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1.0  Introduction 

1.1 Summary 

This Addendum summarizes construction activities for Three Rivers Levee Improvement 
Authority’s (TRLIA) Phase 4 Feather River Levee Repair Project, Levee Segment 2, 
hereafter referred to as “Project” or “Feather River Setback Levee Project.” Construction of 
the Feather River Setback Levee Project began in June 2008, was completed in October 
2009, and was described in the May 2010 Construction Completion Report. However, other 
activities remained to be completed during the 2010 construction season, including:  
completion of degradation of the original levee; completion of backfilling of the primary 
borrow area and the Platter/JTS supplemental borrow area; setback area grading; relief well 
development and completion; Pump Station No. 3 testing; final excavation and grading of the 
floodplain swale; construction of floodplain fish stranding mitigation swales; demolition 
activities; railcar bridge paving; and pipe fencing.  This Addendum addresses construction 
activities completed in 2010 subsequent to the issuance of the May 2010, Phase 4 Feather 
River Levee Repair Project, Levee Segment 2 Construction Completion Report (May 2010 
Construction Completion Report). This Addendum also includes all of the quality control and 
quality assurance data for the backfilling of the borrow areas, which began in June 2009 and 
was completed in August 2010; none of the 2009 data was included in the May 2010 
Construction Completion Report because the backfilling activity was not complete at the 
time the report was issued. 
 
This Addendum provides (1) a general background and overview of the Project activities that 
occurred or were completed in 2010, (2) construction approach and methodologies, (3) 
constructions costs, (4) a photographic record of the construction activities, (5) record 
drawings, and (6) a summary of construction quality control and assurance testing results and 
support activities. 
 
 

1.2 Background 

TRLIA has completed improvements to the existing Feather River east levee in Reclamation 
District 784 (RD 784) under TRLIA’s Phase 4 Feather River Levee Repair Project.  
Construction of the new Segment 2 setback levee began in June 2008 as part of this effort, 
and was completed in 2009.  Due to the onset of winter, not all of the Project’s activities 
could be completed in the 2009 construction season.   
 
During the 2009 season, approximately 72 percent of the old Feather River Levee was 
degraded and used as backfill in the project borrow areas.  The degraded material was used 
as backfill for the Uppal borrow area (completely backfilled in 2009), Platter/JTS borrow 
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area (approximately 60 percent completed in 2009) and primary borrow area (approximately 
80 percent completed in 2009).  Levee degradation and borrow backfill activities were 
completed in 2010. 
 
Of the original 33 relief wells to be installed within the project limits, three well locations 
(RW-SL1 through SL3) were deleted in conjunction with the widening of the levee that was 
part of the redesign of the South Tie-In, caused by the unexpected identification of Cultural 
Resource Site CA-YUB-1677. For the remaining 30 relief wells, pilot holes were drilled at 
each well location and well designs were determined from the soil stratigraphy observed at 
the pilot holes.  Four more well locations (RW-SL4 through SL7) were deleted due to the 
lack of a permeable stratum.  Based on the pilot hole boring information, the well designs 
were completed and provided to the Contractor for construction of all remaining relief wells. 
The wells were installed in 2009; well development began for most of the wells in 2009 and 
continued into 2010. The wellheads and discharge pipes were constructed in 2010. 
 
The floodplain swale, which provides a drainage channel for the water discharged through 
Pump Station No. 3 and conveys it to the Feather River, was started during the 2009 
construction season. A temporary culvert crossing through the swale was kept along the 
alignment of the old Feather River Levee to maintain a haul route for the remaining levee 
degradation and related construction activities during the 2010 construction season, and was 
removed in the summer of 2010.   
 
During 2010, there were several miscellaneous contract construction items to be completed.  
Items remaining included destruction of additional irrigation wells, building demolition, 
debris removal, construction of fish stranding mitigation swales, grading of the setback area, 
painting of previously installed pipe fencing and gates, asphalt paving of the railcar bridges, 
erosion repairs to the landside drainage ditch, and revegetation of disturbed areas.  
Additionally, during the 2010 construction season, the Contractor was directed to complete 
several additional construction items including: construction of security road and pipe/gate 
fencing, setback area culvert replacements, additional aggregate base paving, and minor 
Project-related items of work. All work was completed during the 2010 construction season. 
 
In late 2009, the levee crown patrol road suffered rutting damage in portions of the levee 
alignment due to heavy construction traffic in many areas.  Interim repairs were implemented 
in January and February 2010.  As part of the final completion of project activities, these 
rutted areas were repaired and reconstructed in conformance with the Contract Documents.  
Other Owner initiated change orders were constructed simultaneously with this work 
including the setback area security roads, additional maintenance roads, an additional 
waterside ramp, and various drainage swales in the setback area. 
 
On September 7, 2010, an initial inspection of the constructed project was conducted by GEI 
with Teichert, RD 784 and DWR.  A punchlist of items to be corrected or added to the 
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Contract was developed, and provided to the Contractor to perform. After completion of a 
substantial portion of these punchlist items and other contract work, the Contractor provided 
notification of substantial completion of the contract work on October 19, 2010 and 
requested a final inspection of the completed project. On October 25, 2010, a final inspection 
was conducted with DWR, CVFPB, and RD 784, and a final punchlist of items was provided 
to the Contractor to correct or perform. 
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2.0  Environmental, Regulatory and Right of Way 
Requirements 

Construction activities conducted in 2010 and summarized in this addendum proceeded in 
accordance with the existing environmental and regulatory permits previously acquired for 
the Project.  No new or additional environmental or regulatory permits were required to 
continue and complete construction.   
 
Prior to commencing 2010 construction activities, the Central Valley Flood Protection Board 
(CVFPB) was formally notified by telephone and email. 
 
A biological field survey of the setback area was conducted to collect information on the 
presence of active nesting raptors.  Twelve active raptor nests were identified and mapped, 
including nests for great horned owls, red tailed hawks, red-shouldered hawks and 
Swainson’s hawks.  Construction activities were restricted around these nest sites, and areas 
of avoidance were provided to all construction workers on the Project until the young birds 
fledged.  A full time biological monitor was present on-site during work activities in the 
vicinity of active raptor nests, and all activities were coordinated with the California 
Department of Fish and Game (DFG). 
 
Since excavation of the old Feather River levee was continuing, a Native American monitor 
was on-site to observe excavation of the levee degradation materials in the event potential 
cultural artifacts were unearthed.  The degradation activities extended from May through July 
2010.  No additional cultural areas of significance were identified during these activities. 
Archeological and Native American monitoring was provided at the CA-YUB-5 cultural site 
where existing concrete standpipes were cut just below ground level and grouted.   
 
In July 2010, a work plan was prepared for the repair of about 11,000 feet of setback levee 
patrol road.  Work plans were also prepared for the construction of TRLIA-proposed setback 
area security roads and various RD 784-requested access improvements consisting of relief 
well and outfall structure maintenance roads and pathways.  RD 784 also requested an 
additional waterside ramp.  These work plans were provided to the CVFPB staff for review.  
On July 20, 2010, the CVFPB staff responded and approved these plans by email.  No new 
permits for these work plans were required. 
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3.0  Construction Summary 

3.1 General 

The major features of work performed in the 2010 construction season included the 
following: 

 Completion of relief well construction and development 
 Additional irrigation well destruction 
 Concrete standpipe demolition at CA-YUB-5 
 Stained soil site backfill 
 Completion of the old Feather River Levee degradation 
 Completion of backfill and grading of Platter/JTS borrow area and primary 

borrow area 
 Setback levee crown patrol road repair 
 Setback area security and maintenance roads 
 Completion of landside drainage ditch 
 Fish stranding mitigation swales 
 Setback area culverts 
 Completion of floodplain swale excavation 
 Pump Station No. 3 testing 
 Completion of railcar bridges  
 Completion of debris removal 
 Setback area drainage grading 
 Seeding of disturbed areas 
 

3.2 Construction Materials 

The materials used to backfill the borrow areas came from the degradation of the old Feather 
River Levee and grading within the setback area.  Type 2 material used for the Setback 
Levee Crown Repair was obtained from the Primary borrow area.  Other construction 
materials such as relief well materials, aggregate base, asphalt concrete, and culvert pipe 
were acquired from local off-site sources. 
 
3.2.1 Engineered Materials 

The engineered materials required for the work summarized in this addendum included: 
 Type 2 Material – Low Permeability Fill consisting of material with 20% or 

more passing the No. 200 sieve, 100% passing the 2-inch sieve, plasticity index 
of at least 8 but less than 25, and liquid limit less than 50. 

 Type 4 Material – Caltrans Class 2 Aggregate Base consisting of ¾-inch Class 2 
Aggregate Base or an approved equal.  Type 4 Material was specified to meet the 
requirements specified in Section 26-1.02A of the State of California Standard 
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Contract Specifications for ¾-inch grading as modified below by the following 
requirements: 

 The content of material finer than the No. 200 sieve was required to be 
not greater than 7 percent by weight. 

 At least 80 percent of all particles greater than the No. 4 sieve were 
required to classify as angular or subangular in accordance with 
ASTM D2488. 

 Semi-Compacted Fill – Semi-compacted fill is material from levee degradation 
or Owner-furnished borrow areas that did not meet the specified requirements for 
any other type of fill. 

 Concrete – specified 28-day compressive strength was 3,000 psi for the Type A 
manholes for the relief wells and 4,000 psi for the Type B manholes. 

 Controlled Low Strength Material (CLSM) – was specified to have a 28-day 
compressive strength less than 150 psi and was approved by DWR and CVFPB. 

 
3.2.2 Material Sources 

The material sources used for construction included: 
 Type 2 material was supplied from former haul roads within the Primary Borrow 

area. 
 Type 4 aggregate base material was supplied from the salvaged existing levee 

patrol road, Western Aggregates, and the Teichert Hallwood Plant. 
 Semi-compacted fill was supplied from the Feather River levee degradation and 

setback area grading.  
 Concrete was provided by both Teichert and Cemex. 
 CLSM was supplied by Teichert Readymix. 

 
 

3.3 Material Quantities 

The bid quantities, final quantities and cost summary for the completed work from 2008 
through 2010 are provided in Table 1. 
 

3.4 Major Construction Components 

The major construction components of the Segment 2 setback levee completed in the 2010 
construction season are discussed in this section. 
 
3.4.1 Relief Wells 

The relief wells were installed in 2009 and completed in 2010. Because they were not 
completed at the time the May 2010 Construction Completion Report was issued, all of the 
data on the relief well installations has been included in this addendum.  
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A total of 33 relief wells were originally planned for the Project.  Relief well construction 
began during the summer of 2009 by Jensen Drilling Company of Eugene, Oregon, a 
subcontractor to Teichert on the Project.  Due to the redesign of the South Tie-In (see Section 
3.6.3.2 in the May 2010 Construction Completion Report), three of the relief wells were 
determined not to be needed.  Evaluation of pilot hole log and grain size test results led to 
four other relief wells being deleted based on the estimated low permeability of the in-situ 
soils.  As a result, a total of 26 wells were constructed as part of the Project. 
 
Relief well locations are shown in the As-Built drawings in Appendix A.  Construction 
details for each well are summarized in Table 2 and shown on Appendix E. Details and 
methodologies for the relief well construction are described below. 
 
3.4.1.1 Pilot Holes 

The Contractor surveyed the relief well locations and elevations according to the design 
locations shown on the Contract Plans.  Pilot holes were drilled from August 2009 to October 
2009. 
 
Pilot holes were drilled at the proposed relief well locations to classify in-situ subsurface 
materials and determine well depth and screen intervals at each well location.  The field 
exploration program consisted of drilling a total of 33 pilot holes and collecting and logging 
continuous soil samples for laboratory testing.      
 
After the pilot holes for RW-SL4, RW-SL5, and RW-SL6 did not encounter permeable 
materials at their design locations, the pilot holes were re-located to the mid-points between 
the original design locations and re-drilled in an attempt to find permeable layers that could 
be screened.  RW-SL5 needed to be re-drilled an additional time due to a lack of recovery 
within the potential permeable layers.  After re-drilling these locations, it was decided to 
abandon and delete these three relief well locations.  RW-SL7 was also abandoned due to a 
lack of permeable strata as evidenced in the pilot hole log. Each of the pilot holes were 
abandoned per Yuba County requirements and the Contract Specifications.   
  
Pilot holes were drilled using a Gus Pech truck-mounted drill rig advancing a nominal 4-
inch-diameter Longyear Geo Barrel.  Continuous soil samples were obtained using a 94 mm 
sampling system which included a six-foot-long inner barrel with a latching/retrieval 
mechanism, a coil spring, split tubes, and a drive shoe advanced in front of the drill bit.  The 
system was equipped with an outer barrel that remained in the hole until the desired depth 
was reached (see Photo 1 in Appendix C).  Boreholes were advanced to depths ranging from 
27 to 84 feet below grade.   
 
Subsurface material generally included clay, sandy clay, silt, sandy silt, clayey/silty sand, 
sand, and gravel.  Groundwater elevation was not recorded during pilot hole drilling.  
Bedrock was not encountered in the pilot holes. 



  

 8  

 
3.4.1.2 Formation Sampling and Grain Size Distribution Testing 

During pilot hole drilling, personnel from Engeo Incorporated (Engeo) of San Ramon, 
California, prepared logs for each pilot hole for the Contractor (see Appendix D).  Changes 
in subsurface stratigraphy, visual soil descriptions, sample depths, and inches of sample 
recovery were recorded.  Engeo collected and preserved samples taken continuously from the 
ground surface to the bottom of the hole (see Photo 2 in Appendix C).  MHM collected 
representative samples for the Contractor at five-foot intervals and at stratigraphic changes 
for grain size distribution tests according to ASTM C 117 and C 136 to verify that the 
selected filter pack and screen intervals are compatible with the aquifer material.  Soil core 
samples were collected in core boxes and labeled by location and depth.  Results of 
laboratory testing are presented in Appendix F. 
 
3.4.1.3 Grouting 

Upon completion of the pilot hole drilling in the 2009 construction season, the Contractor 
requested, and was granted permission by the Engineer to eliminate the grouting of the 4-
inch diameter pilot holes by installing a 1.5-inch PVC pipe to prevent sloughing into the hole 
between the pilot hole and relief well drilling phases.  However, eight pilot holes had to be 
abandoned and were destroyed by the subcontractor in accordance with California Well 
Standards (DWR Bulletin 74-81) and Yuba County well ordinances.  The eight grouted pilot 
holes were grouted from the bottom to a minimum of 5 feet below the ground surface.  The 
upper five feet were backfilled with cuttings in accordance with the California Well 
Standards.  Pilot hole destruction was observed by the Engineer and periodically by a Yuba 
County Official from the Environmental Health Division.  Grouting of the eight pilot holes 
was completed in December 2009 with one pilot hole, RW-SL7, being redrilled and fully 
grouted in October 2010.  
 
Grout was mixed through a high pressure hose line and a 100-gallon tub using a progressive 
cavity pump mounted on a trailer.  Grout mixtures consisted generally of a 2:1 (water to 
cement (Basalite Type I/II)) mixture by volume, with approximately 3 to 5 percent bentonite 
powder. 
 
Grout was injected into the pilot hole through the 1.5-inch PVC pipe by the tremie method 
from the bottom of the hole up to the top (see Photo 3 in Appendix C).  The PVC tremie pipe 
was gradually withdrawn during placement, keeping the end of the pipe below the level of 
grout throughout the filling process.  Grout placement was performed in a continuous 
operation to the ground surface.  Any settlement that occurred was backfilled with cuttings. 
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3.4.1.4 Relief Well Outer Casing 

Carbon steel outer casings were installed at the pilot hole locations using a Williamson 
Hughs LDH truck-mounted drill rig with a 27-inch auger bit (see Photo 4 in Appendix C).  
The outer casings have an outer diameter of 18 inches and range from 8 to 23 feet in depth.  
Outer casings were set in place using a flowable grout mixture (sand/cement slurry grout), 
provided by Cemex of Marysville, California.  The grout was poured into the annular space 
outside of the casing (see Photo 5 in Appendix C).  The casing was hydraulically pushed at 
least a foot into the soil to seal the bottom of the casing prior to grouting to prevent grout 
from leaking into the inside of the casing.  The grout was allowed to set for a minimum of 72 
hours before drilling operations were resumed.   The casings were installed from October 
2009 through November 2009. 
 
3.4.1.5 Relief Well Drilling 

Jensen drilled relief wells with a Schramm Rotadrill truck-mounted drill rig using direct 
mud-rotary drilling methods (see Photo 6 in Appendix C).  Relief wells were drilled through 
the 18-inch outer casing using a 16-inch diameter bit using rotary tools to the design depth of 
the well.  Relief well holes had a final measured diameter of 18 inches at the ground surface 
following reaming, prior to well construction.  Relief wells were advanced to depths ranging 
from 47 to 79 feet below grade.  Temporary casing was not used for relief well construction. 
 
Drilling fluid consisted of Guar gum mixed with water.  Cuttings were separated from the 
drilling fluid and stockpiled for removal.   The relief well drilling and subsequent 
construction of the well components occurred from October 2009 through January 2010. 
 
3.4.1.6 Assembly and Installation of Riser Pipe, Screen and Tail Pipe 

Eight-inch diameter, Type 304 stainless steel screen, casing and tailpipe were installed per 
the approved design lengths.  The depth and design of each relief well was determined based 
on the pilot hole drill logs, and results of formation sampling and grain size distribution 
testing.  In most relief wells, this information resulted in the actual depths of relief well being 
adjusted from the original design depths.  A summary of the screen depths and filter packs 
used can be found in Table 2.  Screen lengths were provided in their design lengths and risers 
were provided in approximate 20-foot sections and cut and assembled per the design depths.  
The tailpipe was provided in the specified 2-foot length.  All connections were made by weld 
ring.  Wire-wrap well screens were constructed with 0.04 and 0.15 inch slots, depending on 
the design for each relief well.  
 
Relief well screen, riser and tail pipes were assembled and installed immediately following 
drilling (see Photo 7 in Appendix C).  Steel centralizers were mechanically clamped every 
20-feet to the stainless steel casing to center and stabilize the pipe string in the well during 
assembly and installation.  Sections of relief well pipe and screen were welded together with 
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stainless steel welding collars during installation (see Photo 8 in Appendix C).  The pipe 
string was assembled as it was lowered into the hole.  Welded joints supported the weight of 
the pipe string as it was lowered into the hole.   
 
3.4.1.7 Placing of Filter Pack 

Approved filter pack material was provided by Silica Resources of Marysville, California.  
Filter pack was placed by tremie method into the annular space outside of the pipe string.  
Filter pack material was placed from the bottom of the borehole continuously to the depth 
that corresponded to the bottom of the manhole, without interruption (see Photo 9 in 
Appendix C). 
 
3.4.1.8 Well Development and Pumping Test 

All of the relief wells (RW-SL8 through RW-SL33) were developed and tested by Jensen.  
Each relief well was developed by mechanical methods including bailing and surging 
followed by pumped development (see Photo 10 in Appendix C).  Air lifting and jetting was 
also used in the development of RW-SL15, 16, 19, 24, 26, 28, and 33 due to the excessive 
amounts of sand being produced in the mechanical and pumped development process.  All 
wells were allowed to rebound to original static water level before the start of the pumping 
test.  
 
A pumping test was performed at each well.  During the tests, the pumping well and an 
adjacent well were monitored for drawdown.  Sand infiltration rates were monitored during 
the latter 1 hour of the pumping tests and found to be less than 5 parts per million within the 
last 15 minutes of monitoring (see Photo 11 in Appendix C).   
 
Flows for all but two wells were maintained between 50-150 gallons per minute, as required 
by the Specifications.  RW-SL12 and RW-SL13 were not capable of meeting the minimum 
pumping rate of 50 gpm and were pumped at 30 gpm and 37.5 gpm, respectively.  These 
wells were designed to target relatively thin gravel zones where only limited samples were 
recovered.  Poor sample recovery in these units is likely due to limitations of the mud-rotary 
punch-core sampling tool’s ability to capture gravel samples while retaining a representative 
amount of fine and sandy material.  The actual hydraulic conductivity of these zones is likely 
less than was assumed based on drilling of the pilot holes.  After discussions with GEI 
personnel, it was decided to proceed with well development rather than abandon the wells. 
 
In an effort to improve their productivity, wells RW-SL12 and RW-SL13 were treated with 
Baroid Aqua Clear PFD® which is a liquid that was added to the well and allowed to remain 
in the well for about 24-hours.  The Aqua Clear helps to break down and remove fine 
sediments from the well screen and adjacent formation and may increase the well pumping 
performance.  Initially, the Aqua Clear was surged for about 15 minutes every two-hours.  
Twenty-four hours after the addition of the Aqua Clear to the well, the development 
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processes continued using an airlift followed by pumped development.  This method was 
used one time in well RW-SL13 and the pumping rate was improved from an initial rate of 
30 gpm to 37.5 gpm.  The method was used two times on RW-SL12, for a period of two 
days.  The well had a slight improvement in production rate, reaching a maximum of 30 gpm 
for the pump test.  
 
After the pumping test in each well, the pump was shut down for a period of two hours 
during which a static water level rebound test was performed.    Results of the pumping tests 
are provided in Appendix G. 
 
Filter pack material was added as necessary to the annular space as development and 
pumping tests were performed.  A filler pipe was added to the top annular space to provide a 
conduit to add filter pack material, if needed in the future.  
 
3.4.1.9 Relief Well Manhole 

Two manhole designs were used to construct the Type A and Type B relief wells.  Details for 
each manhole can be seen in the As-Built drawings C-161, and C-161A in Appendix A.  The 
Type A manholes were less than five feet in depth and designed to have a manhole lid 
diameter of 28 inches and an inside diameter of 48 inches.  The Type A manhole and outfall 
pipe were both encased in 3,000 psi concrete (see Photo 12 in Appendix C) expediting the 
construction of the Type A manholes.  This allowed both the manhole vault and the lateral 
drainage line to be set in a single pour.   
 
The manholes exceeding five feet in depth were classified as Type B manholes and were 
originally designed to have an inside diameter of 48 inches.  Due to ease-of-access concerns 
expressed by RD784, a 60 inch inside diameter Type B manhole design was proposed by the 
Engineer and accepted by the Owner and RD784.  Details for the Type B manhole design can 
be seen in the As-Built drawing C-161A in Appendix A.  The design was modified to include 
a 48 inch inside diameter eccentric cone manhole that widened to a 60 inch inside diameter.  
The revised design also included the addition of a stainless steel tee outlet, equipped with a 
removable flange that reduced the well diameter from 8 inches to 4 inches.  A PVC riser pipe 
was attached to the 4 inch flange, bringing the top of the well to within inches of the top of 
the manhole, allowing RD784 to take water level measurements from the top of the manhole 
without entering the manhole.  The Type B manholes were encased with CLSM after the 
placement of a 4,000 psi, 12” reinforced slab (see Photo 13 in Appendix C) for the bottom of 
the manhole.  Construction of the relief well manholes was completed in June 2010. 
 
3.4.1.10  Relief Well Outlet 

Upon completion of the relief well installation and testing, the Contractor installed an 8-inch 
ductile iron outlet pipe from the relief well manhole to the discharge location into the 
landside toe ditch (see As-Built drawings in Appendix A).  To better protect the Type A 
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outlet pipes from construction traffic, the Contractor encased the lines using 3,000 psi 
concrete (see As-Built drawing C-161 in Appendix A and Photo 14 in Appendix C).  The 
outlet pipes for the Type B wells were backfilled in CLSM per the original design.  A five 
foot by five foot by one foot thick rock slope protection blanket was placed at each pipe 
outfall to minimize erosion in the drainage ditch.  Construction of the relief well outlets was 
completed in August 2010.    
 
3.4.1.11  Relief Well Access 

Access to the relief wells was generally in close proximity to the 15-foot-wide aggregate base 
maintenance road along the landside toe of the setback levee.  During construction, RD 784 
requested improved accessibility to the relief wells by providing additional aggregate base 
surfacing from the landside maintenance road.  To accommodate the RD784 requests, the 
Engineer modified the original design by: (1) installing additional aggregate maintenance 
road both north and south of the Pump Station No. 3 providing access to relief wells RW-
SL13 through RW-SL18, (2) installing aggregate surfacing adjacent to the landside 
maintenance road at and around these relief wells, and (3) installing an aggregate base path to 
the landside drainage ditch to enable inspection of the drain outlets for each relief well. 
 
3.4.1.12  Gases Observed at RW-SL33 

On June 22, 2010, during relief well development, gas bubbles were observed and sulfur-like 
odors were detected at relief well RW-SL33.  Initial chemical screening was performed at 
RW-SL33 on June 25, 2010.  Screening was also performed on RW-SL32 on June 25 to 
evaluate baseline conditions.  Follow-up screening and sampling was performed at RW-SL33 
on July 15, 2010. Samples were analyzed in a laboratory for potential gases of concern (i.e. 
methane, hydrogen sulfide, and related compounds). Screening and sample results are shown 
in Appendix H, Table 1, with comparisons to typical atmospheric levels and action levels.  
The only analyte detected at any level of concern was the Lower Explosive Limit (LEL) 
which showed 43% in RW-SL33 on June 25 (note that 100% LEL would be an explosive 
atmosphere).  However, the LEL within RW-SL33 had dropped to less than 1% on July 15.  
Methane, hydrogen sulfide, and related compounds were not detected in the laboratory 
sample at any levels of concern.  Bubbles were observed at the water surface on both 
screening dates, indicating a source of gas may still be present.  The drop in LEL, and the 
low concentrations in the laboratory sample suggest that an original buildup of gas occurred 
prior to developing the well, but has since dissipated.  The proximity of RW-33 to the edge 
of the Modesto formation, and absence of industrial sources of gas in the area, suggest that 
the gas is naturally occurring. The presence of gas in the well does not appear to pose safety 
risks in the breathing zone.     
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3.4.2 Irrigation Well Destruction 

Pre-existing irrigation wells in the setback levee footprint and irrigation wells in the setback 
area were planned for destruction if they were not needed for continuing agricultural or 
mitigation activities. Well destruction was performed by Jensen Drilling Company of 
Eugene, Oregon.  A total of 36 wells were destroyed during the Project, with 15 irrigation 
wells being destroyed in 2010 (see Table 3).  The 21 wells destroyed in 2008 and 2009 are 
summarized in the May 2010 Construction Completion Report. 
 
Project specifications called for the well casings to be perforated; however, with direction 
from the Yuba County Environmental Health Division (EHD) the wells destroyed in the 
2010 season were not perforated for several reasons.  Six of the wells were not perforated 
due to the presence of oil, seven were not perforated because the EHD determined the well 
casings were too thin and could collapse if the well were to be perforated and two wells did 
not have a casing below seven feet measured from ground surface.   
 
As noted above, six wells destroyed in 2010 were found to contain oil. The oil was bailed 
from within the well, placed in 55-gallon drums, and disposed off-site.  Once the oil was 
removed from the wells, the Contractor grouted the wells per the California Well Standards 
without perforation (see Photo 15 in Appendix C).  During the grouting process any 
additional oil displaced from the well by the grout was removed with absorbent mats. Any 
soil contaminated by this displaced oil was removed and disposed off-site. 
 
After grouting, Jensen used a JD310G backhoe to excavate five feet around the well casing, 
remove the casing and place a bentonite cap over the grout column (see Photo 16 in 
Appendix C).  Teichert backfilled the excavations with a CAT 815 sheep’s foot compactor 
and a water truck, compacting the material to a minimum of 90% of the maximum laboratory 
dry density.  
 
Irrigation stand pipes adjacent to demolished wells, project-wide, were also destroyed.  Stand 
pipe diameters ranged from one to three feet and penetrated no more than three to four feet 
into the soil.  Stand pipes were removed and any laterals found were plugged and backfilled 
with sand-cement grout.  Debris was disposed off-site. 
 
All well demolition activities were performed in accordance with the provisions of the 
California Well Standards (DWR Bulletins 74-81 and 74-90) and all applicable Yuba County 
well ordinances.  An Environmental Health Specialist from the County of Yuba EHD was 
present for inspection of the majority of well destruction operations. If an EHD 
representative was not present a Seal Without Witness form was completed and approved by 
the EHD.  Well destruction completion reports are included in Appendix J. The approximate 
locations of the destroyed wells are shown on the As-Built Drawings G-30, G-31, and G-32 
in Appendix A, and a summary of all wells in the setback area is presented in Table 3. 
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3.4.3 Concrete Standpipes at CA-YUB-5 

Three concrete standpipes and one buried irrigation pipe line were required to be removed or 
grouted within the limits of CA-YUB-5 cultural area in June 2010.  During the vegetation 
clearing on this site, additional irrigation piping was discovered within three feet of the 
existing standpipe at Station 94+60.   In the prior 2009 construction season, approximately 
one foot of soil was placed on top of the CA-YUB-5 cultural site. To remove the standpipes, 
the soil around the standpipes was excavated down six inches into this soil cover, and the 
standpipes were saw cut just below ground surface and hauled away (see Photo 17 in 
Appendix C).  To avoid ground disturbance of the native soils, the remaining standpipe 
structure and buried irrigation pipe lines were plugged and backfilled with sand-cement grout 
(see Photo 18 in Appendix C).  After allowing the grout to set, fill was imported to backfill 
excavated areas to match the surrounding ground elevations.  This work was monitored by 
the Owner’s cultural monitor and a Native American monitor from Enterprise Rancheria.  
Abandonment of the concrete standpipes was completed in three days and concluded at the 
end of June 2010. 
 
3.4.4 Stained Soil Site Cleanup 

Early in 2009 a stained soil area was identified in the northwest section of the primary 
borrow area (former Naumes property) and investigated for contamination.  Results indicated 
that the soil was contaminated with petroleum chemicals.  The contaminated soil was 
confined to an area of a former above-ground storage tank used for agricultural purposes.   
 
A remediation work plan was prepared and approved to include over-excavation of the 
stained soil in an area 36 feet by 46 feet with a depth of one to three feet below ground 
surface.  The over-excavation was performed until all stained soil was removed and 
confirmation samples at the excavation limits were below a target goal of 100 parts per 
million (ppm).   
 
The stained soil removed from the site was disposed of at a Class II landfill.  A letter from 
the County of Yuba dated December 10, 2009 indicated that no further action was required.  
In May 2010, the stained soil site was backfilled to original grade.  Teichert imported 
material from the Nordic borrow site to backfill the excavated area using Caterpillar 637 
scrapers.  A sheep’s foot roller was used to compact the material and both sand cone and 
nuclear gage tests were taken as the backfill material was brought up in 12 inch lifts back to 
the original grade (see Photo 19 in Appendix C).  Material was placed and compacted as 
semi-compacted fill in accordance with the Project Specifications. 
 
3.4.5 Levee Degrade 

Degradation of the old Feather River levee was completed in July 2010.  During 2010, 
approximately 1.0 million cubic yards was excavated as part of the degradation, for a total 
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levee degradation quantity (including 2009 season) of 3,240,000 cubic yards.  The Contractor 
used Caterpillar 637 scrapers, haul trucks, and excavators for degrade operations (see Photo 
20 in Appendix C).   Degrade material was used to backfill the primary and supplemental 
(JTS/Platter) borrow areas. The backfilling of these borrow areas required the degradation of 
essentially all the old levee material with the exception of a portion of the old levee that 
contained large rock fragments and riprap located at the 1997 levee repair site (Station 
353+00 to Station 368+00), just north of Country Club Road.  The remnant levee containing 
riprap and large rock fragments was left in-place. 
 
As part of the degradation work, a three-foot-deep trench with 3H:1V side slopes was 
excavated into the existing soil-bentonite cutoff wall within the old Feather River Levee 
footprint to reduce the potential hazard  for vehicles traversing the area. The trench was 
excavated and a layer of geo-grid was installed at the bottom to stabilize the backfill. The 
trench was then backfilled with soil from the trench excavation mixed with the surrounding 
soils (see Photo 21 in Appendix C). 
 
3.4.6 Borrow Area Backfill 

During the 2010 construction season, material from the old Feather River Levee degradation 
was used to complete the backfilling of the Primary borrow area and JTS/Platter 
supplemental borrow area.  Backfill elevations within the Primary borrow area were 
established based on criterion set forth in the Setback Levee Design Report.  Supplemental 
borrow areas were backfilled back to original grades with additional stipulations set forth in 
the lease agreements.  The borrow areas discussed below include the Primary borrow and 
Platter/JTS supplemental borrow.  Quantities and cost summaries for the backfill can be 
found in Table 1. Because backfilling of the borrow areas was not completed at the time the 
May 2010 Construction Completion Report was issued, all of the test data on the backfill has 
been included in this addendum and is discussed in Section 4. 
 
3.4.6.1 Primary Borrow Area 

A total of 1,665,000 cubic yards of material was placed in the primary borrow area, with 
615,000 cubic yards being placed in 2010. The primary borrow was backfilled to the grades 
shown in As-Built drawings C-310 and C-311 shown in Appendix A.  Teichert used 
Caterpillar 637 scrapers and bottom-dump trucks to haul degrade material to the borrow area. 
The backfill was placed and compacted as semi-compacted fill, and was graded to drain to 
Lateral 6 and the Messick Lake area.  Backfill of the primary borrow was completed in 
August of 2010. 
 
3.4.6.2 Supplemental Borrow Areas 

A total of 1,787,000 cubic yards of material was placed in the JTS/Platter borrow area, with 
756,000 cubic yards being placed in 2010. Backfill of the JTS/Platter borrow area was 
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completed in July 2010.  Backfill for the JTS/Platter borrow area was specified as semi-
compacted fill, but compacted to 95% of the maximum density of ASTM D698 per the Land 
Owner’s Agreement.  The area was graded level from east to west and graded to drain from 
north to south with a 0.15% slope.  After the area was backfilled, a 16-inch raised 14-foot-
wide access road and parallel drainage ditch were restored along the southern end of the 
property as requested by the Land Owner.  
 
3.4.7 Setback Area Grading 

During 2010, fish stranding mitigation swales were constructed in the setback area to reduce 
the potential for ponding and fish stranding in the setback area after an out-of-bank flood 
event.  Approximately 9,250 lineal feet of swales were constructed having a cross section of 
24 feet at the base and 4H:1V slopes (see Photo 26 in Appendix C).  Certain parts of these 
swales required the removal of orchard trees.  The depth of the swales varied, but typically 
ranged between two feet to a few inches.  Cross section details are included in the as-built 
drawings (Appendix A).  The Contractor completed excavation of the swales in October 
2010.  Swale locations are shown in the As-Built drawings C-312 and C-313 shown in 
Appendix A.  
 
In addition to the fish stranding mitigation swales, swales were constructed throughout the 
setback area to drain localized low areas.  Individual low areas were identified throughout the 
setback area and can be seen in Appendix K.  To drain the identified areas, swale alignments 
were provided to the Contractor in CM-63 and its revisions (see Appendix K).  Construction 
of the setback area swales was completed in October 2010. 
 
3.4.8 Levee Crown Patrol Road Repair 

In late 2009, the levee patrol road had to be surfaced prior to the beginning of the flood 
season even though overall Project construction was still in progress and not yet complete. 
Construction traffic on the finished setback levee patrol road was not restricted during rainy 
periods late in the year (October, November, and December of 2009) because of the need to 
advance construction of setback levee ancillary facilities (relief wells, drainage facilities, 
pump station) and as much levee degradation work as possible before the construction season 
ended.  During this period, there was frequent construction traffic on the patrol road which 
caused ruts or depressions in the patrol road’s subgrade along the levee crown.  With these 
ruts or depression in the crown’s subgrade, water continued to accumulate on the patrol road 
and the subgrade material (the top lift of the levee) absorbed this water, softened and reduced 
its ability to support normal traffic loads. Temporary repairs to the patrol road were made in 
January and February 2010. A work plan to permanently repair the affected areas was 
developed and approved in July 2010 by the CVFPB. The work plan is included in  
Appendix L. 
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In August 2010, the existing aggregate base was stripped from the levee crown in the areas 
that had been damaged. The stripped aggregate was salvaged and used to construct security 
roads in the setback area and access roads to the relief wells and the Pump Station No. 3 
outfall structure.  After removing the aggregate base, sand cone tests were performed to 
determine the compaction and moisture condition of the existing embankment.  If test results 
indicated the need, the embankment was re-worked (i.e. disked, moisture conditioned, and 
compacted) to meet the specifications.  Once the sub-grade met the specified conditions, 
additional Type 2 material was imported and placed to meet the lines and grades required by 
the Contract Plans and Specification requirements.  After Type 2 embankment placement 
was completed, crown elevation surveys were performed to confirm that design elevations 
and cross slopes were met. Overall, survey results showed that the design elevations and 
cross slopes were met.  In a few localized areas, waterside crown elevations were shown to 
be a tenth of a foot lower than the design elevation with camber.  A review of the post-
construction settlement from the settlement calculation at these localized areas indicated that 
the estimated post-construction settlement was about a tenth of a foot less than the camber, 
and therefore the constructed elevation was sufficient. It should also be noted that the levee 
embankment was completed over a year earlier, and it is expected that a substantial portion 
of the post-construction settlement has already occurred.    The crown elevation survey 
conducted by Mountain Pacific and the QA survey conducted by MHM, Inc. are provided in 
Appendix B.  The placement of aggregate base was then allowed to proceed to complete the 
levee crown repair. Several spots of the repaired patrol road aggregate base surfacing were 
potholed by hand to check the aggregate base thickness. Most test sites met the 5-inch 
thickness specified for the repair.  A few areas required the placement of additional aggregate 
base. 
 
3.4.9 Setback Area Security Roads 

Pursuant to TRLIA’s direction, security roads were constructed along the old Feather River 
levee alignment, as well as along the waterside toe of the setback levee from Broadway Road 
to Country Club Road to facilitate security patrolling in the setback area.  Prior to 
construction, a security road plan was submitted to and approved by the CVFPB.  At the 
Owner’s direction, entry into the setback area was constructed at the Broadway Road 
intersection with the setback levee.   
 
At the Broadway Road intersection both the waterside and landside ramps were paved with 6 
inches of aggregate base and 3 inches of asphalt concrete.  Access along the levee corridor 
was restricted by the installation of five pipe gate fences at the crown and landside toe of the 
levee.  The security road then continues as a 4-inch-thick aggregate base road along the 
waterside levee toe proceeding south to Country Club Road.  The security road proceeds 
westward along the existing paved portion of Country Club Road out to the setback area and 
along the old Feather River Levee footprint from the north tie-in south to the north side of the 
floodplain swale.  Alignment of the security road is shown in the As-Built Drawings No. C-
231 through C-240 found in Appendix A.  
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The roads were constructed using salvaged aggregate base (levee crown repair salvage), and 
imported Type 4 fill from the Teichert Hallwood plant.  The surfaced road is fifteen feet wide 
and four inches thick.  The roads were compacted to meet the Specification requirements of 
Type 4 material.  The road work was completed in September 2010 and was performed 
concurrently with the levee crown repair. 
 
3.4.10 Landside Drainage Ditch 

As discussed in the Construction Completion Report dated May 2010, a section of the 
landside drainage ditch between approximate Station 54+00 and Station 91+00 had not been 
constructed as this area was used as a Contractor haul route from the levee degrade to the 
JTS/Platter supplemental borrow.  Additionally, the Contractor was responsible for grading 
the entire length of the ditch to the design grades.   
 
The Contractor graded the landside drainage ditch to meet the design slope and elevations of 
the design drawings.  Sediment accumulations in addition to high spots within the ditch 
alignment were removed and low spots were filled.  Also, a portion of the ditch had been 
filled in to provide a temporary haul route in the vicinity of Station 66+00.  An 8” culvert had 
been installed at this location for the duration of the 2009-2010 winter.  After the backfilling 
of the JTS/Platter borrow was completed, the plug of material in the ditch was removed and 
the ditch was excavated to grade.  The re-grading of the ditch was completed in October 
2010. 
 
3.4.11 Setback Area Culverts 

Five existing culverts located within the setback area provided drainage of previous farm 
lands within the setback area (see Photos 27 through 30 in Appendix C).  These culverts were 
evaluated for their drainage capability while considering they are now within the Feather 
River floodplain and would provide the primary drainage for flows returning to the river after 
an out-of-bank flood event.  The existing culverts ranged in diameter from 24 to 42 inches 
and consisted of concrete pipe and corrugated metal pipe.  Three of the culverts needed to be 
replaced (see Appendix I for details) and were replaced with 60-inch inside diameter 
reinforced concrete pipe, while one culvert was removed leaving an open drainage channel.  
The channel was excavated to match Lateral 6, upstream and downstream.  The removal and 
replacement of the culverts was completed in September 2010.  See photos 31 and 32 in 
Appendix C.  A sketch showing culvert locations and an evaluation of each culvert are 
included in Appendix I. 
 
3.4.12 Floodplain Swale 

The excavation of the floodplain swale began in September 2009 and was completed in 
August 2010.  The majority of the floodplain swale construction was completed in 2009.  
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However, due to the need to provide continued access across the swale for levee degradation 
operations in 2010, a temporary culvert crossing was installed across the swale at the location 
of the old Feather River levee alignment.  After the degradation operation was completed in 
August 2010, the Contractor removed the 60 inch inside diameter temporary culvert and 
reused the pipe for the 60 inch setback area culverts discussed above. (see Photo 33 in 
Appendix C).   
 
3.4.13 Pump Station No. 3 

A construction summary for Pump Station No. 3 is included in the May 2010 Construction 
Completion Report. During the 2009/10 winter pump testing, it was determined that the 
pumps number 3 and 4 at Pump Station No. 3 were not cycling as they should.  Closer 
inspection of the issue revealed that the Therma-Sentry controllers were not functioning 
properly.  Syblon Reid brought in U.S. Motors representatives to evaluate functioning and 
wiring of the Therma-Sentry controllers.  In July of 2010, Syblon Reid installed new 
controller units and rewired all pump controls within the Motor Control Center in 
coordination with motor manufacturer representatives.  The old Therma-Sentry controllers 
were destroyed so that they could not be used in the future.  After the installation of the new 
controllers was completed, testing was extended through the 2010/2011 winter season. 
 
3.4.14 Rail Car Bridges 

In 2009, the abutment and rail car frames for the five rail car bridges were constructed over 
the landside drainage ditch at existing road locations.  The original design had called for a 
steel grating deck, but the Contractor submitted a Construction Incentive Change Proposal 
(CICP) and the Engineer accepted substituting the steel deck with asphalt paving. Due to 
weather conditions the asphalt paving of the bridges could not be performed in 2009, but was 
completed in August of 2010. 
 
As part of the rail car bridges and along the South Tie-In, pipe fencing and gates were 
installed to control access to the Project site.  After the pipe fencing and gates were installed, 
the fencing and the gates were sanded down to remove any loose particles and rust that had 
accumulated on the fencing over the winter.  They were then washed with a solvent to 
remove any oil or grease and then painted with a primer.  Once the primer had set, the 
fencing was then painted with yellow finish coat and followed with a protective epoxy 
coating. 
 
3.4.15 Seeding 

In October 2010, Teichert’s sub-contractor, Selby’s Soil Erosion Control Co. Inc. of 
Newcastle, CA, began seeding west of the right-of-way limit in areas that had not been 
seeded at the conclusion of the 2009 construction season.  Type A and B seeding was placed 
per Specifications.  Type A seeding was placed on unseeded levee slopes, within the landside 
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toe-access-corridor, within the landside drainage ditch, and at the entrances and exits of the 
retrofitted culverts within the setback area.  Type B seeding was placed outside of the 
waterside toe-access-corridor including the primary borrow area, the old levee degrade 
footprint, fish stranding mitigation swales, and all other areas with disturbed soil.  Seeding 
efforts were concluded in November 2010. 
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4.0  Quality Control / Quality Assurance 

4.1 Introduction 

The quality control and quality assurance testing programs documented conformance of the 
work with the Contract.  This was achieved through the combined efforts of the Contractor’s 
Quality Control (CQC) personnel along with the Engineer’s inspectors (GEI) and 
subcontractor quality assurance personnel. In addition, a DWR inspector was present to 
observe construction activities.     
 
Sierra Testing Laboratories, Inc. performed the CQC testing for earthwork materials for the 
Contractor.  Quality assurance testing was performed for TRLIA by GEI with Wallace-Kuhl 
and Associates Inc.   
 
Construction quality control/quality assurance activities included observing, testing (as 
specified) and documenting: 

 Excavation and processing of borrow materials  
 Degradation of the old levee, including excavation and backfill of soil-bentonite 

cutoff wall within old levee footprint 
 Placement and compaction of material for levee embankment repair and borrow area 

backfill 
 In-situ testing of compacted embankment 
 Pump Station No. 3 testing 
 Permanent drainage feature construction 
 Setback area culvert replacement  
 Proof compaction for security roads foundation 
 Relief well installation 
 Setback area well destruction 
 Installation of drainage and storm water pollution prevention, and environmental 

protection measures 
 Aggregate base placement 
 Asphalt concrete placement 

 
             
Quality control and assurance field density tests were performed on embankment and backfill 
materials.  Sand cone density testing was used for in-situ density testing.  Nuclear moisture-
density tests were used by the Contractor to estimate general in-situ densities and to augment 
the QC and QA testing programs for the patrol road repairs and Platter/JTS borrow area 
backfill.  Sand cones were performed in combination with moisture-density relationships to 
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assure that the specified densities were being obtained and that specified moisture content 
parameters were maintained.   
 
Moisture content, grain size analysis, Standard Proctor, and Atterberg limits tests were 
performed on embankment materials to check that compaction, moisture content, and index 
property parameters were maintained.      
  

4.2 Quality Control Testing 

4.2.1 Quality Control Testing Summary 

A Quality Control program was implemented by the Contractor to assure that the proper 
construction techniques and procedures were used, and that the contract work was 
constructed in accordance with Contract Plans and Specifications.  Contractor QC 
responsibilities included the following items: 

 Review contract requirements, check worksite for readiness, and check that lines and 
grades had been established. 

 Check for compliance that required testing procedures in the Contract were being 
followed and that test requirements in the Contract were being met, as well as 
compliance with other relevant Contract Plan and Specification requirements. 

 Continuously monitor embankment construction and backfill operations. 
 Test for relative compaction and suitability of the specified material. 
 Prepare quality control reports which list activities, describe quality control 

surveillance activities, summarize material quantities and list all test results. 
 Check for line and grade of levee profile and cross-section. 

 
The Specifications required that testing for in-place density in accordance with ASTM D 
1556, soil classification, and moisture content be performed for every 2,000 cubic yards of 
material placed, or each lift of material, whichever is more frequent.  A moisture-density 
relationship test was required for every 5,000 cubic yards of material placed or each lift of 
material, whichever is more frequent. 
 
The backfill specification requirements for the JTS/Platter borrow area backfill were 
modified in Construction Memorandum No. 038 as part of a Construction Incentive Change 
Proposal (CICP).  These modifications are as follows: 
 

1. In-place Density Testing shall consist of one test per ASTM D1556 for every 10,000 
cubic yards of completed fill or on each day of placement, or for each lift of material 
placed, whichever is more frequent.  Perform a moisture content test per ASTM 
D2216 and a one-point compaction test in accordance with ASTM D698 with the in-
place density test. 
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2. Perform nuclear density tests per ASTM D2922 for every 2,000 cubic yards of 
compacted fill, including one nearby sand cone test for every 10,000 cubic yards to 
provide a correlation between nuclear gage testing and sand cone testing. 

3. Moisture-density relationship testing shall consist of one Proctor curve in accordance 
with ASTM D698 for every 10,000 cubic yards of completed fill or more frequently 
if a material change is observed.  Perform this test on material directly tested for in-
place density to obtain the appropriate maximum dry density for comparison with the 
dry density obtained from the in-place density test. 

4. Soils classification testing shall consist of one test per ASTM D2487 for every 10,000 
cubic yards of completed fill using the sample of material tested above for in-place 
density and moisture-density relationships. 

 
The patrol road repair work plan issued in Construction Memorandum No. 060R1 required 
the following Quality Control testing: 
 

1. One sand cone density test per ASTM D1556 taken for every repair section (of which 
there are 55 sections) or at 400-linear-foot intervals whichever is more frequent.  

2. One nuclear gauge test per 100 foot interval shall be taken throughout the repair area.  
3. For existing levee after removal of aggregate base surfacing: the levee material shall 

have compaction meeting the specified requirements for Type 2 levee fill. If in-place 
density was less than 95 percent of the maximum dry density or moisture content was 
greater than 3 percent over the optimum moisture content, the material was required to 
be reworked until it met specified embankment specifications. 

4. Type 2 material shall be placed in accordance with the Contract Specifications and 
compacted to a minimum relative compaction of 97% in accordance with ASTM D 698. 
Quality control in-place density testing per the Specifications shall be performed at 400-
linear-foot intervals with at least one nuclear gauge test per 100 foot interval to confirm 
compaction of the levee fill.  Any test location with a nuclear gauge result indicating an 
unacceptable compaction or moisture content shall be followed with a sand cone test. 

     
4.2.2  Compaction 

Standard Proctor tests (ASTM D 698) were performed to establish necessary moisture-
density relationships for engineered fill.  The Contractor established a moisture-density 
relationship for every fill type.  Sierra also completed a curve checkpoint test for every sand 
cone test performed.   
 
Modified Proctor tests (ASTM D 1557) were performed to establish necessary moisture-
density relationships for Type 4 aggregate base material.  
 
Sand cone density tests (ASTM D 1556) were performed to obtain the percent of compaction 
and moisture content relative to maximum dry density and optimum moisture content per 
ASTM D 698 for Type 2 and semi-compacted fills.  Nuclear Density Tests (ASTM D 2922, 
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ASTM D 3017), were used by the Contractor to assess compaction prior to performing sand 
cone tests on embankment material, to augment Platter/JTS backfill and patrol road repair 
testing and to determine compaction of Type 4 aggregate base material.  
 
Type 2 fill for levee embankment was compacted to a minimum of 97 percent of the 
maximum dry density at moisture contents ranging from plus 3 percent to minus 2 percent of 
the optimum moisture content.  Sierra performed a sand cone test for approximately every 
150 cubic yards of Type 2 fill.   Based on the sand cone test results, the average relative 
compaction for Type 2 material placed in 2010 was 103 percent. 
 
Semi-compacted fill for Primary borrow backfill was compacted to a minimum of 90 percent 
of the maximum dry density with a 10-test rolling average of 92 percent or above at a 
moisture content suitable for compaction.  The Contractor performed a sand cone test for 
approximately every 2,000 cubic yards of semi-compacted fill. The average relative 
compaction for primary borrow backfill material was 98 percent. 
 
Semi-compacted fill for Platter/JTS supplemental borrow backfill was compacted to a 
minimum of 95 percent of the maximum dry density at a moisture content suitable for 
compaction.  The Contractor performed a density test for approximately every 1,800 cubic 
yards of semi-compacted fill. The average relative compaction for Platter/JTS backfill was 
98 percent.  
 
Type 4 aggregate base fill was compacted to a minimum of 95 percent of the maximum dry 
density at a moisture content suitable for compaction.  The Contractor performed a Nuclear 
Density Test (ASTM D 6938) for approximately every 100 cubic yards of Type 4 fill. The 
average relative compaction for Type 4 material placed in 2010 was 97 percent. 
 
Bituminous concrete pavement was compacted to a minimum of 95 percent of the maximum 
density determined by the Marshall Method (ASTM D 1559 and ASTM D 2726).  The 
Contractor performed Nuclear Density Testing (ASTM D 2590) for approximately every 
1,500 square feet of asphalt placed. The average relative compaction for asphalt placed in 
2010 was 99 percent. 
 
4.2.3  Index Testing 

Soil classifications were performed in accordance with ASTM D 2487.  The classifications 
included Grain Size Analyses (ASTM D 422) and Atterberg Limits Tests (ASTM D 4318).  
Classifications were performed on each different soil type and for approximately every 200 
additional cubic yards of Type 2 fill material placed.   
 
Plasticity index (PI) for Type 2 fill ranged from 10 to 20 and averaged 14.  Liquid limits (LL) 
for Type 2 fill ranged from 30 to 45 and averaged 35.  Fines content (percent fines passing 
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No. 200 sieve) of the Type 2 backfill ranged from 63 to 94 percent and averaged 80 percent.  
All of the Type 2 fill tested had 100 percent of material passing the 2-inch sieve. 
 
A summary of CQC field density and laboratory test results is shown in Appendix N. 
 

4.3 Quality Assurance  

4.3.1 Quality Assurance Summary 

The Engineer’s inspectors (GEI) and Wallace-Kuhl soils technicians provided quality 
assurance monitoring of permanent fill operations and checked for adherence with generally 
accepted construction practices, use of approved equipment and materials, and adequacy of 
CQC.  MHM Inc. provided quality assurance topographic surveys.  The QA program 
consisted of the following main tasks: 

 Conduct field observations and documentation of the Contractor’s performance 
throughout the Project. 

 Monitor and observe the Contractor’s QC testing for conformance to the standards 
and frequencies required for the performance of the work. 

 Perform in-situ soils testing of compacted fill (compaction and moisture control). 
 Document observations of the Contractor’s work, record methodology, sequence and 

individual activities.  
 Perform survey checks on grade and cross section surveys to verify dimensions, 

slopes, lines and grades conform to those shown on the Drawings.  
   
4.3.2 Quality Assurance Testing 

On-site soils technicians performed QA testing using sand cone density tests with ASTM D 
698 moisture-density relationships.  Sand cone tests were supplemented by nuclear density 
tests, performed in accordance with ASTM D 2922 and ASTM D 3017, but the results were 
not used for record purposes.  
 
A standard Proctor curve, in accordance with ASTM 698 Method B, was performed for each 
soil type and in 2010 for each sand cone test.   
 
A summary of QA field density and laboratory test results is shown in Appendix N. 
 

4.4 Statistical Analysis 

A listing of the relative compaction tests for Type 2 fill placed in 2010 is shown in Appendix 
N1 (for QC tests) and N3 (for QA tests).  Based on the sand cone test results, the average 
relative compaction was 103% with a standard deviation of 3 percent.  This relative 
compaction percentage corresponds to an average dry unit weight of 108 pounds per cubic 
foot with a standard deviation of 7 pcf (Appendix M – Figure 2).  As can be seen in the As-
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Built statistical plots in Appendix M, 100% of the embankment test results for relative 
compaction (Appendix M - Figure 1), plasticity index and liquid limits (Appendix M – 
Figures 7 and 8), and percent passing the #200 sieve (Appendix M – Figure 9) are within the 
specified limits. For the moisture content data, all of the sand cone moisture content test 
results (Appendix M – Figures 3, 4, 5 and 6) fall within the specification range of the 
optimum moisture content.   
 
A summary of the relative compaction tests for initial subgrade of the setback levee crown 
repair is shown in Appendix N.  Based on the sand cone test results, the average relative 
compaction was 102% with a standard deviation of 3 percent.  This relative compaction 
percentage corresponds to an average dry unit weight of 109 pounds per cubic foot with a 
standard deviation of 4 pcf (Appendix M – Table 2).  As can also be seen in Table 2, 100% 
of the test results for relative compaction were within the specified limits.   
 
A summary of the relative compaction tests for Type 4 fill placed in 2010 is shown in 
Appendix N.  The average relative compaction was 97% with a standard deviation of 1 
percent.  This relative compaction percentage corresponds to an average dry unit weight of 
138 pounds per cubic foot with a standard deviation of 2 pcf (Appendix M – Figure 11).  As 
can be seen in the As-Built statistical plots in Appendix M, 100% of the nuclear gauge test 
results for relative compaction (Appendix M - Figure 10) were within the specified limits.   
 
A summary of the relative compaction tests for all Semi-compacted fill material placed in the 
Primary borrow area (2009 and 2010 construction seasons) is shown in Appendix N.  The 
average relative compaction was 98% with a standard deviation of 4 percent.  This relative 
compaction percentage corresponds to an average dry unit weight of 107 pounds per cubic 
foot with a standard deviation of 8 pcf (Appendix M – Figure 14).  As can be seen in the As-
Built statistical plots in Appendix M, 100% of the embankment test results for relative 
compaction (Appendix M - Figure 12) were within the specified limits.   
 
A summary of the relative compaction tests for all Semi-compacted fill material placed in the 
JTS/Platter borrow area (2009 and 2010 construction seasons) is shown in Appendix N.  The 
average relative compaction was 98% with a standard deviation of 3 percent.  This relative 
compaction percentage corresponds to an average dry unit weight of 109 pounds per cubic 
foot with a standard deviation of 4 pcf (Appendix M – Figure 15).  As can be seen in the as-
built statistical plots in Appendix M, 100% of the embankment test results for relative 
compaction (Appendix M - Figure 13) were within the specified limits.   
 
A summary of the relative compaction tests for all Semi-compacted fill material placed in the 
Uppal borrow area (2009 construction season) is shown in Appendix N.  The average relative 
compaction was 100% with a standard deviation of 3 percent.  This relative compaction 
percentage corresponds to an average dry unit weight of 112 pounds per cubic foot with a 
standard deviation of 4 pcf (Appendix M – Table 7 and Figure 17).  As can be seen in the as-
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built statistical plots in Appendix M, 100% of the embankment test results for relative 
compaction (Appendix M - Figure 16) are within the specified limits.   
 
A summary of the relative compaction tests for bituminous concrete pavement placed in 
2010 is shown in Appendix N.  The average relative compaction was 99% with a standard 
deviation of 2 percent.  This relative compaction percentage corresponds to an average dry 
density of 150 pounds per cubic foot with a standard deviation of 3 pcf (Appendix M – Table 
6).  As can also be seen in Table 6, 100% of the test results for relative compaction were 
within the specified limits.   
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5.0  Cost Summary 

Although the prime objective of the Project was to improve the level of flood protection for 
southwestern Yuba County on the shortest possible timeline, controlling the cost of the 
Project was also a major consideration. Cost-conscious planning and decision making were 
integral to the construction effort in achieving acceptable engineering results throughout the 
Project.  The construction contract was executed in June 2008 and was completed in 
November 2010.  Originally, the Project was scheduled for completion in the 2009 
construction season, but delays in land acquisition and permitting delayed the start and finish.  
Consequently, a partial contract was initially awarded to Teichert as Modified Schedule B, 
which allowed for initiation of construction within properties TRLIA had control of and 
along reaches of the alignment that were not encumbered by the delays in federal permitting.  
Modified Schedule B was followed by five separate addendums to form the full scope of the 
Contract.  Once started, construction progress was maintained with weekly progress meetings 
and close communications between the Contractor and TRLIA contract management 
personnel.  Construction, design, right-of-way, environmental, and Central Valley Flood 
Protection Board personnel were involved in these weekly meetings to ensure good 
communications between all facets of the Project. 
 
The construction contract for Segment 2 was competitively bid to obtain the most 
economical price to construct the Project. Table 4 provides the bid tabulation for this 
contract.  In order to expedite initiation of construction, the project was bid based on the 60% 
design plans and specifications.  As shown in Table 4, in general the bids received were 
slightly higher than the Engineer’s Estimate with the exception of the winning bid submitted 
by Teichert.  The Project was based on the Project being completed during 2008 and 2009.  
As a result of the need to construct the Project in three construction seasons instead of two 
and with access limited by land acquisitions and permitting, some additional construction 
costs were incurred.   
 
Table 1 provides the cost summary and variance analysis for the Feather River Setback 
Levee, Segment 2 Contract.  The projected final contract cost of $78.6M was approximately 
10% (or $7.0M dollars) over the Engineer’s estimate, and reflects a 25% growth in the 
contract’s original bid price.   The key factors and activities contributing to the contract’s 
cost variation and/or growth after the bid were: 

 
 Land acquisition and permitting delays that impacted construction sequencing and 

necessitated extending construction into a third season. 
 Design development from the 60% completion level available at bid time to 100% 

completion at construction, including incorporation of regulatory review comments 
 Fuel, bentonite and other material cost increases in 2008 
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 Design modifications due to discovery of cultural site CA-YUB-1677  
 Greater than anticipated shrinkage of the old levee material when placed and 

compacted as backfill in the depleted borrow areas, resulting in the need for 
additional degradation of the old levee 

 Additional orchard tree clearing required because of a lack of interest in leasing 
substantial portions of otherwise unaffected fruit orchards in the setback area 

 Contractor-provided support to TRLIA right-of way and permitting teams to relocate 
irrigation systems and elderberry shrubs 

 Construction of setback area aggregate base and asphalt concrete security roads, and 
pipe fencing and gates 

 Construction of various improvements requested by RD 784, including enlargement 
of Type B relief wells, additional maintenance roads/pathways, and an additional 
waterside ramp 

 Repairs to the levee crown patrol road due to winter construction activity 
 Destruction of irrigation wells in the setback area that were determined to no longer 

be needed for farming or restoration/mitigation activities 
 Additional drainage culverts and grading in the setback area to mitigate potential fish 

stranding 
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6.0  Conclusion 

Based on the construction observations and inspection reports, testing program results, 
topographic surveys, and As-Built drawings completed for the work and described herein, it 
is our opinion that the Segment 2 Feather River Setback Levee work was constructed in 
accordance with the Contract Plans and Specifications with few field modifications.  A 
summary of important Project features and construction modifications discussed in this 
addendum is provided in Table 5.    



Tables
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Appendix A - Record Drawings of Construction
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Appendix B – Final Elevation Survey
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Appendix C 
 

 
 
Photo 31: (08-31-10)  Replacement of the Existing Culvert #3 near Anderson Road 
Facing southwest in the vicinity of Station 120+00±.  Komatsu PC 400 replacing the 36” reinforced 
concrete pipe with 60” reinforced concrete pipe at Culvert #3 near Anderson Rd. 
 

 
 
Photo 32: (09-01-10)  Replacement of the existing Culvert #3 near Anderson Road 
Facing south in the vicinity of Station 120+00±.  Performing a quality control compaction test on the fill 
above Culvert #3 near Anderson Rd. 
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. 
Photo 33: (08-02-10)  Removing the reinforced concrete pipe at the floodplain swale 
Facing southwest in the vicinity of old levee Station 293+00±.  The Komatsu PC 750 excavator removing 
the 60” reinforced concrete pipe used for temporary drainage at the floodplain swale during the winter 
season of 2009. 
 

 

Photo 34: (07-20-10)  Pump Station Number 3 Therma Sentry Controller Replacement 
Facing south in the vicinity of Station 39+90±.  A view of the rewired Therma Sentry Controller for pump 
number 1 at the new Pump Station Number 3. 
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Photo 35: 08-23-10)  Paving of the Rail Car Bridges 
Facing west in the vicinity of Station 120+20±.  A CR-552 pavement spreading machine placed the 
asphalt concrete after the application of the tack coat for the rail car bridge at Anderson Rd.  
 
 















































































































































































































































Appendix E – Relief Well: Construction Details
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Appendix J - Well Destruction Completion Reports
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