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1.0 Introduction and Background 

1.1 Purpose 

The purpose of this report is to present the design documentation associated with development of the 

Daggett Bridge Design Project (Project). 

1.2 Background 

1.2.1 Location 

Daggett Road Bridge is located near the confluence of Fall Creek and Iron Gate Reservoir in Siskiyou 

County northwest of Iron Gate Dam near Yreka, California.  The existing City of Yreka (City) water line 

currently crosses the Klamath River downstream from the existing Daggett Bridge adjacent to the mouth 

of Fall Creek. 

1.2.2 Project Description 

1.2.2.1 Background 

The Daggett Bridge Project design prepared by Kiewit and Knight Piésold (Kiewit) proposed to construct 

a bridge located on the upstream side of the existing Daggett Bridge to support the removal of Iron Gate 

Dam.  This bridge was proposed to be used during construction to support Kiewit’s construction loads 

which exceed the existing Daggett Bridge rating.  The bridge would be constructed during the pre-

drawdown year to support Kiewit’s construction activities during the Iron Gate Dam removal process.   

The existing City waterline crosses the Klamath River just downstream from the mouth of Fall Creek 

which enters the Klamath River just below the existing Daggett Bridge.  The existing pipeline was placed 

in shallow trench in the bottom of the river which is currently backwatered in the reservoir created by Iron 

Gate Dam.  When Iron Gate Dam is removed, the Klamath River will return to a free-flowing condition 

which is expected to erode the existing pipeline crossing with potential failure of the pipeline.   

When considering the various project components including the City waterline, Daggett Bridge 

construction, access for fire protection and recreation boating, and the establishment of anadromous fish 

runs back to the Fall Creek Hatchery, the Klamath River Renewal Corporation (KRRC) determined that it 

would be beneficial to consider a permanent bridge replacement at the Daggett Road crossing to replace 

the existing limited rating bridge and eliminate the need for a temporary construction bridge.  The new 

bridge crossing will be designed to meet current load conditions as well as truck loads required to provide 

fire protection, support construction equipment, and a permanent elevated support of the City pipeline 

crossing the new Daggett Bridge eliminating the existing City buried river crossing.  

1.2.2.2  Existing Daggett Road Bridge Overview 

The Daggett Road Bridge is a single lane, four span bridge that spans the Iron Gate Reservoir and is 

approximately 233 feet in length. The superstructure of the bridge includes steel girders of varying section 

types, is 14 feet wide with no shoulders. The substructure of the bridge includes seat type concrete 
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abutments on pile caps with H-piles. The Daggett Road Bridge was reconstructed in 1983 to provide a 

HS-20 load rating; however, the structure has been de-rated with a 17-ton load limit for double axel 

vehicles, 27-ton load limit for triple axel vehicles, and 29-ton load limit for 4-axel vehicles, as shown in 

Figure 1-1.  

 

Figure 1-1. Daggett Road Bridge – Elevation South (Source: Knight Piésold Consulting, 2019) 

Knight Piésold Consulting inspected Daggett Road Bridge on July 27, 2019, and they made the following 

visual observations: 

 Overall, the bridge is in generally fair condition. 

 There is a posted load limit and speed limit. 

 There is a cattle guard (grid) at the north approach. 

 Abutments appear to be in good/fair condition. It was not clear from visual inspection how the 

mud sill abutment was performing due to access restrictions, but general profile and alignment 

appeared good. No movement noted. 

 Railings and deck surfaces in good condition. 

 Due to the large loads required during the dam removal construction, the existing bridge was 

determined to be inadequate for construction loads.  As a result, a temporary bridge is planned on 

the upstream side of the existing bridge.  
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Figure 1-2. Daggett Road Bridge – West End (Source: Knight Piésold Consulting, 2019) 

 

Figure 1-3. Daggett Road Bridge – Elevation North (Source: Knight Piésold Consulting, 2019) 

1.3 Report Organization 

This Design Documentation Report (DDR) is a record of the design effort for the Project and specifically 

describes the details of the design process and work effort. The DDR consists of a summary of the design 
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elements, design criteria, methods and approach, engineering calculations, and pertinent references. The 

major report sections and intended purpose are presented in Table 1-1. 

Table 1-1. Major Report Sections and Purpose 

Section Description Purpose 

1 Introduction and 
Background 

Presents the background, a description of the overall Project, and 
the report organization. 

2 Design Criteria Summarizes the basic design criteria that are used as the basis 
for the design of the new Daggett Bridge. 

3 Project Description Describes the Daggett Bridge Project. 

4 Civil Design Includes information related to the civil design associated with the 
Daggett Bridge. 

5 Hydrologic & Hydraulic 
Design 

Presents the hydrologic and hydraulic scour analysis of the 
Daggett Bridge abutments and revetment stone design of the new 
riprap within the Klamath River. 

6 Geotechnical Design Includes geotechnical information and design associated with the 
Daggett Bridge. 

7 Structural Design Includes information related to the structural design of the new 
Daggett Bridge and the pipe supports for the City of Yreka 
pipeline crossing across the new Daggett Bridge. 

8 References Documents the references used in developing the design. 

Appendices 

A Civil Design 
Calculations 

Presents the detailed calculations related to civil design. 

B Hydrologic & Hydraulic 
Design Calculations 

Presents the detailed calculations related to hydrologic and 
hydraulic design. 

C Geotechnical Design 
Calculations 

Presents the detailed calculations related to geotechnical design. 

D Structural Design 
Calculations 

Presents the detailed calculations related to structural design. 

E Geotechnical Boring 
Logs 

Presents the boring logs from the Geotechnical Data Report 
prepared by CDM Smith and AECOM Technical Services, Inc. 
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2.0 Design Criteria 

2.1 Pertinent Data 

Pertinent data for the Project include the assumed survey datum, topographic mapping, and references as 

described below. 

2.1.1 Survey Datum 

The Project data provided by the Klamath River Renewal Corporation (KRRC) were supplied in reference 

to the North American Vertical Datum of 1988 (NAVD88, Geoid 12B). This is the vertical datum that will 

be used on all drawings and in all calculations submitted as deliverable for the Project. The horizontal 

coordinate system is the California Coordinate System of 1983, Zone 1 North American Datum of 1983 

(NAD83) in feet. 

2.1.2 Topographic Mapping 

Topographic data was supplied by KRRC and included the Light Detection and Ranging (LiDAR) and 

sonar survey performed in 2018 by GMA Hydrology, Inc. for the entire site. 

2.2 References and Data Sources 

A wide range of data sources and references were used in developing this DDR. Specific data related to the 

conceptual design of the Project were obtained from the various technical analyses and memoranda, which 

include the following: 

 CDM Smith and AECOM. 2019. Klamath River Renewal Project Geotechnical Data Report. 

 The California Oregon Power Company. 1981. Daggett Road Bridge Drawings. 

Additional data sources, including publicly available aerial imagery, U.S. Geological Survey (USGS) maps, 

USGS streamflow gaging station data, soils maps, as-constructed drawings, and standard engineering 

reference documents, were used. 

2.3 General Design Criteria and Standards 

2.3.1 Standard List of Terms and Abbreviations 

ACI American Concrete Institute 

ADM Aluminum Design Manual 

AISC American Institute of Steel Construction 

ANSI American National Standards Institute 

ASCE American Society of Civil Engineers 

ASME American Society of Mechanical Engineers 

ASTM American Society of Testing and Materials 

AWS American Welding Society 

CCOR California Code of Regulations 

cfs cubic feet per second 
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CGP Construction General Permit 

DPS Distinct Population Segment 

ECP Erosion Control Plan 

ft3 cubic feet 

GBR Geotechnical Baseline Report 

gpm gallons per minute 

HEC-RAS Hydrologic Engineering Center River Analysis System 

ksf kips per square foot 

KRRC Klamath River Renewal Corporation 

LiDAR Light Detection and Ranging Survey 

mm millimeter 

NAD North American Datum 

NAVD North American Vertical Datum 

Project Daggett Bridge Design Project 

pcf pounds per cubic foot 

psf pounds per square foot 

RWQCB Regional Water Quality Control Board 

USACE United States Army Corps of Engineers 

USACE EMs United States Army Corps of Engineers Engineer Manuals 

USBR United States Bureau of Reclamation 

USGS United States Geological Survey 
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2.4 Civil 

2.4.1 Erosion Control Plan 

The contractor will be required to obtain a Construction Storm Water General Permit from the California 

State Water Resources Control Board prior to construction. Construction General Permits (CGPs) are 

required for construction projects that result in greater than 1 acre of soil disturbance. The CGP requires 

temporary and post-construction Best Management Practices to prevent erosion and reduce sediment 

discharges from construction sites. Prior to permit issuance by Siskiyou County, submittal of an Erosion 

Control Plan (ECP) to the appropriate Director at Siskiyou County is required. The ECP shall include 

methods for controlling runoff, erosion, and sediment movement.  The Contractor’s ECP shall meet or 

exceed the requirements outlined in Specification Section 31 25 00 Erosion Sedimentation Controls 

prepared by Knight Piésold Consulting. 

2.4.2 Roadway  

Siskiyou County requested that any new roadways be designed that roadway geometry should be 

improved upon or maintained to the extent practical (Knight Piésold Consulting and Kiewit. 2020a).  

Table 2-1. Civil Roadway Design Criteria 

Feature/Consideration Criteria Remarks Reference 

Design Vehicle 45 ton off-highway 
articulated haul 
truck 

CAT 745 Project 
Company 

Minimum Lane Width 11 ft  Project 
Company 

Minimum Curve Radius 35 ft  Project 
Company 

Road Grade Normal road grade 
≤7%. 
Maximum road 
grade = 15%. 

The maximum roadway slope in the 
design is 7.1%. 

Project 
Company 

Cut/Fill Slopes 1V:3H or flatter Embankment slopes no steeper than 
1V:3H wherever practical and, ideally 
1V:6H or flatter 

Project 
Agreement 

Knight Piésold Consulting and Kiewit. 2020a 

2.5 Hydrology and Hydraulic 

2.5.1 Applicable Codes and Standards 

The following codes, standards, and specifications will serve as the general design criteria for the hydraulic 

analysis of the Daggett Bridge abutment and required scour protection. The proposed hydrologic and 

hydraulic engineering criteria are presented in Tables 2-2 and 2-3 below.  The criteria presented within 

these tables represent the anticipated operation and design elements used in the Project development. A 

permanent bridge at this location is required to provide adequate hydraulic capacity to pass the 1% Annual 

Probable Flood (ADF) event (Knight Piésold Consulting and Kiewit. 2020a). 
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Table 2-2. Hydraulic Standards, References, and Standards of Practice 

Standard Reference 

Julien, Pierre Y. 
2002 

River Mechanics. Cambridge University Press, Cambridge, United Kingdom 

Table 2-3. Bridge Hydrologic and Hydraulic Design Criteria 

Feature/Consideration Criteria Remarks Reference 

Bridge Soffit Minimum 
Freeboard Requirements 

Minimum freeboard for 
permanent bridges will 
be 1 ft during the 1% 
annual probable flood.  

Distance is measured 
from water surface 
elevation to the lowest 
point on the bridge 
deck. 

 

Design Storm/Discharge 
Data 

1% Annual Probable 
Flood Post Drawdown 

 AASHTO 

Scour See Section 5.0 See Section 5.0 Julien (2002) 

Erosion Protection Per California Bank and 
Shore Rock Slope 

See Section 5.0 California Bank and 
Shore Rock Slope 
Protection Design 
(2000) 

Knight Piésold Consulting and Kiewit. 2020a 

2.5.1.1 Scour Analysis 

The HEC-RAS model developed by Knight Piésold Consulting, that was used to analyze the scour potential 

on the Klamath River, was used to look at the river hydraulics at the proposed new Daggett Bridge location.  

The HEC-RAS model was originally developed to evaluate the reservoir drawdown period for the Klamath 

River Renewal Project.  The HEC-RAS model was run for the new Daggett Bridge crossing which 

incorporates river abutments on both banks of the river.  The scour depth estimate was based on an equation 

provided by Julien (2002), where the scour depth below of a grade-control structure is evaluated with the 

drop height being set to zero.   

2.5.1.2 Revetment Stone Sizing 

The HEC-RAS model was used to estimate the velocities for the 1% AEP flood to evaluate the required 

rock size to protect the bridge abutment slopes.  The rock size will be based on the California Bank and 

Shore (CABS) method presented in the Caltrans publication on bank and shore rock slope protection design 

(2000).   

2.6 Geotechnical 

2.6.1 Applicable Codes and Standards 

The following codes, standards, and specifications will serve as the general design criteria for the 

geotechnical design of the Daggett Bridge. The applicable version of each document is the latest edition in 

force unless noted otherwise. References to the specific codes and standards will be included in the 

applicable technical specifications as the final design documents are prepared.  The geotechnical design, 
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engineering, materials, equipment, and construction will conform to the codes and standards listed in Table 

2-4. 

Table 2-4.  Geotechnical Codes and Standards 

Code Standard 

AASHTO AASHTO LRFD Bridge Design Specification, 8th Ed. 2017 

2.7 Structural 

2.7.1 General Design Description 

The new Daggett Road Bridge will consist of a 260-foot, two-lane, 24-foot-wide pre-manufactured bridge 

superstructure, that will be supported by new seat type concrete abutments. The bridge will span the full 

distance across the Klamath River and is located approximately 75 feet upstream from the existing Daggett 

Road Bridge. The superstructure basis of design is the Acrow 700XS Panel Bridge. 

The new proposed 24-inch diameter waterline is to be constructed as a steel pipeline and will be located 

along the underside of the new bridge, centered, with supports every 10’-0.” The supports will be attached 

to the bottom of the transom beams and will be incrementally installed as the bridge is launched. 

2.7.2 Applicable Codes and Standards 

The following codes, standards, and specifications govern the structural design of the new Daggett Road 

bridge and abutments, as well as the 24-inch diameter waterline supports attaching to the underside of the 

new bridge. The latest edition of each code is utilized for the design, except as noted otherwise. The 

structural design, engineering, materials, equipment, and construction conform to the codes and standards 

listed in Table 2-5.  

Table 2-5.  Structural Codes and Standards 

Element Code Standard 

Waterline Support AISC AISC360-16 – Steel Construction Manual, 14th Edition 

Waterline Support 
Abutments 

ASCE  ASCE 7-16 Minimum Design Loads and Associated Criteria for 
Buildings and Other Structures 

Abutments 
ACI ACI 318-14 Building Code Requirements for Structural 

Concrete 

Bridge and Waterline CBC 2022 California Building Code 

Bridge Superstructure 
AASHTO AASHTO LRFD Bridge Design Specifications – 8th Edition, 

2017 with CA Amendments 

Pipe Support 
Bridge Superstructure 

AWS D1.1 Structural Welding Code – Steel, 2020 Edition 

 

The bridge superstructure design incorporates load combination limit states required by AASHTO. 

The bridge substructure (abutment) design is based on the worst-case loads produced by the limit states of 

Strength (I-V), Service (I-II) and Extreme I, as required by AASHTO. Additional load combination limit 
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states required by AASHTO were not evaluated as the load cases involved do not occur, which would not 

govern over evaluated limit states. 

2.7.3 Materials 

The material properties used for the design of the bridge superstructure, substructure, and waterline 

support components are listed in Table 2-6. 

Table 2-6.  Structural Material Properties 

Structural Stainless Steel 

Wide-Flange Shapes (W) A572, Grade 50 

Other Shapes (M, S, C, MC, L) ASTM 572 Gr. 50 or A36 

Plate & Bars (Low Strength) A36 

Structural Bolts ASTM F3125 Gr. A325 Type 3 

Pipe A53, Grade B 

Nuts and Washers ASTM A563 and ASTM F436 Type 3  

Anchor Bolts ASTM F1554 Gr. 36 

Concrete 

Concrete 4,500 psi normal weight 

Rebar ASTM A615, Grade 60 

2.7.4 Design Loads 

The vertical and lateral loads considered in the design of the bridge superstructure, bridge substructure and 

waterline supports are summarized in this section. All loads were factored and combined per the 

requirements of ASCE 7 and AASHTO LRFD Bridge Design Specifications for the various load 

combinations to design the structural elements for the worst-case loading that may occur during the life of 

the structure. The more stringent design criteria requirements were applied in the event of conflicting code 

requirements. 

The vertical and lateral loads produced by the new 24-inch waterline and supports were provided to the pre-

manufactured bridge deck supplier (Acrow) to be incorporated into the bridge superstructure design.  

The unit weights shown in Table 2-7 were utilized to determine the factored loads for the waterline support 

and abutment designs. 

Table 2-7. Unit Weights of Materials 

Unit Weights  

Reinforced Concrete 150 pcf 

Soil 125 pcf 

Steel Pipe Shell (Waterline) 490 pcf 

Water 62.4 pcf 
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2.7.4.1 Dead Load (DL) 

Dead loads consist of the weight of all permanent materials of construction incorporated into the Project, 

including self-weight and superimposed loads. The weight of the full, 24-inch diameter waterline was 

included as a dead load in the abutment design, adding approximately 38 kips to each abutment.  

The abutment designs include the self-weight of the abutment and soil, in addition to all dead loads from 

the bridge superstructure. Reactions of 210 kips/corner, provided by Acrow, include the waterline, 

superstructure components, an epoxy deck coating, and the guardrail.  

2.7.4.2 Live Load (LL) 

Live loads consist of any loads produced by the use of the structure and do not include environmental loads. 

The bridge superstructure was designed and to support all live loads, , including the minimum vehicular 

live load (HL-93) required by AASHTO. Reactions of 165 kips/corner, provided by Acrow, include the 

maximum of two lanes of HL-93 loading, or one lane of HL-93 in conjunction with one lane of emergency 

vehicle (EV-2) loading.  

In addition to the live load reactions produced by the superstructure, a live load surcharge due to a 32-kip 

axle load (design truck per AASHTO Section 3.6.1.2.2) as well as a braking force of 25% of the axle weight 

(AASHTO Section 3.6.4) were also included in the abutment designs. 

2.7.4.3 Snow Load (SL) 

Siskiyou County requires a minimum uniform roof snow load of 40 psf, with no reductions, based on the 

region. A uniform snow load of 40 psf was considered in the superstructure design in accordance with 

AASHTO. The snow load reactions from the superstructure are only considered under the Extreme Event 

II load combination in the abutment design.  

2.7.4.4 Lateral Loads - Wind (WL) 

Lateral forces due to wind on the waterline were determined based on ASCE 7 Chapter 26 for the waterline 

support design. A design wind speed (V) of 115 miles per hour, as required by Siskiyou County, was used 

to determine the velocity pressure. An Exposure Category of C were determined based on the location of 

the bridge in conjunction with the appropriate surface roughness category. The velocity pressure of 27.34 

psf utilized was calculated from ASCE 7-16 Equation 26.10-1: 

�� = 0.00256 ∗ 
� ∗ 
�� ∗ 
� ∗ 
 ∗ �� 

Table 2-8 provides additional information used to determine the velocity pressure. 

Table 2-8. Wind Load Factors 

Variable  Description  Value 

Kz Velocity Pressure Exposure Coefficient, Section 26.10.1 0.85 

Kzt Topographic Factor, Section 26.8.2 1.0 

Kd Wind Directionality Factor, Section 26.6 0.95 

Ke Ground Elevation Factor, Section 26.9 1.0 
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A lateral reaction of 86 kips per abutment, provided by Acrow, was incorporated into the design of the 

abutments, based on AASHTO requirements. The wind loads applied from the bridge superstructure, 

combined with the reactions from the waterline, were compared to the seismic loads required by AASHTO, 

with the larger forces governing the design based on load combinations applied. 

2.7.4.5 Lateral Loads - Seismic (EQ) 

Vertical and lateral seismic forces applied to the waterline were determined based on the requirements of 

ASCE 7 Chapter 13, utilizing information provided by the geotechnical data. The full waterline weight was 

used to determine the vertical and lateral seismic loads, producing the maximum seismic forces applied to 

the pipe support framing. The vertical seismic force was calculated based on Section 13.3.1.2, which 

indicates a concurrent vertical seismic force of ±0.2SDSWp. The horizontal seismic design force was 

determined from ASCE 7-16 Equation 13.3-1: 

�� = 0.4 ∗ �� ∗ ��� ∗ ��
��
��

∗ �1 + 2 ∗ �
ℎ� 

Table 2-9 provides additional information used to determine the horizontal seismic force. 

Table 2-9. Seismic Load Factors for Waterline 

Variable  Description  Value 

ap Component Amplification Factor, Table 13.6-1 2.5 

Rp Component Response Modification Factor, Table 13.6-1 6.0 

Ip Component Importance Factor, Section 13.1.3 1.5 

SDS Spectral Acceleration, Short Period, Section 11.4.5 0.594 

Wp Component Operating Weight (Full Pipe Assumed) 294 plf 

z Height in Structure of Point of Attachment - 

h Average Roof Height of Structure - 

Per ASCE 7 Section 13.3.1.1, the value of z/h does not need to exceed 1.0, therefore, 1.0 was conservatively 

used to determine the horizontal seismic force of 190 plf. A vertical seismic force of 50.5 plf was also 

determined using the above values.  

Although the bridge superstructure was determined to be in Seismic Zone 3, a dynamic seismic analysis of 

the superstructure is not required for single span bridges per AASHTO Section 4.7.4.2. However, the bridge 

superstructure, abutments, and connections were designed for the minimum seismic forces and 

displacements as required by AASHTO based on the seismic zone on span. The abutments were designed 

to accommodate the seismic loads shown in Table 2-10, determined from information obtained from the 

geotechnical data and the below equations from AASHTO Sections 11.6.5 and 11.6.5.3: 

 �!�"#$% 11.6.5.1 − 1: )*+ = ,- ∗ .�/ + �01 

 �!�"#$% 11.6.5.3 − 2: )34 = 0.5 ∗ 5 ∗ ℎ� ∗ 
34 
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Table 2-10. Seismic Load Factors for Abutments 

Variable  Description  Value 

PAE Dynamic Lateral Earth Pressure Force, Section 11.6.5.3 2.52 klf 

PIR Horizontal Force Due to Seismic Loading of Wall Mass, Section 11.6.5 0.573 klf 

kh Seismic Horizontal Acceleration Coefficient, Section 11.6.5.2 0.04 

Ww Weight of Wall 10.64 klf 

Ws Weight of Soil Immediately Above Wall 3.75 klf 

KAE Seismic Active Earth Pressure Coefficient 0.28 

γ Unit Weight of Soil 125 pcf 

h Total Wall Height 12 ft 

A lateral seismic reaction of 54 kips per abutment was provided from Acrow. The lateral seismic load was 

compared to the wind loads required by code, with the larger forces governing the design based on load 

combinations applied. 

2.7.4.6 Earth Pressures (ES, EH) 

The abutments were designed for vertical and lateral loads due to soil backfill acting on the structure. The 

abutments were analyzed based on full height of soil over the heel and 3 feet over the toe. Lateral soil 

loads were determined based on information obtained from the geotechnical data, assuming at-rest 

conditions, in conjunction with AASHTO Equation 3.11.5.1-1: 

 

) = ,6 ∗ 5 ∗ ℎ� 

The at-rest coefficient of lateral earth pressure, ko, was calculated as 0.426 using an angle of internal 

friction of 35 degrees (Øf), which was determined based on the soil profile documented in the 

Geotechnical Report. AASHTO Equation 3.11.5.2-1 was used to determine ko: 

,6 = 1 − 7#%∅9 

Due to the triangular loading of lateral earth pressure acting on the abutment, the resultant lateral earth 

load due to the weight of the backfill is applied at a height of H/3, where H is the wall height from bottom 

of footing to top of wall. The vertical earth pressures act uniformly over the length of the heel and the toe. 
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3.0 Project Description 

3.1 General Site Layout 

The general site layout is depicted in Figure 3-1 and shows the major components of the proposed Daggett 

Bridge improvements. The new improvements include construction of a new roadway off of the existing 

Daggett Road and a new single span bridge deck that will be located just upstream of the existing Daggett 

Bridge.  The City of Yreka’s new 24-inch diameter steel pipe will be supported along the new Daggett 

Bridge across the Klamath River.  The design specifics are presented in the following sections within this 

report.
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Figure 3-1. General Site Layout 
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4.0 Civil Design 

4.1 General Description 

This section presents the civil design elements for the Project.  

4.2 Design Criteria 

For the civil design criteria see Section 2.4. 

4.3 Erosion and Sediment Control 

The Contractor is required to install, monitor, and maintain erosion and sediment control measures as 

identified within the Project Drawings, and prepare the required documents discussed in Section 2.4 as 

determined by the various regulatory agencies. The erosion control measures shall be maintained for the 

duration of the construction project. The Contractor will be required to install specified permanent post-

construction measures as required for the Project. The permanent measures are designed to protect the 

exposed slopes until the vegetation is fully established. Following construction, the disturbed areas of the 

Project site will be revegetated with native plant mixes, or riprap to protect the Klamath River banks and 

the new bridge abutments. The Contractor will be required to submit a Notice of Termination (NOT) to the 

State Water Resources Control Board (SWRCB) after completing the Project. This is required to be relieved 

from the Construction General Permit requirements. Final soil stabilization throughout the proposed Project 

area must be achieved prior to the SWRCB approval of the NOT.  

4.4 Roadway Design 

The new Daggett Bridge will be accessed by a new gravel road from the existing Daggett Road on the 

north side of the Klamath River with multiple slopes and vertical curves to the bridge deck and will slope 

back up to connect back into the existing Daggett Road on the south side of the Klamath River with 

multiple slopes and vertical curves.  The deck elevation 2342.60 ft is 8.8 feet above the post drawdown 

100-year elevation of 2333.8 ft. giving 8.8 ft of freeboard during a 100-year storm. The road will be 

crowned to drain freely to a borrow ditch on both sides of the road. The vegetation within the borrow 

ditch will serve as a water quality filter, removing particulates prior to infiltrating or flowing back toward 

the Klamath River.  

The new Daggett Road will be gravel road to match the existing road. The roadway section will be 

constructed of native material topped with a 6" Class II Aggregate Base on top of a 12" layer of Structural 

fill per Spec 31 05 00 prepared by Knight Piésold Consulting. During construction, an area located to the 

north of the Klamath River and new Daggett Bridge location will provide a staging area for equipment 

and materials required to complete construction of the new Daggett Road and Bridge. There is also a 

staging area located to the south of the Klamath River where the proposed bridge will be built and 

launched from.  
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5.0 Hydrologic and Hydraulic Design 

5.1 Annual Peak Floods at Iron Gate 

Knight Piésold Consulting and Kiewit (2020a) analyzed the annual peak floods for the Klamath River 

Renewal Project, 100% Design Report, Appendix A-6.  They analyzed the historic USGS data and the 2019 

BiOp data.  The annual peak flood values selected are shown in Table 5-1.   

Table 5-1. Annual Peak Floods at Iron Gate. 

Probability 
(%) 

Return 
Period 

Flow 
(cfs) 

50% 2-yr 7,500 

20% 5-yr 10,900 

10% 10-yr 14,900 

5% 20-yr 19,300 

2% 50-yr 25,700 

1% 100-yr 31,200 

0.5% 200-yr 37,100 

0.2% 500-yr 45,800 

Source: Table 3.2, Appendix A-6 (Knight Piésold Consulting and Kiewit, 2020) 

5.2 Water Surface Elevation Analysis 

The HEC-RAS model, developed by Knight Piésold Consulting, was used to look at the river hydraulics at 

the proposed bridge location. River Station 491023 was used, as it was closest to the proposed location of 

the new Daggett Bridge. The HEC-RAS model was run under existing conditions in steady state with the 

same flows identified in Table 5-1. The pre-drawdown model results are summarized in Table 5-2.  

Table 5-2. Pre-Drawdown Water Surface Elevations (HEC-RAS Sta 491023). 

Annual 
Exceedance 
Probability 

(%) 
Return 
Period 

Flow 
(cfs) 

W.S. 
Elevation  

(ft) 

Channel 
Velocity 

(ft/s) 

10% 10-yr 14,900 2334.2 8.2 

5% 20-yr 19,300 2336.8 8.7 

2% 50-yr 25,700 2339.2 10.0 

1% 100-yr 31,200 2341.1 10.9 

0.5% 200-yr 37,100 2342.4 11.8 

0.2% 500-yr 45,800 2343.8 13.3 

 

The HEC-RAS model was slightly modified by removing the Iron Gate Dam and running the model in 

steady state with the same flows. The post-drawdown model results are summarized in Table 5-3.   

The 100-year water surface elevation (post-drawdown) was used as the basis to set the new Daggett Bridge 

deck elevation to provide at least 1 ft of freeboard below the waterline supports during a 100-year flood.  
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Table 5-3. Post-Drawdown Water Surface Elevations (HEC-RAS Sta 491023). 

Annual 
Exceedance 
Probability 

(%) 
Return 
Period 

Flow 
(cfs) 

W.S. 
Elevation 

(ft) 

Channel 
Velocity 

(ft/s) 

10% 10-yr 14,900 2330.1 12.4 

5% 20-yr 19,300 2331.7 13.4 

2% 50-yr 25,700 2333.7 14.8 

1% 100-yr 31,200 2335.1 16.0 

0.5% 200-yr 37,100 2336.5 17.1 

0.2% 500-yr 45,800 2338.1 18.9 

 

5.3 Proposed Daggett Bridge 

The HEC-RAS model, developed by Knight Piésold Consulting, was used to look at the river hydraulics 

at the proposed Daggett bridge location and analyze the impacts to the river flow to evaluate the potential 

scour and required revetment size to ensure the stability of the bridge abutments.  The HEC-RAS model 

was slightly modified by removing the Iron Gate Dam and adding the proposed bridge location.  The 

proposed bridge spans the river without any piers or other obstructions.  The water surface elevations and 

the channel velocities upstream of the proposed Daggett bridge location are shown in Table 5-4.   

Table 5-4. Water Surface Elevations Upstream of Proposed Daggett Bridge. 

Annual 
Exceedance 
Probability 

(%) 
Return 
Period 

Flow 
(cfs) 

W.S. 
Elevation 

Upstream of 
Bridge 

(ft) 

Channel 
Velocity 

Upstream of 
Bridge 
(ft/s) 

10% 10-yr 14,900 2328.6 15.1 

5% 20-yr 19,300 2330.1 16.0 

2% 50-yr 25,700 2332.4 16.7 

1% 100-yr 31,200 2333.8 17.7 

0.5% 200-yr 37,100 2336.7 17.5 

0.2% 500-yr 45,800 2344.7 16.2 

 

5.4 Bridge Scour Analysis 

The scour depth estimate is based on an equation provided by Julien (2002), where the scour depth 

downstream of a grade-control structure is evaluated with the drop height being set to zero.  The scour 

depth estimation is based on the riverbed particle size, or grain size representing fine sand.  The riverbed 

grain size was obtained from the description of the river alluvium as recorded in the log of soil and core 

borings reported by CDM Smith (2020a).  The calculated potential scour depth for the 1% AEP flood is 2.8 

feet.  The scour depth calculations can be found in Appendix B.   
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5.5 Revetment Stone Sizing 

The revetment size was calculated using the California Bank and Shore (CABS) method.  The method 

consists of one or more layers of Rock Slope Protection (RSP), placed along the streambank at the 

abutments of the bridge to prevent erosion.  The revetment sizing has been chosen to be the same for each 

abutment, where the revetment size is based on the largest calculated rock rise to maintain bank stability.  

The typical revetment slope protection would consist of a large-sized outside rock, a smaller-sized inner 

rock, and then a geotextile fabric.  The slope revetment is intended to be flexible, where the rock may move 

without necessarily compromising the stability of the entire bank.  The calculated revetment size for the 

left and right abutment are shown in Table 5-5.  The right bank, or North abutment velocity multiplier was 

increased by 20 percent to account for the thalweg being located directly next to the bank.  The left bank, 

or South abutment revetment size was increased to match the North abutment for installation simplification.  

Figure 5-1 shows a typical layout for revetment placement for the right bank or North abutment.  The 

revetment stone sizing calculations can be found in Appendix B.   

Table 5-5. Revetment Sizing for Bridge Abutments. 

Description 
South 

Abutment 
North 

Abutment 

Slope Angle 15 deg 28 deg 

Outside Layer, RSP-Class E7B E7B 

Minimum Layer Thickness (d) 3.3 ft 3.3 ft 

Backing Layer, RSP-Class E6 E6 

Minimum Layer Thickness 1.25 ft 1.25 ft 

RSP-Fabric Type 
12 oz 

Nonwoven 
12 oz 

Nonwoven 

Total Rock Thickness (Perpendicular) 4.6 ft 4.6 ft 
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Figure 5-1. Typical Revetment Placement for Right Abutment. 
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6.0 Geotechnical Design 

6.1 Geotechnical Investigations 

CDM Smith and AECOM Technical Services, Inc. prepared a Geotechnical Data Report for KRRC in June 

2019. Three (3) borings, B-15, B-16, and B-17 were drilled in the vicinity of the Daggett Bridge location. 

All three boring were drilled by Taber Drilling. Boring B-15 and B17 were drilled with a truck mounted 

CME-75 drill rig and boring B-16 was drilled over water with a barge mounted CME-45 drill rig. All 

borings were advanced with rotary wash, HQ-3 rock core methods. The borings reached depths of 51.5 feet 

(B-15), 24.5 feet (B-16), and 41.5 feet (B-17) below ground surface. Borings are shown relative to the 

existing Daggett Bridge location in Figure 3-1. 

Borings B-15 and B-17, drilled adjacent to the existing bridge abutments, encountered localized fill near 

the ground surface.  The fill is sandy lean clay with gravel to gravelly clay with sand (CL), stiff to very 

stiff, approximately 8 feet in depth. Underlying the fill in Boring B-15 is very dense clayey gravel with 

sand (GC) with a thickness of 9 feet, basalt boulders and cobbles in a sand and gravel matrix with a thickness 

of 11 feet, followed by a volcaniclastic breccia to the total depth of the boring.  Underlying the fill in Boring 

B-17 is a very dense sandy gravel (GP) with a thickness of 4 feet, followed by the volcaniclastic breccia to 

the total depth of the boring. 

Boring B-16, drilled over water near approximately the mid-point of the bridge, encountered the same 

volcaniclastic breccia from the ground surface to the entire depth of the boring. 

6.2 Geotechnical Conditions 

Borings B-15 and B-17 are used to develop the geotechnical conditions for the new bridge abutments and 

foundations.  For design purposes the very dense Clayey Gravel with Sand encountered in boring B-15 

was conservatively used for the full design section of both bridge abutments.  This material has an N160 

value greater than 50.  Based on one sieve analysis it consists of 42% gravel seized particles, 27% sand, 

and 31% fines (passing the #200 sieve).  The moist unit weight is 125 pounds per cubic foot (pcf).  The 

design friction angle is conservatively taken as 35 degrees and includes a 3-degree reduction to account 

for the significant fines content of the material. For bearing capacity calculations the cohesion is 

conservatively taken as 0.  For other calculations it is estimated to be 250 psf.  Modulus is estimated to be 

10 ksi.  Poisson’s ratio is estimated to be 0.4. 

6.3 Bearing Capacity 

The bearing capacity was calculated for shallow footings following the methodology in AASHTO for a 

footing that is 12-ft wide, by 37-ft long.  It is assumed that the footing depth is between 7 to 10 feet below 

the existing ground surface.  Ground water condition is assumed to be at the ground surface (i.e. flood 

conditions).  Based on the geometry provided in Drawing C202 a slope reduction factor of 0.69 was 

calculated.  A resistance factor of 0.45 was used, consistent with a theoretical method using STP values.  

A factored resistance qR=9.2 ksf was calculated for vertical concentric loads.   
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6.4 Settlement 

Settlement of the bridge foundations was checked following AASHTO methodology.  The granular 

material at the bridge site is not anticipated to experience consolidation settlement.  Per AASHTO Section 

10.6.2.3 Service Load I is used for settlement calculations.  Based on a distributed load of 4.05 ksf over a 

12-ft x 37-ft footing, elastic settlements up to 0.52-inches could be seen during construction at each 

foundation. 

6.5 Slope Stability 

Global stability of the bridge footing was checked using the limit equilibrium slope stability program 

Slide2 by Rocscience.  The higher and steeper NW bridge abutment was analyzed with an infinite, 2D 

slope using the Bishop method.  The entire subsurface profile was conservatively modeled with the very 

dense clayey gravel with sand, with a friction angle of 35 degrees, a cohesion of 250 psf, and a unit 

weight of 125 pcf.  The approximately 5 foot high approach fill was conservatively modeled as a  

distributed load of 450 psf in order to neglect the strength of the fill.  The factor of safety with a 4.05 ksf 

distributed load over a 12-ft wide footing is 1.7.  A pseudo-static analysis was performed to model slope 

stability in a seismic situation.  A horizontal acceleration of 0.13, corresponding to half the site PGA was 

used in the analysis.  A pseudo-static factor of safety FS=1.3 was calculated.  
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7.0 Structural Design 

7.1 Bridge Superstructure and Abutments 

The single span, pre-engineered bridge superstructure design, provided by Acrow, accommodates vertical 

and lateral loads required by AASHTO, in addition to loads from equipment required for the dam removal 

project, and emergency vehicles. The superstructure is supported by non-integral, reinforced concrete seat-

type abutments at each end of the bridge, on the North and South sides of the Klamath River. The 

superstructure is attached to each abutment via bearing pads and post-installed anchors.  

The vertical and lateral reactions at each pipe support location were provided to Acrow and incorporated 

into the superstructure design. 

7.1.1 Design Loads 

An analysis of the superstructure by Acrow produced the unfactored reactions shown in Table 7-1 and were 

incorporated into the abutment (substructure) design. 

Table 7-1. Superstructure Loads Provided by Acrow 

Load Case Load Description 

Dead Load 210 kips 
Total self-weight of superstructure and components, including 
wearing surface 

Live Load 165 kips 
Maximum of two lanes of concurrent HL-93 loading, or one 
lane loaded by an emergency vehicle concurrent with one lane 
of HL-93 loading 

Wind Load 86 kips 
Wind load determined from wind pressure and exposed area 
acting on superstructure 

Seismic Load 54 kips 
Seismic load determined from product of acceleration 
coefficient and the tributary permanent load (dead load) 

 

Additional load cases and associated components considered in the substructure design include: 

 Dead Loads (DL):  

• Self-weight of bridge superstructure and components. 

• Self-weight of reinforced concrete abutment. 

• Self-weight of full, 24-inch diameter steel pipe (waterline).  

Live Loads (LL and LS): 

• Both lanes loaded with HL-93, or a single lane loaded with HL-93 and a single lane loaded with 

EV-2.  

• Braking force taken as the maximum of 25% of the axle weight of the design truck or tandem, or 

5% of the design truck plus lane load, or 5% of the design tandem plus lane load. 

• Vertical surcharge from vehicle loading acting on surface of backfill (LS). 

• Lateral force due to vehicle surcharge 
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Snow Load (SL) 

• 40 psf uniform load over bridge superstructure. 

Wind Loads (WL)  

• ASCE 7 specified wind load applied to waterline. 

Seismic Loads (EQ)  

• Vertical seismic force applied from the bridge superstructure taken as 25% of the tributary 

permanent load (dead load).  

• Lateral seismic force applied from the bridge superstructure taken as the product of the acceleration 

coefficient, As, and the tributary permanent load (dead load). 

• Lateral seismic force due to the dynamic lateral earth pressure force. 

• Lateral seismic force induced by the self-weight of the substructure. 

Earth Pressures (ES, EH)  

• Vertical earth pressures due to soil over toe and heel. 

• Lateral earth pressure due to backfill. 

7.1.2 Substructure Design 

The abutments were designed to resist the vertical and lateral loads from the bridge, in addition to vertical 

and lateral surcharge loads due to vehicles. The abutments also account for the self-weight of concrete and 

vertical and lateral loads due to soil, and seismic or wind forces. Each load was factored and combined as 

required per AASHTO Table 3.4.1-1, with the worst-case combined loading governing the abutment design. 

The load factors for each combination utilized in the design are indicated in Table 7-2. 

Table 7-2. Load Combinations and Load Factors 

Load Combination 
Limit State 

D ES EH LL WL EQ IC 

Strength I 1.25 1.50 1.35 1.75 - - - 

Strength II 1.25 1.50 1.35 1.35 - - - 

Strength III 1.25 1.50 1.35 - 1.0 - - 

Strength IV 1.50 1.50 1.35 - - - - 

Strength V 1.25 1.50 1.35 1.35 1.0 - - 

Extreme I 1.0 1.0 1.0 0.5 - 1.0 - 

Extreme II 1.0 1.0 1.0 0.5 - - 1.0 

Service I 1.0 1.0 1.0 1.0 1.0 - - 

Service II 1.0 1.0 1.0 1.3 - - - 

 

The abutments are comprised of a 6’-0” wide body, including a 2’-3” thick, approximately 3’-3” tall back 

wall and are supported by a 2’-0” thick spread footing, approximately 3’-0” below existing grade. The back 

wall transitions to 1’-0” thick at the returns to minimize materials and provide some cost savings. As 
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required by AASHTO Sections 11.5.3 and 11.5.4, the abutment designs included evaluations at the Strength 

Limit and Extreme Limit states for the following: 

• bearing resistance failure,  

• lateral sliding,  

• loss of base contact due to eccentric loading and  

• structural failure  

The Extreme and Service Limit states were also evaluated for overall stability failure. Each limit state 

evaluated satisfied the AASHTO requirements of Equation 1.3.2.1-1: 

Σ;<5<=<  ≤  ∅�? 

where: 

ηi = load modifier relating to ductility, redundancy, and operational classification 

γi = load factor: a statistically based multiplier applied to force effects 

Qi = force effects 

Rn = nominal resistance 

Ø = resistance factor: a statistically based multiplier applied to nominal resistance 

The load factors applied in the above equation for each limit state are shown in Table 7-2. The Strength I 

load combination controlled the abutment designs over the Service and Extreme Limit states. The abutments 

were sized to limit eccentricity and to keep the resultant within the middle third, providing the most cost-

effective design.  

7.2 New Waterline Support 

The new 24-inch proposed waterline is to be constructed as a minimum 0.750-inch-thick steel pipeline and 

will be located along the downstream of the new bridge. The pipeline will transition from a buried pipeline, 

through the concrete abutments and will span across the Klamath River. Expansion joints in the pipeline 

exist adjacent to each abutment.   The bottom elevation of the pipe supports are 2342.91 ft is 9.1 feet above 

the post drawdown 100-year elevation of 2333.8 ft. giving 9.1 ft of freeboard during a 100-year storm. 

Structural support locations for the waterline occur every 10’-0” and were determined based on the 

spacing of the pre-manufactured bridge deck transom beams. The transom beams occur at 10’-0” on 

center and are shallow enough to locate the pipe below the members while still providing adequate 

attachment surfaces and required freeboard. The main bridge girders are relatively deep members and can 

provide some shelter for the new waterline from environmental impacts.  

7.2.1 Design Loads 

The pipe was analyzed for gravity and lateral loads, including wind and seismic. The supports were 

designed for the following loads cases: 

Dead Loads (DL):  

• Self-weight of full, 24-inch diameter steel pipe (waterline).  
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Wind Loads (WL)  

• ASCE 7 specified wind load applied to waterline. 

Seismic Loads (EQ)  

• ASCE 7 specified seismic loads applied to waterline. 

Table 7-3. Unfactored Loads 

Load Case Load Description 

Dead Load 294 plf Total self-weight of 24-inch diameter waterline and water 

Wind Load 282 plf Uniform lateral wind load applied to pipe 

Seismic Load 131 plf Uniform lateral seismic load applied to pipe 

Seismic Load 35 plf Uniform ± vertical seismic load applied to pipe 

 

The loads shown in Table 7-3 were determined using the ASCE 7 equations and coefficients found in 

Section 2.7.4.4 for wind and 2.7.4.5 for seismic forces. 

7.2.2 Waterline Support Design 

The steel support components were designed per the steel design code, AISC, which references the load 

combinations from ASCE 7 to determine the required strength. The design forces applied to the waterline 

supports were determined using ASCE 7, with applicable load factors conforming to the strength design 

(LRFD) methodology. Table 7-4 provides the load combinations and associated factors considered. The 

variable “E” represents calculated seismic forces with the subscripts “v” and “h” denoting vertical and 

horizontal forces, respectively.  

Table 7-4. Load Combinations per ASCE 7 Section 2.3 

Load Combination Number  Load Combination 

1 1.4*DL 

2 1.2*DL + 1.6*LL 

3 1.2*DL + LL or 0.5*WL 

4 1.2*DL + 1.0*WL + LL 

5 0.9*DL + 1.0*WL 

6 1.2*DL + 1.0*Ev + 1.0*Eh + LL 

6 0.9*DL - 1.0*Ev + 1.0*Eh + LL 

 

The Strength and Serviceability Limit states for each load combination was evaluated, and the supports 

were sized to satisfy the AISC requirements of Equation B3-1: 

�@  ≤  ∅�? 

where: 

Ru = required strength using LRFD load combinations 

Rn = nominal strength 
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Ø = resistance factor 

The waterline support consists of two hanging wide-flange columns, welded to a plate, which is clamped 

to the bottom of the transom beam. The hanging columns are supported by the same transom beam and are 

spaced at 5’-0” transversely, allowing space to construct the connections and adequate clearance for the 

pipe.  

A stiffened plate with a curved seat directly supports the waterline and is bolted via shear tab to each 

hanging column, serving as the pipe support, and transferring vertical and lateral forces to the hanging 

columns. The hanging columns will act as tension/compression members to resist the lateral (wind and 

seismic) forces perpendicular to the pipe span, which will avoid inducing torsion on the transom beams. 

Angle braces attached to the bottom of the hanging members and extending up to each adjacent transom 

beam will resist the lateral (seismic and friction) forces parallel with the pipe span, eliminating torsion on 

the transom beams. The braces will attach to a plate that is welded on the outside face of the hanging 

columns at the bottom. The brace to plate connection can be bolted or welded, allowing flexibility in the 

field to install as the bridge is launched. At the transom beam, the flange of a WT member is bolted to the 

underside of the transom beam, extending the web down. The braces will attach to the WT web via bolt or 

weld, allowing for flexibility in the field to install as the bridge is launched. 

8.0 References 

CDM Smith and AECOM. 2019. Klamath River Renewal Project Geotechnical Data Report. 

Hydraulic Design Criteria (HDC). 1987.  In-Line Conical Transitions and Abrupt Transitions, Loss 

Coefficients.  HDC 228-4 to 228-4/1.  U.S. Army Corps of Engineers.  Revised 11-87. 

Julien, Pierre Y.  (2002).  River Mechanics.  Cambridge University Press, Cambridge, United Kingdom.   

Knight Piésold Consulting and Kiewit. 2020a. 100% Design Report. 

Knight Piésold Consulting and Kiewit. 2020b. Daggett Road Bridge Drawings. 

Rennels, Donald C. and Hudson, Hobart M. 2012.  Pipe Flow, A Practical and Comprehensive Guide.  

Hoboken, New Jersey: John Wiley & Sons. 

The California Oregon Power Company. 1981. Daggett Road Bridge Drawings. 

 

 

 

 

 

 



Klamath River Renewal Project Daggett Bridge – IFC Design DDR 

McMillen Jacobs Associates 28 Rev. No. 03/June 2022 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix A 
Civil Design Calculations 

 

















Klamath River Renewal Project Daggett Bridge – IFC Design DDR 

McMillen Jacobs Associates 29 Rev. No. 03/June 2022 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix B 
Hydrologic & Hydraulic Design Calculations 
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Appendix C  
Geotechnical Design Calculations 
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Appendix D  
Structural Design Calculations 
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Appendix E  
Geotechnical Boring Logs 






















