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State of California Business, Transportation and Housing Agency 

M e m o r a n d u m 
 
To : MR. Matthew Cugini  Date:  January 4, 2013 
  Branch Chief 
  Design Branch C File No. 12-ORG-91 
Attn MR. Fred Faizi – Project Engineer PM 8.1/9.3 
   District 12 EA 12-0C5601 
  Design Branch C Retaining Walls  
    21A, 21B, 21 C, 453, 470, 497, and 515 
      
From : DEPARTMENT OF TRANSPORTATION 
  DIVISION OF ENGINEERING SERVICES 
  METS and Geotechnical Services 
  Office of Geotechnical Design South-1 
   
Subject : Geotechnical Design Report for Retaining Walls  
 

 1. SCOPE OF WORK 

The Office of Geotechnical Design South – 1 has prepared this Memorandum to provide 
geotechnical recommendations for the proposed five retaining walls along the westbound of SR-
91 in the City of Anaheim.  

2. PROJECT DESCRIPTION 

Within the project limits of SR-91, there are three general purpose travel lanes and one fast track 
lane in the westbound direction. The connector from the NB SR-55 to the WB SR-91 has two 
lanes that merge into an auxiliary lane into the SR-91, which becomes an exit to the Tustin Ave. 
off-ramp.  
 
Assessments of the transportation demand for current and forecasted traffic volumes indicate the 
need to resolve deficiencies resulting from excessive weaving, merging, and diverging occurring 
at the site. 
 
This project includes widening Santa Ana Bridge and constructing nine retaining walls, 
including five standard and four special design walls, along the westbound of SR-91. The total 
lengths of the standard retaining walls are approximately 2,068 feet with heights varying from 4 
to 22 feet. The following tables summarize the information of the proposed retaining walls, and 
applicable boreholes for subsurface information. 
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Table 1 Summary of Retaining Walls  

Retaining 
wall No. Direction Begin Station End Station Length 

(ft) 

Proposed 
Height 

(ft) 

Applicable 
Borehole 

Nos. 
Location 

21A  WB 20+99.33  
“T2” Line 

22+39.96 
“T2” Line 140 8 - 18 A-12-012 

thru 
A-12-016 
(current) 

CPT-09-006 
(CT, 2009) 

Tustin Ave 
off-ramp 21B WB 22+39.96 

“T2” Line 
24+03.94  
“T2” Line 168 18 - 24 

21C WB 24+03.94  
“T2” Line 

506+65.67 
“A1” Line 630 16 - 22 

515 WB 515+40.22 
“A1” Line 

518+95.87 
“A1” Line 356 6 - 10 

A-12-011 
A-12-033 
(current) 

CPT-09-004 
(CT, 2009) 

West of 
Riverdale 

OC 

453 WB 453+00 
“T4” Line 

458+50 
“T4” Line 558 4 - 12 

A-12-006 
A-12-007 
(current) 

CPT-09-002 
(CT, 2009) 

East of 
Riverdale 

OC 

470 WB 470+80 
“T4” Line 

546+10 
“A2” Line 318 6 

A-12-001 
(current) 

CPT-09-001 
(CT, 2009) 

East of 
SR-55 NB 
and SR-91 
WB merge 

497 WB 
496+05.56 496+44.73 41 8 - 10 A-12-016 

A-12-017 
A-12-035 
A-12-036 

Tustin Ave 
UC 497+43.00 497+62.25 20 8 

 
The scope of this report includes: 
 
• Review project plans and relevant plans; 

• Review published historical groundwater levels; 

• Perform subsurface exploration, includes drilling 13 boreholes, with a maximum depth of 
55 feet; 

• Evaluate laboratory tests; 

• Evaluate data obtained from above activities and perform engineering analyses; and 

• Draft the report. 
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3. SUBSURFACE EXPLORATION PROGRAM 

Previous Subsurface Exploration 
 
A total of six Cone Penetration Tests (CPTs) were performed between November and December, 
2009. CPTs were advanced to depths varied from eight to 49 feet below grade.   
 
Current Subsurface Exploration 
 
Current subsurface exploration was performed between March 09 and June 10, 2012, which 
includes advancing 13 boreholes to a maximum depth of 55 feet below the existing ground 
surface. The boreholes were drilled using truck-mounted drill rigs fitted with hollow stem 
augers, and four and half inch rotary wash drill bit. 
 
The locations of the boreholes are shown on LOTBs.   
 
Standard Penetration Test (SPT) was performed during subsurface exploration that complies 
with ASTM D1586.   
 
Sampling consisted of: 

• Collecting samples retrieved from the SPT split spoon; and 

• Collecting soil samples at selected locations using Modified California Samplers.   

4. LABORATORY TESTING PROGRAM 

Selected samples obtained from subsurface exploration were assigned for laboratory tests. The 
soils were described under Caltrans 2010, Soil and Rock Logging, Classification, and 
Presentation Manual. The soils were also classified using laboratory data.  
 
Laboratory tests performed included corrosivity tests (minimum resistivity and pH) on composite 
soil samples, direct shear, particle-size gradation, Atterberg Limits, Expansion Index, and 
consolidation tests.    
 

5. SITE GEOLOGY AND SUBSURFACE CONDITIONS 

5.1 Site Geology 
 
The site is located within the Los Angeles Basin of the Peninsular Ranges geomorphic province. 
The Peninsular Ranges province is composed of mountain ranges that are oriented roughly 
northwest-southeast which roughly parallel the San Andreas fault. The Los Angeles Basin is an 
alluvium filled basin with a maximum thickness of about several miles at its deepest point. 
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The site is located in the Los Angeles Basin, and is underlain by alluvium derived from the 
surrounding mountains. The alluvium is composed mostly of medium dense to dense gravelly 
sands and sands, with a few layers of stiff to very stiff silt and clay. 
 
5.2 Subsurface Conditions 
 
The generalized stratigraphic profile at the borehole locations consisted of silt/clay overlying 
sand in the east of Santa Ana River. Gravel layer was encountered at depths from 10 to 30 feet in 
Boreholes A-12-006 and 007. The subsurface soil profile in the west of Santa Ana River 
consisted of sand. A five feet thick layer of silt was encountered at a depth varying from 35 to 40 
feet below existing grade. According to pocket penetrameter test, the consistencies of silt and 
clay layers are generally stiff to hard. The recorded SPT N values indicate that the sandy layers 
are generally medium dense to very dense and the gravel layers are generally very dense. It 
should be noted that very loose sandy materials were observed from existing grade to 10 feet 
deep at borehole R-12-015. 
 
5.3. Groundwater  
 
Ground water was encountered at boreholes A-12-011, R-12-012, and A-12-033 at depths vary 
from 30 to 40 feet below existing grade during current subsurface exploration. Two piezometer 
wells were installed in boreholes A-12-011, R-12-012 to monitor groundwater level after drilling 
completion. Groundwater information during and after drilling are summarized in Table 2. 
 

Table 2 Summary of Groundwater Level 

Borehole No. 
Top Borehole 

Elevation 
(ft) 

Groundwater Level at Drilling 
Completion 

Groundwater 
Elevation 
Measured 

after Drilling 
Completion 

(ft) 

Historical 
Highest 

Groundwater 
Depth 

(ft) 

Estimated 
Depth 

(ft) 

Estimated 
Elevation 

(ft) 

A-12-001 306.9 40 266.9 N/A >40 

A-12-006 274.3 Not Encountered -- N/A 30 

A-12-007 278.6 Not Encountered -- N/A 30 

A-12-011 257.2 30 227.2 232.1 10 

R-12-012 244.3 35 209.3 215.4 10 

R-12-013 243.6 15 228.6 N/A 10 

R-12-014 242.0 35 207.0 N/A 10 

R-12-015 244.1 Not Encountered -- N/A 10 

A-12-016 261.7 Not Encountered -- N/A 10 

A-12-033 256.9 29 227.9 N/A 10 
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5.4 Corrosion Evaluation 

Minimum resistivity and pH tests were conducted on composite samples obtained at various 
depths. The test results are summarized in the table below. According to Caltrans Corrosion 
Guidelines, version 1.0, September 2003, the proposed RW 453 site is considered corrosive.  
 

Table 3 Soil Corrosion Test Summary 

Location SIC 
Number 

Minimum 
Resistivity 
(Ohm-Cm) 

pH Chloride Content 
(ppm) 

Sulfate Content 
(ppm) 

A-12-003* N/A 800 7.53 N/A N/A 

A-12-004* C080017 650 7.70 N/A N/A 

A-12-004* C080015 570 6.98 285 1569 

A-12-005* C080016 710 7.51 39 2327 

A-12-006* N/A 1,200 7.84 N/A N/A 

A-12-008 N/A 1,300 7.63 N/A N/A 

A-12-010 N/A 2,300 8.30 N/A N/A 

R-12-013* N/A 1,800 8.23 N/A N/A 

A-12-016* N/A 2,900 8.48 N/A N/A 

A-12-017* N/A 1,800 9.45 N/A N/A 

A-12-019 C747858 443 7.56 208 3990 

A-12-020 C747859 508 7.78 337 3400 

A-12-021 C747860 1,386 7.96 N/A N/A 

A-12-022* C747861 2,585 8.26 N/A N/A 

A-12-023 N/A 9,100 8.90 N/A N/A 

R-12-032 C080020 660 7.37 86 354 

A-12-033* N/A 3,200 8.52 N/A N/A 

R-12-034* C747862 5,042 8.66 N/A N/A 

A-12-036* N/A 1,700 8.40 N/A N/A 
Note: 1.  Caltrans currently considers a site to be corrosive to foundation elements if one or more of the following conditions 

exist: Chloride concentration is greater than or equal to 500 ppm, sulfate concentration is greater than or equal to 2000 
ppm, or the pH is 5.5.or less.   

2. * Denotes test performed at or near the proposed retaining wall locations 
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6. SEISMIC RECOMMENDATIONS 

6.1 Seismicity 
 
The site is located within a seismically active region of southern California, and close to a 
number of faults that are considered to be active or potentially active. According to the 
stratigraphy of the project site, a shear wave velocity (νs30) of 980 ft/s (300 m/s) to 1,100 ft/s 
(340 m/s) is considered appropriate. Based on the Caltrans ARS online tool (2009), the proposed 
improvements are located 4.8 miles south of the Elsinore fault zone (Whittier Section). This fault 
is a strike slip fault, for which the magnitude of the maximum credible earthquake (MCE) is 7.6. 
The design median peak ground acceleration (PGA) at retaining wall locations is approximately 
0.55g. Other nearby faults, including the Peralta Hills fault would be expected to have a lesser 
impact on the proposed improvement than the Elsinore fault zone. 
 
6.2 Liquefaction 
 
For liquefaction analysis and seismic settlement estimate, groundwater elevation is assumed to 
be at 215 feet for the local area west of Santa Ana River bridge and at 232 feet for the local area 
east of Santa Ana River bridge.  
 
According to analysis using Liquefy5, a liquefaction analysis software program, there is a 
liquefiable zone in the medium dense sand layers at borehole R-12-015. The top of the 
liquefiable zone is about 29 feet below the existing grade (Elevation 215 feet) and the thickness 
of the liquefiable zone is about 20 feet.     
 
6.3 Seismically Induced Settlement 
 
Probable seismic settlement is estimated to be about 12 inches at borehole R-12-015. The 
seismic settlement is negligible at other borehole locations because foundation soils are generally 
medium dense to very dense as indicated by relatively high SPT “N” values. 
 

7. GEOTECHNICAL RECOMMENDATIONS 

7.1 Soil Engineering Properties 
 
Estimated soil engineering properties and generalized soil stratigraphy used for geotechnical 
analysis are summarized in the tables below. The soil engineering properties were derive from 
laboratory test and estimated from corrected SPT N values (Bowles, 1977).   
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Table 4 Type 1 Retaining Wall No. 21A and 21C 

Layer No. Depth 
(ft) Soil Type Field SPT Blow 

Counts 

Estimated Soil 
Engineering 
Properties 

1 retained soil 
behind wall 

Well Compacted 
Selected Fill N/A γ = 120 pcf 

φ = 34˚ 

2* 0-25 Silty Sand 14 γ = 120 pcf 
φ = 32˚ 

3 25-35 Silty Sand 30 γ = 126 pcf 
φ = 34˚ 

4 35-40 Sandy Silt 14 γ = 114 pcf 
φ = 30˚ 

5 40-50 Gravel >50 γ = 130 pcf 
φ = 37˚ 

Note:  1. Depths are measured from design finish grade 
 2.*Soil layer where wall footing will be seated 

 
Table 5 Type 1 Retaining Wall No. 453 

Layer No. Depth 
(ft) Soil Type Field SPT Blow 

Counts 

Estimated Soil 
Engineering 
Properties 

1 retained soil 
behind wall 

Well Compacted 
Selected Fill N/A γ = 120 pcf 

φ = 34˚ 

2* 0-10 Sandy Clay 15 γ = 125 pcf 
c = 2000 psf 

3 10-30 Sand Gravel >50 γ = 130 pcf 
φ = 38˚ 

4 30-45 Sandy Clay 26 γ = 128 pcf 
c = 3000 psf 

Note:  1. Depths are measured from design finish grade 
 2.*Soil layer where wall footing will be seated 

 
Table 6 Type 1 Retaining Wall No. 470 

Layer No. Depth 
(ft) Soil Type Field SPT Blow 

Counts 

Estimated Soil 
Engineering 
Properties 

1 retained soil 
behind wall 

Well Compacted 
Selected Fill N/A γ = 120 pcf 

φ = 34˚ 

2* 0-20 Sandy Silt 13 γ = 125 pcf 
φ = 32˚ 

3 20-40 Sandy Clay 10 γ = 122 pcf 
c = 900 psf 

4 40-45 Sand with Gravel >50 γ = 128 pcf 
φ = 36˚ 

Note:  1. Depths are measured from design finish grade 
 2.*Soil layer where wall footing will be seated 
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Table 7 Type 1 Retaining Wall No. 497 

Layer No. Depth 
(ft) Soil Type Field SPT Blow 

Counts 

Estimated Soil 
Engineering 
Properties 

1 retained soil 
behind wall 

Well Compacted 
Selected Fill N/A γ = 120 pcf 

φ = 34˚ 

2* 0-30 Silty Sand 20 γ = 120 pcf 
φ = 33˚ 

Note:  1. Depths are measured from design finish grade 
 2.*Soil layer where wall footing will be seated 

 
Table 8 Type 1 Retaining Wall No. 515 

Layer No. Depth 
(ft) Soil Type Field SPT Blow 

Counts 

Estimated Soil 
Engineering 
Properties 

1 retained soil 
behind wall 

Well Compacted 
Selected Fill N/A γ = 120 pcf 

φ = 34˚ 

2* 0-20 Sand Silt 8 γ = 114 pcf 
φ = 30˚ 

3 10-20 Poorly graded 
Sand 18 γ = 115 pcf 

φ = 32˚ 

4 20-35 Silty Sand 42 γ = 122 pcf 
φ = 35˚ 

Note:  1. Depths are measured from design finish grade 
 2.*Soil layer where wall footing will be seated 
 

7.2 Liquefaction Mitigation 
 
Localized probable seismically induced settlement was estimated to be greater than 12 inches in 
Borehole R-12-015 near the proposed Retaining Wall 21B. Mitigation for potential liquefaction 
is needed if Caltrans standard walls were selected. Alternatively, MSE wall may be used which 
can tolerate the settlement and does not require liquefaction mitigation of the foundation soil. 
 
Liquefaction mitigation options considered including: 1). jet grouting; 2). compaction grouting; 
3). stone column; 4).densification by driven pile; and 5). driven piles supported wall footings. 
 
Among these options, driven piles supported wall footings is the most cost effective option and is 
described in details as follows. 
 
7.3 Footing Type 
 
7.3.1 Pile Footing (RW 21B) 
 
Based on the information provided by Structure Design, Alternative “X”, 14-inch square Class 
200 concrete piles with a pile cap will be used at the proposed retaining wall 21B location. Table 
9 summarizes the general foundation information of the proposed foundations and Table 10 
summarizes pile axial load capacities along with tip elevations. 
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Table 9 General Foundation Information 

Exposed 
Wall 

Height  
(ft) 

Design 
Method 

Pile 
Type 

(Driven) 

Finished 
Grade 

Elevation 
(ft) 

Cut-off 
Elevation (ft)

Pile Cap Size 
(ft) 

Permissible 
settlement under

Service Load 
(in) 

Number of 
Piles Per 
Support B L 

18 LRFD Class 200 248.15 244.40 12.0 16.0 1 10 

22 LRFD Class 200 244.15 239.65 14.5 32.0 1 21 

24 LRFD Class 200 242.15 237.65 16.0 40.0 1 36 

22 LRFD Class 200 242.15 237.65 14.5 80.0 1 52 

 
Table 10 Foundation Recommendations  

Exposed 
Wall 

Height  
(ft) 

Pile 
Type 

(Driven) 

Cut-Off 
Elevation 

(ft) 

Service-I 
Limit State 
Load (kips) 

per 
Support 

Total 
Permissible 

Support 
Settlement 

(inches) 

Required Factored Nominal 
Resistance (kips) Design Tip 

Elevation 
(ft)* 

Specified 
Tip 

Elevation 
(ft) 

Strength Limit Extreme Limit 

Comp. 
(φ = 0.7)

Tension
(φ = 0.7)

Comp. 
(φ = 1. 0)

Tension 
(φ = 1.0) 

18 Class 200 244.40 485 1 99/pile 0 76/pile 0 189.0 189.0 

22 Class 200 239.65 1,444 1 117/pile 0 93/pile 0 189.0 189.0 

24 Class 200 237.65 2,146 1 117/pile 0 153/pile 73 189.0 189.0 

22 Class 200 237.65 3,609 1 117/pile 0 93/pile 0 189.0 189.0 

Note: * Design tip elevations are controlled by compression 
 

Table 11 Pile Data Table 
Exposed Wall 

Height  
(ft) 

Pile 
Type 

(Driven) 

Nominal Resistance (kips)  
per pile Design Tip 

Elevation  
(ft)* 

Specified Tip 
Elevation  

(ft) 

Nominal 
Driving 

Resistance 
(kips) Compression Tension 

18 Class 200 180 0 189.0 189.0 340 

22 Class 200 180 0 189.0 189.0 340 

24 Class 200 180 80 189.0 189.0 340 

22 Class 200 180 0 189.0 189.0 340 

Note: * Design tip elevations are controlled by compression 
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Group Effect 
 
For driven pile groups in cohesionless soil, the nominal axial resistance of the pile group should 
be taken as the sum of the nominal resistance of all of the piles in the group. The efficiency 
factor should be 1.0 for a center-to-center pile spacing of 2.5 diameters or greater. 
 
7.3.2 MSE Wall 
 
An MSE wall may be used for RW 21B.  
 
Based on the provided structural plans, the maximum exposed wall height of the MSE wall is 
about 22 feet.  
 
The embedment lengths of the reinforcement are summarized in the following table. 
 

Table 12 Summary of MSE wall 21B 
Maximum Exposed Wall Height  

(ft) 
Length of Embedment  

(ft) 
20 to 23 25 

15 to 20  20 

10 to 15 15 

Lower than 10 12 

 
Subgrade Preparation for MSE Wall 
 
Very loose sandy materials were encountered at a shallow depth in borehole R-12-015 during 
current subsurface exploration. To provide sufficient bearing resistance to support the MSE wall, 
subgrade preparation is required. 
 
Soils within the wall limits should be excavated to 10 feet below existing grade, replaced, and 
recompacted to at least 95% Relative Compaction. Lateral extend of excavation is required in 
front of the wall and should be at least 10 feet from the face of the wall.   
 
Based on the discussion with project design team, the MSE Wall option is not feasible due to 
limited construction space and traffic operation constraints. 
 
 
 
 
 
 
 
 



Mr. Fred Faizi 
January 4, 2013 
Page 11 

 
7.3.3 Spread Footing 
 
According to the bearing capacity analysis, the bearing resistances of the foundation soil are 
satisfactory. The analysis results are shown in the following table. 

 
Table 13 Estimated Bearing Resistances 

Retaining 
Wall No. 

Wall 
Type 

Maximum 
Height 

(ft) 

Base 
Width 

(ft) 

Bottom of 
Footing 

Elevation 
(ft) 

Estimated  
Bearing 

Resistance2 
(ksf) 

Service 
Limit State

Strength 
Limit State 

Extreme  
Limit State

21A 
21C 1 18.0 

22.0 
19.5 
23.5 varies 5.0 5.0 9.0 

453 1 12.0 12.5 varies 4.0 4.0 7.0 

470 1 12.0 12.5 varies 4.5 4.5 8.0 

497 1 10.0 11.0 varies 4.5 4.5 8.0 

515 1 10.0 11.0 varies 4.5 4.5 8.0 
 Note:  1. Minimum footing embedment depth is 3 ft  

2. Bearing resistance is estimated based on the footing width with maximum wall height 
 

Soil bearing resistances are estimated based on:  
 
• wall foundations to be founded on the expected soil layers denoted in Tables 4 to 8;  

• selected Caltrans Standard Type 1wall; and  

• base widths shown on the Standard Plans.  
 

Should soil layers of wall foundations during construction are found different from reported, or 
designed wall types or maximum wall heights are different from provided in Table 13, please 
notify us so that revisions to allowable bearing capacities can be provided, if necessary. 
 
The required minimum footing cover depth of 1.5 ft should be provided. For footings 
constructed on slopes, a minimum horizontal distance of 4 ft measured at the top of the footing 
should be provided between the near face of the footing and the face of the finished slope. 
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8. CONSTRUCTION CONSIDERATIONS 

• Before installing driven pile, the Contractor must provide a driving system submittal, 
including driveability analysis.   

• Hard driving resistance should be expected within the very dense sandy layers.   

• Drilling may be required before driving the piles. The bottom elevation of the drilling 
hole is 215 feet. 

• Control location: near Sta. “T2” 23+00.   

• Medium expansive materials (EI = 58) were encountered in borehole A-12-007. These 
clayey materials are not suitable to be used as backfill materials. 

If you have any questions or comments, please contact Hung Po Yang (916) 227-4534. 

 
 
 
 
 
 
 
 
Hung Po Yang, P.E.  
Transportation Engineer–Civil  
Branch A  
 
Cc:  Leo Chen, PM  
 Shira Rajendra, GS Corporate 
 Kirsten Stahl, DME 
 We-Kung Hsia, SD 
 Bartt Gunter, SD 
 
 



State of California       Business, Transportation and Housing Agency 
 

M e m o r a n d u m Flex your power! 
 Be energy efficient! 

 

To: MR. BARTT GUNTER, CHIEF    Date: January 18, 2013 

 
BRIDGE DESIGN BRANCH 19 
OFFICE OF STRUCURE DESIGN   

  File: 12-ORA-91-PM7.9/9.5 
   EA 12-0C5601 

   RW#454, 497 &519 
    
 Attn: Wei-Kung Hsia Project No. 1200000078 
   
  

From: DEPARTMENT OF TRANSPORTATION
 DIVISION OF ENGINEERING SERVICES
 Geotechnical Services – MS5 
 Office of Geotechnical Design – South 1
  
Subject: Geotechnical Design Report for Retaining Walls #454, 497, and 519  
 

“Caltrans improves mobility across California” 
  

The following is the foundation report for the subject retaining walls proposed at west-bound 
State Route 91 and northbound (NB) SR55 to westbound (WB) SR91 connector ramp. 
 
SCOPE OF WORK 
 
The geotechnical scope of work for this project includes: 
 
• Review As-Built plans 
• Perform subsurface exploration  
• Perform laboratory tests on soil samples obtained during subsurface exploration 
• Evaluate site geology, subsurface, and groundwater conditions 
• Perform site seismicity study 
• Perform engineering analyses 
• Provide geotechnical recommendations and construction considerations  
 
  
PROJECT DESCRIPTION 
 
The project is located between Post Mile (PM) 7.9 and PM 9.5 of State Route (SR) 91, in the city 
of Anaheim, Orange County, California. The proposed improvement is to add an exit bypass lane 
on westbound (WB) SR-91 from east of the NB SR-55/WB SR-91 connector to the Tustin 
Avenue off-ramp. This also includes reconstruction of the WB auxiliary lane within the same 
project limits. The improvement requires construction of eight retaining walls. Among them, five 
walls are standard walls to be designed by the District; three walls (RW#454, 497, and 519) are 
special design walls to be addressed by Office of Structure Design. The general information 
regarding the special design walls included in this report is summarized in following table:  
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Table 1 General Information for Special Walls 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
SUBSURFACE EXPLORATION AND TESTING PROGRAM 
 
Subsurface exploration for the proposed earth retaining structures was completed in May 2012. A 
total of ten hollow-stem-auger (HSA) boreholes were drilled near the wall sites. Standard 
Penetration Tests (SPT) were performed in compliance with ASTM D 1586. Pocket penetrometer 
readings were also collected from cohesive soil samples at the selected depth for strength 
evaluation. 
 
The general information for those borings is summarized in following table: 
 

 
 
 
 
 

Beg. Wall End Wall    

Soil Nail Wall 453+10 ("T4") 460+94.5  ("T4") 784

Tangent Pile Wall 
(Alternative 2)

460+34.5 ("T4") 460+67.0 ("T4") 32.5

Type 1 Wall (Spread 
Footing ) 496+05.56 (SR91) 496+44.73  (SR91) 41 11

Tie-in Barrier 496+44.73  (SR91) 497+43.01  (SR91)  102 5

Type 1 Wall (Spread 
Footing) 497+43.01  (SR91) 497+62.25  (SR91) 20 8

Anchored Wall
519+05/10+00  

(SR91/RWLOL) 10+83.0  (RWLOL) 83 14

Tangent Pile Wall 10+83  (RWLOL) 11+11.5  (RWLOL) 28.5 14

 Anchored Wall 11+11.5  (RWLOL)
11+38/448+93       

(RWLOL/"T4") 26.5 14

Maximum 
Wall Height,  

feet

RW 497

RW 519

Wall Wall Type

Approx. Station Approx. 
Wall 

Length,    
feet

RW 454 28
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Table 2 Summary of Subsurface Exploration for RW# 454, 497, and 519  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LABORATORY TESTING 
 
Samples collected by SPT sampler and Modified California sampler were tested. The tests 
performed included unit weight, moisture content, unconfined compression, Atterberg limits, and 
particle size analysis. Bulk samples were also collected from the job site for corrosion evaluation. 
 
 
SITE GEOLOGY  
 
The site is within the Los Angeles Basin of the Peninsular Ranges geomorphic province. The 
Peninsular Ranges province is composed of mountain ranges that are oriented roughly northwest-
southeast, which roughly parallel the San Andreas Fault. The Los Angeles Basin is an alluvium 

Retaining 
Wall No.

Borehole 
No.

Top of 
Hole 

Elevation   
(feet)

Station
Offset    
(feet)

Boring 
Depth   
(feet)

Bottom 
Of Hole 

Elevation   
(feet)

Exploration 
Method

Drill Rig 
/Hammer 

Type

Hammer 
Efficiency  

(%)

A-012-
002

308.2 531+30.40 -119.48 45.3 262.9 HSA
Acker 
/Auto

77

A-012-
003

295.16 529+42.72 -153.62 45.3 249.86 HSA
Acker 
/Auto

77

A-012-
004

281.52 527+42.18 -157.71 25.3 256.22 HSA
Acker 
/Auto

77

A-012-
005

267.09 525+49.6 -122.89 31.5 235.59 HSA
Acker 
/Auto

77

A-012-
008

280.28 520+04.58 -149.53 51.5 228.78 HSA
CS2000 
/Auto

97

A-012-
009

257.4 520+06.37 -85.72 56.5 200.9 HSA
Acker 
/Auto

77

A-012-
010

257.25 518+99.61 -84.47 66.5 190.75 HSA
Acker 
/Auto

77

A-012-
016

261.72 498+69.07 -187.25 50.5 211.22 HSA
CME75 

/Auto
79

A-012-
017

266.74 497+27.10 -101.9 45.25 221.49 HSA
CME75 

/Auto
79

A-012-
035

244.07 496+34.26 -59.32 31.5 212.57 HSA
Acker  
/Auto

77

A-012-
036

247.13 497+75.60 -62.06 36.5 210.63 HSA
Acker  
/Auto

77

RW454

RW519

RW497
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filled basing that is up to several miles thick at its deepest point. The site is near the western limits 
of the Peralta Hills, which join the Santa Ana Mountains to the east. 

 
The site is located at the southern edge of the Los Angeles Basin, and is underlain by artificial fill 
and alluvium derived from the Santa Ana River. The alluvium is composed mostly of medium 
dense to very dense gravelly sands, sandy gravels and silty sands, with a few layers of stiff to very 
stiff silt and clay, and with occasional cobbles and boulders.  
 
 
SUBSURFACE CONDITIONS 
 
At RW454, the embankment materials are mostly stiff to very stiff lean clay with sand. Five to 15 
feet thick very dense gravelly materials were encountered below the embankment from elevation 
of approximately 260’. At RW497, foundation soils near the bridge abutments consist mostly of 
medium dense to dense Clayey sand and silty sand within 30 feet from top of the proposed 
retaining wall (Elev. 252’). Near RW519, however, the soils behind and below the proposed cut 
wall are predominantly cohesive, with consistency from stiff to very stiff. A ten-foot thick 
granular layer was encountered below elevation 233’. For foundation design purpose, the 
idealized soil profiles are presented in Table 3 of this report. 
 
 
GROUNDWATER 
 
The data from the closest monitoring well, installed by Department of Water Resources, shows a 
historic high ground water table at 233.8 feet above mean-sea-level (MSL) in January 2007 at 
well No. 04S09W04L002S near Santa Ana River. The highest groundwater elevation from the 
monitoring wells at a gas station near the intersection of E. Riverdale Ave. and N. Tustin Ave. 
was registered to be 232.69 feet above MSL, based on available records between 1992 and 2008 
from GeoTracker website (California Regional Water Quality Control Board). 
 
Groundwater was also encountered during subsurface exploration at RW519 site at Elev. 230 feet. 
However, the as-built LOTBs for the existing Riverdale Ave UC indicated that the groundwater 
was at 232 feet above MSL (NGVD29) in 1964. Based on the above findings, the design high 
groundwater is assumed to be 235 feet above MSL, after vertical datum conversion (NAVD88). 
 
 
CORROSION EVALUATION 
 
Corrosion samples were obtained during subsurface explorations. The bulk samples were 
collected from the borings and tested for corrosion potential following the guidelines from 
Caltrans’ Corrosion Technology Branch. The test results are presented in Table 4. Based on the 
test results, the subsurface materials are considered non-corrosive at RW519 and RW497 sites, 
but corrosive at RW454 site.  
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Table 3 Idealized Soil Profile and Strength Parameters 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Depth (from 
Wall Top),  

feet

Elevation,  
feet Soil Type, USCS

Average 
Blowcounts N60  

/ PP#

Total 
Unit  

Weight,  
pcf 

Apparent 
Friction 
Angle, 
degree

Undrained 
Shear 

Strength,   
psf

0 - 8 Varies Sandy Lean Clay (CL), Stiff PP# 1.0 to 1.25 120 NA 1000

8 - 30 Varies
Sandy lean Lean Clay (CL), very 

Stiff PP# 2.0 to 4.5 120 NA 2500

0 - 28 Varies Sandy Lean Clay (CL), Stiff PP# 1.0 to 1.5 120 NA 1300

28 - 35 Varies Sandy Lean Clay (CL), Very Stiff PP# 1.5 to 2.5 120 NA 2000

35 - 45 Varies Gravel with sand and Silt  (GW-
GM)

N60>50 125 38 NA

0 - 28 Varies Sandy lean Clay (CL), Stiff PP# 1.0 to 1.5 120 NA 1100

28 -45 Varies Sandy lean Clay (CL), Very Stiff PP# 2.0 to 4.5 120 NA 2500

0 - 7 267 - 260 Lean Clay (CL), Stiff
PP# 0.75 to 

1.25 120 NA 1000

7 - 34 260 - 233 Lean Clay (CL), Very Stiff PP# 1.75 to 4.5 120 NA 2000

23 - 33 233 - 223 Silty Sand & Gravel (SM/GM) N60 >50 125 38 NA

0 - 8 252 - 244 Clayey Sand (SC) & Silty Sand 
(SM)

N60 =27- 62 120 37 NA

8 - 31 244 - 221 Silty Sand (SM), Medium Dense N60 = 14 - 28 120 33 NA

RW454

RW497,   refence borings A-12-016/017/035/36

STA453+10 to STA456+50 ("T4 "Line), reference borehole A-12-004 & A-12-005

STA456+50 to STA459+50 ("T4 "Line), reference borehole A-12-003

STA459+50 to STA460+90 ("T4" Line), Reference boring A-12-002

RW519,   refence borings A-12-008/009/010
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Table 4 Corrosion Test Results 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: Caltrans currently considers a site to be corrosive to foundation elements if one or more of the following 
conditions exist: Chloride concentration is greater than or equal to 500 ppm, sulfate concentration is greater than or 
equal to 2000 ppm, or the pH is 5.5.or less.  It is the practice of Caltrans Corrosion Technology Section (with the 
exception of MSE Walls) if the minimum resistivity of the sample is greater than 1000 ohm-cm and the pH is greater 
than 5.5, the sample is considered to be noncorrosive. 
 
 
SEISMICITY 
 
The site is located within a seismically active region of southern California, and close to a number 
of faults that are considered to be active or potentially active. According to the stratigraphy of the 
project site, a shear wave velocity (νs30) of 980 ft/s (300 m/s) to 1,100 ft/s (340 m/s) is considered 
appropriate. Based on the Caltrans ARS online tool (2009), the job site is located approximately 
4.8 miles south of the Elsinore fault zone (Whittier Section). This fault is a strike slip fault, for 
which the magnitude of the maximum credible earthquake (MCE) is 7.6. The design median peak 
ground acceleration (PGA) at retaining wall locations is approximately 0.6g. Other nearby faults, 
including the Peralta Hills fault should exert a lesser impact on the proposed improvements than 
the Elsinore fault zone. 
 

 
GEOTECHNICAL RECOMMENDATIONS 
 
Soil nail wall was recommended for RW454 to accommodate the proposed bypass lane north-east 
of existing connector embankment, north of existing North Connector Overcrossing. Two 
alternatives, 1) soil nail wall and 2) tangent pile wall, were proposed for the 32.5 feet long wall 
section near Abutment 5 of the existing connector bridge.  
 
Type 1 reinforced concrete cantilever wall is recommended for the portion of RW497 located 
outside of the footprint of existing Tustin Ave OC. Tie-in barrier on existing bridge footing was 
proposed by Structure Design for the portion of RW497 located under the bridge. The loss of 
lateral resistance due to the soil removal in front of the abutment is negligible, since the lateral 
resistance will be provided by horizontal component of axial resistance of the battered piles with 
the pile top generally located below the finished grade. The foundation recommendations for 

Location Sampling 
Borehole

Depth of 
Sample (ft)

pH Soluble 
Sulfates 

Soluble 
Chlorides 

Minimum 
Resistivity 

A-12-004 10 - 11.5 6.98 1569 285 570 ohm-cm

A-12-005 10 - 11.5 7.51 2327 39 710 ohm-cm

RW519 A-12-010 0 - 5 8.3 N/A N/A 2300 ohm-cm

RW497 A-12-036 0 - 10 8.4 N/A N/A 1700 ohm-cm

RW454
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standard type 1 wall will be included in a separate report for this project. Tie-in barrier will be 
designed by structure engineer assuming structure backfill behind the barrier wall.  
 
Ground anchor wall was recommended for most part of RW519, except for location within 28.5 
feet south of existing Riverdale Ave OC, where tangent pile wall was recommended to avoid 
potential conflict with existing wingwall and its pile foundations. 
 
The wall type selection information is presented in Table 1 of this report. 
 
Geotechnical Recommendations for RW454 
 

The soil nail wall is the most economical option for the wall 454. For the design of soil nail 
wall, the computer program SNAILZWIN was used. Following are the geotechnical design 
criteria for the soil nail wall: 
 
• Static Case 
Minimum Factor of Safety: 1.5 
 
• Seismic Case 
Minimum Factor of Safety: 1.0 
Non-dimensional horizontal seismic coefficient kh: = 0.2  
Expected deformation: less than 4 inches 
  
The soil nail wall design is summarized in Table 5 below, 
  

 
Table 5 Soil Nail Wall Design 

 
 
 
 
 
 
 
 
     
 
 
 
 
 
 
 
Note: 
1. Square nail layout pattern should be used. 
2. Design wall height is the vertical distance from the top of shotcrete to the bottom of the wall. 
3. The nails are inclined 15 degrees from horizontal. 

Wall Height 
(ft)

Maximum 
Nail Spacing 
Vertical (ft)

Nail Spacing 
Horizontal (ft)

Nail Length 
(ft)

to 5 5 5 7

to 10 5 5 13

to 15 5 5 19

to 20 5 5 25

to 25 5 5 30

to 30 5 5 36
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4. First row of the nails should be placed 2.0 to 2.5 feet below the original ground, and vertical nail 
spacing needs to be adjusted in areas with geometric constraints. 
 
For the wall section adjacent to existing bridge abutment (Stations 460+34.5 to 460+67.0), 
the nail design should be modified as shown in Table 6 to avoid potential conflict with the 
existing wingwall or piles. A minimum clearance of one foot should be maintained to 
prevent damage on existing facilities during nail installation. 
 

Table 6 Soil Nail Wall Design near Existing Bridge Abutment 
 
 
 
 
 
 
 
 
 
 
 
Note:  
1. Square nail layout pattern should be used. 
2. The nail inclination is measured from horizontal. 
3. First row of the nails should be placed 2.0 to 2.5 feet below the original ground.  
4. Vertical nail spacing needs to be adjusted in areas with geometric constraints.   
 
The soil nail wall is designed to support existing embankment, which consists of stiff to 
very stiff clay and will be subject to compaction over a long period of time. The design 
pullout resistance for the nails is presented in the table below,      
 

 
Table 7 Soil Nail Resistance Information 

 
 
 
 
 
 
 
 
 
 
 
 
Note:  
1. Design pullout resistance of the soil nail should be placed on the plans. 
2. For structural design purpose, appropriate factor of safety should be applied to the nail tensile force: both 
bending moment and punching shear resistance should be checked based on tensile force on facing shown in 
this table. 
 

Row of Nails 
Nail Length,   

feet
Nail Inclination,  

degrees

First 15 25

Second 30 20

Below Second 30 15

Zone 1

Design Pullout 
Resistance1 ,      

lb/ft

453+10 to 
460+94.5

1400 40 30

Station
Maximum Stress 

on Nail2,       
ksi

Maximum 
Tensile Force 
from Nail on 
Facing2 , kips
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For seismic stability analysis, pseudo-static method was used.  In pseudo-static analysis, the 
earthquake-induced inertial forces varying in time are simplified as equivalent pseudo-static 
force acting on the center of gravity of the analyzed soil block.  
 
Tangent Pile Wall Alternative near Abutment 5 of BR 55-0329G  
 
To avoid the construction difficulty caused by potential conflict between soil nails and 
structural elements of the existing bridge, tangent pile wall may be used between stations 
460+34.5 and 460+67.0 (“T4” Line), north of Abutment 5 of existing connector 
overcrossing (BR 55-0329G). The design height of the tangent pile wall varies along the 
wall alignment. For structure design of this wall section, use the soil strength properties as 
shown in the following table. 
 
 

Table 8 Shear Parameters for Tangent Pile Wall Design 
 
 
 
 
 
 
 
 
The above engineering properties are based on long-term drained behavior of clayey 
materials with absence of groundwater and an expected negligible strain experienced by the 
soils during construction.   
 

 
Geotechnical Recommendations for RW519 
 

Lateral Earth Pressure on Wall beyond Abutment 3 
 
For the wall section located beyond bridge abutment (Abut 3), static earth pressure behind 
the wall was estimated using trial wedge analysis assuming drained shear parameters for the 
clayey materials at the wall location. Seismic lateral earth pressure was also estimated using 
trial wedge analysis based on residual value of undrained shear strength (2/3 of Su) for the 
clayey soils behind the wall. Horizontal earthquake acceleration was assumed to be 0.5 
times of peak ground acceleration (PGA) in pseudo static analysis.  
 
The lateral load behind ground anchor wall and tangent pile wall under both static and 
seismic conditions beyond bridge abutment are summarized in the table below. 
 

 
 
 

Depth (below the 
bottom of wall),    

feet

Cohesion,    
lb/ft2

Friction Angle,    
degrees

0 to 50 400 26
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Table 9 Lateral Load behind Wall beyond Abutment 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Lateral Earth Pressure on Walls in front of Abutment 3 
 
The static lateral earth pressure on wall in front of bridge abutment is very low without 
proposed anchor lock-off, due to the existence of abutment behind the cut.  The wall design 
is controlled by lateral load transferred from bridge abutment during seismic event. Lateral 
load from seismic active wedge behind abutment wall will be resisted by both battered piles 
under abutment footing and ground anchors behind the existing structure foundations.  
 
The total loss of passive resistance in front of the bridge abutment and  abutment foundation 
due to 9 feet high and 18 feet long cut  is estimated to be 12 kips/ft. The above resistance 
should be higher than the passive resistance that can be mobilized by lateral movement of 
existing bridge abutment. The anchored wall design should provide sufficient resistance 
from the ground anchor. 
 
 

Seismic Condtion2

Tangent 
Pile Wall

12 8.0 kips/ft

12 2.00 kips/ft Failure Wedge  40 degrees 
from Vertical 8.0 kips/ft

10 1.10 kips/ft Failure Wedge  45 degrees 
from Vertical 5.0 kips/ft

8 0.55 kips/ft Failure Wedge  50 degrees 
from Vertical 2.4 kips/ft

6 0.25 kips/ft Failure Wedge  45 degrees 
from Vertical 0.8 kips/ft

1. Drained shear strength properties were assumed for clayey soils in static condition with active 
lateral earth pressure resultant located at 1/3 of retained soil height from bottom.                                    
2. Undrained shear strength properties with residual strength were used for clayey soils in seismic 
condition, with seismic earth pressue resultant located at mid-height of retained soil (uniformly 
distributed).

Wall Type

Retained 
Soil 

Height,    
feet

Lateral Load against the Wall (per linear foot along wall 
alignment)

Static Condition1 (Pa)

2.00 kips/ft

Anchored 
Wall
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Unbonded Length of Anchored Wall 
 
The unbounded length should extend beyond the critical failure surface.  Starting from the 
vertical wall face, the critical failure surface is defined by the angle of clockwise rotation 
centered at the bottom of the anchored wall. Trial wedge analysis was performed to obtain 
the critical wedge at different wall locations. The results are presented in Table 9 above. The 
unbonded length should be extended a minimum of H/5 (H, wall height) or 5 feet, 
whichever is greater, behind the above critical failure surface. Unbonded length should be at 
least 15 feet to limit seating loss during anchor lock-off. 
 
For anchored wall in front of abutment, unbounded length should extend at least 5 feet 
beyond the edge of abutment footing for the reduction of the lateral stress against existing 
pile foundation. 
 
 
Bonded Length of Ground Anchor 
 
Contractor is responsible for determining the bonded length of the ground anchor. However, 
the bonded length of the anchor should not be less than 15 feet. The nominal bond strength 
within the ground anchor bond zone is assumed to be 3.6 ksf (after PTI, 2004), for the initial 
assessment of anchor length and right of way acquisition. 
 
 
Bearing Capacity of Anchored Wall 
 
The bearing capacity analysis is based on minimum embedment depth of 2.0 feet and 
footing width of 1.7 feet. The ultimate bearing capacity of anchored wall foundation is 10.5 
ksf , or 17 kips/ft along the wall alignment. The bearing pressure under the wall foundation 
is 3.0 ksf corresponding to one inch settlement of vertical wall element.  
 
 
Lateral Analysis of Tangent Pile Wall 
 
Lateral analysis for the CIDH piles to be used in tangent pile wall was performed to evaluate 
pile response under both service and extreme limit states. Three CIDH piles were proposed 
for the tangent pile wall. The embedment depth of the piles is assumed to be 16 feet, with 
maximum retained soil height of 12 feet above the finished grade in front of the wall. The 
pile diameter is 3 feet, with on center spacing of 10 feet. The earth pressure from approach 
embankment against the shotcrete will be transferred to the piles through connecting bond 
dowels. The analysis was performed using LPILE PLUS5.0 program (Ensoft Inc), and 
results are presented in Table 10 below. 
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Table 10 Summary of Lateral Analysis for Tangent  
Piles (CIDH Piles) at RW519 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

CONSTRUCTION CONSIDERATIONS 
 
RW519 
 
To minimize the adverse impact on existing bridge foundations, ground anchor should be 
constructed in segments in front of the existing abutment. The maximum length of ground anchor 
wall segments under construction should not exceed one third of the length of existing abutment 
footing at any given time under the existing bridge.  
 
The subsurface condition is generally uniform within the limits of wall alignment. Only one wall 
zone is defined for the entire wall (RW519). 
 
The design high groundwater is at 235 feet above MSL. However, groundwater will fluctuate in 
different years and different seasons of the year. Depending on the final design depth of CIDH 
piles, groundwater may be encountered. Under such circumstance, wet method will be needed for 
pile installation. 
 
RW454 
 
Only one wall zone is defined for the entire wall for the purpose of verification test on nails and 
stability test on temporary cut.  
 
Although subsurface materials are predominantly cohesive at RW454 (soil nail wall) site, caving 
soils may still be encountered during nail installation.  
 
Soil nails may be installed east of Abutment 5 of North Connector Overcrossing (Alternative 1). 
Should adjustment of nail alignment be needed to avoid conflict with abutment wing wall and 
concrete piles on existing bridge during nail installation, this Office should be notified before any 
alteration of current nail design. 

Max. 
Moment,    

kips-ft

Max. 
Shear,      
kips

Top of Wall 
Deflection,      

inches

Max. 
Moment,   

kips-ft

Max. 
Shear,      
kips

Top of Wall 
Deflection,      

inches

132 21 0.13 654 102 10.9

Service Limit State Extreme Limit State

Analysis based on non-linear EI, assuming 8 #10 bars with 3 in bar protective cover.   Elastic 
modulus  for concrete and steel used  are 3,500 ksi and 29,000 ksi, respectively. Crack Moment 
of 3 ft diameter pile is estimated to be 192 kips-ft, with ultimate moment capacity at 
approximately 670 kips-ft.  
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Should you have any question or comment, please contact Haitao Liu at (916)-227-0992, or 
Seungwoon Han at (916) 227-4533. 
 
 
Prepared by:  
      
 
 
 
 
 
 
 
 
 
 
 
 
 
____________________________    ___________________________ 
HAITAO LIU, P.E.      SEUNGWOON HAN, Ph.D., P.E., 
Transportation Engineer (Civil)    Transportation Engineer (Civil) 
Branch A       Branch A 
DES/MET-GS/OGDS-1     DES/MET-GS/OGDS-1 
 
 

Cc:  Leo Chen, Project Manager  
Shira Rajendra, GS Corporate 
Kirsten Stahl, D12 Material Engineer  
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1.0 INTRODUCTION 
 
Per your request dated October 11, 2011, this Foundation Report (FR) has been prepared for the 
above referenced project on SR-91 in the City of Anaheim. The foundation recommendations 
provided herein are based on the results of a our project-specific geotechnical site exploration and 
the project information provided by your office including the foundation design data on December 
6, 2012. This FR supersedes both the Preliminary Foundation Report (PFR) dated May 04, 2010, 
and the Draft Foundation Report (DFR) dated July 13, 2012 that were submitted earlier for this 
project. 

 
1.1 Scope of work 
 
The following tasks were performed for the preparation of this report: 
 

• Review of available existing relevant data 
• Field exploration 
• Laboratory testing 
• Geotechnical data interpretation and evaluation 
• Geotechnical and seismic analysis and design, and the  
• Preparation of this FR. 

 
2.0 PROJECT DESCRIPTION 
 
The California Department of Transportation (Caltrans) -District 12 proposes to widen the State 
Route 91 (SR-91), from Post Mile (PM) 7.9 to PM 9.5, at and near its connection with SR-55 in 
the City of Anaheim, Orange County, California. The project will widen the existing west bound  
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(WB) SR-91 bridge over Santa Ana River on the outside to provide an exit bypass lane from east 
of the existing northbound (NB) SR-55/WB SR-91 connector to the Tustin Avenue off-ramp. 
Additionally, the project will reconstruct the WB auxiliary lane from NB SR-55/WB SR-91 
connector to the Tustin Avenue off-ramp, and involve construction of earth retaining structures. 
The project will relieve existing weaving, merging, and diverging deficiencies between the NB 
SR-55/WB SR-91 connector and the Tustin Avenue off-ramp. The total length of the project is 1.6 
miles. The scope of this FR is limited to the proposed bridge (No. 55-0106) widening part of the 
project only.  
 
2.1 Existing Site Conditions 

 
The existing bridge is located on WB SR-91 between NB SR-55/WB SR-91 interchange and the 
Tustin Avenue Undercrossing, as shown in Figure 1 below.  
 

 
 

Figure 1 – Site Vicinity Map  
 
The existing structure is a continuous 18 span reinforced concrete “T” girder-bridge and supported 
by substructures consisting of solid reinforced concrete pier walls and seat type abutments. All 
substructures are founded on steel HP 10x42 piles. The bridge was first built in 1953 as two 
separate river crossing structures (EB and WB). Both bridge structures were widened in 1965.  In 
1995, the left (WB) and right (EB) structures were connected by center widening. Both bridges 
were also widened on the outside. The combined bridge structure was also retrofitted in 1995 for 
improved seismic performance. Several pier walls were thickened.  All widened structures 
provided the same super and substructure types. The retrofit work did not involve any foundation 
work. 

 

 Bridge Site
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The total length of the existing bridge is approximately 868 feet; the width is approximately 150 
feet.  
 
2.2 Proposed Widening  

  
The proposed widening consists of reinforced-concrete “T” girder superstructure and reinforced 
concrete pier walls and seat type abutments. HP 10x57 steel piles, are proposed by Bridge Design 
South 2 for this bridge widening. The existing and widened bridge decks will be connected by a 
closure pour. 

The proposed widening is on the outer left side (WB SR-91) only. The proposed widening width 
varies from approximately 19.25 feet to 23.75 feet. 
 
3.0  SITE EXPLORATION 
 
Field exploration was conducted between March 5 and May 8, 2012. A total of eight (10) 
exploratory borings (R-12-024 through R-12-034) were drilled through the existing bridge deck. 
The boring locations are shown in Figure 2 and 3. These borings were drilled between two 
adjacent piers through the existing bridge.  
 
Permits didn’t allow drilling within the footprint of the proposed widening. The permits also didn’t 
allow drilling through the bike path lane between Pier 18 and Abutment 19, and through the 
maintenance road between pier 3 and 4. This pile foundation design is primarily based on the 
geotechnical data obtained from these borings, and as-built data in 1964.  
 
Boring locations are shown in Figure 2 and 3. A summary of boring data for the current 
exploration is presented in Table 1 below. Stations, offsets, and elevations of the borings presented 
are based on survey conducted by District 12 Engineering Services-Surveys. 

 
All borings were drilled by the Caltrans Office of Drilling Services and logged by personnel from 
our office. All borings were drilled utilizing mud rotary method or Hollow Stem Auger method. 
Soil samples were collected using Standard Penetration Test (SPT) sampler and Modified 
California Sampler (MCS) typically at 5-foot depth intervals. The samplers were driven a total of 
18 inches using a 140-pound hammer falling freely for 30 inches. The MCS is a 2.0-inch inside-
diameter split-barrel type sampler lined inside with thin rings. This MCS was used to collect 
relatively undisturbed samples of fine-grained or cohesive soils.  
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              Table 1 – Summary of Boring Information 

 
Boring Station1&3    

 
Offset1

(ft) 

  

Surface 
Elevation2 (ft.) 

Drilled Depth, 
 
 

(ft.) 

Bottom 
Elevation2, 

(NAVD 88, ft.) 

R-12-024 514+79.23 -71.09 256.77 86.5 170.27 
R-12-025 514+02.61 -69.66 256.71 91.5 165.21 
R-12-026 513+01.58 -70.16 256.56 85.3 171.26 
R-12-027 512+01.27 -70.22 256.37 101.5 154.87 
R-12-028 511+00.97 -70.19 256.2 86.5 169.70 
R-12-029 509+69.54 -69.98 255.92 60.25 195.67 
R-12-030 508+52.53 -69.75 255.71 61.5 194.21 
R-12-032 507+04.76 -70.15 255.37 65.25 190.12 
A-12-033 516+20.57 -76.69 256.89 35.5 221.39 
A-12-034 505+78.42 -69.49 255.84 45.5 210.34 

 
Note:  1. Stationing and Offsets according to D-12 survey request # 12-016, dated 5/4/2012. Positive is right of layout     

lines, negative is left of Layout lines. (All referenced to existing center line of SR-91). 

2. Elevations are above Mean Sea Level (MSL) based on NAVD88 datum. 
3. Existing SR-91 Main line stationing. 

 
4.0  LABORATORY TESTING 
 

Laboratory testing was performed on selected SPT and undisturbed samples from the borings. 
Laboratory testing included Unit weight, Moisture Content, Unconfined Compression, Plasticity 
Index, Mechanical Analysis, Consolidation, Maximum Density, Direct Shear, Expansion Index 
and Corrosion. Geotechnical testing was performed in accordance with California Test Methods, 
ASTM or UBC procedures (see Table 2 below). A complete set of geotechnical laboratory results 
is presented in Appendix I: Laboratory Data.  

 

Table 2 – Laboratory Test Methods 
 

Test Standard 
Unit Weight CTM 212 
Moisture Content CTM 226 
Unconfined Compression  CTM 221 
Plasticity Index CTM 204 
Mechanical Analysis CTM 203 
Consolidation ASTM D2435 
Maximum Density ASTM D1557 
Direct Shear ASTM D3080 
Expansion Index UBC-29-2 
Corrosion – Resistivity, pH CTM 643 
Corrosion – Chloride Content CTM 422 
Corrosion – Sulfate Content CTM 417 
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5.0 SITE GEOLOGY AND SUBSURFACE CONDITIONS 
 

5.1 Regional Geology  
 

The site is located within the Los Angeles Basin of the Peninsular Ranges geomorphic province. 
The Peninsular Ranges province is composed of mountain ranges that are oriented roughly 
northwest-southeast, which roughly parallel the San Andreas fault. The Los Angeles Basin is an 
alluvium filled basin that is up to several miles thick at its deepest point. The site is near the 
western limits of the Peralta Hills, which join the Santa Ana Mountains to the east. 
 

5.2 Site Geology 
 

The site is located at the southern edge of the Los Angeles Basin, and consists artificial fill and 
alluvium derived from the Santa Ana River. These soils are underlain by marine and non-marine 
Tertiary-age sedimentary formational material.  The alluvium consists of gravel, sand, silt and clay 
layers with occasional cobbles and boulders. 

 
5.3       Subsurface Conditions 

Based on findings of our current geotechnical investigation and the as-built information, the 
subsurface soils within the maximum depth of the borings consist of artificial fill, except within 
the active unlined central river channel, and young to older alluvium overlying hard clay-like 
formational materials.  
 
The fill soils at the site are associated mainly with the existing levee/dike or, near the abutments, 
with the existing bridge construction. The active unlined river channel crossing the bridge 
alignment near the middle is contained on both sides by levees covered with riprap. A relatively 
high flood protection dike is also present near the Pier 9. 

 
Generally the upper younger alluvial material consists of very loose to medium dense, fine to 
coarse, poorly-graded to well-graded sand with silt, silty/clayey sand, silt and clay layers with 
some fine to coarse gravels.  The underlying older alluvium consists primarily of dense to very 
dense gravelly sands and sandy gravels. Some cobbles and boulders were also encountered within 
the alluvium during this investigation. 

 

The underlying formational material is variably weathered ranging from moderately weathered to 
relatively fresh. This material is hard.  

For more specific subsurface conditions encountered at the locations of the bore holes, refer to the 
LOTB sheets for the proposed bridge (widen) project submitted separately for inclusion in the 
project plans and the as-built LOTB sheets for the existing bridge.  It should be noted that due to 
the small size and discrete locations of the exploratory bore holes, the size ranges, amount, 
distribution or hardness of the localized hard material, cobbles and boulders present in the field 
may be significantly different from those encountered during drilling and presented in the LOTBs.  
This aspect of the subsurface conditions should be considered in the selection, design and 
construction of foundations at the site. 
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5.4 Groundwater 
 

 5.4.1   Historical Data 
 

Data from the closest California Department of Water Resources operated ground water well 
indicates a historic high ground water elevation at about 234 feet above sea level in January 2007 
at well 04S09W04L002S. This water well is located between the Santa Ana River and the water 
basins to the north of the bridge. Monitoring wells at a gas station at the intersection of E. 
Riverdale Ave. and N. Tustin Ave. show a high ground water elevation of about 233 feet above sea 
level between 1992 and 2008 according to the GeoTracker website. 
 

5.4.2   Current investigation 
 

Two (2) borings (A-12-011, R-12-012), drilled concurrently for retaining walls proposed as part of 
the overall project, close to the bridge abutments were converted to piezometers to monitor the 
groundwater table. The water surface levels (river flowing water) under the bridge were also 
measured during the investigation at the location of the borings R-12-025, 026, 027, and 030. 
Tabulated below is a summary of our findings. 
 

Table 3 – Groundwater Monitoring Results 
 

Boring No Date Elevation 
(ft) 

Date Elevation 
(ft) 

Date Elevation 
(NAVD88, ft) 

A-12-011 5/8/12 232.1 5/30/12 232.0 8/15/12 232.0 
R-12-012 5/8/12 215.4 5/30/12 215.3 8/15/12 216.5 
R-12-025 -- -- -- -- 5/15/12 233.3 
R-12-026 -- -- -- -- 5/15/12 233.3 
R-12-027 -- -- -- -- 5/15/12 233.6 
R-12-030 -- -- -- -- 5/15/12 228.6 

 
Based on the above data, the groundwater surface elevation for design is recommended to be 
considered as 234 feet. 
 
6.0 SCOUR POTENTIAL 
 
The following table is a summary of potential total scour elevations for the proposed bridge 
widening, per the “Final Hydraulic Report” for this bridge (widen) prepared by the Caltrans HQ 
Hydraulic Branch, dated 8/3/2012. It should be noted that the estimated scour at depth the location 
of the Piers 12 and 13 is approximately 1.8 feet below the proposed bottom of footing elevation of 
228.31 feet. Either no scour or scour to elevations above the support footing are estimated at the 
other support locations.   
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Table 4 – Scour Potential Summary Results 

 

Support 
Location 

Finish 
Grade 

Elev. (ft) 

Pile Cut-
off Elev. 

(ft) 

Local Pier 
Scour 

Depth (ft) 

Long Term 
Degradation 

(ft) 

Total 
Scour 

Depth (ft) 

Total Scour 
Elev.  

(NAVD 88, ft) 

 Abut 1 and  
Piers 2-9 -- -- -- -- -- -- 

Pier 10 234.00 228.31 1.7 1.5 3.2 230.8 

Pier 11 234.00 228.31 3.8 1.5 5.3 228.7 

Pier 12 234.00 228.31 6.0 1.5 7.5 226.5 

Pier 13 234.00 228.31 6.0 1.5 7.5 226.5 

Pier 14 234.00 228.31 3.8 1.5 5.3 228.7 

Pier 15 234.00 228.31 3.8 1.5 5.3 228.7 

Pier 16 234.00 228.31 3.8 1.5 5.3 228.7 

Pier 17 234.00 228.31 3.8 1.5 5.3 228.7 
Pier 18 and 

Abut 19 -- -- -- -- -- -- 
 
 
7.0 CORROSION EVALUATION 
 
Five (5) representative composite bulk samples were tested for corrosion potential of soils within 
the bridge alignment. Based on these results soils at the subject are not considered corrosive. 

 
Table 5 – Corrosion Test Results 

  

Boring 
Depth 

(ft) 
Minimum Resistivity 

(Ohm-cm) 
pH 

Chloride Content 
(ppm) 

Sulfate Content 
(ppm) 

R-12-028 0-5 6800 8.01 N/A N/A 
R-12-029 0-5 6000 8.20 N/A N/A 
R-12-030 0-5 3900 8.11 N/A N/A 
R-12-032 0-5 660 7.37 86 354 
R-12-033 0-5 3200 8.52 N/A N/A 
R-12-034 0-5 5042 8.66 N/A N/A 

 
Note: Caltrans currently considers a site to be corrosive to foundation elements if one or more of the following 

conditions exist: Chloride concentration is greater than or equal to 500 ppm, sulfate concentration is greater 
than or equal to 2000 ppm, or the pH is 5.5 or less. A minimum Resistivity value of less than 1000 (Ohm-cm) 
indicates the presence of high quantities of soluble salts and a higher propensity for corrosion. 
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8.0 SEISMIC HAZARDS  
 
The bridge site is not located within any “Earthquake Fault Zone” as currently delineated by the 
California Geological Survey (CGS).  
  
A ground motion hazard analysis was performed at the bridge site in accordance with the 
requirement of the Seismic Design Criteria, Version 1.0 (SDC, 2010).  Fault parameters for the 
three most significant faults for the subject site are summarized below. 
 

Table 6 - Fault and Design Ground Motion Parameters 
 

Fault Mmax Type Dip Dip 
Direction

Rrup 
(km)

RJB (km) Rx

(km)
Peralta Hills 6.2 Reverse 50° N 1.17 0.03 1.53

Elsinore 
(Chino) 7.6 Reverse 50° W 12.09 3.20 15.79 

Elsinore 
(Whittier) 7.6 Strike 

Slip
75° NE 7.74 7.74 7.74 

 
 
Both deterministic and probabilistic ground motion hazard analyses were performed utilizing the 
Caltrans 2009 ARS Online tool. A Vs30= 340 m/sec (1115 feet/sec) was determined from empirical 
correlations between SPT blow counts and soil shear wave velocity.  A summary of the results of 
these analyses are presented in Table 7 below. 
  

Table 7- Summary of Ground Motion Parameters (1)  
 

Ground Motion Hazard Analysis Method 

Deterministic Probabilistic (Return Period = 975 yrs) 

PHGA 
(g) 

S1 (Mw)max Causative Fault 
PHGA 

(g) 
S1 

Median 
Earthquake 
Magnitude, 
(Mw)median 

0.61 0.71 6.2 Peralta Hills 
0.48 0.68 7.0 

0.48 0.69 7.6 Whittier-Elsinore  

 
Note 1: PHGA = Peak Horizontal Ground Acceleration, S1= Spectral acceleration at 1.0 second period, (Mw)max = 
Moment magnitude of the maximum earthquake event.  (Mw)median = Moment magnitude of the median earthquake 
event. 
 
The recommended ARS curve based on these analyses is attached as Appendix II. 
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8.1 Soil Liquefaction Hazard Evaluation 
 

Based on the above discussed site-specific geotechnical exploration and review of the as-built data, 
approximately the upper 10 feet of alluvial subsurface soils within the river/flood plain segment of 
the alignment consists of loose to medium dense granular or cohesionless soils. This layer of soils 
also extends underneath the approach abutment fills.  The fine contents (Passing #200 sieve) of 
this layer of soil ranged from about 7 to 33 % are predominantly non-cohesive. Such soils, when 
saturated, are highly susceptible to soil liquefaction during seismic shaking. 

 
For the purpose of soil liquefaction and related hazards including lateral spreading of sloped 
ground, the relevant ground motion parameters at this time are the Peak Horizontal Ground 
Acceleration (PHGA), the spectral acceleration at 1.0 second period (S1) and the moment 
magnitudes (Mw) of the causative seismic event. These ground motion parameters for the subject 
bridge site evaluated based on the Departments current design ground motion evaluation 
guidelines and procedures are summarized in Table 7 above. 

 
As previously mentioned in Section 5.4, historical record indicates that high-groundwater elevation 
for the site is at 234 feet, which was adopted as the water table for liquefaction analysis.  
 
Due to the present of groundwater during a significant period, if not most, of the year, and the 
range of ground motion parameters presented in Table 7, the above discussed upper approximately 
10 feet of alluvial soils are considered susceptible to liquefaction during the design seismic event.  
The actual thickness of the potentially liquefiable soil varies from pier to pier, as shown in the 
Table 8 below. 
 
The potential liquefaction effects on the foundation soils include lose of soil strength and stiffness, 
and settlement due the dissipation of the excess pore pressure that is likely to develop during 
seismic events. Reduction in soil strength and stiffness in turn results in reduction in the load 
supporting capacities of foundations. Ground settlement exerts addition downward axial load on 
deep foundations due to downdrag.  Lateral spread of soils generally occurs when sloped ground is 
present, such as that normally occurs at and near bridge abutments, exerting additional lateral loads 
on foundations due to kinematic effects.  

 
8.2 Lateral Spreading Hazard 
 
In the event of liquefaction, as stated above, the liquefied soil layer is likely to lose significant, if 
not all, of its shear strength.  Once this layer of soil loses its shear strength, the overlying sloped 
grounds that are present at some of the support locations (Abut 1 to pier 4, and Abut 19 to pier 17 
and on the sides of the existing levee where the Piers 7 thru 10 are located) are considered 
susceptible to slope failures, often termed as the lateral spreading failures.  Pseudo-static slope 
stability analyses were performed to evaluate the stability conditions of these slopes in the event of 
soil liquefaction. The analyses indicated lateral soil movements is likely to occur during the design 
seismic event at each of the support locations with sloped ground conditions.  
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Results of the slope stability analyses are summarized in Table 9 below. Additional results are 
presented in Appendix III.  The critical or yield accelerations ky, defined as the PHGA at which the 
factor of safety is 1.0 against slope failure, are indicated in this Table 9.  Any time during the 
design seismic event the horizontal ground acceleration exceeds the yield acceleration, lateral 
ground movement occurs in the downward direction of the sloped grounds.    

 
Additional analyses were thus performed to evaluate the likely range of Newmark type lateral 
ground displacements that these sloped grounds may experience during each of the seismic event 
scenarios presented in Table 7. These analyses were performed in accordance with the procedure 
presented in the NCHRP Report 611 (2010). Estimated lateral ground displacement at the bridge 
support locations are presented in Table 8. As seen, one (1.0) to six (6.0) inches of lateral soil 
displacement is estimated at the affected bridge support locations. 

 
Table 8 –Results of Liquefaction and Lateral Spreading Hazard Analyses 

 

Support 
Location 

Approx 
Finished 
Grade 

Elevation 
(ft) 

Pile Cut-off 
Elevation (ft) 

Approximate Elevations of 
the Liquefiable layers (ft) 

Lateral Soil 
Displacement 

(inches) 

Abut 1 249.39 245.56 233-228 and  223-218 2.0 to 4.0 

Pier 2 246.00 228.31 233-228  and  223-218 2.0 to 4.0 

Pier 3 238.00 227.81 233-228 and  223-218 2.0 to 4.0 

Pier 4 238.00 228.31 233-228 and 223-218 2.0 to 4.0 

Pier 5 230.00 228.31 230-224 0.0 

Pier 6 230.00 228.31 230-224 0.0 

Pier 7 230.00 228.31 230-224 1.0 to 3.0 

Pier 8 240.00 228.31 234-224 1.0 to 3.0 

Pier 9 247.00 228.31 234-224 1.0 to 3.0 

Pier 10 234.00 228.31 234-224 1.0 to 3.0 

Pier 11 234.00 228.31 234-224 0.0 

Pier 12 234.00 228.31 234-224 0.0 

Pier 13 234.00 228.31 234-224 0.0 

Pier 14 234.00 228.31 234-224 0.0 

Pier 15 234.00 228.31 234-224 0.0 

Pier 16 234.00 228.31 234-224 0.0 

Pier 17 234.00 228.31 234-224 4.0 to 6.0 

Pier 18 242.00 228.31 234-224 4.0 to 6.0 

Abut 19 250.39 246.56 234-224 4.0 to 6.0 
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Table 9– Summary of Seismic Slope Stability (Lateral Spreading) Analyses 

 

Slope  at  Abut 1 - Pier 4 

Slope Yield Acceleration Coefficient (ky) 0.22 

Fault Name Peralta Hills Elsinore Probabilistic 

Coefficient of PHGA 0.6 0.48 0.48 

Magnitude Mw 6.2 7.6 7 

S1 0.71 0.69 0.68 

Horizontal PGV (in/sec) 24 26 24 

Lateral Displacement (in) 4.0 3.0 2.0 

Slopes  at   Pier 7 - Pier 10 

Slope Yield Acceleration Coefficient (ky) 0.25 

Fault Name Peralta Hills Elsinore Probabilistic 

Coefficient of PHGA 0.60 0.48 0.48 

Magnitude Mw 6.2 7.6 7 

S1 0.71 0.69 0.68 

Horizontal PGV (in/sec) 24.0 26 24 

Lateral Displacement (in) 3.0 2.0 1.0 

Slope at Pier 17 - Abut 19 

Slope Yield Acceleration Coefficient (ky) 0.18 

Causative Event 
Deterministic Events Probabilistic 

Events Peralta Hills Elsinore 

Coefficient of PHGA 0.6 0.48 0.48 

Magnitude Mw 6.2 7.6 7 

S1 0.71 0.69 0.68 

Horizontal PGV (in/sec) 24.0 26.0 24.0 

Lateral Displacement (in) 6.0 4.0 4.0 

 
8.3 Seismically Induced Ground Settlement 
 
Due to the presence of soil liquefaction as described above, the seismically induced ground surface 
settlement at the site, is estimated to be on the order of 2 to 3 inches. 
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8.4 Liquefaction Hazard Mitigation Recommendations 
 
Soil liquefaction susceptibility of the site soils and the associated hazards as discussed above can 
be significantly reduced, or even eliminated, by mitigation measures such improvement of the 
identified potentially liquefiable soil layer. Soil grouting, permeation or compaction type, is 
considered a suitable ground improvement method for this purpose at this site.  Recommend limits 
of such soil improvement are shown in Figure 4 and 5.  Uses of rows of non- structure piles, alone 
or in combinations with soil grouting, are also considered technically suitable remedial options at 
this site. 
 
However, based on information provided by your Office, it is our understanding that proposed 
bridge foundations are considered adequate to withstand the additional kinematic lateral loads due 
to the estimated lateral soil movements as presented in the above Table 8, and thus to prevent the 
structure from collapsing during or following the occurrence of the design ground motion event. 
Therefore no soil liquefaction and/or lateral spread hazard mitigation measure is considered 
necessary for the subject project.   
  
Since no soil liquefaction or lateral spreading hazard mitigation measures will be implemented at 
the site, the potential effects of the reduction in soil strength and stiffness should be considered in 
the design of the proposed foundations.   
 
The reduction in the pile axial nominal resistance and additional axial loads due to downdrag 
resulting from ground settlement due to liquefaction were considered in the analysis performed to 
evaluate the design pile tip elevation for seismic design as presented later in this report. 
 
Soil parameters considering the estimated reduction in soil strength and stiffness are also presented 
in this report for your use to evaluate the lateral response and perform structural design of the 
proposed foundations for the seismic loading. They are included in Appendix III. 
 
9.0  FOUNDATION DESIGN RECOMMENDATIONS 
 
Steel HP 10x57 piles, were proposed by Structure Design for the subject widening.  Foundation 
information and design loads in Table 10 and 11, respectively, provided by your Office were used 
to determine the required design pile tip elevations for various LRFD design limits and the 
recommended specified pile tip elevation for construction.  As stated above, soil liquefaction and 
related effects were considered in our analyses for the pile tip elevations for the seismic design. 
 
Our findings and recommendations are summarized in Table 12 and 13. Note that all elevations are 
based on the datum of NAVD 1988. 
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Table 10 –Foundation General Information from Structure Design 

 

Support 
Location 

Design 
Method 

Pile 
Type 

Approx 
Finished 
Grade 

Elevation 
(NAVD 88, 

ft) 

Cut-off 
Elevation 
(NAVD 88, 

ft) 

Pile Cap Size 
(ft) 

Permissible 
Settlement 

under 
Service 

Load (in) 

Number 
of Piles 

per 
Support B L 

Abut 1 LRFD HP10x57 249.39 245.56 6.00 29.00 1.0 7 
Pier 2 LRFD HP10x57 246.00 228.31 3.00 28.25 1.0 10 

Pier 3 LRFD HP10x57 238.00 227.81 3.00 29.58 1.0 10 

Pier 4 LRFD HP10x57 238.00 228.31 3.00 28.25 1.0 10 

Pier 5 LRFD HP10x57 230.00 228.31 3.00 28.25 1.0 10 

Pier 6 LRFD HP10x57 230.00 228.31 3.00 28.25 1.0 10 

Pier 7 LRFD HP10x57 230.00 228.31 3.00 28.25 1.0 10 

Pier 8 LRFD HP10x57 240.00 228.31 3.00 28.25 1.0 10 

Pier 9 LRFD HP10x57 247.00 228.31 3.00 28.25 1.0 10 

Pier 10 LRFD HP10x57 234.00 228.31 7.00 29.33 1.0 14 

Pier 11 LRFD HP10x57 234.00 228.31 7.00 29.33 1.0 14 

Pier 12 LRFD HP10x57 234.00 228.31 7.00 28.83 1.0 14 

Pier 13 LRFD HP10x57 234.00 228.31 7.00 28.83 1.0 14 

Pier 14 LRFD HP10x57 234.00 228.31 7.00 29.33 1.0 14 

Pier 15 LRFD HP10x57 234.00 228.31 7.00 28.25 1.0 14 

Pier 16 LRFD HP10x57 234.00 228.31 7.00 27.00 1.0 12 

Pier 17 LRFD HP10x57 234.00 228.31 7.00 25.83 1.0 12 

Pier 18 LRFD HP10x57 242.00 228.31 3.00 24.50 1.0 10 

Abut 19 LRFD HP10x57 250.39 246.56 6.00 24.25 1.0 7 
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Table 11 – Foundation Design loads provided by Structure Design 
 

Support 
Location 

Pile 
Type 

Service Limit State  Strength Limit State Extreme Event Limit State 

(kips) (kips) (kips) 

Total Vertical 
Load 

Permanent 
Loads 

Compression Tension Compression Tension Shear 

Per 
Support 

Max 
Per 
Pile 

Per 
Support 

Per 
Support 

Max 
Per 
Pile 

Per 
Support 

Max 
Per 
Pile 

Per 
Support 

Max 
Per 
Pile 

Per 
Support 

Per 
Support 

Max 
Per 
Pile 

Abut 1 HP10x57 595 85 394 875 125 N/A N/A N/A N/A N/A N/A N/A 

Pier 2 HP10x57 836 115 461 1093 162 N/A N/A 563 56 N/A 264 26 

Pier 3 HP10x57 870 121 466 1139 155 N/A N/A 496 50 N/A 138 14 

Pier 4 HP10x57 860 98 449 1126 133 N/A N/A 454 45 N/A 137 14 

Pier 5 HP10x57 838 88 428 1100 125 N/A N/A 446 45 N/A 137 14 

Pier 6 HP10x57 839 91 428 1101 125 N/A N/A 471 47 N/A 136 14 

Pier 7 HP10x57 918 107 502 1200 141 N/A N/A 515 51 N/A 258 26 

Pier 8 HP10x57 947 132 531 1236 174 N/A N/A 553 55 N/A 257 26 

Pier 9 HP10x57 889 103 546 1214 144 N/A N/A 524 52 N/A 178 18 

Pier 10 HP10x57 954 75 538 1245 100 N/A N/A 564 40 N/A 134 10 

Pier 11 HP10x57 956 78 540 1248 102 N/A N/A 567 41 N/A 133 9 

Pier 12 HP10x57 1031 99 615 1342 130 N/A N/A 631 45 N/A 253 18 

Pier 13 HP10x57 1031 87 615 1342 117 N/A N/A 627 45 N/A 251 18 

Pier 14 HP10x57 944 74 522 1232 101 N/A N/A 568 41 N/A 131 9 

Pier 15 HP10x57 926 69 519 1209 96 N/A N/A 533 38 N/A 131 9 

Pier 16 HP10x57 907 90 494 1185 119 N/A N/A 510 42 N/A 130 11 

Pier 17 HP10x57 921 103 508 1203 135 N/A N/A 555 46 N/A 130 11 

Pier 18 HP10x57 834 104 457 1090 152 N/A N/A 575 58 N/A 246 25 

Abut 19 HP10x57 595 85 394 875 125 N/A N/A N/A N/A N/A N/A N/A 
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Table 12 –Foundation Design Recommendations 
 

Support 
Location 

Pile 
Type 

Cut-off 
Elevation 

(NAVD 
88, ft) 

Service 
Limit 
State  
Load 
per 

Support 
(kips) 

Total 
Permissible 

Support 
Settlement 

(inches) 

Required Factored Nominal 
Resistance (kips) Design 

Tip 
Elevations 
(NAVD 88, 

ft) 

Specified 
Tip 

Elevation 
(NAVD 
88,ft)3 

Strength Limit Extreme Event 

Comp. Tension Comp. Tension 

(ϕ=0.7) (ϕ=0.7) (ϕ=1) (ϕ=1) 

Abut-1 HP10x57 246 595 1 125 N/A N/A N/A 

(a-I)=198 

198 

(b-I)=N/A 

(a-II)=N/A 

(b-II)=N/A 

(c)=219 

(d): Note 2 

Pier-2 HP10x57 228 836 1 162 N/A 563 N/A 

(a-I)=183 

183 

(b-I)=N/A 

(a-II)=201 

(b-II)=N/A 

(c)=197 

(d): Note 2 

Pier-3 HP10x57 228 870 1 155 N/A 496 N/A 

(a-I)=185 

185 

(b-I)=N/A 

(a-II)=205 

(b-II)=N/A 

(c)=196 

(d): Note 2 

Pier-4 HP10x57 228 860 1 133 N/A 454 N/A 

(a-I)=189 

189 

(b-I)=N/A 

(a-II)=205 

(b-II)=N/A 

(c)=199 

(d): Note 2 

Pier-5 HP10x57 228 838 1 125 N/A 446 N/A 

(a-I)=192 

192 

(b-I)=N/A 

(a-II)=199 

(b-II)=N/A 

(c)=202 

(d): Note 2 
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Pier-6 HP10x57 228 839 1 125 N/A 471 N/A 

(a-I)=192 

192 

(b-I)=N/A 

(a-II)=199 

(b-II)=N/A 

(c)=202 

(d): Note 2 

Pier-7 HP10x57 228 918 1 141 N/A 515 N/A 

(a-I)=188 

188 

(b-I)=N/A 

(a-II)=208 

(b-II)=N/A 

(c)=199 

(d): Note 2 

Pier-8 HP10x57 228 947 1 174 N/A 553 N/A 

(a-I)=184 

184 

(b-I)=N/A 

(a-II)=208 

(b-II)=N/A 

(c)=194 

(d): Note 2 

Pier-9 HP10x57 228 889 1 144 N/A 524 N/A 

(a-I)=188 

188 

(b-I)=N/A 

(a-II)=208 

(b-II)=N/A 

(c)=199 

(d): Note 2 

Pier-10 HP10x57 228 954 1 100 N/A 564 N/A 

(a-I)=192 

192 

(b-I)=N/A 

(a-II)=210 

(b-II)=N/A 

(c)=205 

(d): Note 2 

Pier-11 HP10x57 228 956 1 102 N/A 567 N/A 

(a-I)=181 

181 

(b-I)=N/A 

(a-II)=210 

(b-II)=N/A 

(c)=204 

(d): Note 2 



Mr. Bartt Gunter Santa Ana River Bridge (widen) 
Dec 13, 2012 Br # 55-0106 
Page 17 EA 12-0C5601 
 

“Caltrans improves mobility across California”  

 

Pier-12 HP10x57 228 1,031 1 130 N/A 631 N/A 

(a-I)=173 

173 

(b-I)=N/A 

(a-II)=210 

(b-II)=N/A 

(c)=201 

(d): Note 2 

Pier-13 HP10x57 228 1,031 1 117 N/A 627 N/A 

(a-I)=183 

183 

(b-I)=N/A 

(a-II)=212 

(b-II)=N/A 

(c)=204 

(d): Note 2 

Pier-14 HP10x57 228 944 1 101 N/A 568 N/A 

(a-I)=185 

185 

(b-I)=N/A 

(a-II)=212 

(b-II)=N/A 

(c)=204 

(d): Note 2 

Pier-15 HP10x57 228 926 1 96 N/A 533 N/A 

(a-I)=184 

184 

(b-I)=N/A 

(a-II)=213 

(b-II)=N/A 

(c)=207 

(d): Note 2 

Pier-16 HP10x57 228 907 1 119 N/A 510 N/A 

(a-I)=174 

174 

(b-I)=N/A 

(a-II)=212 

(b-II)=N/A 

(c)=204 

(d): Note 2 

Pier-17 HP10x57 228 921 1 135 N/A 555 N/A 

(a-I)=174 

174 

(b-I)=N/A 

(a-II)=212 

(b-II)=N/A 

(c)=190 

(d): Note 2 
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Pier-18 HP10x57 228 834 1 152 N/A 575 N/A 

(a-I)=173 

173 

(b-I)=N/A 

(a-II)=208 

(b-II)=N/A 

(c)=190 

(d): Note 2 

Abut-19 HP10x57 247 595 1 125 N/A N/A N/A 

(a-I)=191 

191 

(b-I)=N/A 

(a-II)=N/A 

(b-II)=N/A 

(c)=208 

(d): Note 2 

                                   Notes:  
1) Design tip elevations are controlled by: (a-I) Compression (Strength Limit), (b-I) Tension (Strength 

Limit), (a-II) Compression (Extreme Event), (b-II) Tension (Extreme Event), (c) Settlement, and (d) 
Lateral Load, respectively. 

2) Design tip elevation for lateral load is to be determined  by SD. 
3) Specified tip elevations for construction, unless controlled by the design pile tip elevation for lateral 

loads.                                    
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Table 13 – Recommended Pile Data Table 

 

Support 
Location 

Pile 
Type 

Required Minimum 
Nominal Resistance Based 
on the Strength Limit State 

Loads (kips) 

Design Tip  
Elevations 

Specified 
Tip 

Elevations 

(Note 3) 

Required 
Minimum 
Nominal 
Driving 

Resistance for 
Pile Acceptance

Compression Tension 
(NAVD 88, 

ft) 
(NAVD 88, 

ft) 
(Kips) 

Abut 1 HP10x57 180 N/A 
(a): 198 
(c): 219 
(d): Note 2 

198 220 

Pier 2 HP10x57 240 N/A 
(a): 183 
(c): 197 
(d): Note 2 

183 240 

Pier 3 HP10x57 230 N/A 
(a): 185 
(c): 196 
(d): Note 2 

185 230 

Pier 4 HP10x57 190 N/A 
(a): 189 
(c): 199 
(d): Note 2 

189 200 

Pier 5 HP10x57 180 N/A 
(a): 192 
(c): 202 
(d): Note 2 

192 180 

Pier 6 HP10x57 180 N/A 
(a): 192 
(c): 202 
(d): Note 2 

192 180 

Pier 7 HP10x57 210 N/A 
(a): 188 
(c): 199 
(d): Note 2 

188 220 

Pier 8 HP10x57 250 N/A 
(a): 184 
(c): 194 
(d): Note 2 

184 250 

Pier 9 HP10x57 210 N/A 
(a): 188 
(c): 199 
(d): Note 2 

188 210 

Pier 10 HP10x57 150 N/A 
(a): 192 
(c): 205 
(d): Note 2 

192 170 

Pier 11 HP10x57 150 N/A 
(a): 181 
(c): 204 
(d): Note 2 

181 150 

Pier 12 HP10x57 190 N/A 
(a): 173 
(c): 201 
(d): Note 2 

173 190 
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Pier 13 HP10x57 170 N/A 
(a): 183 
(c): 204 
(d): Note 2 

183 240 

Pier 14 HP10x57 150 N/A 
(a): 185 
(c): 204 
(d): Note 2 

185 190 

Pier 15 HP10x57 140 N/A 
(a): 184 
(c): 207 
(d): Note 2 

184 150 

Pier 16 HP10x57 170 N/A 
(a): 174 
(c): 206 
(d): Note 2 

174 200 

Pier 17 HP10x57 200 N/A 
(a): 174 
(c): 190 
(d): Note 2 

174 200 

Pier 18 HP10x57 220 N/A 
(a): 173 
(c): 190 
(d): Note 2 

173 240 

Abut 19 HP10x57 180 N/A 
(a): 191 
(c): 208 
(d): Note 2 

191 220 

Notes:  
1) Design tip elevations are controlled by: (a) Compression (c) Settlement, and (d) Lateral Load, respectively. 
2) Design tip elevation for lateral load is to be determined by SD.    
3) Unless controlled by the design tip elevations for lateral loads. In that case, replace the specified tip 

elevation in this table with the controlling design elevations for lateral loads.                         
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Based on the proposed center-to-center pile spacing and the soil conditions at the site, no reduction 
in axial pile resistance due to ground effect is considered necessary at any of the support locations. 
 
For laterally loaded pile analyses, reduction in the soil lateral resistance (p) due to group effects 
should be considered as per Section 10.7.2.4 of the AASHTO LRFD Bridge Design Specifications 
(2007) with the current California Amendments.  
 
10.0         CONSTRUCTION CONSIDERATIONS 

  
• Due to permit restrictions or the accessibility problems, exploratory borings could not be 

located within the footprint of the proposed pier or abutment foundations. Boring were located 
between two adjacent piers and drilled through the existing bridge deck.  As such, some 
variations in the subsurface soils at the locations of the supports from those encountered at the 
boring locations should be anticipated. 
 

• It should also be noted that due to the small size and discrete locations of the exploratory bore 
holes, the size ranges, amount, distribution or hardness of the localized hard material, cobbles 
and boulders present in the field may be significantly different from those encountered during 
drilling and presented in the LOTBs.  This aspect of the subsurface conditions was considered 
in the selection and design, and should also be considered in the construction of foundations at 
the site. 

 
• The proposed bridge (widen) site lies within the riverbed with artificial fill and/or alluvium 

derived from upper hills and mountains and underlain by hard clay-like formational materials. 
Very dense gravely sands and sandy gravels with SPT blow counts more than 100 were 
encountered in the artificial and alluvium materials, so were extremely hard cobbles and 
boulders. Therefore, hard and difficult pile driving conditions should be anticipated at this site. 
 

• Due to the erratic presence of very loose soils to extremely hard cobbles and boulders, highly 
variable resistance conditions should be anticipated when driving piles at this site.  The need to 
alternate driving equipment and techniques between those appropriate for soft/loose soil 
material and those appropriate for very hard rock drilling techniques should be anticipated in 
order to be able to install the piles to the specified tip elevations.  

 
• Due to the presence of liquefiable loose soils or consolidation soils, the required driving 

resistances for pile acceptance is equal or higher than that required based on the design 
factored loads (or the required design nominal resistances).  

 
• Pile driving equipment and methods should be carefully selected considering the site 

conditions and the potential challenges. Experienced personnel and driving aids such as tip 
driving shoes may be necessary to insure pile integrity during driving. Pile heads must be 
carefully protected from direct impact of the hammer by cushion-driving blocks or other 
appropriate measures.  
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• If the specified tip elevations cannot be reached despite the use of appropriate driving 
equipment and methods or solely due to localized hard conditions of the subsurface materials, 
predrilling a smaller hole through such materials or using other driving aids approved by the 
Engineer may be used to reach the specified tip elevations. However, no drilling is allowed for 
driven piles. 
 

• If predrilling is necessary and utilized, at any locations, the voids, if any, in the ground, must 
be completely filled with approved slurry concrete. Especially at pier 8, 9 and 10 located 
within or near the existing flood control levee area, all efforts shall be made to avoid predrillig 
or any other methods that may result in voids in the ground. If pre-drilling is necessary at these 
locations, all efforts shall be made to minimize voids in the ground. Contractor should be 
responsible for insuring the integrity of the existing levee during construction, including pile 
installation. 

 
• Accessibility, use of certain equipment and construction methods may be limited by other 

agencies. Permit requirements from other agencies, where necessary, should be carefully 
reviewed prior to the start of any field work.  Topography and surface conditions may also 
impose certain limitations and/challenges during construction. The contactor should be 
responsible for identifying any such limitations/challenges.  

 
• Pile Driving Acceptance Criteria: Per Caltrans Standard Specifications (2010) Section 49-

2.01A (4)(b), pile must be driven until the required nominal driving resistance is achieved and 
the specified tip elevation is reached.  
 
Pile driving resistance in the field should be assessed by the formula (nominal driving 
resistance Ru) as specified in the above referenced section of Standard Specifications. At least 
a two (2) week set up time and re-striking the piles are required for the acceptance of the piles 
at Piers 12 through Abutment 19. The required pile driving resistance for pile acceptance at 
these locations should be based on these re-strike hammer blow counts. 
 
Hammer blow counts measured during initial installation or re-striking after a shorter set up 
time may be approved by the Engineer if the contractor can demonstrate that the pile axial 
resistance will not decrease with further elapse of time by means of driving at least one 
sacrificial pile near one of these support locations and re-striking after different set up times. 
Location of the sacrificial pile, if installed, should be approved by the Engineer. Setup times 
may be permitted at the other support locations if requested by the contractor. 
 

• In no case shall the piles be tipped above any of the specified tip elevations that are not based 
on the required nominal resistance in compression for the Strength Limit State design. If a 
change in the specified pile tip elevations is deemed necessary based on actual conditions 
encountered during construction, this office and Structure Design Engineer should be contacted 
to review and evaluate the proposal, and, if necessary, to provide updated recommendations, on 
a case by case occurrence.  
 



Mr. Bartt Gunter Santa Ana River Bridge (widen) 
Dec 13, 2012 Br # 55-0106 
Page 23 EA 12-0C5601 
 

“Caltrans improves mobility across California”  

• If piles have to be relocated or alternative piles to be used, both cases have to be approved by 
this Office and the Structure Design Engineer (SE).  
 

• The contractor may propose, but is not required, to install sacrificial indicator piles to confirm 
the drivability, equipment, procedure, depth to the very dense bearing layer and ability to 
successfully achieve the required pile capacity.  

 
• Due to the close proximity of adjacent residential and commercial buildings, sound/noise and 

ground vibrations from the pile driving operation should be evaluated prior to construction. 
Mitigation measures, if necessary, should be used to control sound/noise and ground vibrations 
within the generally accepted permissible limits for the type of affected facilities and their 
occupants. The contactor should be responsible for evaluating the need for and establishing the 
permissible limits, and the implementation of appropriate mitigations measures if necessary. 
We recommend that a pre and post survey program be implemented, and to document 
conditions of the adjacent facilities. 
 

• A close construction inspection program should be implemented to verify the capacity of each 
pile. Field personnel must make sure that equipment and installation methods are being 
implemented in accordance to Caltrans Construction Specifications. Records must be kept 
daily for each pile installation. Any problems must be reported to the design office the same 
day. If problems reoccur, modification to the equipment or field procedures may be required. 

 
• No pile driving should be allowed, unless a field survey of the area has been accurately 

completed and documented. Contractor must become familiarized with the site conditions. 
Care must be exercised during pile driving to avoid damage to the close-by utilities. All 
utilities should be identified and protected or relocated. 

 
• All earth work shall be implemented in accordance to the recommendations outlined in Section 

19 of the Caltrans Standard Specifications (2010). 
 

• Contractor should provide equipment information and proposed driving methods, and 
supporting selection information to the RE for review and concurrence before field driving the 
piles. 

 
• It is recommended that our office be notified when pile driving begins in order to witness initial 

work progress.  
 

• Project Plans and Specifications should be submitted to our office for review.  
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• If you have any questions, please contact Michael (Quanyan) Liao at (949) 724-2978 or Dr. 

Mohammed Islam at (916) 227-0993.   
 
Prepared by:       
 
 
 
 
 
 
 
 
 
KRISTOPHER BARKER, C.E.G.   QUANYAN LIAO, G.E. 
Engineering Geologist    Transportation Engineer 
Office of Geotechnical Design South 1  Office of Geotechnical Design South 1 
Branch D      Branch D 
 
 
 
Reviewed by: 
 
 
 
MOHAMED ISLAM, Ph.D, G.E, PMP 
Senior Transportation Engineer 
Office of Geotechnical Design South -1 
 
 
 
 
cc:  District 12 Project Manager – Leo_Chen@dot.ca.gov 

Bridge Design Manager – Bartt_Gunter@dot.ca.gov 
Bridge Design Engineer – Wei-Kung_Shia@dot.ca.gov 
Bridge Design Engineer – Rui_Wang@dot.ca.gov 
District 12 Hazardous Waste – Reza_Aurasteh@dot.ca.gov 
GS Corporate –  Shira_Rajendra@dot.ca.gov 
 
Figure 2 – Site Plan 
Figure 3 - Approximate Boring Locations 
Figure 4 – Grouting Plan (Plan View) 
Figure 5 – Grouting Plan (Elevation View) 
Appendix I –Laboratory Data 
Appendix II – ARS Curve and Data 
Appendix III– Slope Stability Analysis 
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Appendix I: Laboratory Data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



























































TEST SUMMARY REPORT

EA

EFIS:

Dist/Co/Rte/PM:

12-0C5601

1200000078

Results sent to:  

Division of Engineering Services
Materials Engineering and Testing Services

Corrosion and Structural Concrete Field Investigation Branch
Report Date: 

Reported by Michael MifkovicSOIL
6/26/2012

SAM SUKIASIAN

Bridge #:

Bridge Name:12 / ORA /91/ / 7.9-9.5 PM

CORROSION
LAB #

MINIMUM
RESISTIVITY¹

pH¹(ohm cm)

CHLORIDE
CONTENT²
(ppm)

SULFATE
CONTENT³
(ppm)BORE #TL101 # START END

SAMPLE
LOCATION

FIELD
SAMPLE #

IS SAMPLE
CORROSIVE?

DEPTH
(FT)

570 6.98 285 156910 11.5CR20120284 C080015 A 12 004 NO

710 7.51 39 232710 11.5CR20120285 C080016 A 12 005 YES

660 7.37 86 3540 5CR20120288 C080020 R 12 032 NO

This site is corrosive to foundation elements(see note below for MSE wall backfill).

• Sulfate concentration is 2000 ppm or 
greater 

Controlling corrosion parameters are as follows:

Note:  For MSE wall structure backfill material, minimum resistivity must be 2000 ohm-cm or greater, pH must be between 
5.5 and 10.0, chloride content must not be greater than 250 ppm, and sulfate content must not be greater than 500 ppm. 

¹CTM 643, ²CTM 422, ³CTM 417

CR20120284 CR20120288

6/26/2012























TEST SUMMARY REPORT

EA

EFIS:

Dist/Co/Rte/PM:

12-0C5601

1200000078

Results sent to:  

Division of Engineering Services
Materials Engineering and Testing Services

Corrosion and Structural Concrete Field Investigation Branch
Report Date: 

Reported by Michael MifkovicSOIL
6/14/2012

AHMED MUSHTAQ

Bridge #:

Bridge Name:12 / ORA /91/ / 7.9-9.5 PM

CORROSION
LAB #

MINIMUM
RESISTIVITY¹

pH¹(ohm cm)

CHLORIDE
CONTENT²
(ppm)

SULFATE
CONTENT³
(ppm)BORE #TL101 #

DEPTH
START END

FT( ) SAMPLE
LOCATION

FIELD
SAMPLE #

IS SAMPLE
CORROSIVE?

1260 6.995 20CR20120256 C747857 BH 16A ROUTE 55/91 NO

443 7.56 208 39905 22CR20120257 C747858 BH 19 ROUTE 55/91 YES

508 7.78 337 34005 20CR20120258 C747859 BH 20 ROUTE 55/91 YES

1386 7.965 20CR20120259 C747860 BH 21 ROUTE 55/91 NO

2585 8.260 5CR20120260 C747861 BH 22 ROUTE 55/91 NO

5042 8.660 5CR20120261 C747862 A 12BH 34 ROUTE 55/91 NO

This site is corrosive to foundation elements(see note below for MSE wall backfill).

• Sulfate concentration is 2000 ppm or 
greater 

Controlling corrosion parameters are as follows:

Note:  For MSE wall structure backfill material, minimum resistivity must be 2000 ohm-cm or greater, pH must be between 
5.5 and 10.0, chloride content must not be greater than 250 ppm, and sulfate content must not be greater than 500 ppm. 

¹CTM 643, ²CTM 422, ³CTM 417

CR20120256 CR20120261

6/14/2012

A-12-034























 

 

 
 
 
 
 
 

Appendix II: ARS Curve Data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ARS CURVE ENVELOPE DATA

0.01 0.614
0.02 0.629

0.022 0.637
0.025 0.649
0.029 0.662
0.03 0.666

0.032 0.675
0.035 0.688
0.036 0.693
0.04 0.709

0.042 0.718
0.044 0.726



0.045 0.731
0.046 0.735
0.048 0.744
0.05 0.752

0.055 0.771
0.06 0.790

0.065 0.808
0.067 0.815
0.07 0.826

0.075 0.844
0.08 0.865

0.085 0.884
0.09 0.904

0.095 0.923
0.1 0.942

0.11 0.978
0.12 1.010
0.13 1.037

0.133 1.044
0.14 1.059
0.15 1.078
0.16 1.097
0.17 1.114
0.18 1.128
0.19 1.141
0.2 1.152

0.22 1.161
0.24 1.166
0.25 1.167
0.26 1.165
0.28 1.161
0.29 1.156
0.3 1.152

0.32 1.144
0.34 1.134



0.35 1.128
0.36 1.123
0.38 1.110
0.4 1.097

0.42 1.081
0.44 1.064
0.45 1.056
0.46 1.047
0.48 1.031
0.5 1.015

0.55 0.976
0.6 0.942

0.65 0.911
0.667 0.901

0.7 0.882
0.75 0.856
0.8 0.822

0.85 0.790
0.9 0.760

0.95 0.733
1 0.707

1.1 0.634
1.2 0.585
1.3 0.541
1.4 0.502
1.5 0.466
1.6 0.439
1.7 0.415
1.8 0.393
1.9 0.374
2 0.357

2.2 0.322
2.4 0.293
2.5 0.280
2.6 0.268



2.8 0.248
3 0.230

3.2 0.213
3.4 0.198
3.5 0.192
3.6 0.186
3.8 0.174
4 0.164

4.2 0.157
4.4 0.151
4.6 0.145
4.8 0.140
5 0.135



 

 

Appendix III: Slope Stability Analysis 
 



1.002

SLOPE -1 ( ABUT 1 - PIER 4)
Ky=0.224 g

#1

Material #: 1
Description: FILL
Wt: 115
Cohesion: 0
Phi: 34

Material #: 2
Description: Sand 1
Wt: 115
Cohesion: 0
Phi: 34

Material #: 3
Description: Sand 2
Wt: 125
Cohesion: 0
Phi: 36

Material #: 4
Description: Sand 3
Wt: 130
Cohesion: 0
Phi: 36

Material #: 5
Description: Sand 4
Wt: 135
Cohesion: 0
Phi: 43

Material #: 6
Description: Sand 5
Wt: 138
Cohesion: 0
Phi: 45

Material #: 7
Description: Liq Sand 1
Wt: 120
Cohesion: 520
Phi: 0

Material #: 8
Description: Liq Sand 2
Wt: 120
Cohesion: 560
Phi: 0

#2
#3
#4
#5
#6

#7
#8



1.015

SLOPE -2 (Pier 7 to Pier 10)
Ky=0.253

Material #: 1
Description: FILL
Wt: 120
Cohesion: 300
Phi: 34

Material #: 2
Description: Liq Sand
Wt: 120
Cohesion: 550
Phi: 0

Material #: 3
Description: Sand 1
Wt: 130
Cohesion: 0
Phi: 43

Material #: 4
Description: Sand 2
Wt: 130
Cohesion: 0
Phi: 37

Material #: 5
Description: Sand 3
Wt: 138
Cohesion: 0
Phi: 45

#1
#2
#3
#4
#5



1.000

SLOPE -3 (Pier 17 to Abut 19)
Ky=0.183

#1
#2
#3
#4
#5

#6

Material #: 1
Description: sand
Wt: 120
Cohesion: 200
Phi: 31

Material #: 2
Description: Liq sand
Wt: 120
Cohesion: 500
Phi: 0

Material #: 3
Description: Clay 1
Wt: 110
Cohesion: 850
Phi: 0

Material #: 4
Description: Sand
Wt: 135
Cohesion: 0
Phi: 43

Material #: 5
Description: Clay 2
Wt: 130
Cohesion: 3350
Phi: 0

Material #: 6
Description: FILL
Wt: 115
Cohesion: 850
Phi: 0
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Santa Ana River Bridge 

Bridge No. 55-0106 

12-ORA-091-PM 7.9/9.5 

EA: 12-0C5601 

 2

Hydrology/Hydraulic Report 
 

GENERAL: 

 

This Final Hydraulic Report (FHR) is a revision to and supersedes the original FHR (dated 

December 5, 2011) for the Santa Ana River Bridge (Bridge Number 55-0106) widening project 

located on State Route 91 in Orange County, CA. 

 

It is proposed to improve highway deficiencies at State Route 91 between the State Route 55 

connector to the Tustin Avenue Overcrossing from post mile 7.9 to 9.5 in the city of Anaheim, 

Orange County, California.  The proposed project will include widening the westbound lane on 

State Route 91 which will result in widening the existing Santa Ana River Bridge (Br. No. 55-

0106).  The Santa Ana River Bridge will be widened in the upstream direction by approximately 

23-feet, 9-inches and matching the existing structure type.   

 

See Figure 1 for a site map of the project and the Santa Ana River Bridge location.   

 

The existing structure is a continuous 18-span reinforced concrete T-beam structure with open 

end reinforced concrete seated abutments.  The support elements are reinforced concrete pier 

walls on steel piles.  The original left and right structures were built in 1954, both structures were 

widened in 1965, and in 1994 the two structures were connected with a median widening while 

also widening the whole structure in both the upstream and downstream edge of decks.  The 

current bridge length is 869.5 feet and has a total width of approximately 155.5 feet.   

 

The data and references of this hydraulic report were obtained from the following sources: 

• Caltrans’ Bridge Maintenance Records 

• “Preliminary Hydraulic Report – Widening of Santa Ana River Bridge” from the Office 

of Structure Hydraulics and Hydrology, dated July 1, 2010. 

• “Structures Final Hydraulic Report – Santa Ana River Bridge (Widening)” from the 

Office of Structure Hydraulics and Hydrology, dated December 5, 2011. 

• “Structure Preliminary Geotechnical Recommendations for 91 WB from NB SR-55 

Connector to Tustin Avenue OC” from the Office of Geotechnical Design South 1, dated 

May 4, 2010.   

• 1994 As-built General Plan, Foundation Plan, Abutment and Pier Details, and Log of 

Test Borings for the widening project of Santa Ana River Bridge (Br. No. 55-0106).   

• Design Study Plans for the proposed Santa Ana River Bridge widening from the Office of 

Bridge Design South, Bridge Design Branch 19, dated May 17, 2012.   

• Field photo documentation dated November 2001 and April 2009.  

• Historical channel cross sections for the Santa Ana River at the upstream face of the 

Santa Ana River Bridge (Br. No. 55-0106) dated January 1989, November 2001, and 

April 2009. 

• Federal Emergency Management Agency (FEMA) Flood Insurance Study for Orange 

County, California and Incorporated Areas (Flood Insurance Study Number 

06059CV001B), Volumes 1-3, dated December 2009. 



 

• HEC-RAS Hydraulic Model for the Santa Ana River

Highway to Weir Canyon Road) representing 

U.S. Army Corps of Engineers.

 

Note: unless otherwise stated, all vertical elevations in this report ar

National Geodetic Vertical Datum
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specific plans were modeled to cover all aspects of the design and anticipated 

xisting Conditions (unmodified USACE hydraulic model) Plan, and 

Proposed Conditions (23’-9” upstream deck widening) Plan.   

The USACE provided their hydraulic model of the mainstem Santa Ana River from Weir 

Canyon Road to the Pacific Coast Highway.  This model was used as the Existing Conditions

and provides a baseline condition to assess the impacts of the proposed bridge widening.  

Layout under the Santa Ana River Bridge (Br. No. 55-0106)

As mentioned previously, the USACE provided their HEC-RAS hydraulic model for the 

mainstem Santa Ana River from Weir Canyon Road in Orange County, CA to the Pacific Coast 

including the Santa Ana River Bridge at State Route 91.  This HEC-RAS model 

represents the Existing Conditions Plan and was left unmodified so that it can be compared to the 

o determine the impacts of the hydraulics and scour conditions on the 

mainstem Santa Ana River due to the bridge widening.   

The Proposed Conditions Plan represents the proposed widening of the existing Santa Ana River

by 23-feet, 9-inches.  The proposed bridge widening is on a bridge 

31” therefore the skewed widening, as the water sees it, is 27.71 feet.  
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to the Existing Conditions Plan, the proposed bridge width was widened from 180 feet to 207.71 

feet.  Due to the widening of the existing bridge one cross section (River Station 92710) had to 

be removed from the model.  This cross section was only 10 feet upstream of the existing Santa 

Ana River Bridge’s edge of deck and represents the upstream bounding cross section.  Therefore, 

a new cross section (River Station 92737.71) was developed to represent the new upstream 

bounding cross section for the proposed bridge.  In addition, the existing bridge was modified on 

the upstream edge of deck to introduce the new low chord elevations due to the bridge widening, 

structure depth, and the 2% cross slope.   

 

It should also be noted that the existing model developed by the USACE has pier widths of 1.5 

feet for all piers (Piers 10 through 18) on the existing Santa Ana River Bridge.  However, the 

true pier widths for Piers 10, 11, and 14 to 17 are 1.0 feet and Piers 12, 13, and 18 are 2.0 feet.  

In order to properly compare the hydraulic effects of the Existing Conditions Plan to the 

Proposed Condition Plan, the pier widths of 1.5 feet were unchanged.  On the other hand, for the 

total scour analysis the true pier widths of the Santa Ana River Bridge were used.   

 

BASIN: 

 

Santa Ana River watershed upstream of the existing structure drains a basin of approximately 

2,322 square miles (mi
2
); however, 97% (2,255 mi

2
) of the watershed is regulated above the 

Prado Dam flood control structure.  Prado Dam is located approximately 30.5 miles upstream 

from the Pacific Ocean.  The Santa Ana River’s headwaters begin in the rugged western slopes 

of the San Gabriel and San Bernardino Mountains and to a lesser extent in the San Jacinto and 

Santa Ana Mountains.   

 

The Santa Ana River is quite diverse, ranging from high peaks of the San Gabriel and San 

Bernardino Mountains in the north and east to the hot, dry interior and semi-desert basin to the 

flat coastal plains of Orange County.  Once the Santa Ana River leaves it’s headwaters at an 

elevation of approximately 7,000 feet it flows in a southwesterly direction into the arid interior 

basin of San Bernardino and Riverside Counties where it discharges into Prado Dam.  After 

flowing out of Prado Dam, the Santa Ana River begins its march through the rolling hills of 

Puente and Chino Hills then through the major urban areas of Orange County at an elevation of 

approximately 255 feet near the project site at State Route 91.  The channel bed just upstream 

from the bridge site has a channel slope of approximately 0.22-percent. 

 

The climate in the area of the Santa Ana River Bridge maintains a Mediterranean climate with 

warm to hot, dry summers and mild to cool, wet winters.  Average annual precipitation over the 

watershed is approximately 20 inches.  Temperatures for the area range between 47º F to 87º F 

with a mean annual temperature of about 66.5º F.   

 

DISCHARGE: 

 

According to the U.S. Army Corps of Engineers, the Santa Ana River mainstem channel near 

Highway 91 is designed for flood flows of approximately 38,000 cfs.  This design discharge is 

certified by the USACE to be the 100-year flood discharge and the improvements along the 
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lower Santa Ana River from Weir Canyon Road to the Pacific Ocean can adequately provide 

100-year flood protection.  The USACE 100-year flood discharge supersedes the FEMA flood 

insurance designation for the lower Santa Ana River.  Table 1 provides a summary of the 

flowrate condition used in this hydraulic report.   

 
Table 1: Design Discharge.   

Flowrate Condition Design Discharge (cfs) 

100-year Flood Event 38,000 

 

STAGE, VELOCITY, AND FREEBOARD: 

 

The USACE 100-year flood discharge was modeled through the Santa Ana River Bridge using 

the Existing Conditions Plan.  Table 2 summarizes the hydraulic parameters at the upstream face 

of the bridge at River Station 92710.  Using the existing soffit elevation and the water surface 

elevation, the available freeboard was calculated.  The existing conditions analysis provides a 

base comparison to the Proposed Conditions plan.   

 
Table 2: Hydraulic Parameters for Santa Ana River Bridge under Existing Conditions. 

Design Discharge 

(cfs) 

Soffit Elevation 

(ft) 

Water Surface 

Elevation (ft) 

Average channel 

Velocity (fps) 

Freeboard 

(ft) 

38,000 249.27 243.95 8.9 5.3 

 

Table 3 summarizes the hydraulic parameters after the upstream bridge widening (Proposed 

Conditions Plan) at River Station 92737.71.  As can be seen from Table 3, the change in water 

surface elevation has increased by approximately 0.17-feet (2.04 inches).  This increase is 

minimal and will not cause any backwater conditions that would adversely affect the channel to 

pass its flood discharges.   

 
Table 3: Hydraulic Parameters for Santa Ana River Bridge under Proposed Conditions.  

Design 

Discharge 

(cfs) 

Soffit 

Elevation 

(ft) 

Water 

Surface 

Elevation 

(ft) 

Average 

Velocity 

(fps) 

Freeboard 

(ft) 

∆ Water 

Surface 

Elevation 

(ft) 

∆ Average 

Channel 

Velocity 

(fps) 

38,000 248.82 244.12 8.9 4.7 +0.17 0.0 

 

Table 4 provides a summary of changes in water surface elevations comparing the existing and 

proposed conditions.  The flood water elevations due to the proposed bridge widening returned 

to existing conditions approximately 4,500 feet upstream of the proposed bridge’s upstream edge 

of deck.   

 

Table 4 also provides the available freeboard from the left and right bank levee elevations to the 

proposed water surface elevation of the bridge widening.   
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Table 4: Flood Water Elevation Changes and Available Freeboard due to the Proposed Bridge Widening.   

 

River 

Station
1
 

(ft) 

Existing 

Water 

Surface 

Elevation 

(ft) 

Proposed 

Water 

Surface 

Elevation 

(ft) 

∆ Water 

Surface 

Elevation 

(ft) 

Left Bank 

Levee 

Elevation 

(ft) 

Right Bank 

Levee 

Elevation 

(ft) 

Available 

Freeboard 

from Top 

of Levee
2
 

(ft) 

97376.8 251.97 251.97 0.00 258.27 259.27 6.30 / 7.30 

97200 251.59 251.59 0.00 257.50 259.00 5.91 / 7.41 

96800 250.74 250.75 +0.01 256.79 257.86 6.04 / 7.11 

96400 249.89 249.91 +0.02 256.07 256.71 6.16 / 6.80 

96000 249.07 249.09 +0.02 255.36 255.57 6.27 / 6.48 

95600 248.28 248.31 +0.03 254.25 254.25 5.94 / 5.94 

95200 247.54 247.58 +0.04 252.75 252.75 5.17 / 5.17 

94800 246.85 246.90 +0.05 251.33 251.33 4.43 / 4.43 

94400 246.21 246.28 +0.07 250.00 250.00 3.72 / 3.72 

94000 245.61 245.69 +0.08 249.00 249.00 3.31 / 3.31 

93600 245.06 245.16 +0.10 248.00 248.00 2.84 / 2.84 

93200 244.57 244.68 +0.11 247.00 247.00 2.32 / 2.32 

93000 244.34 244.46 +0.12 246.50 246.50 2.04 / 2.04 

92855 244.13 244.26 +0.13 246.45 246.45 2.19 / 2.19 

92737.71 -- 244.12 -- 246.46 246.46 2.34 / 2.34 

92710 243.95 -- -- 246.40 246.40 2.45 / 2.45 

92628 

Inside 

Bridge U/S 

243.37 243.56 +0.19 246.46 246.46 2.90 / 2.90 

92628 

Inside 

Bridge D/S 

241.59 241.59 0.00 245.10 245.10 3.51 / 3.51 

92530 241.72 241.72 0.00 245.10 245.10 3.38 / 3.38 

92415 241.51 241.51 0.00 244.85 244.85 3.34 / 3.34 
Notes: 
1 – River Station 92737.71 is the new upstream bounding cross section for the proposed bridge widening and River Station 

92710 is the existing cross section that was replaced due to the widening.   

2 – Left value is the available freeboard for the left bank levee and right value is the available freeboard for right bank levee.  

Freeboard is calculated from levee bank elevation to the calculated proposed water surface elevation.   
 

STREAMBED AND CHANNEL SLOPES: 

 

Subsurface conditions at the bridge site are based on the As-Built Log of Test Borings and the 

Preliminary Geotechnical Report.  The project location is underlain by alluvium derived from the 

surrounding mountains.  The Santa Ana River Bridge’s foundations lie on slightly compact, very 

fine to fine sand with some uncohesive silt layers in the upper layers and a compact to dense, 

fine to coarse clean sand below the bottom of footings.  This report assumes there is nothing 

unique about the soils supporting this structure that would prevent scour from reaching the 

predicted depths.   
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DRIFT: 

 

Field observations and photographic logs collected by Caltrans’ Structure Maintenance and 

Investigations show the river channel clear of any type of vegetation.  The channel side slopes 

near the project location is composed of loose and grouted rip rap.  Bridge maintenance records 

do not indicate any history of drift problems at the bridge site. 

 

The Office of Structure Hydraulics does not expect to have any drift problems for any given flow 

condition. 

 

SCOUR AND CHANNEL DEGRADATION: 

 

A total scour analysis was calculated for the proposed conditions applying the USACE 100-year 

flood discharge and in accordance to the guidelines by the Federal Highway Administration’s 

Hydraulic Engineering Circular Number 18 (HEC-18) – Evaluating Scour at Bridges, 4
th

 Edition.  

HEC-18 defines total scour as a summation of three components: (1) long-term degradation of 

the river bed, (2) general scour at the bridge, and (3) local scour at the piers and abutments.  

Table 5 provides a summary of the potential total scour depths for the proposed bridge widening.   

 

 Long-Term Degradation: 

The long-term stream degradation at the proposed bridge was calculated using a 75-year 

(assumed design life of the structure) projected degradation trend using historical channel cross 

sections at the upstream face of the existing bridge.  The resulting long-term degradation, as 

shown in Table 5, is 1.5 feet.   

 

 General Scour: 

General scour is a lowering of the streambed across the stream or waterway at the bridge.  The 

most common form of general scour is contraction scour.  Contraction scour occurs when the 

flow area of a stream at flood stage is reduced, either by a natural contraction of the stream 

channel or by a bridge structure.  At the project location, the channel is on a straight stream 

section and the abutments are placed outside of the stream’s overbanks not affecting the flow 

area of the upstream channel.  Therefore, no general scour is expected to occur and will not be 

analyzed.   

 

 Local Scour: 

Local scour involves the removal of bed material around piers, abutments, and embankments.  It 

is caused by an acceleration of flow and resulting vortices induced by obstructions to the flow.  

Local abutment scour for Abutment 19 (adjacent to the existing bicycle trail) was not analyzed 

because the 100-year flood water surface elevation in the channel was not high enough to cause 

scour. 

 

Upstream channel velocities and flow depths from the HEC-RAS Proposed Conditions Plan were 

utilized to evaluate local scour at each pier.  Table 5 provides a summary of the local pier scour 

depth and the mean upstream velocities used in the analysis.   
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The approximate final grade elevations were obtained from field surveys provided by Caltrans’ 

District 12 survey crew.  A total scour elevation was determined using these final grade 

elevations and the calculated total scour depths.  It should be noted that Piers 12 and 13 have 

total scour elevations approximately 1.39 feet below the bottom of pile cap elevation of 225.5 

feet.   

 
Table 5: Total Scour Conditions for the Proposed Bridge Widening. 

Pier 

Location 

Approx. 

Final 

Grade 

Elevation
1
 

(ft) 

Local Pier 

Scour 

Depth 

(ft) 

Mean 

Upstream 

Velocity 

(ft/s) 

Long Term 

Degradation 

(ft) 

Total 

Scour 

Depth 

(ft) 

Total 

Scour 

Elevation
2
 

(ft) 

Pier 10 231.61 1.7 2.12 1.5 3.2 228.41 

Pier 11 231.61 3.8 9.16 1.5 5.3 226.31 

Pier 12 231.61 6.0 9.16 1.5 7.5 224.11 

Pier 13 231.61 6.0 9.16 1.5 7.5 224.11 

Pier 14 231.61 3.8 9.16 1.5 5.3 226.31 

Pier 15 231.61 3.8 9.16 1.5 5.3 226.31 

Pier 16 231.61 3.8 9.16 1.5 5.3 226.31 

Pier 17 231.61 3.8 9.16 1.5 5.3 226.31 

Pier 18 239.61 --
3
 4.78 --

3
 --

3
 -- 

Notes: 
1 – Final grade elevations were estimated from field surveys provided by Caltrans’ District 12 survey crew and are considered 

approximate. 

2 – Bottom of pile cap elevation is 225.5-feet for Piers 10 through 17. 

3 – Scour and degradation for Pier 18 were not analyzed due to asphalt pavement surrounding this pier. 

 

REQUIRED WATERWAY: 

 

Through hydraulic modeling it has been determined that Santa Ana River Bridge’s proposed 

widening is able to pass all flowrate conditions without soffit impact.  The proposed bridge 

widening will have no significant impacts to the existing waterway at or near the bridge. 

 

CONCLUSIONS / RECOMMENDATIONS: 

 

• The proposed bridge widening of Santa Ana River Bridge was analyzed and determined not 

to cause any significant hydraulic or scour issues. 

• The proposed bridge widening will raise the water surface elevation at the upstream edge of 

deck by approximately 0.17 feet. 

• The soffit elevation of the proposed widening is approximately 248.8 feet. 

• Predicted total scour depths were calculated to be 3.2 feet for Pier 10, 5.3 feet for Piers 11 

and 14 to 17, and 7.5 feet for Piers 12 and 13.   
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Summary Information for the Bridge Designer  

 

All vertical elevations on this sheet are based on the NGVD-1929 vertical datum. 

 

Minimum Soffit Elevation 248.8 ft 

Anticipated Total Scour Depths for: 

Pier 10 

Piers 11 and 14 to 17 

Piers 12 and 13 

 

3.2 ft 

5.3 ft 

7.5 ft 

Average Velocity (for 100-Yr Flood Event) 8.9 fps 

 

HYDROLOGIC SUMMARY 

Drainage Area: 2,322 square miles 

 Design Flood Base Flood Overtopping Flood 

Flood Frequency 50-Year 100-Year >> 500-yr 

Discharge - 38,000 cfs - 

Water Surface 

Elevation at Bridge 
- 244.1 ft - 

Flood plain data are based upon information available when the plans were prepared and are 

shown to meet federal requirements.  The accuracy of said information is not warranted by the 

State and interested or affected parties should make their own investigation. 

 

This report has been prepared under my direction as the professional engineer in responsible 

charge of the work, in accordance with the provisions of the Professional Engineers Act of the 

State of California. 
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EXECUTIVE SUMMARY 

The State of California Department of Transportation (Department) authorized Ninyo & Moore 

to conduct an aerially deposited lead (ADL) site investigation at the northbound (NB) State 

Route 55 (SR-55) to westbound (WB) State Route 91 (SR-91) connector in the city of Anaheim, 

California (Figure 1).Work was conducted in general accordance with the Department Contract 

No. 12A1340, Task Order No. 12-0C5601-03, dated February 14, 2012.  

It is our understanding that the Department is proposing to construct an exit bypass lane on WB 

SR-91 from west of Tustin Ave to east of the NB SR-55/WB SR-91 connector. The project will 

also include reconstruction of the WB auxiliary lane from NB SR-55/WB SR-91 connector to the 

Tustin off-ramp (Figure 1). This investigation was performed to evaluate the presence of lead in 

soil resulting from the combustion of leaded fuel from nearby traffic. Data collected during this 

investigation were used to develop recommendations for the potential reuse or disposal of soil 

excavated from the site and to inform the Department of potential health and safety issues con-

cerning the presence of lead in soil for workers at the site during construction activities. 

Ninyo & Moore collected 79 soil samples from 20 borings at the site (B1 through B20). Eighteen 

of the 79 samples contained total lead concentrations greater than or equal to 50 milligrams per 

kilogram and were subsequently analyzed for soluble lead in accordance with the Waste Extrac-

tion Test (WET) using citric acid as the extractant. Eleven of those 18 sample results were 

greater than the Soluble Threshold Limit Concentration for California hazardous waste (Title 22 

California Code of Regulations [CCR] Section 66261.24) of 5.0 milligrams per liter (mg/l) and 

were subsequently analyzed for soluble lead by the WET using deionized water as the extractant 

(WET-DI) and in accordance with the Toxicity Characteristic Leaching Procedure (TCLP). The 

results of the soluble lead by WET-DI were below 1.5 mg/l and the TCLP results were below 5.0 

mg/l (below the threshold for federal hazardous waste under Resource Conservation and Recov-

ery Act [Title 40 Code of Federal Regulations {CFR} 261-24]). Eight samples were analyzed for 

pH. The pH levels ranged from 8.2 to 9.1. 
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Our recommendations for soil reuse on site are based on the guidelines set forth by the Depart-

ment of Toxic Substances Control (DTSC) Lead Variance issued to the Department on June 30, 

2009 (DTSC Variance). Laboratory analytical results for lead were compared to the guidelines of 

the DTSC Variance for potential reuse of the soil as fill within the Department right-of-way. 

Our recommendations for off-site disposal were based on the comparison of lead concentrations 

in soil samples to the California Health and Safety Code thresholds and Title 40 CFR 261.24 

thresholds. 

Based on the analytical results, the site was divided into two groups. Group 1 includes borings 

B1 through B5 (from approximate station numbers 549+00 [SR-55] to 534+00 [SR-55]) and 

Group 2 includes borings B6 through B20 (from approximate station numbers 534+00 [SR-55] 

to 484+00 [SR-91]). The on-site reuse and the off-site disposal recommendations for the two 

groups are summarized below.  

Group 1 – Recommendations for Soil for Reuse by the Department  

All scenarios: The soil in all layer combinations (surface to 4 feet below ground surface [bgs]) is 

suitable for on-site reuse by the Department with no restrictions based on total and soluble lead 

concentrations (Type X). 

Group 1 – Recommendations for Soil to be Disposed Off Site  

All scenarios: The soil in all layer combinations (surface to 4 feet bgs) is classified as non-

hazardous and may be disposed off site with no restrictions based on total and soluble lead con-

centrations (Type X). 

Group 2 – Recommendations for Soil for Reuse by the Department  

Soil at the site can be reused on site with the following restrictions:  

 Scenario A: The soil in the surface layer (surface to 0.5 feet bgs) (Type Y1) may be reused 

on site if it is placed a minimum of 5 feet above the maximum water table elevation and 

covered with at least 1 foot of non-hazardous soil. The remaining soil from the 1.5- to 4-foot 

layers combined (0.5 to 4 feet bgs) is suitable for on-site reuse by the Department with no 

restrictions based on total and soluble lead concentrations (Type X).  
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 Scenario B: The soil in the surface and 1.5-foot layers combined (surface to 1.5 feet bgs) 

(Type Y1) may be reused on site if it is placed a minimum of 5 feet above the maximum wa-

ter table elevation and covered with at least 1 foot of non-hazardous soil. The remaining soil 

from the 3- and 4-foot layers combined (1.5 to 4 feet bgs) is suitable for on-site reuse by the 

Department with no restrictions based on total and soluble lead concentrations (Type X). 

 Scenario C: The soil in the surface to 3-foot layers combined (surface to 3 feet bgs) 

(Type Y1) may be reused on site if it is placed a minimum of 5 feet above the maximum wa-

ter table elevation and covered with at least 1 foot of non-hazardous soil. The remaining soil 

from the 4-foot layer (3 to 4 feet bgs) has no restrictions based on total and soluble lead con-

centrations (Type X). 

 Scenario D: The soil in the layers combined (surface to 4 feet bgs) (Type Y1) may be reused 

on site if it is placed a minimum of 5 feet above the maximum water table elevation and 

covered with at least 1 foot of non-hazardous soil. 

Group 2 – Recommendations for Soil to be Disposed Off Site  

If the Department elects to dispose the soil off site, the following restrictions apply:  

 Scenario A: The soil in the surface layer (surface to 0.5 feet bgs) is classified as California 

hazardous and should be disposed at a Class 1 disposal site in accordance with Title 22 CCR 

requirements (Type Z2). The remaining soil from the 1.5- to 4-foot layers combined (0.5 to 4 

feet bgs) is classified as non-hazardous and may be disposed off site with no restrictions 

based on total and soluble lead concentrations (Type X).  

 Scenario B: The soil in the surface and 1.5-foot layer combined (surface to 1.5 feet bgs) is 

classified as California hazardous and should be disposed at a Class 1 disposal site in ac-

cordance with Title 22 CCR requirements (Type Z2). The remaining soil from the 3- and 4-

foot layers combined (1.5 to 4 feet bgs) is classified as non-hazardous and may be disposed 

off site with no restrictions based on total and soluble lead concentrations (Type X).  

 Scenario C: The soil in the surface to 3-foot layers combined (surface to 3 feet bgs) and in 

the 4-foot layer (3 to 4 feet bgs) is classified as California hazardous and should be disposed 

at a Class 1 disposal site in accordance with Title 22 CCR requirements (Type Z2). 

 Scenario D: The soil in the layers combined (surface to 4 feet bgs) is classified as California 

hazardous and should be disposed at a Class 1 disposal site in accordance with Title 22 CCR 

requirements (Type Z2). 

The Department should notify the contractors performing the construction activities that elevated 

concentrations of lead are present in on-site soil. Appropriate health and safety measures should 

be taken to minimize the potential exposure to lead. 
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1. INTRODUCTION 

The State of California Department of Transportation (Department) authorized Ninyo & Moore 

to conduct an aerially deposited lead (ADL) site investigation at the northbound (NB) State 

Route 55 (SR-55) to westbound (WB) State Route 91 (SR-91) connector in the city of Anaheim, 

California (Figure 1). Work was conducted in general accordance with the Department Contract 

No. 12A1340, Task Order No. 12-0C5601-03 (TO 03), dated February 14, 2012.  

1.1. Project Description and Objective 

It is our understanding that the Department is proposing to construct an exit bypass lane on 

WB SR-91 from west of Tustin Ave to east of the NB SR-55/WB SR-91 connector. The pro-

ject will also include reconstruction of the WB auxiliary lane from NB SR-55/WB SR-91 

connector to the Tustin off-ramp (Figure 1). This report has been prepared by Ninyo & 

Moore to document the results of a study to evaluate the presence of ADL along the unpaved 

shoulder area of the site. Twenty borings were hand augered at the site for this task order. 

1.2. Scope of Work 

Ninyo & Moore performed the tasks described in the following sections. 

1.2.1. Pre-Field Activities 

Pre-field activities included: 

 Preparing a site specific health and safety plan (HSP). 

 Marking boring locations at the sites. 

 Notifying Underground Service Alert (USA) that Ninyo & Moore would be ad-

vancing soil borings in the area (USA ticket number A20671224). 

 Preparing a project schedule and coordinating work with subcontractors.  

1.2.2. Soil Sampling 

Soil sampling was conducted on March 13, 2012. Twenty sampling locations (B1 

through B20) were chosen, as shown on Figure 2. One boring at each sampling location 

was advanced and sampled using a hand auger. Four soil samples were attempted for 
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collection from depths of surface to ½, 1½ to 2, 2 ½ to 3, and 3 ½ to 4 feet below 

ground surface (bgs) at each boring location.  

1.2.3. Laboratory Analysis 

Ninyo & Moore submitted the soil samples under chain-of-custody (COC) protocol to 

Pat-Chem Laboratories of Moorpark, California; a laboratory certified by the State of 

California Department of Health Services Environmental Laboratory Accreditation Pro-

gram. 

1.2.4. Global Positioning System Surveying 

Approximate latitude and longitude (North American Datum 83) of sampling locations 

were recorded with a handheld GPS unit (GeoXT, Trimble). The latitude and longitude 

data for each boring are presented on Table 1. 

1.2.5. Report Preparation 

This report was prepared in general accordance with Department Contract No. 12A1340 

and TO 03 dated February 14, 2012. 

1.3. Previous Site Investigations 

Ninyo & Moore has not performed previous investigations at this site. In addition, the De-

partment has not notified Ninyo & Moore of previous investigations performed at the site. 

2. BACKGROUND 

The Department obtained a variance (V09 HQSCD006) from the California Environmental Pro-

tection Agency, Department of Toxic Substances Control (DTSC), on June 30, 2009 (DTSC 

Variance). The DTSC Variance allows for conditional reuse of lead-impacted soil within the De-

partment right-of-way (ROW). Background information regarding the source of ADL and the 

reuse or disposal of lead-impacted soil is discussed in the following sections. 

2.1. Aerially Deposited Lead in Soil 

Analyses for lead in soil along highways throughout the state of California have revealed 

that lead is commonly present along the shoulders of the highways as a result of automobile 
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exhaust containing lead from the combustion of leaded gasoline. Elevated concentrations of 

lead are commonly found in the upper 2 feet of soil. Lead concentrations in soil are depend-

ent on many variables; but in general, are a function of the age of the highway and the 

volume of traffic using the highway. 

2.2. Hazardous Waste Classification Criteria 

Soil that exceeds the following limitations may be classified as hazardous waste with respect 

to lead concentrations: 

 The soil contains more than 1,000 milligrams per kilogram (mg/kg) total lead, exceed-

ing the Total Threshold Limit Concentration (TTLC) for California hazardous waste 

(Title 22 California Code of Regulations [CCR], Section 66261.24); 

 The soil contains more than 5.0 milligrams per liter (mg/l) citric acid-extractable lead, 

exceeding the Soluble Threshold Limit Concentration (STLC) for California hazardous 

waste (Title 22 CCR, Section 66261.24); 

 The soil contains more than 5.0 mg/l leachable lead using the Toxicity Characteristic 

Leaching Procedure (TCLP), exceeding the maximum concentration for the toxicity 

characteristic of the Resource Conservation and Recovery Act (RCRA; Title 40 Code of 

Federal Regulations [CFR] 261.24); or 

 The soil pH is less than or equal to 2.0 or greater than or equal to 12.5, which exceeds 

the limits for the corrosivity characteristic of RCRA hazardous waste (40 CFR 261.22) 

and California hazardous waste (Title 22 CCR, Section 66261.22). 

2.3. DTSC Variance 

In accordance with the DTSC Variance, soil that is subject to the guidelines presented below 

may be reused within the Department ROW. A chart presenting the different ADL soil type 

classifications is included in Appendix A. 

2.3.1. Reuse – Condition 1 

Soil containing less than 1.5 mg/l extractable lead by the Waste Extraction Test (WET) 

using de-ionized water as the extractant (WET-DI) and less than or equal to 1,411 

mg/kg total lead (United States Environmental Protection Agency [EPA] Method 

6010B) may be used as fill in the Department ROW provided the soil is placed a mini-
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mum of 5 feet above the maximum level of the water table and covered with at least 

1 foot of non-hazardous soil. 

2.3.2. Reuse – Condition 2 

Soil containing greater than or equal to 1.5 mg/l, but less than 150 mg/l, extractable lead 

by WET-DI method, or more than 1,411 mg/kg total lead but less than 3,397 mg/kg total 

lead, may be used as fill in the Department ROW provided the soil is placed a minimum 

of 5 feet above the maximum level of the water table and protected from infiltration by 

a paved structure that will be maintained by the Department. 

2.3.3. Reuse – Condition 3 

Lead-contaminated soil with a pH less than 5.5 but greater than 5.0 shall only be used as 

fill material under the paved portion of the roadway. Lead-contaminated soil with a pH 

at or less than 5.0 shall be managed as a hazardous waste. 

2.4. Criteria for Disposal of Soil Not Intended for Reuse On Site 

If the Department elects to dispose soil within the Department ROW that has been excavated 

during construction activities, the soil may be classified either as hazardous waste or non-

hazardous waste. The distinction is based on the total and soluble lead concentrations com-

pared to the TTLC and STLC criteria. As mentioned in Section 2.2, the TTLC for total lead 

is 1,000 mg/kg and the STLC for citric acid extractable lead is 5.0 mg/l. Waste containing 

lead concentrations in excess of or equal to those listed must be disposed at a Class I haz-

ardous waste disposal facility pursuant to State of California regulations. 

3. INVESTIGATION METHODS 

The investigation activities are described in the following subsections and were conducted in 

general accordance with the TO that was approved by the Department prior to beginning the field 

activities. 
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3.1. Health and Safety Plan (HSP) 

A site-specific HSP dated February 28, 2012, was prepared by Ninyo & Moore and submit-

ted to the Department for approval prior to commencing field work.  

3.2. Utility Clearance 

The boring locations were described to USA during the notification at least 2 working days 

prior to conducting the soil sampling. USA marked the member utilities known to be in the 

vicinity of the boring locations.  

3.3. Hand-Auger Sampling 

The field work was conducted on March 13, 2012. The boring locations were approved by 

the Department Task Order Manager and are shown on the attached Figures 2 through 8. 

Four samples were attempted for collection from each of the five boreholes at depths of ½, 

1½ to 2, 2 ½ to 3, and 3 ½ to 4 feet bgs unless refusal was encountered. The depths reached 

for each boring are presented on Table 1. 

Samples were placed into new, 4-ounce, glass jars; capped with Teflon-coated plastic lids; 

labeled; placed in a resealable plastic bag; and stored in a cooler. The sampling equipment 

was decontaminated between each boring. Soil samples were transferred under COC proto-

col to Pat-Chem Laboratories within 24 hours of collection. In accordance with the TO, soil 

sample homogenization was performed in the laboratory. 

Hand augering was conducted by Ninyo & Moore personnel. 

3.4. Investigation-Derived Wastes 

Soil cuttings generated by hand-auger drilling were returned to their corresponding bore-

holes after collection of soil samples. Decontamination water was transported to Ninyo & 

Moore’s Irvine office and placed in a drum pending chemical characterization. Based on the 

analytical result of the decontamination water sample, the decontamination water was sub-

sequently disposed in the sanitary sewer. 
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3.5. Laboratory Analyses 

Once the samples were received by Pat-Chem Laboratories the samples were homogenized 

and analyzed for the following: 

 Seventy-nine soil samples were analyzed for total lead using EPA Method 6010B;  

 Eighteen soil samples were analyzed for soluble lead by the WET using a citric acid ex-

traction (WET-citric); 

 Eleven soil samples was analyzed for soluble lead by the WET-DI and soluble lead by 

TCLP; 

 Eight soil samples were analyzed for pH using EPA Method 9045;  

 One decontamination water sample was analyzed for total lead using EPA Method 

6010B. 

4. ANALYTICAL RESULTS 

The results of this investigation are described in the following subsections. The analytical results 

of lead and pH are summarized in Table 1, and the sampling locations with their corresponding 

data are shown on Figures 3 through 8. Laboratory reports and COC records are included in Ap-

pendix B. 

4.1. Total Lead 

Seventy-nine soil samples were analyzed for total lead. The maximum total lead concentra-

tion was 1,100 mg/kg. The minimum total lead concentration was less than the laboratory 

practical quantitation limit of 1.0 mg/kg (Table 1). 

The decontamination water sample contained 0.54 mg/l of lead. 

4.2. Soluble Lead – Citric Acid 

Eighteen of the 80 samples contained total lead at a concentration of greater than or equal to 

50 mg/kg and were subsequently analyzed for soluble lead by WET-citric. The maximum 

soluble lead concentration was 71 mg/l. The minimum soluble lead concentration was 0.31 

mg/l (Table 1). 
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4.3. Soluble Lead – Deionized Water 

Eleven of the samples analyzed using the WET-citric contained soluble lead at a concentra-

tion greater than or equal to 5.0 mg/l and were subsequently analyzed for soluble lead using 

the WET-DI. The maximum soluble lead concentration using the WET-DI was 0.48 mg/l. 

The minimum soluble lead concentration using the WET-DI was the laboratory practical 

quantization limit of 0.20 mg/l. 

4.4. Soluble Lead – TCLP 

Eleven of the samples analyzed using the WET-citric contained soluble lead at a concentra-

tion greater than or equal to 5.0 mg/l and were subsequently analyzed for soluble lead by the 

TCLP. The maximum soluble lead concentration using the TCLP was 1.2 mg/l. The mini-

mum soluble lead concentration using the TCLP was 0.08 mg/l. 

4.5. pH 

Eight of the samples collected were analyzed for pH. The maximum pH level was 9.1 and 

the minimum pH level was 8.2.  

5. STATISTICAL EVALUATION 

The following subsections describe the statistical methods used to evaluate the lead data set for 

the site.  

Based on the analytical results, the site was divided into two groups. Group 1 includes borings 

B1 through B5 (from approximate station numbers 549+00 [SR-55] to 534+00 [SR-55]) and 

Group 2 includes borings B6 through B20 (from approximate station numbers 534+00 [SR-55] 

to 484+00 [SR-91]). 

In order to evaluate four of the possible soil excavation depth scenarios, the following depth 

combinations were evaluated: 

• Scenario A – surface soil (0 to ½ foot) and underlying subsurface soil (½ foot to 4 feet bgs) 

• Scenario B – the upper 1½ feet (0 to 1½ feet) and the underlying subsurface soil (1½ to 4 
feet) 
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 Scenario C – the upper 3 feet (0 to 3 feet) and the underlying subsurface soil (3 to 4 feet) 

 Scenario D – the entire 4-foot soil column 

5.1. Statistical Evaluation Methods 

The analytical results were evaluated statistically to recommend the appropriate method of 

on-site reuse or off-site disposal of excavated soil. Prior to performing statistical calcula-

tions, concentrations below the laboratory reporting limit were assigned values equal to half 

the reporting limit. Statistical methods were applied to the data set to evaluate: 

 The total lead data population distribution; 

 The one-sided upper confidence limits (UCLs) of the means of the total lead concentra-

tions; and 

 If there is an acceptable correlation between total and soluble lead concentrations that 

would allow prediction of soluble lead concentrations based on calculated UCLs. 

5.2. Population Distribution 

A test for population distribution is necessary in order to apply the appropriate evaluation 

methods when estimating the UCLs on the total lead means. When evaluating the distribu-

tion of total lead concentrations, total lead data are treated as one data set. Distribution was 

evaluated in accordance with EPA SW-846, Chapter Nine (1986) by comparing the mean to 

the variance of the total lead data sets. If the mean is greater than the variance, the data set is 

normally distributed and no transformation is performed. If the mean is less than the vari-

ance, the data set is transformed using an arcsine conversion. If the mean is approximately 

equal to the variance, the data set is transformed using a square-root conversion. A histo-

gram of the data is presented in Appendix D. 

5.3. Upper Confidence Limits 

The UCLs are used to address the uncertainty associated with estimating the true mean con-

centration of a population. As more data become available for a given site, the uncertainty of 

the estimate of a true statistical mean decreases and the UCLs move closer to the true mean 

of the population. 
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For this project, a 90 percent UCL is calculated for soil to be reused on site, while a 

95 percent UCL is calculated for soil to be disposed off site. As described in Section 2.3.2, 

the maximum 90 percent UCL allowed for soil reuse on site is 3,397 mg/kg. A total lead 

concentration above 1,000 mg/kg is classified as hazardous for soil not reused on site, corre-

sponding to a 95 percent UCL greater than or equal to 1,000 mg/kg. 

One-sided 90 and 95 percent UCLs of the true mean are defined as values that, when calcu-

lated repeated for randomly drawn subsets of data, equal or exceed the true mean 90 and 

95 percent of the time, respectively. The following equation (EPA, 1986) was used to calcu-

late the UCLs: 

UCL = x + tp 
S 

sqrt(n) 

Where: 

x = sample mean 

tp = student’s t for a one-tailed confidence interval and a probability of p 

S = standard deviation 

N = number of samples 

 

The samples in this study were collected using a systematic random sampling approach. 

SW-846 Chapter Nine indicates that statistical transformation should be used if the data set 

is not normally distributed and that statistical evaluations should be performed on the trans-

formed scale. The data for this project are not normally distributed and therefore must be 

transformed using the arcsine function. 

Transformation using the arcsine function is accomplished by calculating the arcsine of the 

concentration normalized to the maximum concentration in the population. That is: 

yi = arcsine 
xi 

xmax 

Where: 

yi = transformed value sample mean 

xi = reported concentration 

xmax = maximum concentration reported for the data set 
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The final result is transformed back to a concentration by multiplying the sine of the trans-

formed number by the maximum concentration: 

zi = xmax sin yi 

Results of this exercise are presented in Appendix C and are shown graphically on the block 

diagrams presented in Appendix F. 

5.4. Regression Analysis 

A linear regression analysis is used to create a soluble lead prediction model for use with the 

90 and 95 percent UCLs. A line fit to the data using the equation: 

y = mx + b 

Where: 

y = soluble lead by WET-citric acid, mg/l 

x = total lead concentration, mg/kg 

b = y-intercept 

m = slope 

 

slope = 
r x st 

ss 

Where: 

r = correlation coefficient 

st = standard deviation of the total lead concentrations 

ss = standard deviation of the soluble lead concentrations 

 

The linear equation from the regression is used to predict soluble lead concentrations for the 

statistical total lead UCLs. The integrity of the equation is directly related to ‘r,’ the correla-

tion coefficient, which should be greater than or equal to 0.8. 

A regression analysis was performed for this data set and the correlation coefficient was 

0.94. The regression analysis is included as Appendix E. 
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6. CONCLUSIONS 

The analyses of the data indicate that the surface layers tend to have the highest concentrations of 

total lead, followed by the 1½-, 3-, and 4-foot layers. Assuming the soil has not been disturbed 

since construction of the routes in the site vicinities, concentrations of total lead would be ex-

pected to decrease with depth.  

7. RECOMMENDATIONS 

Based on the findings of this study, recommendations are summarized on block diagrams in Ap-

pendix C and discussed below. 

7.1. Group 1 – Recommendations for Soil for Reuse by the Department  

All scenarios: The soil in all layer combinations (surface to 4 feet bgs) is suitable for on-site 

reuse by the Department with no restrictions based on total and soluble lead concentrations 

(Type X). 

7.2. Group 1 – Recommendations for Soil to be Disposed Off Site  

All scenarios: The soil in all layer combinations (surface to 4 feet bgs) is classified as non-

hazardous and may be disposed off site with no restrictions based on total and soluble lead 

concentrations (Type X). 

7.3. Group 2 – Recommendations for Soil for Reuse by the Department  

Soil at the site can be reused on site with the following restrictions:  

 Scenario A: The soil in the surface layer (surface to 0.5 feet bgs) (Type Y1) may be re-

used on site if it is placed a minimum of 5 feet above the maximum water table 

elevation and covered with at least 1 foot of non-hazardous soil. The remaining soil 

from the 1.5- to 4-foot layers combined (0.5 to 4 feet bgs) is suitable for on-site reuse 

by the Department with no restrictions based on total and soluble lead concentrations 

(Type X).  

 Scenario B: The soil in the surface and 1.5-foot layers combined (surface to 1.5 feet 

bgs) (Type Y1) may be reused on site if it is placed a minimum of 5 feet above the max-

imum water table elevation and covered with at least 1 foot of non-hazardous soil. The 

remaining soil from the 3- and 4-foot layers combined (1.5 to 4 feet bgs) is suitable for 

on-site reuse by the Department with no restrictions based on total and soluble lead 

concentrations (Type X). 
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 Scenario C: The soil in the surface to 3-foot layers combined (surface to 3 feet bgs) 

(Type Y1) may be reused on site if it is placed a minimum of 5 feet above the maximum 

water table elevation and covered with at least 1 foot of non-hazardous soil. The re-

maining soil from the 4-foot layer (3 to 4 feet bgs) has no restrictions based on total and 

soluble lead concentrations (Type X). 

 Scenario D: The soil in the layers combined (surface to 4 feet bgs) (Type Y1) may be 

reused on site if it is placed a minimum of 5 feet above the maximum water table eleva-

tion and covered with at least 1 foot of non-hazardous soil.  

7.4. Group 2 – Recommendations for Soil to be Disposed Off Site  

If the Department elects to dispose the soil off site, the following restrictions apply:  

 Scenario A: The soil in the surface layer (surface to 0.5 feet bgs) is classified as Califor-

nia hazardous and should be disposed at a Class 1 disposal site in accordance with Title 

22 CCR requirements (Type Z2). The remaining soil from the 1.5- to 4-foot layers com-

bined (0.5 to 4 feet bgs) is classified as non-hazardous and may be disposed off site with 

no restrictions based on total and soluble lead concentrations (Type X).  

 Scenario B: The soil in the surface and 1.5-foot layer combined (surface to 1.5 feet bgs) 

is classified as California hazardous and should be disposed at a Class 1 disposal site in 

accordance with Title 22 CCR requirements (Type Z2). The remaining soil from the 3- 

and 4-foot layers combined (1.5 to 4 feet bgs) is classified as non-hazardous and may be 

disposed off site with no restrictions based on total and soluble lead concentrations 

(Type X).  

 Scenario C: The soil in the surface to 3-foot layers combined (surface to 3 feet bgs) and 

in the 4-foot layer (3 to 4 feet bgs) is classified as California hazardous and should be 

disposed at a Class 1 disposal site in accordance with Title 22 CCR requirements 

(Type Z2). 

 Scenario D: The soil in the layers combined (surface to 4 feet bgs) is classified as Cali-

fornia hazardous and should be disposed at a Class 1 disposal site in accordance with 

Title 22 CCR requirements (Type Z2). 

The Department should notify the contractors performing the construction activities that ele-

vated concentrations of lead are present in on-site soil. Appropriate health and safety 

measures should be taken to minimize the potential exposure to lead. 
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8. HEALTH EFFECTS OF LEAD 

Concentrations of lead in soil at the site represent a potential threat to the health of site workers 

performing earthwork activities. 

Lead in its element form is a heavy, ductile, soft, gray metal. The permissible exposure limit for 

lead is 0.05 milligrams per cubic meter (mg/m
3
) in air based on an eight-hour time-weighted av-

erage. The immediately dangerous to life and health exposure limit is 100 mg/m
3
 as established 

by the National Institute of Occupational Safety and Health. Exposure may produce several 

symptoms including weakness, eye irritation, facial pallor, pale eyes, lassitude, insomnia, ane-

mia, tremors, malnutrition, constipation, paralysis of the wrists and ankles, abdominal pain, 

colic, nephropathy, encephalopathy, gingival lead line, hypertension, anorexia, and weight loss. 

Target organs are the central nervous system, kidneys, eyes, blood, gingival tissue, and the gas-

trointestinal tract. 

Because of the potential hazard from exposure to lead-contaminated soil, a lead HSP should be 

prepared by a Certified Industrial Hygienist (CIH). In addition, all site workers (earthwork) 

should have completed a training program meeting the requirements of 29 CFR 1910.120 and 

8 CCR 1532.1. The plan developed by the CIH should include a hazard analysis, dust control 

measures, air monitoring, signage, work practices, emergency response plans, personal protective 

equipment, decontamination, and documentation. 

9. LIMITATIONS 

The services outlined in this report have been conducted in a manner generally consistent with 

current regulatory guidelines. No warranty, expressed or implied, is made regarding the profes-

sional opinions presented in this report. Ninyo & Moore’s opinions are based on an analysis of 

observed conditions and on information obtained from third parties. It is likely that variations in 

soil conditions may exist. 

The samples collected and chemically analyzed and the observations made are believed to be 

representative of the general area evaluated; however, conditions can vary significantly between 

sampling locations. The interpretations and opinions contained in this report are based on the re-
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sults of laboratory tests and analyses intended to detect the presence and measure the concentra-

tion of selected chemical or physical constituents in samples collected from the site. The analyses 

have been conducted by an independent laboratory certified by the State of California to conduct 

such analyses. Ninyo & Moore has no involvement in, or control over, such analyses and has no 

means of confirming the accuracy of laboratory results. Ninyo & Moore, therefore, disclaims any 

responsibility for inaccuracy in such laboratory results. 

This document is intended to be used only in its entirety. No portion of the document, by itself, is 

designed to completely represent any aspect of the project described herein. Ninyo & Moore 

should be contacted if the reader wants any additional information, or has questions regarding 

content, interpretations presented, or completeness of this document. Opinions and judgments 

expressed herein, which are based on our understanding and interpretation of current regulatory 

standards, should not be construed as legal opinions. 

For individuals with sensory disabilities, this document is available in alternate formats upon re-

quest. For any questions regarding this document, please call or write David Yaghoubi, 

Environmental Engineering, 3347 Michelson Drive, Suite 100, Irvine, California 92612-1692. 

Phone Number (949) 724-2221. 
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Sample
Sample
Depth
(feet)

Sample
Date

TTLC
(mg/kg)

WET-citric
(mg/l)

WET-DI
(mg/l)

TCLP
(mg/l)

pH Latitude Longitude

B1-0.5 0.5 3/13/2012 17 -- -- -- -- 33.845311 -117.824547

B1-1.5 1.5 3/13/2012 22 -- -- -- --

B1-3.0 3 3/13/2012 ND<1.0 -- -- -- --

B1-4.0 4 3/13/2012 ND<1.0 -- -- -- --

B2-0.5 0.5 3/13/2012 5.2 -- -- -- 8.8 33.845061 -117.825329

B2-1.5 1.5 3/13/2012 ND<1.0 -- -- -- --

B2-3.0 3.0 3/13/2012 3.8 -- -- -- --

B2-4.0 4.0 3/13/2012 28 -- -- -- --

B3-0.5 0.5 3/13/2012 14 -- -- -- -- 33.844797 -117.826096

B3-1.5 1.5 3/13/2012 3.1 -- -- -- --

B3-3.0 3.0 3/13/2012 20 -- -- -- --

B3-4.0 4.0 3/13/2012 1.1 -- -- -- --

B4-0.5 0.5 3/13/2012 4.2 -- -- -- -- 33.844641 -117.826940

B4-1.5 1.5 3/13/2012 1.5 -- -- -- --

B4-3.0 3 3/13/2012 ND<1.0 -- -- -- 8.5

B4-4.0 4 3/13/2012 ND<1.0 -- -- -- --

B5-0.5 0.5 3/13/2012 4.4 -- -- -- -- 33.844712 -117.827840

B5-1.5 1.5 3/13/2012 ND<1.0 -- -- -- --

B5-3.0 3.0 3/13/2012 2.4 -- -- -- --

B5-4.0 4.0 3/13/2012 ND<1.0 -- -- -- --

B6-0.5 0.5 3/13/2012 13 -- -- -- -- 33.845277 -117.828769

B6-1.5 1.5 3/13/2012 130 8.6 ND<0.20 0.08 --

B6-3.0 3.0 3/13/2012 1.7 -- -- -- --

B6-4.0 4.0 3/13/2012 ND<1.0 -- -- -- --

B7-0.5 0.5 3/13/2012 600 16 ND<0.20 0.33 -- 33.845798 -117.829404

B7-1.5 1.5 3/13/2012 23 -- -- -- --

B7-3.0 3.0 3/13/2012 ND<1.0 -- -- -- --

B7-4.0 4.0 3/13/2012 ND<1.0 -- -- -- --

B8-0.5 0.5 3/13/2012 1,100 71 0.45 1.2 -- 33.846172 -117.829907

B8-1.5 1.5 3/13/2012 13 -- -- -- --

B8-3.0 3.0 3/13/2012 1.4 -- -- -- --

B8-4.0 4.0 3/13/2012 20 -- -- -- 8.8

B9-0.5 0.5 3/13/2012 42 -- -- -- -- 33.846643 -117.830737

B9-1.5 1.5 3/13/2012 14 -- -- -- --

B9-3.0 3.0 3/13/2012 ND<1.0 -- -- -- --

B9-4.0 4.0 3/13/2012 11 -- -- -- --

B10-0.5 0.5 3/13/2012 140 7.7 ND<0.20 0.17 8.5 33.847063 -117.831383

B10-1.5 1.5 3/13/2012 12 -- -- -- --

B10-3.0 3.0 3/13/2012 170 9.3 ND<0.20 0.13 --

B10-4.0 4.0 3/13/2012 4.7 -- -- -- --

B11-0.5 0.5 3/13/2012 76 4.2 -- -- -- 33.847604 -117.832139

B11-1.5 1.5 3/13/2012 120 9.0 ND<0.20 0.3 --

B11-3.0 3.0 3/13/2012 270 21 ND<0.20 0.53 --

B11-4.0 4.0 3/13/2012 310 22 0.32 0.62 --

B12-0.5 0.5 3/13/2012 14 -- -- -- -- 33.848006 -117.832705

B12-1.5 1.5 3/13/2012 6.4 -- -- -- --

B12-3.0 3.0 3/13/2012 22 -- -- -- --

B12-4.0 4.0 3/13/2012 56 2.8 -- -- --

B13-0.5 0.5 3/13/2012 17 -- -- -- 9.0 33.849898 -117.835266

B13-1.5 1.5 3/13/2012 29 -- -- -- --

B13-3.0 3.0 3/13/2012 32 -- -- -- --

TABLE 1 – SOIL ANALYTICAL RESULTS – AERIALLY DEPOSITED LEAD, pH, 
AND GPS COORDINATES

GROUP 1

GROUP 2

208449003 T ADL.xls 1
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Sample
Sample
Depth
(feet)

Sample
Date

TTLC
(mg/kg)

WET-citric
(mg/l)

WET-DI
(mg/l)

TCLP
(mg/l)

pH Latitude Longitude

TABLE 1 – SOIL ANALYTICAL RESULTS – AERIALLY DEPOSITED LEAD, pH, 
AND GPS COORDINATES

B13-4.0 4.0 3/13/2012 45 -- -- -- --

B14-0.5 0.5 3/13/2012 110 7.1 ND<0.20 0.16 -- 33.850530 -117.836097

B14-1.5 1.5 3/13/2012 160 4.4 -- -- --

B14-3.0 3.0 3/13/2012 ND<1.0 -- -- -- --

B14-4.0 4.0 3/13/2012 15 -- -- -- --

B15-0.5 0.5 3/13/2012 2.7 -- -- -- -- 33.850891 -117.836553

B15-1.5 1.5 3/13/2012 ND<1.0 -- -- -- 8.2

B15-3.0 3.0 3/13/2012 8.6 -- -- -- --

B16-0.5 0.5 3/13/2012 60 3.9 -- -- -- 33.851593 -117.837445

B16-1.5 1.5 3/13/2012 41 -- -- -- --

B16-3.0 3.0 3/13/2012 81 5.5 ND<0.20 0.09 --

B16-4.0 4.0 3/13/2012 24 -- -- -- --

B17-0.5 0.5 3/13/2012 56 0.31 -- -- -- 33.851767 -117.839191

B17-1.5 1.5 3/13/2012 54 0.37 -- -- --

B17-3.0 3.0 3/13/2012 7.4 -- -- -- --

B17-4.0 4.0 3/13/2012 ND<1.0 -- -- -- 9.0

B18-0.5 0.5 3/13/2012 18 -- -- -- -- 33.851757 -117.840136

B18-1.5 1.5 3/13/2012 18 -- -- -- --

B18-3.0 3.0 3/13/2012 1.0 -- -- -- --

B18-4.0 4.0 3/13/2012 2.7 -- -- -- --

B19-0.5 0.5 3/13/2012 310 20 0.48 0.37 -- 33.851692 -117.841332

B19-1.5 1.5 3/13/2012 ND>1.0 -- -- -- --

B19-3.0 3.0 3/13/2012 ND>1.0 -- -- -- 9.1

B19-4.0 4.0 3/13/2012 4.3 -- -- -- --

B20-0.5 0.5 3/13/2012 68 4.0 -- -- -- 33.851570 -117.841820

B20-1.5 1.5 3/13/2012 ND<1.0 -- -- -- --

B20-3.0 3.0 3/13/2012 ND<1.0 -- -- -- --

B20-4.0 4.0 3/13/2012 ND<1.0 -- -- -- --

1100 71 0.48 1.2 9.1

56.6 12.1 0.19 0.36 8.7

ND<1.0 0.31 ND<0.20 0.08 8.2

1,411(1) 5(2) 1.5(3) 5(4) 5(5)

EB-1 -- 3/13/2012 0.54 -- -- --

Notes:
TTLC – total lead for comparison to the Total Threshold Limit Concentration

mg/kg – milligrams per kilogram

WET – Waste Extraction Test

WET-citric – soluble lead by WET using citric acid for comparison to the Soluble Threshold Limit Concentration

mg/l – milligrams per liter

WET-DI – soluble lead by WET using deionized water for comparison to the Soluble Threshold Limit Concentration

TCLP – soluble lead by the Toxicity Characteristic Leaching Procedure

ND − not detected above reporting limits presented in Appendix B

1 − Limit specified in addendum to Variance issued by the Department of Toxic Substance Control to Caltrans (DTSC)

Variance, September  22, 2000; Addendum, December 2002; Addendum June 2008)

2 − Soluble Threshold Limit Concentration for California Hazardous Waste (California Code of Regulations [CCR] Title 22, Section 66261.24)

3 − Limit Specified by DTSC Variance

4 − Maximum concentration for the TCLP of Resource, Conservation, and Recovery Act (RCRA) hazardous waste (CCR Title 22, Section 66216.24)

5 − Minimum value specified by DTSC variance

* Borings sampled as part of Task Order 31 and were identified as B1 and B2, respectively

Decontamination Water (mg/l)

Maximum

Average

Minimum

Regulatory Limits

208449003 T ADL.xls 2
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AERIALLY DEPOSITED LEAD SOIL MANAGEMENT CHART 
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Ninyo & Moore, Geo. & Enviro. Sciences Consul

475 Goddard, Suite 200

Irvine CA, 92618

Project/P.O.#: 

Page 1 of 17

Subject: 

208449003

Lead Soil Samples

Mike Cushner

Report Date: 

Customer: 

Attention: 

30-Mar-12 17:32

ANALYZED 

(ANALYST)

 RESULT  NOTEREPORTING

LIMIT

QC

BATCHMETHODPARAMETER

B1-0.5 (Sample I.D.# : 1203147-01) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 16-Mar-12 (AF)AC21415 17  mg/kg1.0

B1-1.5 (Sample I.D.# : 1203147-02) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 22  mg/kg1.0

B1-3.0 (Sample I.D.# : 1203147-03) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.0 mg/kg1.0 <

B1-4.0 (Sample I.D.# : 1203147-04) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.0 mg/kg1.0 <

B2-0.5 (Sample I.D.# : 1203147-05) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 5.2  mg/kg1.0

pH EPA 9045B 14-Mar-12 (CS)AC21402 8.8 

 pH Units

0.1

B2-1.5 (Sample I.D.# : 1203147-06) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.0 mg/kg1.0 <

B2-3.0 (Sample I.D.# : 1203147-07) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 3.8  mg/kg1.0

B2-4.0 (Sample I.D.# : 1203147-08) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 28  mg/kg1.0

B3-0.5 (Sample I.D.# : 1203147-09) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 14  mg/kg1.0

B3-1.5 (Sample I.D.# : 1203147-10) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 3.1  mg/kg1.0

B3-3.0 (Sample I.D.# : 1203147-11) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 20  mg/kg1.0

B3-4.0 (Sample I.D.# : 1203147-12) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.1  mg/kg1.0

B4-0.5 (Sample I.D.# : 1203147-13) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 4.2  mg/kg1.0

B4-1.5 (Sample I.D.# : 1203147-14) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.5  mg/kg1.0

Pat Brueckner 3/30/2012

Laboratory Director

Respectfully Submitted,



Ninyo & Moore, Geo. & Enviro. Sciences Consul

475 Goddard, Suite 200

Irvine CA, 92618

Project/P.O.#: 

Page 2 of 17

Subject: 

208449003

Lead Soil Samples

Mike Cushner

Report Date: 

Customer: 

Attention: 

30-Mar-12 17:32

ANALYZED 

(ANALYST)

 RESULT  NOTEREPORTING

LIMIT

QC

BATCHMETHODPARAMETER

B4-3.0 (Sample I.D.# : 1203147-15) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.0 mg/kg1.0 <

pH EPA 9045B 14-Mar-12 (CS)AC21402 8.5 

 pH Units

0.1

B4-4.0 (Sample I.D.# : 1203147-16) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.0 mg/kg1.0 <

B5-0.5 (Sample I.D.# : 1203147-17) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 4.4  mg/kg1.0

B5-1.5 (Sample I.D.# : 1203147-18) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.0 mg/kg1.0 <

B5-3.0 (Sample I.D.# : 1203147-19) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 2.4  mg/kg1.0

B5-4.0 (Sample I.D.# : 1203147-20) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.0 mg/kg1.0 <

B6-0.5 (Sample I.D.# : 1203147-21) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 16-Mar-12 (AF)AC21415 13  mg/kg1.0

B6-1.5 (Sample I.D.# : 1203147-22) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 130  mg/kg1.0

Lead EPA 6010B(TCLP) 21-Mar-12 (AF)AC22113 0.08  mg/l0.02

Lead EPA 6010B(STLC) 19-Mar-12 (AF)AC21906 8.6  mg/l0.20

Lead EPA 

6010B(STLC-DI)

23-Mar-12 (AF)AC22620 0.20 mg/l0.20 <

B6-3.0 (Sample I.D.# : 1203147-23) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.7  mg/kg1.0

B6-4.0 (Sample I.D.# : 1203147-24) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.0 mg/kg1.0 <

B7-0.5 (Sample I.D.# : 1203147-25) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 600  mg/kg1.0

Pat Brueckner 3/30/2012

Laboratory Director

Respectfully Submitted,
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(ANALYST)

 RESULT  NOTEREPORTING

LIMIT

QC

BATCHMETHODPARAMETER

B7-0.5 (Sample I.D.# : 1203147-25) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B(TCLP) 21-Mar-12 (AF)AC22113 0.33  mg/l0.02

Lead EPA 6010B(STLC) 19-Mar-12 (AF)AC21906 16  mg/l0.20

Lead EPA 

6010B(STLC-DI)

23-Mar-12 (AF)AC22620 0.20 mg/l0.20 <

B7-1.5 (Sample I.D.# : 1203147-26) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 23  mg/kg1.0

B7-3.0 (Sample I.D.# : 1203147-27) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.0 mg/kg1.0 <

B7-4.0 (Sample I.D.# : 1203147-28) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.0 mg/kg1.0 <

B8-0.5 (Sample I.D.# : 1203147-29) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1100  mg/kg1.0

Lead EPA 6010B(TCLP) 21-Mar-12 (AF)AC22113 1.2  mg/l0.02

Lead EPA 6010B(STLC) 19-Mar-12 (AF)AC21906 71  mg/l0.20

Lead EPA 

6010B(STLC-DI)

23-Mar-12 (AF)AC22620 0.45  mg/l0.20

B8-1.5 (Sample I.D.# : 1203147-30) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 13  mg/kg1.0

B8-3.0 (Sample I.D.# : 1203147-31) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.4  mg/kg1.0

B8-4.0 (Sample I.D.# : 1203147-32) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 20  mg/kg1.0

Pat Brueckner 3/30/2012

Laboratory Director

Respectfully Submitted,
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B8-4.0 (Sample I.D.# : 1203147-32) Collected: 13-Mar-12 By J.J.

pH EPA 9045B 14-Mar-12 (CS)AC21402 8.8 

 pH Units

0.1

B9-0.5 (Sample I.D.# : 1203147-33) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 42  mg/kg1.0

B9-1.5 (Sample I.D.# : 1203147-34) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 14  mg/kg1.0

B9-3.0 (Sample I.D.# : 1203147-35) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.0 mg/kg1.0 <

B9-4.0 (Sample I.D.# : 1203147-36) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 11  mg/kg1.0

B10-0.5 (Sample I.D.# : 1203147-37) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 140  mg/kg1.0

Lead EPA 6010B(TCLP) 21-Mar-12 (AF)AC22113 0.17  mg/l0.02

Lead EPA 6010B(STLC) 19-Mar-12 (AF)AC21906 7.7  mg/l0.20

Lead EPA 

6010B(STLC-DI)

23-Mar-12 (AF)AC22620 0.20 mg/l0.20 <

pH EPA 9045B 14-Mar-12 (CS)AC21402 8.5 

 pH Units

0.1

B10-1.5 (Sample I.D.# : 1203147-38) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 12  mg/kg1.0

B10-3.0 (Sample I.D.# : 1203147-39) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 170  mg/kg1.0

Lead EPA 6010B(TCLP) 21-Mar-12 (AF)AC22113 0.13  mg/l0.02

Pat Brueckner 3/30/2012

Laboratory Director

Respectfully Submitted,
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B10-3.0 (Sample I.D.# : 1203147-39) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B(STLC) 19-Mar-12 (AF)AC21906 9.3  mg/l0.20

Lead EPA 

6010B(STLC-DI)

23-Mar-12 (AF)AC22620 0.20 mg/l0.20 <

B10-4.0 (Sample I.D.# : 1203147-40) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 4.7  mg/kg1.0

B11-0.5 (Sample I.D.# : 1203147-41) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 16-Mar-12 (AF)AC21415 76  mg/kg1.0

Lead EPA 6010B(STLC) 19-Mar-12 (AF)AC21906 4.2  mg/l0.20

B11-1.5 (Sample I.D.# : 1203147-42) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 120  mg/kg1.0

Lead EPA 6010B(TCLP) 21-Mar-12 (AF)AC22113 0.30  mg/l0.02

Lead EPA 6010B(STLC) 19-Mar-12 (AF)AC21906 9.0  mg/l0.20

Lead EPA 

6010B(STLC-DI)

23-Mar-12 (AF)AC22620 0.20 mg/l0.20 <

B11-3.0 (Sample I.D.# : 1203147-43) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 270  mg/kg1.0

Lead EPA 6010B(TCLP) 21-Mar-12 (AF)AC22113 0.53  mg/l0.02

Lead EPA 6010B(STLC) 19-Mar-12 (AF)AC21906 21  mg/l0.20

Lead EPA 

6010B(STLC-DI)

23-Mar-12 (AF)AC22620 0.20 mg/l0.20 <

B11-4.0 (Sample I.D.# : 1203147-44) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 310  mg/kg1.0

Lead EPA 6010B(TCLP) 21-Mar-12 (AF)AC22113 0.62  mg/l0.02

Lead EPA 6010B(STLC) 19-Mar-12 (AF)AC21906 22  mg/l0.20

Lead EPA 

6010B(STLC-DI)

23-Mar-12 (AF)AC22620 0.32  mg/l0.20

B12-0.5 (Sample I.D.# : 1203147-45) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 14  mg/kg1.0

B12-1.5 (Sample I.D.# : 1203147-46) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 6.4  mg/kg1.0

Pat Brueckner 3/30/2012

Laboratory Director

Respectfully Submitted,
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B12-3.0 (Sample I.D.# : 1203147-47) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 22  mg/kg1.0

B12-4.0 (Sample I.D.# : 1203147-48) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 56  mg/kg1.0

Lead EPA 6010B(STLC) 19-Mar-12 (AF)AC21906 2.8  mg/l0.20

B13-0.5 (Sample I.D.# : 1203147-49) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 17  mg/kg1.0

pH EPA 9045B 14-Mar-12 (CS)AC21402 9.0 

 pH Units

0.1

B13-1.5 (Sample I.D.# : 1203147-50) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 29  mg/kg1.0

B13-3.0 (Sample I.D.# : 1203147-51) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 32  mg/kg1.0

B13-4.0 (Sample I.D.# : 1203147-52) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 45  mg/kg1.0

B14-0.5 (Sample I.D.# : 1203147-53) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 110  mg/kg1.0

Lead EPA 6010B(TCLP) 21-Mar-12 (AF)AC22113 0.16  mg/l0.02

Lead EPA 6010B(STLC) 19-Mar-12 (AF)AC21906 7.1  mg/l0.20

Lead EPA 

6010B(STLC-DI)

23-Mar-12 (AF)AC22620 0.20 mg/l0.20 <

B14-1.5 (Sample I.D.# : 1203147-54) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 160  mg/kg1.0

Pat Brueckner 3/30/2012

Laboratory Director

Respectfully Submitted,
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B14-1.5 (Sample I.D.# : 1203147-54) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B(STLC) 19-Mar-12 (AF)AC21906 4.4  mg/l0.20

B14-3.0 (Sample I.D.# : 1203147-55) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.0 mg/kg1.0 <

B14-4.0 (Sample I.D.# : 1203147-56) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 15  mg/kg1.0

B15-0.5 (Sample I.D.# : 1203147-57) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 2.7  mg/kg1.0

B15-1.5 (Sample I.D.# : 1203147-58) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.0 mg/kg1.0 <

pH EPA 9045B 14-Mar-12 (CS)AC21402 8.2 

 pH Units

0.1

B15-3.0 (Sample I.D.# : 1203147-59) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 8.6  mg/kg1.0

B16-0.5 (Sample I.D.# : 1203147-60) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 60  mg/kg1.0

Lead EPA 6010B(STLC) 19-Mar-12 (AF)AC21906 3.9  mg/l0.20

B16-1.5 (Sample I.D.# : 1203147-61) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 16-Mar-12 (AF)AC21415 41  mg/kg1.0

B16-3.0 (Sample I.D.# : 1203147-62) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 81  mg/kg1.0

Pat Brueckner 3/30/2012

Laboratory Director

Respectfully Submitted,
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B16-3.0 (Sample I.D.# : 1203147-62) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B(TCLP) 21-Mar-12 (AF)AC22113 0.09  mg/l0.02

Lead EPA 6010B(STLC) 19-Mar-12 (AF)AC21906 5.5  mg/l0.20

Lead EPA 

6010B(STLC-DI)

23-Mar-12 (AF)AC22620 0.20 mg/l0.20 <

B16-4.0 (Sample I.D.# : 1203147-63) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 24  mg/kg1.0

B17-0.5 (Sample I.D.# : 1203147-64) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 56  mg/kg1.0

Lead EPA 6010B(STLC) 19-Mar-12 (AF)AC21906 0.31  mg/l0.02

B17-1.5 (Sample I.D.# : 1203147-65) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 54  mg/kg1.0

Lead EPA 6010B(STLC) 19-Mar-12 (AF)AC21906 0.37  mg/l0.02

B17-3.0 (Sample I.D.# : 1203147-66) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 7.4  mg/kg1.0

B17-4.0 (Sample I.D.# : 1203147-67) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.0 mg/kg1.0 <

pH EPA 9045B 14-Mar-12 (CS)AC21402 9.0 

 pH Units

0.1

B18-0.5 (Sample I.D.# : 1203147-68) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 18  mg/kg1.0

B18-1.5 (Sample I.D.# : 1203147-69) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 18  mg/kg1.0

B18-3.0 (Sample I.D.# : 1203147-70) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.0  mg/kg1.0

B18-4.0 (Sample I.D.# : 1203147-71) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 2.7  mg/kg1.0

B19-0.5 (Sample I.D.# : 1203147-72) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 310  mg/kg1.0

Pat Brueckner 3/30/2012

Laboratory Director

Respectfully Submitted,
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B19-0.5 (Sample I.D.# : 1203147-72) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B(TCLP) 21-Mar-12 (AF)AC22113 0.37  mg/l0.02

Lead EPA 6010B(STLC) 19-Mar-12 (AF)AC21906 20  mg/l0.20

Lead EPA 

6010B(STLC-DI)

23-Mar-12 (AF)AC22620 0.48  mg/l0.20

B19-1.5 (Sample I.D.# : 1203147-73) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.0 mg/kg1.0 <

B19-3.0 (Sample I.D.# : 1203147-74) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.0 mg/kg1.0 <

pH EPA 9045B 14-Mar-12 (CS)AC21402 9.1 

 pH Units

0.1

B19-4.0 (Sample I.D.# : 1203147-75) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 4.3  mg/kg1.0

B20-0.5 (Sample I.D.# : 1203147-76) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 68  mg/kg1.0

Lead EPA 6010B(STLC) 19-Mar-12 (AF)AC21906 4.0  mg/l0.20

B20-1.5 (Sample I.D.# : 1203147-77) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.0 mg/kg1.0 <

B20-3.0 (Sample I.D.# : 1203147-78) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.0 mg/kg1.0 <

B20-4.0 (Sample I.D.# : 1203147-79) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 15-Mar-12 (AF)AC21415 1.0 mg/kg1.0 <

EB-1 (Sample I.D.# : 1203147-80) Collected: 13-Mar-12 By J.J.

Lead EPA 6010B 16-Mar-12 (AF)AC21512 0.54  mg/l0.02

Pat Brueckner 3/30/2012

Laboratory Director

Respectfully Submitted,
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Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit NoteParameter

Metals by EPA 6000/7000 Series Methods - Quality Control

Batch AC21415 - EPA 3050B

Blank (AC21415-BLK1) Prepared: 14-Mar-12 Analyzed: 15-Mar-12

Lead ND 1.0 mg/kg

Blank (AC21415-BLK2) Prepared: 14-Mar-12 Analyzed: 15-Mar-12

Lead ND 1.0 mg/kg

Blank (AC21415-BLK3) Prepared: 14-Mar-12 Analyzed: 15-Mar-12

Lead ND 1.0 mg/kg

Blank (AC21415-BLK4) Prepared: 14-Mar-12 Analyzed: 15-Mar-12

Lead ND 1.0 mg/kg

LCS (AC21415-BS1) Prepared: 14-Mar-12 Analyzed: 15-Mar-12

Lead 27.9 1.0 25.0 80-120112mg/kg

LCS (AC21415-BS2) Prepared: 14-Mar-12 Analyzed: 15-Mar-12

Lead 28.7 1.0 25.0 80-120115mg/kg

LCS (AC21415-BS3) Prepared: 14-Mar-12 Analyzed: 15-Mar-12

Lead 27.9 1.0 25.0 80-120112mg/kg

LCS (AC21415-BS4) Prepared: 14-Mar-12 Analyzed: 15-Mar-12

Lead 27.0 1.0 25.0 80-120108mg/kg

LCS Dup (AC21415-BSD1) Prepared: 14-Mar-12 Analyzed: 15-Mar-12

Lead 27.3 1.0 25.0 2080-120109 2.04mg/kg

LCS Dup (AC21415-BSD2) Prepared: 14-Mar-12 Analyzed: 15-Mar-12

Lead 28.2 1.0 25.0 2080-120113 2.06mg/kg

Pat Brueckner 3/30/2012

Laboratory Director

Respectfully Submitted,
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Spike
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%REC
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RPD

Limit NoteParameter

Metals by EPA 6000/7000 Series Methods - Quality Control

Batch AC21415 - EPA 3050B

LCS Dup (AC21415-BSD3) Prepared: 14-Mar-12 Analyzed: 15-Mar-12

Lead 26.7 1.0 25.0 2080-120107 4.42mg/kg

LCS Dup (AC21415-BSD4) Prepared: 14-Mar-12 Analyzed: 15-Mar-12

Lead 28.2 1.0 25.0 2080-120113 4.16mg/kg

Duplicate (AC21415-DUP1) Prepared: 14-Mar-12 Analyzed: 16-Mar-12Source: 1203147-01

Lead 16.8 1.0 16.5 201.48mg/kg

Duplicate (AC21415-DUP2) Prepared: 14-Mar-12 Analyzed: 16-Mar-12Source: 1203147-21

Lead 12.8 1.0 13.3 203.65mg/kg

Duplicate (AC21415-DUP3) Prepared: 14-Mar-12 Analyzed: 16-Mar-12Source: 1203147-41

Lead 78.4 1.0 76.1 203.06mg/kg

Duplicate (AC21415-DUP4) Prepared: 14-Mar-12 Analyzed: 16-Mar-12Source: 1203147-61

Lead 42.7 1.0 41.0 204.20mg/kg

Matrix Spike (AC21415-MS1) Prepared: 14-Mar-12 Analyzed: 16-Mar-12Source: 1203147-01

Lead 126 1.0 125 16.5 75-12587.8mg/kg

Matrix Spike (AC21415-MS2) Prepared: 14-Mar-12 Analyzed: 16-Mar-12Source: 1203147-21

Lead 117 1.0 125 13.3 75-12582.7mg/kg

Matrix Spike (AC21415-MS3) Prepared: 14-Mar-12 Analyzed: 16-Mar-12Source: 1203147-41

Lead 197 1.0 125 76.1 75-12597.1mg/kg

Matrix Spike (AC21415-MS4) Prepared: 14-Mar-12 Analyzed: 16-Mar-12Source: 1203147-61

Lead 170 1.0 125 41.0 75-125104mg/kg

Pat Brueckner 3/30/2012

Laboratory Director

Respectfully Submitted,
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Result Rep. Limit Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit NoteParameter

Metals by EPA 6000/7000 Series Methods - Quality Control

Batch AC21415 - EPA 3050B

Matrix Spike Dup (AC21415-MSD1) Prepared: 14-Mar-12 Analyzed: 16-Mar-12Source: 1203147-01

Lead 128 1.0 125 16.5 2075-12588.9 1.10mg/kg

Matrix Spike Dup (AC21415-MSD2) Prepared: 14-Mar-12 Analyzed: 16-Mar-12Source: 1203147-21

Lead 138 1.0 125 13.3 2075-125100 17.2mg/kg

Matrix Spike Dup (AC21415-MSD3) Prepared: 14-Mar-12 Analyzed: 16-Mar-12Source: 1203147-41

Lead 218 1.0 125 76.1 2075-125114 10.1mg/kg

Matrix Spike Dup (AC21415-MSD4) Prepared: 14-Mar-12 Analyzed: 16-Mar-12Source: 1203147-61

Lead 164 1.0 125 41.0 2075-12598.7 3.64mg/kg

Batch AC21512 - EPA 200 Series

Blank (AC21512-BLK1) Prepared: 15-Mar-12 Analyzed: 16-Mar-12

Lead ND 0.02 mg/l

LCS (AC21512-BS1) Prepared: 15-Mar-12 Analyzed: 16-Mar-12

Lead 0.529 0.02 0.500 80-120106mg/l

LCS Dup (AC21512-BSD1) Prepared: 15-Mar-12 Analyzed: 16-Mar-12

Lead 0.534 0.02 0.500 2080-120107 0.757mg/l

Duplicate (AC21512-DUP1) Prepared: 15-Mar-12 Analyzed: 16-Mar-12Source: 1203148-01

Lead ND 0.02 ND 20mg/l

Matrix Spike (AC21512-MS1) Prepared: 15-Mar-12 Analyzed: 16-Mar-12Source: 1203148-01

Lead 0.975 0.02 1.00 ND 80-12097.5mg/l

Pat Brueckner 3/30/2012

Laboratory Director

Respectfully Submitted,
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Subject: 

208449003

Lead Soil Samples

Mike Cushner

Report Date: 

Customer: 

Attention: 

30-Mar-12 17:32

Result Rep. Limit Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit NoteParameter

Metals by EPA 6000/7000 Series Methods - Quality Control

Batch AC21512 - EPA 200 Series

Matrix Spike Dup (AC21512-MSD1) Prepared: 15-Mar-12 Analyzed: 16-Mar-12Source: 1203148-01

Lead 0.990 0.02 1.00 ND 2080-12099.0 1.52mg/l

Pat Brueckner 3/30/2012

Laboratory Director

Respectfully Submitted,



Ninyo & Moore, Geo. & Enviro. Sciences Consul
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Subject: 

208449003

Lead Soil Samples

Mike Cushner

Report Date: 

Customer: 

Attention: 

30-Mar-12 17:32

Result Rep. Limit Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit NoteParameter

TCLP Metals by 6000/7000 Series Methods - Quality Control

Batch AC22113 - TCLP Metals

Blank (AC22113-BLK1) Prepared & Analyzed: 21-Mar-12

Lead ND 0.02 mg/l

LCS (AC22113-BS1) Prepared & Analyzed: 21-Mar-12

Lead 0.519 0.02 0.500 80-120104mg/l

LCS Dup (AC22113-BSD1) Prepared & Analyzed: 21-Mar-12

Lead 0.510 0.02 0.500 2080-120102 1.80mg/l

Duplicate (AC22113-DUP1) Prepared & Analyzed: 21-Mar-12Source: 1203147-25

Lead 0.337 0.02 0.331 202.01mg/l

Matrix Spike (AC22113-MS1) Prepared & Analyzed: 21-Mar-12Source: 1203147-25

Lead 1.20 0.02 1.00 0.331 75-12586.6mg/l

Matrix Spike Dup (AC22113-MSD1) Prepared & Analyzed: 21-Mar-12Source: 1203147-25

Lead 1.19 0.02 1.00 0.331 2075-12586.3 0.230mg/l

Pat Brueckner 3/30/2012

Laboratory Director

Respectfully Submitted,



Ninyo & Moore, Geo. & Enviro. Sciences Consul
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Subject: 

208449003

Lead Soil Samples

Mike Cushner

Report Date: 

Customer: 

Attention: 

30-Mar-12 17:32

Result Rep. Limit Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit NoteParameter

STLC Metals by 6000/7000 Series Methods - Quality Control

Batch AC21906 - TCLP Metals

Blank (AC21906-BLK1) Prepared & Analyzed: 19-Mar-12

Lead ND 0.02 mg/l

LCS (AC21906-BS1) Prepared & Analyzed: 19-Mar-12

Lead 0.534 0.02 0.500 80-120107mg/l

LCS Dup (AC21906-BSD1) Prepared & Analyzed: 19-Mar-12

Lead 0.549 0.02 0.500 2080-120110 2.68mg/l

Duplicate (AC21906-DUP1) Prepared & Analyzed: 19-Mar-12Source: 1203147-25

Lead 15.7 0.20 15.7 200.0707mg/l

Matrix Spike (AC21906-MS1) Prepared & Analyzed: 19-Mar-12Source: 1203147-25

Lead 25.6 0.20 10.0 15.7 80-12098.9mg/l

Matrix Spike Dup (AC21906-MSD1) Prepared & Analyzed: 19-Mar-12Source: 1203147-25

Lead 25.2 0.20 10.0 15.7 2080-12095.5 1.33mg/l

Batch AC22620 - TCLP Metals

Blank (AC22620-BLK1) Prepared & Analyzed: 23-Mar-12

Lead ND 0.02 mg/l

LCS (AC22620-BS1) Prepared & Analyzed: 23-Mar-12

Lead 0.508 0.02 0.500 80-120102mg/l

LCS Dup (AC22620-BSD1) Prepared & Analyzed: 23-Mar-12

Lead 0.512 0.02 0.500 2080-120102 0.744mg/l

Pat Brueckner 3/30/2012

Laboratory Director

Respectfully Submitted,
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Subject: 

208449003

Lead Soil Samples

Mike Cushner

Report Date: 

Customer: 

Attention: 

30-Mar-12 17:32

Result Rep. Limit Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit NoteParameter

STLC Metals by 6000/7000 Series Methods - Quality Control

Batch AC22620 - TCLP Metals

Duplicate (AC22620-DUP1) Prepared & Analyzed: 23-Mar-12Source: 1203147-25

Lead ND 0.20 ND 20mg/l

Matrix Spike (AC22620-MS1) Prepared & Analyzed: 23-Mar-12Source: 1203147-25

Lead 10.0 0.20 10.0 ND 80-120100mg/l

Matrix Spike Dup (AC22620-MSD1) Prepared & Analyzed: 23-Mar-12Source: 1203147-25

Lead 11.5 0.20 10.0 ND 2080-120115 13.8mg/l

Pat Brueckner 3/30/2012

Laboratory Director

Respectfully Submitted,
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Subject: 

208449003

Lead Soil Samples

Mike Cushner

Report Date: 

Customer: 

Attention: 

30-Mar-12 17:32

Result Rep. Limit Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit NoteParameter

General Inorganic Nonmetallic Chemistry by Standard Methods/EPA Methods - Quality Control

Batch AC21402 - General Preparation

Duplicate (AC21402-DUP1) Prepared & Analyzed: 14-Mar-12Source: 1203147-05

pH 8.81 0.1 8.85 150.453pH Units

Notes and Definitions 

dry Sample results reported on a dry weight basis

NR Not Reported

ND Analyte NOT DETECTED at or above the reporting limit

DET Analyte DETECTED

Pat Brueckner 3/30/2012

Laboratory Director

Respectfully Submitted,
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NB SR-55/WB SR-91 Connector
Anaheim, California

Appendix C
Project No. 208449003

Sample ID

Depth
(feet bgs)

Total Lead 
(mg/kg)

Total Lead % 
of Maximum

B1-0.5 0.5 17 1.0000

B2-0.5 0.5 5.2 0.3059

B3-0.5 0.5 14 0.8235

B4-0.5 0.5 4.2 0.2471

B5-0.5 0.5 4.4 0.2588

Total Lead Max TTLC: 17 Transformed Data Soluble Data
Number of Samples: 5 5
Sample Mean: 9 0.672
Delta = RT - mean 991
Appropriate Number of Samples: 0.00
Standard Deviation of Sample: 6 0.586
Standard Deviation of Mean: 3 0.262
Sample Variance: 37 0.343
t-value for 90%: 1.533 Need to Transform Data 1.533
Upper Confidence Limit for 90%: 1.074
Reverse Transformation for 90% 15 mg/kg 0.3 mg/l
t-value for 95%: 2.132 2.132
Upper Confidence Limit for 95%: 1.231
Reverse Transformation for 95% 16 mg/kg 0.4 mg/l

0.967604921

0.249643807

0.261804030

TABLE C1
LEAD ANALYSES – GROUP 1 - SURFACE LAYER

Transformed Data        
Arcsine

1.570796327

0.310865065

208449003 T ADL.xls 1



NB SR-55/WB SR-91 Connector
Anaheim, California

Appendix C
Project No. 208449003

Sample ID
Depth

(feet bgs)
Total Lead 

(mg/kg)
Total Lead % 
of Maximum

B1-1.5 1.5 22 0.7857
B1-3.0 3 0.5 0.0179
B1-4.0 4 0.5 0.0179
B2-1.5 1.5 0.5 0.0179
B2-3.0 3.0 3.8 0.1357
B2-4.0 4.0 28 1.0000
B3-1.5 1.5 3.1 0.1107
B3-3.0 3.0 20 0.7143
B3-4.0 4.0 1.1 0.0393
B4-1.5 1.5 1.5 0.0536
B4-3.0 3 0.5 0.0179
B4-4.0 4 0.5 0.0179
B5-1.5 1.5 0.5 0.0179
B5-3.0 3.0 2.4 0.0857
B5-4.0 4.0 0.5 0.0179

Total Lead Max TTLC: 28 Transformed Data Soluble Data
Number of Samples: 15 15
Sample Mean: 6 0.255
Delta = RT - mean 994
Appropriate Number of Samples: 0.00
Standard Deviation of Sample: 9 0.462
Standard Deviation of Mean: 2 0.119
Sample Variance: 87 0.213
t-value for 90%: 1.345 Need to Transform Data 1.345
Upper Confidence Limit for 90%: 0.415
Reverse Transformation for 90% 11 mg/kg 0.1 mg/l
t-value for 95%: 1.761 1.761
Upper Confidence Limit for 95%: 0.465
Reverse Transformation for 95% 13 mg/kg 0.2 mg/l

0.017858092

0.017858092

0.136134383

1.570796327

TABLE C2
LEAD ANALYSES – GROUP 1 - 1½ TO 4 FOOT LAYER

Transformed Data      
Arcsine

0.903849982

0.017858092

0.085819591

0.017858092

0.110941725

0.795602953

0.017858092

0.017858092

0.039295827

0.053597086

0.017858092

208449003 T ADL.xls 1



NB SR-55/WB SR-91 Connector
Anaheim, California

Appendix C
Project No. 208449003

Sample ID
Depth

(feet bgs)
Total Lead 

(mg/kg)
Total Lead % 
of Maximum

B1-0.5 0.5 17 0.7727
B1-1.5 1.5 22 1.0000
B2-0.5 0.5 5.2 0.2364
B2-1.5 1.5 0.5 0.0227
B3-0.5 0.5 14 0.6364
B3-1.5 1.5 3.1 0.1409
B4-0.5 0.5 4.2 0.1909
B4-1.5 1.5 1.5 0.0682
B5-0.5 0.5 4.4 0.2000
B5-1.5 1.5 0.5 0.0227

Total Lead Max TTLC: 22 Transformed Data Soluble Data
Number of Samples: 10 10
Sample Mean: 7 0.403
Delta = RT - mean 993
Appropriate Number of Samples: 0.00
Standard Deviation of Sample: 8 0.501
Standard Deviation of Mean: 2 0.158
Sample Variance: 58 0.251
t-value for 90%: 1.383 Need to Transform Data 1.383
Upper Confidence Limit for 90%: 0.622
Reverse Transformation for 90% 13 mg/kg 0.2 mg/l
t-value for 95%: 1.833 1.833
Upper Confidence Limit for 95%: 0.693
Reverse Transformation for 95% 14 mg/kg 0.3 mg/l

TABLE C3

LEAD ANALYSES – GROUP 1 - SURFACE TO 11/2 FOOT LAYER
Transformed Data       

Arcsine
0.883126675
1.570796327

0.068234756

0.022729230

0.238621731
0.022729230
0.689775001
0.141379608
0.192088188

0.201357921

208449003 T ADL.xls 1



NB SR-55/WB SR-91 Connector
Anaheim, California

Appendix C
Project No. 208449003

Sample ID
Depth

(feet bgs)
Total Lead 

(mg/kg)
Total Lead % 
of Maximum

B1-3.0 3 0.5 0.0179

B1-4.0 4 0.5 0.0179

B2-3.0 3.0 3.8 0.1357

B2-4.0 4.0 28 1.0000

B3-3.0 3.0 20 0.7143

B3-4.0 4.0 1.1 0.0393

B4-3.0 3 0.5 0.0179

B4-4.0 4 0.5 0.0179

B5-3.0 3.0 2.4 0.0857

B5-4.0 4.0 0.5 0.0179

Total Lead Max TTLC: 28 Transformed Data Soluble Data
Number of Samples: 10 10
Sample Mean: 6 0.272
Delta = RT - mean 994
Appropriate Number of Samples: 0.00
Standard Deviation of Sample: 10 0.515
Standard Deviation of Mean: 3 0.163
Sample Variance: 97 0.266
t-value for 90%: 1.383 Need to Transform Data 1.383
Upper Confidence Limit for 90%: 0.497
Reverse Transformation for 90% 13 mg/kg 0.2 mg/l
t-value for 95%: 1.833 1.833
Upper Confidence Limit for 95%: 0.570
Reverse Transformation for 95% 15 mg/kg 0.3 mg/l

TABLE C4
LEAD ANALYSES – GROUP 1 - 3 TO 4 FOOT LAYER 

Transformed Data      
Arcsine

0.017858092

0.017858092

0.795602953

0.039295827

0.017858092

0.136134383

0.017858092

0.017858092

1.570796327

0.085819591

208449003 T ADL.xls 1



NB SR-55/WB SR-91 Connector
Anaheim, California

Appendix C
Project No. 208449003

Sample ID
Depth

(feet bgs)
Total Lead 

(mg/kg)
Total Lead % 
of Maximum

B1-0.5 0.5 17 0.7727
B1-1.5 1.5 22 1.0000
B1-3.0 3 0.5 0.0227
B2-0.5 0.5 5.2 0.2364
B2-1.5 1.5 0.5 0.0227
B2-3.0 3.0 3.8 0.1727
B3-0.5 0.5 14 0.6364
B3-1.5 1.5 3.1 0.1409
B3-3.0 3.0 20 0.9091
B4-0.5 0.5 4.2 0.1909
B4-1.5 1.5 1.5 0.0682
B4-3.0 3 0.5 0.0227
B5-0.5 0.5 4.4 0.2000
B5-1.5 1.5 0.5 0.0227
B5-3.0 3.0 2.4 0.1091

Total Lead Max TTLC: 22 Transformed Data Soluble Data
Number of Samples: 15 15
Sample Mean: 7 0.367
Delta = RT - mean 993
Appropriate Number of Samples: 0.00
Standard Deviation of Sample: 8 0.479
Standard Deviation of Mean: 2 0.124
Sample Variance: 57 0.229
t-value for 90%: 1.345 Need to Transform Data 1.345
Upper Confidence Limit for 90%: 0.533
Reverse Transformation for 90% 11 mg/kg 0.1 mg/l
t-value for 95%: 1.761 1.761
Upper Confidence Limit for 95%: 0.584
Reverse Transformation for 95% 12 mg/kg 0.2 mg/l

0.173597891

0.689775001

0.141379608

TABLE C5
LEAD ANALYSES – GROUP 1 - SURFACE TO 3 FOOT LAYER 

Transformed Data      
Arcsine

0.883126675

1.570796327

0.109308455

1.141096661

0.192088188

0.201357921

0.022729230

0.022729230

0.238621731

0.068234756

0.022729230

0.022729230

208449003 T ADL.xls 1



NB SR-55/WB SR-91 Connector
Anaheim, California

Appendix C
Project No. 208449003

Sample ID
Depth

(feet bgs)
Total Lead 

(mg/kg)
Total Lead % 
of Maximum

B1-4.0 4.0 0.5 0.0179

B2-4.0 4.0 28 1.0000

B3-4.0 4.0 1.1 0.0393

B4-4.0 4.0 0.5 0.0179

B5-4.0 4.0 0.5 0.0179

Total Lead Max TTLC: 28 Transformed Data Soluble Data
Number of Samples: 5 5
Sample Mean: 6 0.333
Delta = RT - mean 994
Appropriate Number of Samples: 0.00
Standard Deviation of Sample: 12 0.692
Standard Deviation of Mean: 5 0.310
Sample Variance: 150 0.479
t-value for 90%: 1.533 Need to Transform Data 1.533
Upper Confidence Limit for 90%: 0.807
Reverse Transformation for 90% 20 mg/kg 0.6 mg/l
t-value for 95%: 2.132 2.132
Upper Confidence Limit for 95%: 0.993
Reverse Transformation for 95% 23 mg/kg 0.8 mg/l

0.017858092

0.017858092

TABLE C6
LEAD ANALYSES – GROUP 1 - 4 FOOT LAYER 

Transformed Data      
Arcsine

1.570796327

0.039295827

0.017858092

208449003 T ADL.xls 1



NB SR-55/WB SR-91 Connector
Anaheim, California

Appendix C
Project No. 208449003

Sample ID
Depth

(feet bgs)
Total Lead 

(mg/kg)
Total Lead % 
of Maximum

B1-0.5 0.5 17 0.6071
B1-1.5 1.5 22 0.7857
B1-3.0 3 0.5 0.0179
B1-4.0 4 0.5 0.0179
B2-0.5 0.5 5.2 0.1857
B2-1.5 1.5 0.5 0.0179
B2-3.0 3.0 3.8 0.1357
B2-4.0 4.0 28 1.0000
B3-0.5 0.5 14 0.5000
B3-1.5 1.5 3.1 0.1107
B3-3.0 3.0 20 0.7143
B3-4.0 4.0 1.1 0.0393
B4-0.5 0.5 4.2 0.1500
B4-1.5 1.5 1.5 0.0536
B4-3.0 3 0.5 0.0179
B4-4.0 4 0.5 0.0179
B5-0.5 0.5 4.4 0.1571
B5-1.5 1.5 0.5 0.0179
B5-3.0 3.0 2.4 0.0857
B5-4.0 4.0 0.5 0.0179

Total Lead Max TTLC: 28 Transformed Data Soluble Data
Number of Samples: 20 20
Sample Mean: 7 0.275
Delta = RT - mean 993
Appropriate Number of Samples: 0.00
Standard Deviation of Sample: 9 0.413
Standard Deviation of Mean: 2 0.092
Sample Variance: 74 0.170
t-value for 90%: 1.328 Need to Transform Data 1.328
Upper Confidence Limit for 90%: 0.397
Reverse Transformation for 90% 11 mg/kg 0.1 mg/l
t-value for 95%: 1.729 1.729
Upper Confidence Limit for 95%: 0.434
Reverse Transformation for 95% 12 mg/kg 0.1 mg/l

0.017858092

0.017858092

0.186798744

0.017858092

TABLE C7
LEAD ANALYSES – GROUP 1 - SURFACE TO 4 FOOT LAYER 

Transformed Data      
Arcsine

0.652459897

0.903849982

0.039295827

0.150568273

0.795602953

0.053597086

0.136134383

1.570796327

0.523598776

0.110941725

0.085819591

0.017858092

0.017858092

0.017858092

0.157796896

0.017858092

208449003 T ADL.xls 1



NB SR-55/WB SR-91 Connector
Anaheim, California

Appendix C
Project No. 208449003

Sample ID

Depth
(feet bgs)

Total Lead 
(mg/kg)

Total Lead % 
of Maximum

B6-0.5 0.5 13 0.0118

B7-0.5 0.5 600 0.5455

B8-0.5 0.5 1100 1.0000

B9-0.5 0.5 42 0.0382

B10-0.5 0.5 140 0.1273

B11-0.5 0.5 76 0.0691

B12-0.5 0.5 14 0.0127

B13-0.5 0.5 17 0.0155

B14-0.5 0.5 110 0.1000

B15-0.5 0.5 2.7 0.0025

B16-0.5 0.5 60 0.0545

B17-0.5 0.5 56 0.0509

B18-0.5 0.5 18 0.0164

B19-0.5 0.5 310 0.2818

B20-0.5 0.5 68 0.0618

Total Lead Max TTLC: 1100 Transformed Data Soluble Data
Number of Samples: 15 15
Sample Mean: 175 0.200
Delta = RT - mean 825
Appropriate Number of Samples: 0.24
Standard Deviation of Sample: 300 0.408
Standard Deviation of Mean: 77 0.105
Sample Variance: 89837 0.166
t-value for 90%: 1.345 Need to Transform Data 1.345
Upper Confidence Limit for 90%: 0.341
Reverse Transformation for 90% 368 mg/kg 21.1 mg/l
t-value for 95%: 1.761 1.761
Upper Confidence Limit for 95%: 0.385
Reverse Transformation for 95% 413 mg/kg 23.7 mg/l

1.570796327

0.012727616

TABLE C8
LEAD ANALYSES – GROUP 2 - SURFACE LAYER

Transformed Data        
Arcsine

0.038191102

0.069145996

0.011818457

0.576931345

0.100167421

0.015455161

0.127618858

0.061857623

0.054572538

0.050931107

0.016364367

0.285688573

0.002454548

208449003 T ADL.xls 1



NB SR-55/WB SR-91 Connector
Anaheim, California

Appendix C
Project No. 208449003

Sample ID
Depth

(feet bgs)
Total Lead 

(mg/kg)
Total Lead % 
of Maximum

B6-1.5 1.5 130 0.4194

B6-3.0 3.0 1.7 0.0055

B6-4.0 4.0 0.5 0.0016

B7-1.5 1.5 23 0.0742

B7-3.0 3.0 0.5 0.0016

B7-4.0 4.0 0.5 0.0016

B8-1.5 1.5 13 0.0419

B8-3.0 3.0 1.4 0.0045

B8-4.0 4.0 20 0.0645

B9-1.5 1.5 14 0.0452

B9-3.0 3.0 0.5 0.0016

B9-4.0 4.0 11 0.0355

B10-1.5 1.5 12 0.0387

B10-3.0 3.0 170 0.5484

B10-4.0 4.0 4.7 0.0152

B11-1.5 1.5 120 0.3871

B11-3.0 3.0 270 0.8710

B11-4.0 4.0 310 1.0000

B12-1.5 1.5 6.4 0.0206

B12-3.0 3.0 22 0.0710

B12-4.0 4.0 56 0.1806

B13-1.5 1.5 29 0.0935

B13-3.0 3.0 32 0.1032

B13-4.0 4.0 45 0.1452

B14-1.5 1.5 160 0.5161

B14-3.0 3.0 0.5 0.0016

B14-4.0 4.0 15 0.0484

B15-1.5 1.5 0.5 0.0016

B15-3.0 3.0 8.6 0.0277

B16-1.5 1.5 41 0.1323

B16-3.0 3.0 81 0.2613

B16-4.0 4.0 24 0.0774

B17-1.5 1.5 54 0.1742

B17-3.0 3.0 7.4 0.0239

B17-4.0 4.0 0.5 0.0016

B18-1.5 1.5 18 0.0581

B18-3.0 3.0 1.0 0.0032

B18-4.0 4.0 2.7 0.0087

B19-1.5 1.5 0.5 0.0016

B19-3.0 3.0 0.5 0.0016

0.071027448

0.181642365

0.093685372

0.103410013

0.027745495

0.132646712

0.001612904

0.041947785

0.004516144

1.570796327

0.020646628

0.397480802

0.001612904

0.145675988

0.542325303

0.001612904

0.077496903

0.175086736

0.048405998

0.001612904

0.003225812

0.001612904

0.001612904

0.001612904

0.023873235

0.008709788

1.057168492

0.035491322

0.038719351

0.580434223

0.015161871

0.264358723

0.058097193

0.432734534

0.005483898

TABLE C9
LEAD ANALYSES – GROUP 2 - 1½ TO 4 FOOT LAYER

Transformed Data      
Arcsine

0.064560969

0.045176656

0.001612904

0.001612904

0.074261786
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Sample ID
Depth

(feet bgs)
Total Lead 

(mg/kg)
Total Lead % 
of Maximum

TABLE C9
LEAD ANALYSES – GROUP 2 - 1½ TO 4 FOOT LAYER

Transformed Data      
Arcsine

B19-4.0 4.0 4.3 0.0139

B20-1.5 1.5 0.5 0.0016

B20-3.0 3.0 0.5 0.0016

B20-4.0 4.0 0.5 0.0016

Total Lead Max TTLC: 310 Transformed Data Soluble Data
Number of Samples: 44 44
Sample Mean: 39 0.145
Delta = RT - mean 961
Appropriate Number of Samples: 0.01
Standard Deviation of Sample: 70 0.300
Standard Deviation of Mean: 11 0.045
Sample Variance: 4874 0.090
t-value for 90%: 1.302 Need to Transform Data 1.302
Upper Confidence Limit for 90%: 0.204
Reverse Transformation for 90% 63 mg/kg 3.1 mg/l
t-value for 95%: 1.682 1.682
Upper Confidence Limit for 95%: 0.221
Reverse Transformation for 95% 68 mg/kg 3.4 mg/l

0.001612904

0.013871413

0.001612904

0.001612904
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Sample ID
Depth

(feet bgs)
Total Lead 

(mg/kg)
Total Lead % 
of Maximum

B6-0.5 0.5 13 0.0118
B6-1.5 1.5 130 0.1182
B7-0.5 0.5 600 0.5455
B7-1.5 1.5 23 0.0209
B8-0.5 0.5 1100 1.0000
B8-1.5 1.5 13 0.0118
B9-0.5 0.5 42 0.0382
B9-1.5 1.5 14 0.0127

B10-0.5 0.5 140 0.1273
B10-1.5 1.5 12 0.0109
B11-0.5 0.5 76 0.0691
B11-1.5 1.5 120 0.1091
B12-0.5 0.5 14 0.0127
B12-1.5 1.5 6.4 0.0058
B13-0.5 0.5 17 0.0155
B13-1.5 1.5 29 0.0264
B14-0.5 0.5 110 0.1000
B14-1.5 1.5 160 0.1455
B15-0.5 0.5 2.7 0.0025
B15-1.5 1.5 0.5 0.0005
B16-0.5 0.5 60 0.0545
B16-1.5 1.5 41 0.0373
B17-0.5 0.5 56 0.0509
B17-1.5 1.5 54 0.0491
B18-0.5 0.5 18 0.0164
B18-1.5 1.5 18 0.0164
B19-0.5 0.5 310 0.2818
B19-1.5 1.5 0.5 0.0005
B20-0.5 0.5 68 0.0618
B20-1.5 1.5 0.5 0.0005

Total Lead Max TTLC: 1100 Transformed Data Soluble Data
Number of Samples: 30 30
Sample Mean: 108 0.119
Delta = RT - mean 892
Appropriate Number of Samples: 0.11
Standard Deviation of Sample: 222 0.297
Standard Deviation of Mean: 41 0.054
Sample Variance: 49298 0.088
t-value for 90%: 1.311 Need to Transform Data 1.311
Upper Confidence Limit for 90%: 0.190
Reverse Transformation for 90% 207 mg/kg 11.6 mg/l
t-value for 95%: 1.699 1.699
Upper Confidence Limit for 95%: 0.211
Reverse Transformation for 95% 230 mg/kg 13.0 mg/l

TABLE C10
LEAD ANALYSES – GROUP 2 - SURFACE TO 1½ FOOT LAYER

Transformed Data      
Arcsine

0.576931345

0.020910615

1.570796327

0.011818457

0.118458668

0.069145996

0.109308455

0.012727616

0.011818457

0.038191102

0.012727616

0.127618858

0.010909307

0.000454545

0.005818215

0.015455161

0.026366691

0.100167421

0.145972389

0.002454548

0.061857623

0.000454545

0.054572538

0.037281363

0.000454545

0.050931107

0.049110648

0.016364367

0.016364367

0.285688573

208449003 T ADL.xls 1
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Sample ID
Depth

(feet bgs)
Total Lead 

(mg/kg)
Total Lead % 
of Maximum

B6-3.0 3.0 1.7 0.0055
B6-4.0 4.0 0.5 0.0016
B7-3.0 3.0 0.5 0.0016
B7-4.0 4.0 0.5 0.0016
B8-3.0 3.0 1.4 0.0045
B8-4.0 4.0 20 0.0645
B9-3.0 3.0 0.5 0.0016
B9-4.0 4.0 11 0.0355

B10-3.0 3.0 170 0.5484
B10-4.0 4.0 4.7 0.0152
B11-3.0 3.0 270 0.8710
B11-4.0 4.0 310 1.0000
B12-3.0 3.0 22 0.0710
B12-4.0 4.0 56 0.1806
B13-3.0 3.0 32 0.1032
B13-4.0 4.0 45 0.1452
B14-3.0 3.0 0.5 0.0016
B14-4.0 4.0 15 0.0484
B15-3.0 3.0 8.6 0.0277
B16-3.0 3.0 81 0.2613
B16-4.0 4.0 24 0.0774
B17-3.0 3.0 7.4 0.0239
B17-4.0 4.0 0.5 0.0016
B18-3.0 3.0 1.0 0.0032
B18-4.0 4.0 2.7 0.0087
B19-3.0 3.0 0.5 0.0016
B19-4.0 4.0 4.3 0.0139
B20-3.0 3.0 0.5 0.0016
B20-4.0 4.0 0.5 0.0016

Total Lead Max TTLC: 310 Transformed Data Soluble Data
Number of Samples: 29 29
Sample Mean: 38 0.149
Delta = RT - mean 962
Appropriate Number of Samples: 0.01
Standard Deviation of Sample: 78 0.350
Standard Deviation of Mean: 15 0.065
Sample Variance: 6125 0.123
t-value for 90%: 1.313 Need to Transform Data 1.313
Upper Confidence Limit for 90%: 0.234
Reverse Transformation for 90% 72 mg/kg 3.7 mg/l
t-value for 95%: 1.701 1.701
Upper Confidence Limit for 95%: 0.260
Reverse Transformation for 95% 80 mg/kg 4.1 mg/l

0.008709788

0.001612904

0.001612904

0.023873235

0.103410013

0.001612904

TABLE C11
LEAD ANALYSES – GROUP 2 - 3 TO 4 FOOT LAYER 

Transformed Data      
Arcsine

0.001612904

0.005483898

0.004516144

0.181642365

0.001612904

0.077496903

0.145675988

0.001612904

0.048405998

1.570796327

0.264358723

0.013871413

0.001612904

0.003225812

0.071027448

0.001612904

0.580434223

0.015161871

1.057168492

0.027745495

0.001612904

0.035491322

0.064560969

208449003 T ADL.xls 1
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Sample ID
Depth

(feet bgs)
Total Lead 

(mg/kg)
Total Lead % 
of Maximum

B6-0.5 0.5 13 0.0118

B6-1.5 1.5 130 0.1182

B6-3.0 3.0 1.7 0.0015

B7-0.5 0.5 600 0.5455

B7-1.5 1.5 23 0.0209

B7-3.0 3.0 0.5 0.0005

B8-0.5 0.5 1100 1.0000

B8-1.5 1.5 13 0.0118

B8-3.0 3.0 1.4 0.0013

B9-0.5 0.5 42 0.0382

B9-1.5 1.5 14 0.0127

B9-3.0 3.0 0.5 0.0005

B10-0.5 0.5 140 0.1273

B10-1.5 1.5 12 0.0109

B10-3.0 3.0 170 0.1545

B11-0.5 0.5 76 0.0691

B11-1.5 1.5 120 0.1091

B11-3.0 3.0 270 0.2455

B12-0.5 0.5 14 0.0127

B12-1.5 1.5 6.4 0.0058

B12-3.0 3.0 22 0.0200

B13-0.5 0.5 17 0.0155

B13-1.5 1.5 29 0.0264

B13-3.0 3.0 32 0.0291

B14-0.5 0.5 110 0.1000

B14-1.5 1.5 160 0.1455

B14-3.0 3.0 0.5 0.0005

B15-0.5 0.5 2.7 0.0025

B15-1.5 1.5 0.5 0.0005

B15-3.0 3.0 8.6 0.0078

B16-0.5 0.5 60 0.0545

B16-1.5 1.5 41 0.0373

B16-3.0 3.0 81 0.0736

B17-0.5 0.5 56 0.0509

B17-1.5 1.5 54 0.0491

B17-3.0 3.0 7.4 0.0067

B18-0.5 0.5 18 0.0164

B18-1.5 1.5 18 0.0164

B18-3.0 3.0 1.0 0.0009

B19-0.5 0.5 310 0.2818

B19-1.5 1.5 0.5 0.0005

B19-3.0 3.0 0.5 0.0005

B20-0.5 0.5 68 0.0618

0.285688573

0.037281363

0.073703073

0.000454545

0.000909091

0.050931107

0.049110648

0.006727323

0.016364367

0.020001334

0.015455161

0.061857623

0.000454545

0.000454545

0.026366691

0.029095014

0.002454548

0.007818261

0.054572538

0.010909307

0.155167364

0.069145996

0.109308455

0.247988554

0.000454545

0.100167421

0.145972389

0.012727616

0.005818215

0.000454545

1.570796327

0.011818457

0.012727616

0.000454545

0.127618858

0.011818457

TABLE C12
LEAD ANALYSES – GROUP 2 - SURFACE TO 3 FOOT LAYER 

Transformed Data      
Arcsine

0.016364367

0.118458668

0.001545455

0.001272728

0.038191102

0.576931345

0.020910615

208449003 T ADL.xls 1
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Sample ID
Depth

(feet bgs)
Total Lead 

(mg/kg)
Total Lead % 
of Maximum

TABLE C12
LEAD ANALYSES – GROUP 2 - SURFACE TO 3 FOOT LAYER 

Transformed Data      
Arcsine

B20-1.5 1.5 0.5 0.0005

B20-3.0 3.0 0.5 0.0005

Total Lead Max TTLC: 1100 Transformed Data Soluble Data
Number of Samples: 45 45
Sample Mean: 85 0.091
Delta = RT - mean 915
Appropriate Number of Samples: 0.07
Standard Deviation of Sample: 188 0.247
Standard Deviation of Mean: 28 0.037
Sample Variance: 35516 0.061
t-value for 90%: 1.302 Need to Transform Data 1.302
Upper Confidence Limit for 90%: 0.139
Reverse Transformation for 90% 153 mg/kg 8.4 mg/l
t-value for 95%: 1.681 1.681
Upper Confidence Limit for 95%: 0.153
Reverse Transformation for 95% 168 mg/kg 9.3 mg/l

0.000454545

0.000454545

208449003 T ADL.xls 2
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Sample ID
Depth

(feet bgs)
Total Lead 

(mg/kg)
Total Lead % 
of Maximum

B6-4.0 4.0 0.5 0.0016

B7-4.0 4.0 0.5 0.0016

B8-4.0 4.0 20 0.0645

B9-4.0 4.0 11 0.0355

B10-4.0 4.0 4.7 0.0152

B11-4.0 4.0 310 1.0000

B12-4.0 4.0 56 0.1806

B13-4.0 4.0 45 0.1452

B14-4.0 4.0 15 0.0484

B16-4.0 4.0 24 0.0774

B17-4.0 4.0 0.5 0.0016

B18-4.0 4.0 2.7 0.0087

B19-4.0 4.0 4.3 0.0139

B20-4.0 4.0 0.5 0.0016

Total Lead Max TTLC: 310 Transformed Data Soluble Data
Number of Samples: 14 14
Sample Mean: 35 0.155
Delta = RT - mean 965
Appropriate Number of Samples: 0.01
Standard Deviation of Sample: 81 0.411
Standard Deviation of Mean: 22 0.110
Sample Variance: 6550 0.169
t-value for 90%: 1.350 Need to Transform Data 1.350
Upper Confidence Limit for 90%: 0.303
Reverse Transformation for 90% 93 mg/kg 4.9 mg/l
t-value for 95%: 1.771 1.771
Upper Confidence Limit for 95%: 0.350
Reverse Transformation for 95% 106 mg/kg 5.7 mg/l

0.001612904

0.035491322

0.048405998

0.077496903

0.145675988

0.001612904

0.008709788

0.013871413

0.015161871

1.570796327

TABLE C13
LEAD ANALYSES – GROUP 2 - 4 FOOT LAYER 

Transformed Data      
Arcsine

0.181642365

0.064560969

0.001612904

0.001612904

208449003 T ADL.xls 1
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Sample ID
Depth

(feet bgs)
Total Lead 

(mg/kg)
Total Lead % 
of Maximum

B6-0.5 0.5 13 0.0118
B6-1.5 1.5 130 0.1182
B6-3.0 3.0 1.7 0.0015
B6-4.0 4.0 0.5 0.0005
B7-0.5 0.5 600 0.5455
B7-1.5 1.5 23 0.0209
B7-3.0 3.0 0.5 0.0005
B7-4.0 4.0 0.5 0.0005
B8-0.5 0.5 1100 1.0000
B8-1.5 1.5 13 0.0118
B8-3.0 3.0 1.4 0.0013
B8-4.0 4.0 20 0.0182
B9-0.5 0.5 42 0.0382
B9-1.5 1.5 14 0.0127
B9-3.0 3.0 0.5 0.0005
B9-4.0 4.0 11 0.0100

B10-0.5 0.5 140 0.1273
B10-1.5 1.5 12 0.0109
B10-3.0 3.0 170 0.1545
B10-4.0 4.0 4.7 0.0043
B11-0.5 0.5 76 0.0691
B11-1.5 1.5 120 0.1091
B11-3.0 3.0 270 0.2455
B11-4.0 4.0 310 0.2818
B12-0.5 0.5 14 0.0127
B12-1.5 1.5 6.4 0.0058
B12-3.0 3.0 22 0.0200
B12-4.0 4.0 56 0.0509
B13-0.5 0.5 17 0.0155
B13-1.5 1.5 29 0.0264
B13-3.0 3.0 32 0.0291
B13-4.0 4.0 45 0.0409
B14-0.5 0.5 110 0.1000
B14-1.5 1.5 160 0.1455
B14-3.0 3.0 0.5 0.0005
B14-4.0 4.0 15 0.0136
B15-0.5 0.5 2.7 0.0025
B15-1.5 1.5 0.5 0.0005
B15-3.0 3.0 8.6 0.0078
B16-0.5 0.5 60 0.0545
B16-1.5 1.5 41 0.0373
B16-3.0 3.0 81 0.0736
B16-4.0 4.0 24 0.0218
B17-0.5 0.5 56 0.0509
B17-1.5 1.5 54 0.0491 0.049110648

0.007818261

0.054572538

0.037281363

0.073703073

0.021819913

0.050931107

0.100167421

0.145972389

0.000454545

0.013636786

0.002454548

0.000454545

0.020001334

0.050931107

0.015455161

0.026366691

0.029095014

0.040920510

0.069145996

0.109308455

0.247988554

0.285688573

0.012727616

0.005818215

0.000454545

0.010000167

0.127618858

0.010909307

0.155167364

0.004272740

0.576931345

0.020910615

0.000454545

0.011818457

0.001272728

0.012727616

0.000454545

1.570796327

0.018182820

0.038191102

0.011818457

0.118458668

TABLE C14
LEAD ANALYSES – GROUP 2 - SURFACE TO 4 FOOT LAYER 

Transformed Data      
Arcsine

0.001545455

0.000454545

208449003 T ADL.xls 1
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Sample ID
Depth

(feet bgs)
Total Lead 

(mg/kg)
Total Lead % 
of Maximum

TABLE C14
LEAD ANALYSES – GROUP 2 - SURFACE TO 4 FOOT LAYER 

Transformed Data      
Arcsine

B17-3.0 3.0 7.4 0.0067
B17-4.0 4.0 0.5 0.0005
B18-0.5 0.5 18 0.0164
B18-1.5 1.5 18 0.0164
B18-3.0 3.0 1.0 0.0009
B18-4.0 4.0 2.7 0.0025
B19-0.5 0.5 310 0.2818
B19-1.5 1.5 0.5 0.0005
B19-3.0 3.0 0.5 0.0005
B19-4.0 4.0 4.3 0.0039
B20-0.5 0.5 68 0.0618
B20-1.5 1.5 0.5 0.0005
B20-3.0 3.0 0.5 0.0005
B20-4.0 4.0 0.5 0.0005

Total Lead Max TTLC: 1100 Transformed Data Soluble Data
Number of Samples: 59 59
Sample Mean: 74 0.077
Delta = RT - mean 926
Appropriate Number of Samples: 0.06
Standard Deviation of Sample: 170 0.220
Standard Deviation of Mean: 22 0.029
Sample Variance: 28874 0.048
t-value for 90%: 1.297 Need to Transform Data 1.297
Upper Confidence Limit for 90%: 0.114
Reverse Transformation for 90% 126 mg/kg 6.8 mg/l
t-value for 95%: 1.672 1.672
Upper Confidence Limit for 95%: 0.125
Reverse Transformation for 95% 137 mg/kg 7.5 mg/l

0.000454545

0.000454545

0.285688573

0.000454545

0.000454545

0.003909101

0.061857623

0.000454545

0.006727323

0.000454545

0.016364367

0.000909091

0.002454548

0.016364367

208449003 T ADL.xls 2
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CORRELATION OF TOTAL LEAD TO SOLUBLE LEAD 
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WET-citric = (0.0587 x Total Lead) - 0.557
R = 0.94
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0 feet

2 feet

4 feet

0 feet

2 feet

4 feet

0 feet

2 feet

4 feet

0 feet

2 feet

4 feet

– Non-hazardous soil with respect to total and soluble lead

– Reuse Condition 1 [Hazardous. Variance applies. Use material on job site. Place a minimum of 5 feet above maximum water  

table elevation and cover with at least 1 foot of non-hazardous soil]

– Reuse Condition 2 [Hazardous. Variance applies. Use material on job site. Place a minimum of 5 feet above maximum water table 

elevation and protect from infiltration with a pavement structure which will be maintained by the Department]

– Hazardous. Class 1 disposal site, all other Title 22 CCR requirements apply

– Hazardous. Class 1 disposal site RCRA based on the layer having a TCLP value ≥  5 mg/l

UCL – upper confidence limit

WET-DI – soluble lead using the Waste Extraction Test with deionized water

WET-citric acid – soluble lead using the Waste Extraction Test with citric acid

TCLP – Toxicity Characteristic Leaching Procedure

mg/kg – milligrams per kilogram

mg/l – milligrams per liter

CCR – California Code of Regulations

RCRA – Resource, Conservation, and Recovery Act

Scenario C

Total Lead 
11 mg/kg

Soluble Lead (WET-citric)

0.1 mg/l

Total Lead 
11 mg/kg

Soluble Lead (WET-citric)

0.1 mg/l

Total Lead 
20 mg/kg

Soluble Lead (WET-citric)

0.6 mg/l

Scenario D

Total Lead 
 13 mg/kg

Soluble Lead (WET-citric)

0.2 mg/l

Scenario B

Total Lead 
13 mg/kg

Soluble Lead (WET-citric)

0.2 mg/l

FIGURE F1 – GROUP 1 - BLOCK DIAGRAM FOR POTENTIAL DEPARTMENT RIGHT-OF-WAY RE-USE ONE-
TAILED 90 PERCENT UCLs FOR ARCSINE TRANSFORMATION

Scenario A

Total Lead 
11 mg/kg

Soluble Lead (WET-citric)

0.1 mg/l

Total Lead 15 mg/kg Soluble Lead (WET-citric) 0.3 mg/l

208449003 T ADL.xls 1
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0 feet

2 feet

4 feet

0 feet

2 feet

4 feet

0 feet

2 feet

4 feet

0 feet

2 feet

4 feet

– Non-hazardous soil with respect to total and soluble lead

– Reuse Condition 1 [Hazardous. Variance applies. Use material on job site. Place a minimum of 5 feet above maximum water  

table elevation and cover with at least 1 foot of non-hazardous soil]

– Reuse Condition 2 [Hazardous. Variance applies. Use material on job site. Place a minimum of 5 feet above maximum water table 

elevation and protect from infiltration with a pavement structure which will be maintained by the Department]

– Hazardous. Class 1 disposal site, all other Title 22 CCR requirements apply

– Hazardous. Class 1 disposal site RCRA based on the layer having a TCLP value ≥  5 mg/l

UCL – upper confidence limit

WET-DI – soluble lead using the Waste Extraction Test with deionized water

WET-citric acid – soluble lead using the Waste Extraction Test with citric acid

TCLP – Toxicity Characteristic Leaching Procedure

mg/kg – milligrams per kilogram

mg/l – milligrams per liter

CCR – California Code of Regulations

RCRA – Resource, Conservation, and Recovery Act

Scenario D

Total Lead 
12 mg/kg

Soluble Lead (WET-citric)

0.1 mg/l

Scenario C

Total Lead 
12 mg/kg

Soluble Lead (WET-citric)

0.2 mg/l

Total Lead 
23 mg/kg

Soluble Lead (WET-citric)

0.8 mg/l

Total Lead 
13 mg/kg

Soluble Lead (WET-citric)

0.2 mg/l

FIGURE F2 – GROUP 1 - BLOCK DIAGRAM FOR POTENTIAL DEPARTMENT OFF SITE DISPOSAL ONE-TAILED 
95 PERCENT UCLs FOR ARCSINE TRANSFORMATION

Scenario A

Total Lead 16 mg/kg Soluble Lead (WET-citric) 0.4 mg/l

Scenario B

Total Lead 
 14 mg/kg

Soluble Lead (WET-citric)

0.3 mg/l

Total Lead 
15 mg/kg

Soluble Lead (WET-citric)

0.3 mg/l

208449003 T ADL.xls 1
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0 feet
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4 feet

0 feet

2 feet

4 feet

0 feet

2 feet

4 feet

0 feet

2 feet

4 feet

– Non-hazardous soil with respect to total and soluble lead

– Reuse Condition 1 [Hazardous. Variance applies. Use material on job site. Place a minimum of 5 feet above maximum water  

table elevation and cover with at least 1 foot of non-hazardous soil]

– Reuse Condition 2 [Hazardous. Variance applies. Use material on job site. Place a minimum of 5 feet above maximum water table 

elevation and protect from infiltration with a pavement structure which will be maintained by the Department]

– Hazardous. Class 1 disposal site, all other Title 22 CCR requirements apply

– Hazardous. Class 1 disposal site RCRA based on the layer having a TCLP value ≥  5 mg/l

UCL – upper confidence limit

WET-DI – soluble lead using the Waste Extraction Test with deionized water

WET-citric acid – soluble lead using the Waste Extraction Test with citric acid

TCLP – Toxicity Characteristic Leaching Procedure

mg/kg – milligrams per kilogram

mg/l – milligrams per liter

CCR – California Code of Regulations

RCRA – Resource, Conservation, and Recovery Act

FIGURE F3 – GROUP 2 - BLOCK DIAGRAM FOR POTENTIAL DEPARTMENT RIGHT-OF-WAY RE-USE ONE-
TAILED 90 PERCENT UCLs FOR ARCSINE TRANSFORMATION

Scenario A

Total Lead 
63 mg/kg

Soluble Lead (WET-citric)

3.1 mg/l

Total Lead 368 mg/kg Soluble Lead (WET-citric) 21.1 mg/l

Total Lead 
 207 mg/kg

Soluble Lead (WET-citric)

11.6 mg/l

Scenario B

Total Lead 
72 mg/kg

Soluble Lead (WET-citric)

3.7 mg/l

Scenario C

Total Lead 
153 mg/kg

Soluble Lead (WET-citric)

8.4 mg/l

Total Lead 
126 mg/kg

Soluble Lead (WET-citric)

6.8 mg/l

Total Lead 
93 mg/kg

Soluble Lead (WET-citric)

4.9 mg/l

Scenario D

208449003 T ADL.xls 1



NB SR-55/WB SR-91 Connector
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0 feet

2 feet

4 feet
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2 feet

4 feet

0 feet

2 feet

4 feet

0 feet

2 feet

4 feet

– Non-hazardous soil with respect to total and soluble lead

– Reuse Condition 1 [Hazardous. Variance applies. Use material on job site. Place a minimum of 5 feet above maximum water  

table elevation and cover with at least 1 foot of non-hazardous soil]

– Reuse Condition 2 [Hazardous. Variance applies. Use material on job site. Place a minimum of 5 feet above maximum water table 

elevation and protect from infiltration with a pavement structure which will be maintained by the Department]

– Hazardous. Class 1 disposal site, all other Title 22 CCR requirements apply

– Hazardous. Class 1 disposal site RCRA based on the layer having a TCLP value ≥  5 mg/l

UCL – upper confidence limit

WET-DI – soluble lead using the Waste Extraction Test with deionized water

WET-citric acid – soluble lead using the Waste Extraction Test with citric acid

TCLP – Toxicity Characteristic Leaching Procedure

mg/kg – milligrams per kilogram

mg/l – milligrams per liter

CCR – California Code of Regulations

RCRA – Resource, Conservation, and Recovery Act

Scenario B

Total Lead 
230 mg/kg

Soluble Lead (WET-citric)

13.0 mg/l

Total Lead 
80 mg/kg

Soluble Lead (WET-citric)

4.1 mg/l

Total Lead 
68 mg/kg

Soluble Lead (WET-citric)

3.4 mg/l

FIGURE F4 – GROUP 2 - BLOCK DIAGRAM FOR POTENTIAL DEPARTMENT OFF SITE DISPOSAL ONE-TAILED 
95 PERCENT UCLs FOR ARCSINE TRANSFORMATION

Scenario A

Total Lead 413 mg/kg Soluble Lead (WET-citric) 23.7 mg/l

Scenario D

Total Lead 
 137 mg/kg

Soluble Lead (WET-citric)

7.5 mg/l

Scenario C

Total Lead 
168 mg/kg

Soluble Lead (WET-citric)

9.3 mg/l

Total Lead 
106 mg/kg

Soluble Lead (WET-citric)

5.7 mg/l

208449003 T ADL.xls 1













State of California Business, Transportation and Housing Agency 

M e m o r a n d u m  

TO: SON NGUYEN 
Bridge Design Branch 1 
Structures Design-MS 9-4/81 
Division of Engineering Services 

Flex your power! 
Be energy eflcienf! 

Date: June 1 8,20 12 

File: 12-ORA-91 -PM 7.919.5 ' 

EA: 12-0C5601 (12-00000078) 
Overhead Signs 

Attn: Bang Hua, Project Engineer 

From: DEPARTMENT OF TRANSPORTATION 
DMSION OF ENGINEERING SERVICES 
Geotechnical Services 
Office of Geotechnical Design South 1 
Branch B 

Subject: Foundation Report, Overhead Sign, No's 203L, 203R,305,400,5 13 and 61 5 

1.0 INTRODUCTION 

Per your request dated January 20, 2012, this Foundation Report (FR) has been prepared for the 
Overhead Signs (OH) along ORA 91 West as a part of Operational Improvement project. The 
foundation recommendations provided herein are based on the latest sign details provided by your 
office as well as results of the Geotechnical Exploration program implemented for this project. 

1.1 Scope of work 

The following tasks were performed for the preparation of this report: 

Review of archived data. 
Geotechnical drilling. 
Laboratory testing. 
Geotechnical analysis. 
Preparation of this FR. 

2.0 PROJECT DESCRIPTION 

Existing Segment 5 Site Conditions 

State Route 91 (SR-91) in Orange County was originally constructed in the 1960s as a controlled 
access freeway. A major effort to improve traffic capacity began in 1992 with the construction of 
the SR-9 1 toll lanes and the SR-241 toll road. The SR-91 is generally an 8- to 10- general-purpose 
lane freeway with auxiliary lanes. The SR-91 express/toll lanes provide two additional lanes in 
each direction. The toll lanes in the median are operated and maintained by OCTA (Orange 
County Transportation Authority) under a franchise agreement with the State. The Santa Ana 
River parallels the project area to the north of SR-91, and several residential and commercial 
communities are located south of SR-91. SR-91 is a major east-west freeway that extends fiom 

"Caltrans improves mobili@ across Calgornia " 



SON NGUYEN 
June 18,2012 
Page 2 

Overhead Signs for ORA-9 1 Improvements 
12-OC5601 - 

Interstsite 1 10 (1-1 10) in the City of Gardena in Los Angeles County east through Orange County, 
where it intersects Interstates 710 (I-710), 605 (1-605) and 5 (I-5), as well as State Route 57 (SR- 
57), SR-55 and SR-241. SR-91 extends further northeast beyond the project limits to the City of 
Riverside in Riverside County. Reference site Vicinity Map Figure 1. The purpose of the project is 
to reduce traffic congestion, improve operational deficiencies and comply with Department design 
standards on SR-91 between SR-55 and SR-241. The project will accomplish the following 
objectives: 

Enhance mid-term capacity for SR-91. 
Improve operational characteristics, such as weaving and lane efficiency at ramp 

junctions. 
Widen the existing 1 1-ft lane and 2-ft right shoulder within a portion of the project limit 

to the standard width of 12-ft lane and 10-ft right shoulder. 

Proposed Structure 

The improvements include three truss sign structures along westbound SR-91 and two lightweight 
structures, one on Tustin Avenue off-ramp and one on the NB 551WB-91 connector. A conflict 
between retaining wall and Sign No. 203R is noted. Reference Sign Details sheet SD-2. Sign 
details are shown Appendix I. A summary of the proposed signs is provided in Table 1 below. 

Table 1 - Proposed Sings 
I Sign No. I Route I Station I 

FIELD INVESTIGATION AND TESTING PROGRAM 

A geotechnical investigation took place between March 6 and May 3, 2012. A total of six (6) 
exploratory borings were drilled within the general proposed area of the overhead signs. These 
borings were drilled with a CME-75 drill rig utilizing hollow stem auger methods. The 
geotechnical findings obtained from these borings were utilized for the proposed overhead signs 
foundation design. 

All borings were drilled by the Caltrans Office of Drilling Services and logged by personnel from 
our office. Soil samples werk logged and sampled using primarily a Standard Penetration Test 
(SPT) sampler and a Modified California sampler at typically 5-foot intervals. SPT samples were 
driven using a 140-pound hammer falling freely for 30 inches for a total penetration of 18 inches. 
The modified California Sampler is a 2.0-inch inside-diameter sampler, which retrieves 

''Cultram improves mobiliy across Cal~ornia " 
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7.0 SEISMIC RECOMMENDATIONS 

Table 4 - Corrosion Test Results 

The seismicity for the project was measured from the SR-55 north to SR-91 west connector 
because that sign location is closest to the Peralta Hills Fault. A Vs30 of 300-400 d s  was used 
based on correlations with SPT blow counts and the borings drilled for the sign locations and other 
structures in the vicinity. The PGA for the project limits is 0.6g. The ARS curve is attached as 
Appendix 111. 

The controlling faults are the USGS 5% in 50 years probabilistic data, the Peralta Hills Fault, and 
the Elsinore Fault Zone (Chino Section). The Peralta Hills Fault is Fault ID 146 in the Caltrans 
ARS On-line database. It is a reverse fault dipping 50°'to the north with a M,, of 6.2. The rupture 
distance (k,) is approximately 1.0 km from the site. The Elsinore Fault Zone (Chino Section) is 
Fault ID 242 in the Caltrans ARS On-line database. It is a reverse fault dipping 50" to the west 
with a M,, of 7.6. The rupture distance (R,,,,) is approximately 12.1 krn fiom the site. 

Sign No. 

203L&R 
513 
513 
400 
615 
305 

Liquefaction Evaluation 

Note: Caltrans currently considers a site to be corrosive to foundation elements if one or more of the following 
conditions exist: Chloride concentration is greater than or equal to 500 ppm, sulfate concentration is greater 
than or equal to 2000 ppm, or the pH is 5.5 or less. A minimum Resistivity value of less than 1000 (Ohm-cm) 
indicates the presence of high quantities of soluble salts and a higher propensity for corrosion. 

Depth 
(ft) 

5-20 
5-20 
5-20 
5-20 
0-5 
0-5 

Boring 

A-12-16A 
A-12-19 
A-12-20 
A-12-21 
A-12-22 
A-12-34 

Liquefaction is a phenomenon in which loose, saturated, fine-grained, granular soils behave like a 
liquid while being subjected to high-intensity ground shaking. Liquefaction occurs when shallow 
ground water, low-density, sandy soils, and high-intensity ground motion exist at a site. Saturated, 
loose to medium dense, near-surface, cohesionless soils exhibit the highest liquefaction potential, 
while dense, cohesionless soils and.cohesive soils exhibit low to negligible liquefaction potential. 

As previously mentioned in Section 5.4, ground water was encountered in boring A-12-21 at 
elevation 23 1.00. 

Minimuin Resistivity 
(Ohm-cm) 

1260 
443 
508 
1386 
2585 
5042 

Based upon the groundwater elevation and high density of soils below that elevation, liquefaction 
potential for this site is considered to be low. 

"Caltrans improves mobiliv across California" 

pH 

6.99 
7.56 
7.78 
7.96 
8.26 
8.66 

Chloride Content 
( P P ~ )  

N/A 
208 
337 
N/A 
N/A 
N/A 

Sulfate 
Content 
( P P ~ )  
N/A 
3990 
3400 
N/ A 
N/ A 
N/ A 
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SOIL BOUNDARY CONDITIONS 

Soil parameters used in pile analysis are summarized Appendix IV. These parameters were based 
upon boring log information in the field. 

FOUNDATION RECOMMENDATIONS 

Axial and Lateral Pile Capacity Analysis 

The axial pile capacity evaluation for the proposed CIDH piles was performed using SHAFT for 
Windows, V5.0 by ENSOFT Inc. The lateral load-deformation response of single pile was 
analyzed utilizing the LPILE plus for Windows, V5.0m by ENSOFT Inc. The depth of sign 
foundation was computed based on the boundary conditions shown in Table 5. Pile data is shown 
in Table 6. The recommended pile depth is given in Table 7. Maximum bending moments and 
maximum shear forces computed are presented in Table 8. 

Table 5 - Unfactored Loads 

"Calnumr improves mobiliy across California" 

Sign Post No. 

Bending 
Moment at 
Pile Head 

Shear Force 
at Pile Head 

(Kips) 
Design Axial 
Load (Kips) 
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Table 6 below summarizes the proposed pile data. 

Table 6- Pile Data 

203R 13.0' CIDH 1 4.3 

Sign 
Post No. 

- -- 

Nominal Resistance 7 ~ e s i g n  ~ i p l i f i e d  [cut -of f  

Pile Type 

513L 

513R 

615 

Tip Elevation 
Elevation (ft) 

f ftl 

Design 
Loading 
(Kips) 

(1) Compression Load based on skin friction capacity only. 
(2) Lateral Loads 

5.0' CIDH 

5.0' CIDH 

5.0' CIDH 

Table 7 below summarizes proposed CIDH piles diameter and length for support of subject overhead 
signs. 

11.0 

11.0 

18.8 

Tab 
h 

le 7 - Recommended Pile Depths 

I 203L & R I 3.0'1 CIDH I 24 

Sign Post No. 

I 513L & R I , 5.0'1 CIDH 1 3 0 

Pile Diameter1 
Pile Type 

305 
400 

I 615 I 5.0'1 CIDH I 3 5 

Pile Depth 
(Length from pile head to pile tip) 

(feet) 

"Calrmns improves mobility across California" 

3.0'1 CIDH 

5.0'1 CIDH 
34 
3 6 
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Maximum bending moments and maximum shear forces computed are presented in Table 8 below. 

Table 8 - Maximum Bending Moments (BM) and Maximum Shear Forces 
b 

The LPile and Shaft runs are attached as Appendix V 

Sign Post No. 

203L & R 

10.0 CONSTRUCTION CONSIDERATIONS 

The following recommendations are made for CIDH piles installation and construction and are 
recommended to be incorporated in the Special Provisions of the project. 

Max* BM 

. 
2000 

The contractor shall be required to clean out the bottom of the shaft prior to placing the cage 
and the concrete. 
Concrete placement for construction of the CIDH piling shall be completed within the same 
day that excavation of the drilled hole has been completed. 
Caving is anticipated during excavation of the pile boring and during CIDH piles construction 
at all sign locations (Sign No. 203L, 203R, 305, 400, 513L, 513R and 615). A method of 
caving control, such as using temporary casing should be considered by the contractor. 

"Caltram improves mobiliw across Califonia " 

Depth of Max 
BM below the 
pile head (feet) 

6 

Max. Shear 
(Kips) 

5 

epth of Max 
:hear below 
the pile head 

(feet) 
13 

Maximum 
lateral pile head 

deflection 
(inches) 

0.1 1 
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If you have any questions or comments, please call Mushtaq Ahrned at 21 3-620-21 32 or Sam 
Sukiasian at 2 13-620-2 1 35. 

Prepared by: Date: '7//%//2 Reviewed by: Date: 7 / 8 /Z- // 

SAM SUKIASIAN G.E. 
Transportation Engineer - Civil Senior Transportation Engineer 
OEce of Geotechnical Desig Office of Geotechnical Design - South 1 
Branch B 

Branch B 

CC: Structure Construction R.E. pending File (RE Pendin~@dot.caeov) 
District Project Manager - Sved Haq@,dor.ca.eov 
Structure Design - Anthonv Lo&dor.ca~ov 
GS Corporate - Shira Raiedr@,dot.ca.gov 

Attachments: Figure 1 - Vicinity Map 
Appendix I - OH Sign Details 
Appendix I1 - Laboratory Data 
Appendix 111 - ARS Curve 
Appendix IV -Soil Parameters 
Appendix V - LPile and Shaft runs 

"CaIImm improves nrobiliq across California" 
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Appendix 11: Laboratory Data 



Gradation Analysis Test Results 
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Gradation Analysis Test Results 
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Gradation Analysis Test Results 
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