand Berm 

Yuba River 
South Levee 

26+00 to 34+00 Underseepage & 
Through-seepage 300 foot wide Seepage & Stability Sand Berm 

Yuba River 
South Levee 

35+00 to 37+50 Underseepage 90 foot wide Seepage Sand Berm 

Bear River 
North Levee 

140+00 to 
140+50 Underseepage 50 foot wide Random Fill Seepage Berm 

Bear River 
North Levee 

141+00 to 
144+50 Underseepage 100 foot wide Random Fill Seepage Berm 

Bear River 
North Levee 

145+50 to 
147+00 Underseepage 90 foot wide Random Fill Seepage Berm 

Bear River 
North Levee 

147+25 to 
150+00 Underseepage 100 foot wide Random Fill Seepage Berm 

 

3.2.2.2.1 Phase 2 
Two seepage and stability berms were constructed primarily of sand along the left bank of the 
Yuba River.  One seepage and stability berm was 40 feet long, 90 feet wide immediately west 
of Highway 70.  The second berm is 2,500 feet long and extends from Shad Pad Road to the 
SPRR.  The western extent is a 90 foot wide seepage berm for 1,700 feet and transitions into a 
300 foot wide seepage and stability berm for 800 feet at the eastern extent. Construction was 
completed during the 2005 and 2006 construction seasons. 

During construction of this berm, gradation testing of the sand indicated that the percentage of 
material passing the No. 200 sieve exceeded the allowable limit of 5%. Summary sheets for the 
QC data are included under Tab C-7 in Appendix C.  Detailed analysis of the test results for the 
sand fill is included in Section 3.2. Collaboration between the design and construction team 
results in a revision to the allowable limit.  For more information regarding this issues and the 
associated engineering analysis, refer to the Technical Memorandum in Appendix G titled, 
“Evaluation of As-Built Conditions, Yuba River Seepage Berms”.    

During construction, it was determined that additional seepage berms would be needed along 
the north levee of the Bear River near Highway 70. Two seepage berms were constructed on 
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the eastern side of Highway 70 in order to mitigate potential underseepage. An additional berm 
was built for the western side of the highway between the highway embankment and the newly 
constructed Pump Station #6. A small ditch was also filled in on the western side of the pump 
station to provide continuous seepage protection in this area 

3.2.2.2.2 Phase 4 
Phase 4 construction included a seepage berm in the transition area between the Phase 2 
seepage/stability berm and the Phase 4 cutoff wall. This corner berm was located between the 
SPRR embankment and the left bank of the Yuba River. Adjacent to this site there is a Cemex 
Cement plant and the area was littered with debris and deleterious material. The design for the 
transition zone included the removal of all debris and the placement of the same sand material 
utilized for Phase 2 work to level the area out to roughly elevation 63 feet. Construction was 
completed in February 2007. 

3.2.2.3  Test Data 
Construction of both the seepage and stability berms was completed in accordance with Section 
02331 of the construction specifications.  Tests for gradation, Atterberg Limits, and material 
classified were performed on the various types of import material used in this construction to 
ensure strict compliance with the contract requirements.  A comprehensive summary of this test 
data is available in Section 3.2.3.3.  

3.2.3  Levee Reconstruction 
3.2.3.1  Levee Raise 

In order to provide adequate freeboard above the design water surface, many portions of the 
RD 784 levee system had to be raised. Depending on the amount of additional freeboard 
needed, the design included either a crown-only raise or a raise of a majority of the levee prism. 
In general, the design team in cooperation with the independent technical review team has 
determined that a levee raise less than 0.5 feet will result in a crown-only raise. For freeboard 
deficiencies greater than 0.5 feet, a crown-only raise is not possible, because it requires an 
oversteepening of the levee slopes or a narrowing of the crown width. A full levee raise is 
required in these instances and results in expansion of the levee toe outward in the landside 
and/or waterside directions as required to maintain the required side slope ratios. 

3.2.3.1.1 Locations 
Due to inadequate freeboard along the Bear River and the WPIC it was concluded that levee 
raises were required for a significant portion of this project reach. These raises included both 
full levee raises towards the western project limits and crown-only raises towards the east. The 
levee raises required for the Bear River are summarized in the Table 3-24. 
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Station Interval Levee Raise 

122+00 to 130+00 Raise new levee crown 0.5’ (average) 

130+00 to 139+00 Full levee raise 0.3’ (average) with 
waterside impervious zone 

139+00 to 144+00 Raise Levee Crown 0.3 Feet (Average) 
by Full Raise (Waterside) 

147+70 to 150+00 Crown-only raise by 1’ (average) 

150+00 to 165+00 Crown-only raise by 2’ (average) 

165+00 to 168+50 
Full levee raise 2’ (average) by mid-
slope landside raise and full-slope 
waterside raise 

 
The WPIC included full levee raises, both waterside and landside slopes. In addition, some 
areas along the WPIC the crown were reshaped to meet freeboard requirements and to ensure 
proper drainage. The levee raises required for the WPIC are summarized in Table 3-25. 
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Station Interval Levee Raise 

0+00 to 137+50 Full levee raise 0.8’ (average) 

205+00 to 275+70 
Raise levee crown 0.5’ (average), (~1200 
feet requires full levee raise of 0.9 feet 
average) 

284+10 to 305+00 Raise crown 0.3’ (average) by full 
waterside raise 

305+00 to 311+58 Raise crown 1.3’ (average) by full landside  

312+00 to 315+00 Raise crown 0.7’ (average) by full levee 
raise and ditch fill 

 

The left bank of the Yuba River required several small levee raises along the slurry wall 
alignment. During construction the design was changed to match the 1957 levee profile, with a 
slight raise towards the eastern end at Simpson Lane. In some areas, the original design 
elevations were as much as 1 foot above the 1957 profile. Where the 1957 profile was less than 
the existing ground surface, the 1957 profile was used. The location of the final levee raises 
taken from as-built information are summarized in Table 3-26.   
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Station Interval Levee Raise 

35+00 to 42+00 0.5 feet (average) 

50+00 to 55+00 0.5 feet (average) 

59+00 to 76+00 0.4 feet (average) 

95+00 to 104+00 0.2 feet (average) 

 

3.2.3.1.2 Analysis 
For acceptance criteria, analysis and conclusion for select fill required for a levee raise, refer to 
Section 3.1.1. 
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3.2.3.2  Levee Degrade and Restoration 
During construction of the slurry cutoff walls for Phases 1, 2 and 4 it was necessary to degrade 
the levee roughly one third of the levee height. This was done to provide a wide and stable 
platform for trench excavation and the slurry wall installation.  In addition, the levee was 
degraded to minimize the risk of hydraulic fracturing along the levee slope and toe. 

The levee was degraded an average of 7 feet for the construction of each slurry cutoff wall. For 
Phases 1 and 2, the existing levee material was used to rebuild the levee to design grade, with 
impervious fill used above the slurry wall create a continuous vertical seepage barrier. For 
Phase 4, the material was generally discarded and impervious material was placed to restore the 
levee to the required grade, as discussed in Section 3.1.2.4. Acceptance criteria and testing 
results for select and impervious fill are included in Section 3.1. Acceptance criteria and testing 
results for compaction and moisture content is included in sections 3.2.3.4 and 3.2.3.5. 

3.2.3.3  Waterside Impervious Zone 
3.2.3.3.1 Locations 

The north levee of the Bear River from station 130+00 to 139+00 required the installation of a 
10 foot wide waterside impervious zone. The waterside slope was excavated and then 
backfilled to the design grade with impervious fill to create a seepage barrier within the levee 
prism. 

3.2.3.3.2 Acceptance Criteria 
For acceptance criteria for impervious fill required for waterside impervious zone construction, 
refer to Section 3.1.2. 

3.2.3.4  Field Density 
3.2.3.4.1 Description 

All levee reconstruction work had requirements for compaction that had to be met according to 
the location of the fill material. Compaction varied for embankment fill, ditch fill and the upper 
12 inches of the levee. Figure 3-20 shows the compaction and placement of fill on the Bear 
River key trench. Field density measurements were taken in accordance with ASTM D 1556.  
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3.2.3.4.2 Acceptance Criteria 
Requirements for compaction can be found in section 02333, paragraph 3.3.4 of the technical 
specifications for Phase 1, section 02331A, paragraphs 3.15.2, 3.15.3 and 3.15.4 of the 
technical specifications for Phase 2, and section 02331, paragraphs 3.15.2, 3.15.3 and 3.15.4 of 
the technical specifications for Phase 4.  These requirements are outlined below; 

Phase 1 

1. Fill shall be compacted to 90% relative compaction (ASTM D 1557). 

Phase 2 and Phase 4 

1. Select Fill and Impervious Fill shall be compacted to 90% relative compaction (ASTM 
D 1557). 

2. Select Fill and Impervious Fill shall be compacted to 95% relative compaction in upper 
12 inches of levee fill (ASTM D 1557). 

3. Random Fill shall be compacted to 85% relative compaction (ASTM D 1557). 

4. Sand Fill shall be compacted to 70% relative density (ASTM D 4253 and ASTM D 
4254). 

3.2.3.4.3 Summary of Test Reports 
Phase 1 

Table 3-27 below shows the sample size, minimum, maximum, mean, and standard deviation of 
the relative compaction testing for the Phase 1 levee crown, included under Tab C-2 in 
Appendix C.  A summary and analysis of the QA test results for field density is located in 
Appendix G, TECHNICAL MEMORANDA.  The mean of the QC data is 110%, four standard 
deviations above the 95% minimum requirement. There were no failing tests for relative 
compaction.  
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FIELD DENSITY – PHASE 1 LEVEE CROWN 

Value QC 

Number of Samples 8 

Minimum 106% 

Maximum 115% 

Mean 110% 

Standard Deviation 2.59% 

No. Failing Tests 0 

 

Figure 3-21 shows the distribution of the relative compaction data. The numbers on the x-axis 
denote the maximum value of the corresponding interval and the minimum value for the 
subsequent interval.  The numbers on the y-axis denote the total number of samples in each 
category. 
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Table 3-28 below shows the sample size, minimum, maximum, mean, and standard deviation of 
the relative compaction testing for the Phase 1 embankment fill, included under Tab C-2 in 
Appendix C. The mean of the QC data is 97%, nearly two standard deviations above the 90% 
minimum requirement. There were no failing tests for relative compaction.  
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FIELD DENSITY – PHASE 1 EMBANKMENT FILL 

Value QC 

Number of Samples 94 

Minimum 90% 

Maximum 104% 

Mean 97% 

Standard Deviation 3.6% 

No. Failing Tests 0 

 

Figure 3-22 shows the distribution of the relative compaction data. The numbers on the x-axis 
denote the maximum value of the corresponding interval and the minimum value for the 
subsequent interval. The numbers on the y-axis denote the total number of samples in each 
category. 
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Phase 2 

Table 3-29 below shows the sample size, minimum, maximum, mean, and standard deviation of 
the relative compaction testing for the Phase 2 levee crown, included under Tabs C-9, C-10 and 
C-12 in Appendices C.  A summary and analysis of the QA test results for the select fill is 
located in Appendix G, TECHNICAL MEMORANDA.  The mean of the QC data is 97%, over 
one standard deviation above the 95% minimum requirement. There were no failing tests for 
relative compaction. 
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FIELD DENSITY – PHASE 2 LEVEE CROWN 

Value QC 

Number of Samples 59 

Minimum 95% 

Maximum 99% 

Mean 97% 

Standard Deviation 1.39% 

No. Failing Tests 0 

 

Figure 3-23 shows the distribution of the relative compaction data. The numbers on the x-axis 
denote the maximum value of the corresponding interval and the minimum value for the 
subsequent interval. The numbers on the y-axis denote the total number of samples in each 
category. 
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Table 3-30 below shows the sample size, minimum, maximum, mean, and standard deviation of 
the relative compaction testing for the Phase 2 toe ditch located along the western landside of 
the WPIC levee, included under Tabs C-9 and C-10 in Appendix C. The mean of the QC data is 
93%, two standard deviations above the 85% minimum requirement. There were no failing tests 
for relative compaction.  
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FIELD DENSITY – PHASE 2 TOE DITCH 

Value QC 

Number of Samples 103 

Minimum 85% 

Maximum 101% 

Mean 93% 

Standard Deviation 4.27% 

No. Failing Tests 0 

 

Figure 3-24 shows the distribution of the relative compaction data. The numbers on the x-axis 
denote the maximum value of the corresponding interval and the minimum value for the 
subsequent interval.  The numbers on the y-axis denote the total number of samples in each 
category. 
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Table 3-31 below shows the sample size, minimum, maximum, mean, and standard deviation of 
the relative compaction testing for the Phase 2 embankment fill, included under Tabs C-9, C-10 
and C-12 in Appendix C. The mean of the QC data is 93%, one standard deviation above the 
90% minimum requirement. There were no failing tests for relative compaction.  
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FIELD DENSITY – PHASE 2 EMBANKMENT FILL 

Value QC 

Number of Samples 690 

Minimum 90% 

Maximum 117% 

Mean 93% 

Standard Deviation 2.76% 

No. Failing Tests 0 

 

Figure 3-25 shows the distribution of the relative compaction data. The numbers on the x-axis 
denote the maximum value of the corresponding interval and the minimum value for the 
subsequent interval.  The numbers on the y-axis denote the total number of samples in each 
category. 
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Table 3-32 below shows the sample size, minimum, maximum, mean, and standard deviation of 
the relative density testing for the Phase 2 sand seepage berm, included under Tab C-11 in 
Appendix C. The mean of the QC data is 91%, nearly two standard deviations above the 70% 
minimum requirement. There were 2 failing tests for relative density, yet these results were 
extremely close to passing at 69.6% and 69.9%. 
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RELATIVE DENSITY – PHASE 2 SEEPAGE BERM 

Value QC 

Number of Samples 256 

Minimum 70% 

Maximum 128% 

Mean 91% 

Standard Deviation 11.07% 

No. Failing Tests 2 

 

Figure 3-26 shows the distribution of the relative density data. The numbers on the x-axis 
denote the maximum value of the corresponding interval and the minimum value for the 
subsequent interval.  The numbers on the y-axis denote the total number of samples in each 
category. 
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Phase 4 

Table 3-33 below shows the sample size, minimum, maximum, mean, and standard deviation of 
the relative compaction testing for the Phase 4 embankment fill, included under Tab C-19 in 
Appendix C.  A summary and analysis of the QA test results for field density fill is located in 
Appendix G, TECHNICAL MEMORANDA.  The mean of the QC data is 95%, over one 
standard deviation above the 90% minimum requirement. There were 3 failing tests for relative 
compaction.  All three tests were within 0.5% of the acceptance threshold.  This small number 
of failing tests with results close to the acceptance threshold should have no impact on levee 
stability.  
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FIELD DENSITY – PHASE 4 EMBANKMENT FILL 

Value QC 

Number of Samples 194 

Minimum 90% 

Maximum 105% 

Mean 95% 

Standard Deviation 3.64% 

No. Failing Tests 0 

 

Figure 3-27 shows the distribution of the relative compaction data. The numbers on the x-axis 
denote the maximum value of the corresponding interval and the minimum value for the 
subsequent interval.  The numbers on the y-axis denote the total number of samples in each 
category. 
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3.2.3.5  Optimum Moisture Content 
3.2.3.5.1 Description 

All levee reconstruction work that involved select fill and impervious fill had requirements for 
moisture content that had to be met during compaction. Field moisture content had to be within 
a set limit from the optimum moisture content calculated in the lab. Field moisture 
measurements were taken according with ASTM D 2216. The following statistical analysis was 
performed on the moisture variation of the in-field tests and the optimum moisture (in-field 
moisture – optimum moisture = moisture variation). 

3.2.3.5.2 Acceptance Criteria 
Requirements for moisture content can be found in section 02333, paragraph 3.3.4 of the 
technical specifications for Phase 1, section 02331A, paragraph 3.15.2 of the technical 
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specifications for Phase 2, and section 02331, paragraph 3.15.2 of the technical specifications 
for Phase 4.  These requirements are outlined below; 

Phase 1 

1. Moisture content shall be no more than 3% above optimum and 1% less than optimum. 

Phase 2 and Phase 4 

1. Moisture content shall be no more than 2% above optimum and 2% less than optimum. 

3.2.3.5.3 Summary of Test Reports 
Phase 1 

Table 3-34 below shows the sample size, minimum, maximum, mean, and standard deviation of 
the moisture variation for Phase 1 impervious fill, included under Tab C-2 in Appendix C.  A 
summary and analysis of the QA test results for moisture variation is located in Appendix G, 
TECHNICAL MEMORANDA.  The mean of the QC data is 1.9% above optimum, within the 
requirements. However, there were 19 failing tests for moisture variation.  
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MOISTURE VARIATION – PHASE 1 

Value QC 

Number of Samples 47 

Minimum -3.3 

Maximum 7.6 

Mean 1.9 

Standard Deviation 2.72 

No. Failing Tests 19 

 

Figure 3-28 shows the distribution of the moisture variation data. The numbers on the x-axis 
denote the maximum value of the corresponding interval and the minimum value for the 
subsequent interval.  The numbers on the y-axis denote the total number of samples in each 
category. 
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Phase 2 

Table 3-35 below shows the sample size, minimum, maximum, mean, and standard deviation of 
the moisture variation for Phase 2 impervious fill, included under Tabs C-9 and C-10 in 
Appendix C.  A summary and analysis of the QA test results for moisture variation is located in 
Appendix G, TECHNICAL MEMORANDA.  The mean of the QC data is 2.7% above 
optimum, outside the limits of the requirements. There were 421 failing tests for moisture 
variation.  
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MOISTURE VARIATION – PHASE 2 

Value QC 

Number of Samples 749 

Minimum -9.5 

Maximum 10.8 

Mean 2.7 

Standard Deviation 2.4 

No. Failing Tests 421 

 

Figure 3-29 shows the distribution of the moisture variation data. The numbers on the x-axis 
denote the maximum value of the corresponding interval and the minimum value for the 
subsequent interval.  The numbers on the y-axis denote the total number of samples in each 
category. 
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Phase 4 

Table 3-36 below shows the sample size, minimum, maximum, mean, and standard deviation of 
the moisture variation for Phase 4 impervious fill, included under Tab C-19 in Appendix C.  A 
summary and analysis of the QA test results for moisture variation is located in Appendix G, 
TECHNICAL MEMORANDA.  The mean of the QC data is 1.1% above optimum, within the 
limits of the requirements. However, there were 57 failing tests for moisture variation. 
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MOISTURE VARIATION – PHASE 4 

Value QC 

Number of Samples 194 

Minimum -4.3 

Maximum 9.2 

Mean 1.1 

Standard Deviation 2.60 

No. Failing Tests 57 

 

Figure 3-30 shows the distribution of the moisture variation data. The numbers on the x-axis 
denote the maximum value of the corresponding interval and the minimum value for the 
subsequent interval.  The numbers on the y-axis denote the total number of samples in each 
category. 
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3.2.3.5.4 Analysis 
Phase 1 moisture variation had 19 out of 47 samples out of specification: Phase 2 had 421 out 
of 749 samples out of specification and Phase 4 had 57 out of 194 samples out of specification. 
During construction, if the material was too wet, compaction could not be achieved. If the 
compaction requirement was met, it was determined in the field that the material was 
acceptable. There were few failing compaction tests, so it was determined that moisture content 
was not a limiting factor in the acceptance of the material as placed. In depth analysis of the 
moisture variation data can be found under Appendix G in tab G-8. 

3.2.3.5.5 Conclusion 
The large number of failing tests for moisture variation did not adversely affect the compaction 
efforts for levee fill. Therefore, analysis of the results indicates that the design objectives were 
fulfilled 

3.2.4  Miscellaneous Project Features 
3.2.4.1  Pump Stations 

Land use within RD 784 includes agricultural, industrial, commercial, and residential.  The 
lands within the southern portion of RD 784 are generally agricultural; however, many land 
parcels to the west of the WPIC levee and SR 70 are now being developed for residential use.  
Land use south of the Yuba River is primarily residential but also includes minor commercial 
and industrial operations.  The predominant flow path within RD 784 is north to south. 

Drainage south of the Yuba River is primarily collected in urban drainage systems.  Drainage 
between SR 70 and the WPIC drains into Algodon Slough on the west side of the highway.  
This drainage is pumped into the Bear River over the north levee at Pump Station No. 6.  
Drainage west of Algodon Slough typically drains to the southern portion of RD 784 at the 
confluence of the Bear and Feather Rivers.  This water drains via agricultural canals to Pump 
Station No. 2 where it is pumped over the east levee of the Feather River. 
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In order to accommodate increased interior drainage due to residential growth, TRLIA has 
funded a series of pump station relocations, additions, and upgrades.  Pump Station No. 2 was 
relocated 150 feet further from the levee and upgraded in 2003 as part of the Site 7 Extension 
Contract completed by USACE.  Pump Station No. 6 on the Algodon Canal was relocated 100 
feet further from the levee and upgraded in 2005 as part of the construction completed during 
Phase 2.  Finally, a new pump station was constructed on the Clark Lateral during Phase 2.  
This pump station was constructed in conjunction with the new Olivehurst Detention Basin 
northeast of East Arboga.  All of the concrete unconfined compressive strength tests completed 
in association with the construction of the pump stations met the requirement of 4,000 psi. All 
earthwork (fill, compaction, etc.) were included in the analysis for the Phase 2 Select fill in 
Section 3.1.1.3.1. Additional acceptance criteria included shop drawings and field placement 
for the following: reinforcing steel, pumps, motors, piping, valves, and a variety of 
miscellaneous metals. All materials were approved in the field and/or by the design engineer. 

3.2.4.2  Aggregate Base 
Aggregate base course was placed on all levee crowns upon the completion of construction to 
ensure reliable access for all-weather operations and maintenance activities. These roads were 
generally constructed with a crown sloping at a 2% grade in both directions from the 
centerline.  The aggregate was placed 4 inches deep; and, two foot transition zones were 
included on both shoulders of the patrol road.   

The aggregate base course was placed and tested in accordance with Section 02731 of the 
contract specifications.  This section requires the use of Class 2 Aggregate Base as defined by 
Section 26 of the Caltrans Standard Specification.  Furthermore, this section requires the 
completion of all field density testing in accordance with ASTM D 2922 to 95% of the 
laboratory maximum density. 

3.2.4.3  Asphalt Concrete Pavement 
Asphalt concrete pavement was placed in two areas as part of the levee improvement program.  
During Phase 1, asphalt concrete pavement was placed on the levee crown near Shad Pad Road; 
and, during Phase 4, it was placed at the over crossing for Simpson Lane.  Asphalt density 
testing was conducted in accordance with Section 02741 of the contract specifications.  This 
paragraph requires the completion of all asphalt density testing in accordance with AASHTO T 
230.  This testing standard correlates directly with ASTM D 2726 as noted in the QC test data. 

3.2.4.4  Monitoring Wells 
Monitoring wells are passive devices that help measure the hydraulic head within confined 
aquifers. Holes are drilled through a fine-grained layer (also referred to as a “blanket layer”) 
and a sand filter is placed within the underlying coarse grained soils. The water level in the well 
measures the hydrostatic head in the aquifer. Three monitoring wells were placed in two 
locations for this project. For additional information, reference the Technical Memorandum in 
Appendix G titled, “Monitoring Well Design”. 

3.2.4.4.1 Phase 2 
A monitoring well was constructed by Kleinfelder in February of 2007 near a suspected pin 
boil on the landside toe of the WPIC near Station 216+00. The well was drilled through the 
levee crown due to high voltage lines along the landside toe. Geotechnical investigations 
completed in the summer of 2006 did not identify conditions supporting the existence of a pin 
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boil.  As a result, a monitoring well was constructed as a positive means to continue evaluation 
of this area. 

3.2.4.4.2 Phase 4 
Two monitoring wells were constructed by Kleinfelder in February of 2007 on the corner 
seepage berm on the landside toe of the left bank of the Yuba River. These wells were built to 
measure the effectiveness of the seepage berm and ensure that the berm was performing 
properly. 

3.2.4.5  South Olivehurst Detention Basin 
In order to accommodate increased interior drainage due to residential growth, TRLIA has 
funded the construction of several features to improve the detention and conveyance of interior 
drainage.  In conjunction with a new pump station constructed on the Clark Lateral, the 
Olivehurst Detention Basin was constructed south of Olivehurst, CA during Phase 2. The pump 
station and detention basin was designed by MHM, Inc. The project prevents flooding in 
Olivehurst through construction of a ring levee just upstream of Highway 70 to block high 
water from the WPIC.  The detention basin stores interior drainage from the developed 
upstream areas and the pump station discharges this stored water when elevations in the WPIC 
are high.  The completed basin also serves as an ecosystem restoration project for the giant 
garter snake and the pond turtle. 

3.2.4.6  Stone Protection 
3.2.4.6.1 Description 

During the design analysis of the levees protecting RD 784, the potential for waterside levee 
slope erosion from wind-generated waves and/or high velocities of parallel flow near the bank 
were identified as issues that may require mitigation through the placement of stone protection 
(riprap).  Protection measures for the waterside slope of the levees varies depending on 
differing conditions as described in EM 1110-2-1913.  Factors that will have an impact on the 
levee stability due to stream flow include:   

���� The flow velocity adjacent to the bank and/or levee face 

���� The length of time that floodwaters are expected to act against a levee 

���� The relative susceptibility of the embankment materials to erosion 

These factors were considered in addition to the requirements of ETL 1110-2-221 in evaluating 
the need for stone protection within the project area.  As a result of this analysis, stone 
protection was installed during the Phase 2 construction contract.  The rationale for providing 
erosion control and bank protection is presented as follows: 

���� On the Bear River levee between Stations 164+00 to 169+00, riverbank slope protection 
is needed to address high channel velocities and observed undercutting and erosion.  It 
is anticipated that slope will be protected by placing rock along the entire riverbank 
slope near the confluence of the Bear River and WPIC.  

���� On the WPIC levee between Stations 255+00 and 308+00, the need for erosion control 
was identified.  Rock had been placed on the waterside slope of this segment of levee; 
however, it has been questioned whether the rock protection is inadequate or in 
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disrepair.  As part of the levee degrade necessary for construction of a cutoff wall, the 
existing rock slope protection was removed.  During construction, it was noted that the 
existing rock was placed between Stations 275+00 and 308+00. This rock was placed 
during emergency actions in 1997 and was determined to be undersized.  

3.2.4.6.2 Locations 
All stone protection was installed during the Phase 2 contract at the locations listed in Table 3-
37. 
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LEVEE STATION INTERVAL ISSUE RECOMMENDED PLAN 

Bear River  
North Levee 

164+00 to 168+80 
Slope Erosion, 
Levee Slope Scour 
Protection 

Riverbank Slope Erosion Protection (Rock); 
Levee Waterside Toe Rock Berm 

WPIC  
         West Levee 

255+00 to 308+00 Slope Erosion Riverbank Slope Erosion Protection (Rock) 

 
3.2.4.6.3 Acceptance Criteria 

All of the requirements associated with the quality and installation of stone protection are 
described in Section 02331A of the construction specifications and Drawing Numbers C-103 
and C-106 of the construction plans for Phase 2.  These documents require the stone protection 
to conform to Section 72 of the Caltrans Standard Specifications.  Furthermore, they require the 
stone protection to incorporate the following requirement: Light, 200 lb, Method B Placement. 

The contractor’s quality control provided durability reports for the stone protection based on 
the requirements of Section 72 of the Caltrans Standard Specifications. The coarse durability of 
the rock from the contractor’s source (Parks Bar Quarry) was 82.0 based on AASHTO T210. 

The filter fabric that was placed below the stone protection was Mirafi® 140NC. The filter 
fabric met or exceeded all requirements set for in Section 02331A of the construction 
specifications. 

3.2.4.6.4 Conclusions 
After the project design was completed and construction was underway, USACE requested that 
the design team perform calculations for rock slope protection, specifically for the Plumas Lake 
area, based on a reference not originally included in the Design Criteria for the project.  This 
reference is the technical manual that accompanies the proprietary software program ACES, 
which is used by USACE.  Calculations were completed in several iterations based on the 
ACES Technical reference and on Ethan Thompson’s (USACE, Hydraulics Branch) comments 
and suggestions, resulting in the rock slope protection design distributed as part of a 
construction Change Order.  A number of these suggestions were based on information from 
USACE’s Wave Runup Analysis for the Yuba River Basin Project, General Reevaluation 
Phase, Yuba River Basin, CA, January 2005, which was distributed to HDR in June of 2006.  
Rock slope protection was placed as proposed along the WPIC from Station 255+00 to 308+00, 
based on these references and suggestions from USACE.  
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3.2.4.7  CalTrans Maintenance Yard 
As part of the levee improvement project implemented by TRLIA, the drainage for a CalTrans 
maintenance yard located off of North Beale Road was affected by the design and construction 
of the seepage berm located along the YRLB.  As part of the land purchase agreement with 
CalTrans, TRLIA was required to design and construct a new drainage facility for Caltrans.  

The criteria for the drainage of the Caltrans maintenance yard detention basin were as follows: 

• Complies as much as practical with the planning/design principles adopted for drainage and 
flood control by Yuba County and Reclamation District 784; 

• Has minimal impact to the surroundings; 

• Meets or exceeds the existing capacity of the detention ponds used by the Caltrans 
maintenance yard; 

Approximately 90% of the Caltrans maintenance yard is drained into two existing detention 
ponds located near the toe of the Yuba River levee.  The remaining 10% of the site drains 
toward North Beale Road and is discharged into a storm drain pipe or a small detention pond. 
The volume of the two existing detention ponds located near the toe of the Yuba River levee is 
approximately 25,000 ft3.   There are no outlets for these two ponds. If the ponds overflow, 
water either overflows and collects against the Yuba levee or backs up onto the maintenance 
yard parking area. 

An approximate three foot tall berm was constructed around the detention pond to prevent 
water from discharging to the south.  The top width is 4 feet with slopes of 2 (horizontal) to 1 
(vertical) land side and 3 to 1 water side. 

With the acquired property from Caltrans and the adjacent property owner, the detention pond 
was constructed to hold a volume 73,000 ft3.  An overflow weir was installed along the 
northern side of the detention pond.  The depth of the pond is approximately 2 feet deep with a 
bottom elevation of 57 feet.  Due to the grade of the maintenance yard, an asphalt swale 
approximately 750 feet long was constructed along the northern property line of the 
maintenance yard to convey runoff from the maintenance yard to the detention pond.   

Along with the new detention pond and swale, additional parking for Caltrans was constructed. 
The new parking is approximately 32 feet wide by 298 feet long extension to the west end of 
the maintenance yard adjacent to the new detention pond.  For more information regarding this 
design and the associated engineering analysis, refer to the Technical Memorandum in 
Appendix G titled, “Recommendations for Detention Basin Construction, Yuba River Left 
Bank Levee”. 
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HDR has concluded that all construction activities for the TRLIA levee repairs project satisfy 
the requirements and guidelines set forth in the construction documents. HDR was responsible 
for construction management during construction and had field personnel in the field during all 
aspects of construction to verify compliance with the specifications and drawings, as 
summarized in this Construction Documentation Report. HDR performed a comprehensive 
review of both Quality Control and Quality Assurance laboratory and field data upon 
construction completion to verify compliance. Any outstanding issues were resolved by the 
project team and any required analysis has been completed to ensure that design changes made 
during construction did not threaten the ultimate goals of the project to retain FEMA 
certification for protection from a flood that has a 1/100 chance of occurring in any given year. 



 




