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     INTRODUCTION  

1.1 OBJECTIVES OF THIS MEMORANDUM 

This technical memorandum has been prepared to describe stream restoration features presented in 
the “Permanente Creek Restoration Plan Updated 90% Design, Santa Clara County CEQA Review 
Submittal” drawings (“90% Designs”), dated August 26, 2022, and to document important design 
criteria, assumptions, and site constraints that have influenced their development.  Sheet C2 of the 90% 
Designs provides an overview for locating project areas discussed in this memorandum. The August 26, 
2022 Updated 90% Design drawings, among other things, update the existing topography surrounding 
the Rock Pile Area and Material Removal Area to reflect the recent May 2022 aerial survey of these 
areas, eliminate the need for installation of a retaining wall along the north toe of slope below Pond 
1250 due to Lehigh’s commitment to relocate Pond 1250 rather than leave it in place and require an 
extensive retaining structure in the creek and include additional project details responsive to reviewing 
agency comments on the project to date.  

The Designs have been prepared, in part, to fulfill the requirements set forth in an Amended Consent 
Decree (Decree) between the Sierra Club and Lehigh Southwest Cement Company and Hanson 
Permanente Cement, Inc., lodged February 22, 2016, and to fulfill other regulatory obligations stemming 
from a 1999 Cleanup and Abatement Order issued by the San Francisco Regional Water Quality Control 
Board.  The 90% Designs specifically address the Decree requirements under Section VI. “Creek 
Restoration”.  This memorandum and the 90% Designs comprise the “Complete 90 Percent Level 
Restoration Plan”. 

1.2 PROJECT GOALS AND OBJECTIVES 

The primary objectives of the work, as set forth in the Decree, include the following: 

• Increase quantity and quality of resident rainbow trout habitat through creation of pools, 
increased channel complexity and cover, and by fish passage through and between reaches 
consistent with a geomorphically stable, self-sustaining channel unless DFW Restoration Manual 
hydraulic design criteria cannot be met due to (1) the gradient of the reach, or (2) bedrock grade 
controls confirmed by an independent geologist; 

• Improve riparian habitat, including improvement to channel and stream bank stability and 
ecological/geomorphic function; 

• Remove mining-related fill and sediments in the bed, banks and adjacent slopes; 

• Remove or alter man-made structures so as to improve riparian habitat; 

• Layback creek banks and adjacent hill slopes to provide stable slopes sufficient to prevent fill 
from entering the creek; 

• Require restoration that is no less stringent than any restoration that is approved or required by 
any agency, including but not limited to the Santa Clara County Planning Department, the DFW, 
and the Regional Water Board, and that is to be performed in a period of time no greater than 
any restoration that is approved or required by any agency, including but not limited to the 
Santa Clara County Planning Department, the DFW, and the Regional Water Board. 
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The 90% Designs address these broad objectives and comply with the more detailed reach-specific 
direction provided within paragraphs 34 through 42 of the Decree.  Where feasible, the designs follow 
fish passage design approaches for resident rainbow trout, consistent with the California Department of 
Fish & Wildlife’s “California Salmonid Stream Habitat Restoration Manual, 4th Edition (Vols. I-II, 2010)” 
(“DFW Restoration Manual”).  

It should be noted that the Restoration Plan has evolved considerably as designs have progressed 
beyond initial concepts.  For example, a primary objective of the Restoration Plan as recently as 2014 
was to modify Permanente Creek within the quarry property to allow the passage of anadromous 
salmonids.  Following subsequent detailed analysis of existing and historic site constraints and 
consultation with resource agencies, anadromous fish passage has been removed as a design objective.   

1.2.1 Introduction to Project Area & Types of Work  

Sheets C2 and C4 of the 90% Designs provide an overview of the proposed work area in both plan and 
profile.  For continuity and ease of comparison, we have retained the original reach designations 
provided in the URS Permanente Creek Long-Term Restoration Plan (URS 2011).  However, the project 
area overview stream stationing has been revised to reflect the results of a more accurate stream 
centerline survey performed in the summer of 2013.1  The work is presented in the drawings proceeding 
from the downstream to upstream limits.  There are generally five major component project areas, as 
shown on Sheet C2, which include: 

• Concrete Channel  

• Channel Widening Area 

• Rock Pile Area (which is included in the Channel Widening Area) 

• “Old Crusher Foundation” 

• Material Removal Area  

Restoration work proposed at each area includes the following design elements and objectives: 

Concrete Channel (Sheet L1) 

▪ Encourage development of mature riparian canopy along the southern bank to shade the 
concrete channel to reduce solar heat gain on instream flow and discourage the establishment 
of tules; 

▪ Preservation of existing native vegetation; 
▪ Removal of non-native species and suppression of weeds around existing native seedlings and 

smaller native plants to encourage their establishment; and 
▪ Installation of native vegetation. 

 
Channel Widening Area (Sheets C11-C18) 

▪ Removal of concrete road segments; 
▪ Construction of floodplain bench areas with habitat elements and reduction of access road 

width; 
▪ Removal of 260 linear feet of culverts, including a road crossing, and daylighting the creek to 

improve fish passage conditions and ecological complexity; 

 
1 Note: Design alignments and stationing at individual project sites differ from the 2013 stream centerline survey 
because the design alignments have been oriented to the proposed features shown on the drawings.   
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▪ Installation of large woody debris (LWD) at the Culvert 7 and Culvert 8 removal sites. 
▪ Removal of old tractor tires along streambanks at a culvert removal site; 
▪ Removal of imported sediment from the bed and banks of a tributary reach; 
▪ Select removal of rock slope protection (RSP) and concrete rubble bank protection at an area 

that now has adequate mature riparian vegetation that is providing root reinforcement to bank 
soils; 

▪ Removal of the idled Rock Plant conveyor system and associated infrastructure; and 
▪ Installation of native vegetation. 

 
Rock Pile Area (Sheets C19-C21) 

▪ Removal of concrete road segments and road-related fill material; 
▪ Removal of 930 linear feet of culverts and daylighting of the creek that will help improve fish 

passage conditions and ecological complexity; 
▪ Construction of a new channel with floodplain bench areas with habitat elements that will help 

improve fish passage conditions and ecological complexity; 
▪ Removal of Rock Pile, idled Rock Plant conveyor system and associated infrastructure; 
▪ Removal of Pond 13 dam infrastructure; 
▪ Construction of a restored channel through the abandoned Pond 13; and, 
▪ Installation of native vegetation. 

 
“Old Crusher Foundation” (Sheet C22) 

▪ Cutting back the concrete block that is projecting into the channel to better conform to the 
natural creek bank. 
 

Material Removal Area (Sheets C23-C26) 
▪ Removal of overburden/fill and a relic concrete structure and moving the north toe of slope 

northward 25 feet along the majority of the project area.  Pond 4A is decommissioned. Lehigh 
will relocate Pond 1250 and the Upper Treatment Facility, as needed.  

▪ Construction of a new channel with floodplain bench areas with habitat elements that will help 
improve fish passage conditions and ecological complexity, and 

▪ Installation of native vegetation. 

    BASIS OF DESIGN 
There are numerous considerations that contribute to the design of a successful stream restoration 
project.  Initial design efforts typically include researching features of the project setting such as site 
geology, regional climate, basin hydrology, topographic features, and vegetation.  These features and 
others are considered in light of project goals and objectives to develop opportunities and constraints 
and design alternatives.  As design alternatives gel into a preferred project, calculations begin to 
inform the project details.  The following sections provide an overview of important site features and 
design criteria that have shaped the project and describe the calculations that have been used to 
design specific project elements. 
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2.1 HYDROLOGY 

2.1.1 Peak Flow Hydrology 

The determination of design peak flow values is critical to the process of analyzing erosive forces on 
proposed bed and bank stabilization elements, understanding sediment transport and scour potential, 
and assisting with the specification of appropriate channel geometry. 

Design flows were derived from a hydrologic analysis prepared by the Santa Clara Valley Water District 
(SCVWD) and presented in a report titled “Santa Clara Valley Water District Stevens and Permanente 
Creeks Hydrology Report” (Wang et al, 2007).  Peak flow values published by the SCVWD for Permanente 
Creek were developed using a rainfall-runoff model.  Rainfall data used in the model were derived from 
a weighted average of precipitation data collected at gaging stations throughout the area.  Other model 
parameters included loss rates, time of concentration estimates, and routing coefficients.  

Design flows were calculated for the four drainage areas at the site (Figure 1) by normalizing SCVWD’s 
published values for Upper Permanente Creek (drainage area = 4.01 sq.mi.) upstream of the confluence 
with the West Branch Permanente Creek.  Normalization was performed using a ratio of the project 
site’s drainage area compared to the total area above the confluence (4.01 sq. mi.) and then relating to 
the SCVWD’s published peak flow values (Table 1).  The 1.5-year flow event was calculated by 
extrapolating values using a log-normal trend-line plotted through the data.   

Table 1. Summary of Peak Flows (cfs) 

Recurrence 
Interval 

Santa Clara 
Valley Water 
District Upper 
Permanente 

Creek Peak Flow 
Rates            

(Drainage Area = 
4.01 sq. mi.) 

Project Site 

(Drainage Area A 
= 3.5 sq.mi.) 

Project Site 

(Drainage Area B 
= 3.01 sq.mi.) 

Project Site 

(Drainage Area C 
= 2.7 sq.mi.) 

Project Site 

(Drainage Area 
D = 2.02 sq.mi.) 

1.5-year N.A. 284 244 219 164 

2.33-year 450 393 338 303 227 

5-year 730 637 548 492 368 

10-year 970 847 728 653 489 

25-year 1,300 1,135 976 875 656 

50-year 1,500 1,309 1,126 1,010 757 

100-year 1,700 1,484 1,276 1,145 858 

Applicable 
Stream 
Reaches 

Not 
Applicable  

R1-R61 R6-R82 R9-R15 R16-18 

1The drainage area extends into a portion of Reach 6, ending at the Concrete Channel downstream of Culvert #2. 
2The drainage area includes a portion of Reach 6, beginning at Culvert #2. 
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2.1.2 Fish Passage Hydrology 

The California Department of Fish and Wildlife (CDFW) prescribe upper and lower fish passage “design 
flows” for juvenile and adult rainbow trout.  The design flows represent flow rates at which certain 
hydraulic parameters (e.g., depth, velocity) must be met to consider a reach “passable” by fish.  Where 
flow duration data is available or can be modeled, the upper fish passage design flow is equal to the 5% 
annual exceedance flow for adult rainbow trout (i.e., adult non-anadromous salmonids) and the 10% 
annual exceedance for all juvenile salmonids.  These flows represent the mean daily flow that is likely to 
be exceeded 5% or 10% of the time, respectively, in an average year.  Similarly, the lower fish passage 
design flow for adult rainbow trout is equal to the greater of either the 90% annual exceedance or 2 cfs.  
For juveniles, it is the greater of either the 95% annual exceedance or 1 cfs (CDFW 2003). 

Flow duration data for the project were developed from mean daily flows recorded at USGS gaging 
station 11166000 (Matadero Creek at Palo Alto).  This gage is located seven miles north of the project 
site in a watershed with similar topography and average annual precipitation.  We evaluated 
approximately 65 years of mean daily flow data, from October 1952 to August 2017.  Exceedance flows 
calculated for the gage site were normalized by drainage area to estimate the fish passage flows at the 
project sites (Table 2).  Detailed fish passage design flow calculations are included in Appendix A. 

Table 2. Summary of Fish Passage Flows (cfs) 

Design Flow / Species  
and Life Stage 

Percent 
Exceedance 

USGS Gage 
(11166000) 

Drainage Area 
=7.26 sq.mi.  

Project Site 

Drainage Area 
A = 3.5 sq.mi. 

Project Site 

Drainage Area 
B = 3.01 sq.mi. 

Project Site 

Drainage Area 
C = 2.7 sq.mi. 

Project Site 

Drainage Area  
D= 2.02 sq.mi. 

Low Flow Juvenile 
Salmonids 

95% 0 1* 1* 1* 1* 

Low Flow Adult Non-
Anadromous 

Salmonids 

90% 0 2* 2* 2* 2* 

High Flow Juvenile 
Salmonids 

10% 3.5 1.7 1.5 1.3 1 

High Flow Adult 
Non-Anadromous 

Salmonids 

5% 9.9 4.8 4.1 3.7 2.8 

Corresponding 
Stream Reaches 

-- Not 
Applicable 

R1-R61 R6-R82 R9-R15 R16-18 

* The alternative low fish passage design flows of 2 cfs and 1 cfs were adopted for the adult non-anadromous 
salmonid and juvenile salmonid fish passage analyses, respectively. 
1The drainage area extends into a portion of Reach 6, ending at the Concrete Channel downstream of Culvert #2. 
2The drainage area includes a portion of Reach 6, beginning at Culvert #2. 

2.2 GEOMORPHIC DESIGN BASIS 

Successful channel restoration requires an understanding of suitable channel geometries (e.g., bankfull 
width and depth), longitudinal gradients, and step and pool spacing and size for a particular geomorphic 
context and hydraulic regime.  Among other things, appropriate channel geometric design helps to 
ensure sediment transport continuity through constructed reaches and appropriately distributes shear 
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stresses across the channel bed and floodplain areas during floods.  It is also important to have a firm 
understanding of flood hydraulics to size bed and floodplain material appropriately to ensure short-term 
channel stability while vegetation becomes established, and long-term stability within the active channel 
where vegetation will be absent. 

This project includes the design and reconstruction of the channel bed and banks at multiple locations - 
Culverts #7 and #8 within the Channel Widening Area, and the Rock Pile and Material Removal Areas.  
To assist with developing appropriate channel geometry, we evaluated existing datasets for gaged sites 
located in the Santa Cruz Mountains to help develop relationships for bankfull width and depth as a 
function of watershed area.  We also surveyed and evaluated geometry data from four nearby 
“reference” channel reaches, where the channel is considered to be “natural”.  This includes two analog 
channels (within Swiss Creek and Corte Madera Creek) identified as having watershed and geomorphic 
characteristics similar to Permanente Creek (URS, 2011) and two channel segments located in the upper 
Permanente Creek watershed within Reach 20.  The channel geometry of the reference reaches was 
incorporated into the dataset for the regional geometry developed from the gaged sites to refine 
bankfull channel dimensions for the project area.  An overview of how bankfull channel dimensions were 
developed for the reconstructed channel segments is included in Appendix B, Permanente Creek 
Restoration – Regional Hydraulic Geometry and Analog Channel Assessment.  A summary of the bankfull 
channel dimensions is included below in Table 3.  Minimum and maximum bankfull dimensions are 
provided for design slope ranges to provide for variability and flexibility during channel construction.  
The bankfull dimensions have also been included on the appropriate design drawing sheets included in 
the 90% Designs. 

Table 3. Proposed Channel Dimensions for Constructed Reaches  

Project Site 
Design 
Slope 

(%) 

Design 
Slope Range 

(%) 

Proposed 
Bankfull 

Width Min 
(ft) 

Proposed 
Bankfull 

Width Max 
(ft) 

Proposed 
Bankfull 

Depth Min 
(ft) 

Proposed 
Bankfull 

Depth Max 
(ft) 

Cross 
Sectional 
Area Min 

(ft2) 

Cross 
Sectional 
Area Max 

(ft2) 

Culvert 7 4.3% 4%-8% 16.5 20.5 2.1 2.5 28.2 34.2 

Culvert 8 2.7% <4% 18.0 22.0 1.9 2.3 28.2 34.2 

Rock Pile 
Area 

Varies 

<4% 17.5 21.5 1.8 2.2 

26.9 32.9 4%-8% 16.0 20.0 2.0 2.4 

>8% 15.5 18.5 2.4 2.8 

Overburden 
Removal 

Area 
Varies 

<4% 16.0 20.0 1.7 2.1 

22.5 28.5 4%-8% 14.5 18.5 1.9 2.3 

>8% 14.0 17.0 2.3 2.7 

 

An evaluation of pool and step dimensions and spacing was also conducted.  Data from the reference 
reach channel surveys and the 2013 Permanente Creek channel survey was used to help inform pool 
design geometry.  A review of literature related to channel morphology and bed profile arrangements 
was used to refine the pool design geometry and incorporate steps into the channel forms at the Rock 
Pile and Material Removal Areas.  A summary of the proposed pool and step dimensions and spacing 
are included in Table 4.  Sheet C34 includes tables with pool and step dimensions and spacing for the 
Rock Pile and Material Removal Areas.  Sheet C34 also includes typical details demonstrating how the 
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pools and steps will be constructed.   The Culvert #7 and #8 removal sites are relatively short and include 
a single pool each.  The pool dimensions are shown on the respective culvert removal area design 
profiles (Sheets C11 and C15). 

 

Table 4.  Pool and Step Dimensions and Spacing  

Average 
Channel 

Slope 

Pool Geometry Step Geometry 

Pool 
Length 

(ft.) 

Pool 
Depth 

(ft.) 

Drop 
Height 

(ft.) 

Pool 
Spacing 

(ft.) 

Pool 
Spacing 

(bankfull 
widths) 

Step 
Drop 
(ft.) 

Step 
Spacing 

(ft.) 

Step Spacing 
(bankfull widths) 

4% - 8% 
(Step-Pool 
Channel) 

10 – 20 0.5 - 2 0.5 – 1 30 – 120 2 - 6 0.5 – 1 8 - 20 0.5 - 1 

8% - 12% 
(Cascade 
Channel) 

6 - 13 0.5 - 2 0.5 - 1 28 - 75 2 - 4 0.5 – 1   6 - 13 0.4 – 0.8 

2.3 HYDRAULIC ASSESSMENT 

2.3.1 Approach to Fish Passage Evaluation 

The improvement of passage conditions for resident rainbow trout is a primary goal of the proposed 
work.  Within the various project reaches, we have attempted to meet this goal through a combination 
of channel and floodplain enhancements.  The nature and extent of these enhancements varies by reach, 
and each location requires a carefully considered approach to the design and analysis of fish passage 
elements. Our design basis and methodology are outlined below. 

CDFW allows for varying approaches to analyzing fish passage within natural or constructed channels. 
The “Stream Simulation Method” consists of constructing a channel that mimics geomorphically similar 
adjacent reference reaches. The Stream Simulation Method works on the premise that a constructed 
channel that mimics adjacent natural reaches will present no more of an obstacle to passage than the 
adjacent natural channel.   

The “Hydraulic Design” approach allows for construction of a channel geometry that has been proven 
through modeling to meet specific hydraulic design criteria.  For channels designed using Hydraulic 
Design methods, CDFW provides general guidelines prescribing minimum water depths, maximum 
velocities, and maximum hydraulic drop heights (Table 5).  Projects designed using the Hydraulic 
Design Method must satisfy these criteria throughout the full range of fish passage design flows.  
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Table 5. Fish Passage Design Criteria 

Species and Life stage 
Minimum 

Flow Depth 
(ft) 

Maximum 
Water Velocity 

(ft/s) 

Maximum 
Drop             
(ft) 

Adult Non-Anadromous Salmonids 0.67 2 1 1 

Juvenile Salmonids 0.5 1 0.5 

1 2 ft/s for culverts or riffles between pools greater than 200 feet long. 

Each of these methods has its limitations.  For instance, the Hydraulic Design method is not 
recommended where profile grades exceed approximately 5%.  The Stream Simulation Method is not 
recommended where adjacent reaches are disturbed or where sediment supply or transport has been 
significantly altered from natural conditions, which is the case throughout the project area.  For these 
reasons and others, the direct application of these methods has proven difficult at many locations 
throughout the project area.  

Our approach has been to use Hydraulic Design methods to analyze fish passage conditions where the 
profile gradient is relatively low and where hydraulic design standards for fish passage can be achieved 
within the recommended range of applicable channel profile gradients.  These areas include Reaches 
8-10.   

Where average profile gradient exceeds that recommended for the Hydraulic Design method (Reaches 
11-18), we have designed a channel based upon analogs from less-disturbed reaches within and near 
to the Permanente Creek Watershed.  The objective of channel design within these reaches is the 
creation of a geomorphically appropriate and stable channel that enhances opportunities for fish 
passage where feasible.  However, the presence of bedrock may ultimately dictate channel geometry 
and dependent fish passage characteristics at many locations.  We have evaluated velocity and depth 
within these steeper reaches to determine if the Hydraulic Design criteria for fish passage are satisfied, 
as discussed in the following section.   

Although the proposed project does not provide optimal passage opportunities along its entire length, 
resident rainbow trout passage is still a primary objective of the work.  Numerous constraints make it 
difficult to create optimal fish passage conditions within the project area, or even to meet established 
minimum performance standards.  Some of these constraints include: 

• Reaches with historically high gradients prior to development of the quarry (>10%); 

• The presence of natural bedrock drops exceeding 6 feet in height; and 

• Highly unstable reaches with excessive bed load. 
 

Where these constraints exist, we have done our best to optimize passage and habitat benefits, while 
considering the need to ensure the following: 

• Maintenance of channel, bank, and floodplain stability;  

• Maintenance of flood conveyance (where infrastructure is present); 

• Protection of public safety;  

• Preservation and protection of existing critical infrastructure; and  

• Preservation of existing mature riparian vegetation, where feasible. 



 

 

Permanente Quarry – Permanente Creek Restoration Plan – Updated 90% Level Submittal  
Design Basis Technical Memorandum 

 9 

 

 
One of the greatest challenges to the development of the Designs has been a lack of knowledge of the 
extent to which past anthropogenic disturbances at the site may have altered the original channel 
geometry, and as a result, fish passage conditions.  Within Reaches 11-12 and 17-18, it appears that the 
channel profile has been altered through the placement of fill.  The designs lower the profile in these 
reaches to remove culverts and/or fill material to establish a profile grade more closely following what 
existed prior to disturbance, a portion of which will likely follow bedrock.  The resulting profile grades 
are still quite steep, averaging up to 12% in portions of Reach 11 and up to 22.7% in portions of Reach 
17. 

The design profiles at these locations are based on a best fit to subsurface bedrock locations that were 
identified through a seismic refraction study (Appendix C), and later refined at the Rock Pile Area based 
on exploratory borings.  In order to avoid alternating steep chutes or drops and low gradient segments, 
and optimize fish passage potential, the design attempts to follow an average grade that connects the 
high points of the bedrock profile rather than following it continuously.  It is likely that the original 
channel would have followed a more irregular profile with exposed bedrock at pinch points and 
steepened reaches, as seen at other less disturbed reaches within the project area (e.g., reaches 15 and 
16).  A process has been outlined to further evaluate the geometry of bedrock in the field during 
construction and make field adjustments allowing the proposed channel to conform to uncovered areas 
of bedrock.  For instance, the minimum design profile grade upstream of bedrock controls will be set to 
4% and the maximum constructed profile grade between bedrock outcrops will not exceed 12%.  For 
further details, see the “Field Engineering Notes” included on Sheet C40 of the 90% Designs.. 

Individual project components or areas are discussed in detail within Section 2.7.  Within each section, 
we have provided a summary of the ability of the design to meet recommended fish passage criteria. 

 Assessment of Fish Passage within Constructed Channel Reaches  

Manning’s equation is the primary method we used to determine depths and average velocities within 
the constructed channel sections under design fish passage flows to evaluate compliance with the fish 
passage criteria listed in Table 52.  Fish passage was evaluated at the following locations where channel 
bed modifications or reconstruction is proposed:  

• Culvert #7;  

• Culvert #8;  

• Rock Pile Area; and 

• Material Removal Area.  

Proposed channel gradients are less than 4% at Culverts #7 and #8.  Fish passage design criteria were 
evaluated using the Hydraulic Design Method at these locations.   

The maximum average gradient at which a restored channel segment will be constructed at the Rock 
Pile and Material Removal Areas is 12%.  This maximum gradient has been established by the guidelines 
included in the Field Engineering Notes (Sheet C40).  As discussed above, 12% is considerably steeper 
than the 5% maximum profile grade that is recommended for application of the Hydraulic Design 

 
2 Design fish passage criteria were evaluated within channel sections where the channel bed and lower banks 
would be modified.  The portions of Permanente Creek where only a floodplain bench would be constructed along 
the main channel (e.g. Channel Widening Area) were not evaluated.     



 

 

Permanente Quarry – Permanente Creek Restoration Plan – Updated 90% Level Submittal  
Design Basis Technical Memorandum 

 10 

 

method.  We evaluated hydraulic parameters of a 12% channel for comparison to fish passage design 
criteria established under the Hydraulic Design method to determine if the fish passage design criteria 
would still be met.   

Manning’s equation is a universally accepted method for determining relationships between depth, 
velocity, and channel geometry (e.g., shape, size and roughness of the channel) for open channel flow 
conditions.  Calculations were performed using the “Hydraflow Express” extension of AutoCAD Civil 3D.  
Parameters used in the equation include: 

• Discharge; 

• Channel bed slope; 

• Hydraulic radius; and  

• Manning’s roughness coefficient.   

The roughness coefficients were estimated using depth-based roughness equations applicable to the 
proposed channels (Mussetter, 1989).  Refer to Appendix E for detailed calculations.   

Hydraulic calculations for the constructed channel sections are also presented in detail within Appendix 
D.  The modeled cross section geometry incorporates boulders that will protrude above the channel bed 
to take into account cracks between rocks that fish can use for moving between reaches. Results indicate 
that depth and velocity criteria would be satisfied over the range of design fish passage flows described 
in Section 2.1.2 “Fish Passage Hydrology”.  It should be noted that within steep (>6-8%) portions of the 
reconstructed channel, it will be impossible to avoid post-construction channel adjustments and the 
reorganization and associated formation of steps, chutes, and pools, the geometry of which cannot be 
accurately predicted.  Further, the channel will likely conform to bedrock outcrops in some locations, 
which may dictate cross section and profile geometry in ways that we cannot anticipate.     

Fish passage flows were also modeled using HEC-RAS to generate water surface profiles and velocity 
profiles for existing and proposed conditions, as requested by the reviewing agencies.  This was 
completed for the two locations where the channel bed will be reconstructed and the Field Engineering 
Notes (Sheet C40) do not apply - Culvert #7 and Culvert #8 removal areas within the Channel Widening 
Area.  The culverts will be removed and the channel will be reconstructed as shown on the drawings.  
Reconstruction of the channel at these two locations greatly improves fish passage conditions.  See 
Section 2.3.2.2 below for a summary of model results.  Since there is uncertainty regarding the post-
project channel profile within the Rock Pile and Material Removal Areas due to the unknown depth to 
bedrock, it does not seem relevant to present existing versus proposed HEC-RAS results.  If bedrock is 
encountered the constructed profile could be very steep (>12%) and potentially include significant 
vertical drops of several feet.   

Qualitatively, it is apparent that removal of Culverts #10 and #11 at the Rock Pile Area and the 
construction of an open channel will improve fish passage opportunities within this channel segment.  
This, of course, assumes that significant drops over bedrock or bedrock chutes are not uncovered once 
the culvert is removed.3  Culverts with a low Manning’s n value will be replaced with open channels 
constructed using Engineered Streambed Material (ESM) with increased hydraulic roughness.  This 

 
3 See the Field Engineering Notes on Sheet C40 of the 90% Designs for a description of how the channel will be 
constructed if bedrock is encountered. 
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changed condition will both reduce flow velocities and increase flow depth, along with providing 
improved habitat and hydraulic complexity.  The coarse-grained ESM will provide areas of velocity 
shadowing behind large boulders, and cracks and small pools between boulders with increased flow 
depths and resting areas that will provide more conducive conditions for fish passage under proposed 
conditions.  See Section 2.3.2.2 for a discussion of the HEC-RAS model results that predict improved fish 
passage conditions once Culverts #7 and #8 are removed and the channel bed is reconstructed.   

We could not locate a resource that estimates the maximum sustained channel slope that will be a 
barrier to upstream passage of resident rainbow trout.  However, studies show that adult anadromous 
salmonids can navigate steeper slopes than resident rainbow trout (Coastal Conservancy 2004).  
Considering this, CDFW has identified a sustained slope of greater than 8% as a barrier to anadromy 
(CDFW, 2009).  Therefore, it is reasonable to assume that sustained slopes of 8% are a barrier to 
resident rainbow trout passage.  The Washington Department of Transportation considers a slope of 
12% for >160 meters as the cutoff for anadromous passage.  We have provided passage calculations 
for reaches up to 12% average profile gradient, although extended reaches at this slope are likely too 
steep for resident rainbow trout to navigate, especially given the likelihood of channel adjustments 
and bedrock exposures discussed above. 

2.3.2 Channel Hydraulics 

Having a good understanding of channel hydraulics is important for developing designs that will 
provide the intended instream habitat complexity while also providing channel stability during the first 
few years following construction, until vegetation becomes established.  Peak flood hydraulic modeling 
was conducted using HEC-RAS 5.0.4 river analysis software, developed by the United States Army 
Corps of Engineers (USACE).  Modeling results were used to confirm that appropriate bankfull channel 
dimensions have been incorporated into project designs, to assist with sizing surface treatments (e.g., 
engineered streambed material) to provide channel stability and erosion protection, and to ensure 
infrastructure and access roads won’t be significantly impacted by the 100-year flood. 

 Peak Flood Modeling (1D HEC-RAS) 

Two separate HEC-RAS models have been developed for the project.  One model was prepared for the 
Channel Widening and Rock Pile Areas since they are integrally connected, and a separate model was 
developed for the Material Removal Area because it is located more than 3,000 feet upstream of the 
Rock Pile Area.  The existing conditions models were developed using topography from detailed surveys 
conducted at both areas by Waterways between 2013 and 2015.  Proposed condition channel geometry 
was developed by importing the design grade topography into the existing conditions model and adding 
additional sections as necessary to model areas where culverts are proposed for removal.  The Channel 
Widening and Rock Pile Area model extends over approximately 6,500 linear feet of channel, beginning 
just downstream of Culvert #2, and extending approximately 400 feet upstream of Pond 13.  The 
Material Removal Area model extends over approximately 2,900 feet, beginning over 500 feet 
downstream of the Upper Treatment Facility located on the north bank approximately twenty feet 
above the channel and extending approximately 400 upstream of the proposed restoration limits.  
Overview figures have been prepared for each of the models and are included in Appendix E.4   The first 

 
4 The HEC-RAS models extend beyond the limits of the proposed work to account for downstream conditions that 
could affect hydraulics within the proposed restoration areas.  Because of this, design stationing does not match 
stationing used in the HEC-RAS models.  To assist with comparison between HEC-RAS and the design drawings, 
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two figures show the locations of the cross sections included in the model for the Channel Widening and 
Rock Pile Areas.  The third figure shows the location of the cross sections included in the model for the 
Material Removal Area. 

Roughness values (Manning’s n) were chosen from field-based observation of the channel and 
floodplains for existing conditions.  The United States Geological Survey (USGS) “Roughness 
Characteristics of Natural Channels” report was used to aid in the selection of roughness values for 
proposed conditions.  The report includes descriptive data and photographs for fifty different stream 
channels for which roughness coefficients have been determined.  

Boundary conditions were set using the normal depth method and are included in Appendix E.  The 
upstream and downstream boundary conditions were set to match the slope of the energy grade line at 
these respective locations, which roughly matches the channel slope.    

1.5-Year Flood Model 

The 1.5-year flood was evaluated to confirm that the bankfull geometry for the Rock Pile and Material 
Removal Areas developed in the “Permanente Creek Restoration – Regional Hydraulic Geometry and 
Analog Channel Assessment” included in Appendix B, is appropriate for the constructed channel 
segments.  This modeled flow was also used to assist with determining the channel-side design 
elevation of the floodplain bench along the Channel Widening Area.  Graphical outputs of water 
surface profiles are included in Appendix E.  Results for existing and proposed conditions have been 
included per the request of the reviewing agencies.  The profile outputs include a profile of the 
channel-side design elevation of the floodplain bench to demonstrate that the design elevations of the 
floodplain benches are near the 1.5-year water surface elevation.  Detailed output tables that include 
flow depth, velocity, and top width for both existing and proposed conditions have also been included 
in Appendix E. 

10-Year Flood Model 

The 10-year flood was evaluated to assist with establishing the upper limits of floodplain armor 
throughout the project area.  Floodplain armor will be placed over constructed benches up to 
approximately the 10-year water surface elevation to provide erosion protection while vegetation 
becomes established.  Results for existing and proposed conditions have been included per the request 
of the reviewing agencies.  Graphical outputs of 10-year water surface profiles are included in 
Appendix E.  Detailed output tables that include flow depth, velocity, and top width for both existing 
and proposed conditions have also been included in Appendix E. 

100-Year Flood Model 

The 100-year flood was evaluated to assist with designing surface treatments to ensure reconstructed 
channel areas remain stable, and that floodplain benches remain stable while vegetation becomes 
established.  It was also used to evaluate the potential for erosion above the limits of floodplain armor, 
which has been set to approximately the 10-year water surface elevation, and whether the proposed 
angular rock vehicle barrier along the Channel Widening Area would remain stable at locations where 
bank overtopping will occur.  See Section 2.4 below for design details related to surface treatments.   

 
HEC-RAS stationing for the Channel Widening and Rock Pile Area model includes the design stationing plus 100+00.  
The Material Removal Area model includes the design stationing plus 10+00.   
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Graphical outputs of 100-year water surface profiles under existing and proposed conditions are 
included in Appendix E.  Detailed output tables that include flow depth, velocity, and top width for 
both existing and proposed conditions have also been included in Appendix E. 

Angular Rock Vehicle Barrier Assessment 

At locations where bank overtopping flows will run along the rock vehicle barrier, the maximum 
velocity of the overtopping flow was determined to be 5 ft/sec. with a flow depth of approximately 1.2 
feet and a maximum shear stress of 4.5 lbs/ft2.  This occurs for approximately 50 linear feet near the 
upstream end of the Channel Widening Area (HEC-RAS Station 144+50) where the proposed floodplain 
bench narrows and the height of the bank between the bench and access road is reduced.   

Overtopping flow that occurs at discrete locations along the Channel Widening Area has velocities that 
range from 0.3 – 5.0 ft/sec with an average velocity of 2.9 ft/sec.  Six-inch diameter cobbles can resist 
flow velocities up to 10 ft/sec and shear stresses of 2.5 lbs/ft2 (Fischenich 2001).  The vehicle barrier 
will be composed of 4 to 8-inch diameter angular rock along most of its length, which is more stable 
than sub-rounded to rounded cobble.  To protect against mobilization at the area of maximum velocity 
the vehicle barrier will be composed of 10 to 16-inch dimeter angular rock, which can resist flow 
velocities up to 13 ft/sec and shear stresses of 5.1 lbs/ft2 (Fischenich 2001).  A summary of the 
overtopping locations, flow depths, and velocities are included in Appendix E.  Overtopping flow 
velocities were determined using the velocity distribution module in HEC-RAS, which provides a 
graphical output of flow velocities across a given cross section.  A cross section velocity output for each 
section where overtopping occurs is included in Appendix E. 

 Fish Passage Hydraulics at the Culvert #7 and #8 Removal Areas 

Fish passage has been assessed at the Culvert #7 and #8 removal areas within the Channel Widening 
Area where the channel bed and banks will be reconstructed as shown on Sheets C11 and C15.  Results 
of the modeling effort are included Appendix E.  Water surface profiles and velocity profiles for adult 
and juvenile high and low design flows are presented in the appendix as well.  As can be seen, flow 
depths are increased, and velocities are reduced under proposed versus existing conditions along the 
length of proposed channel reconstruction.  The HEC-RAS results document that flow depths and 
velocities meet fish passage design criteria along the reconstructed channel segments at all locations 
within the culvert removal areas, except that flow depths are slightly below the design criteria listed in 
Table 5 for both adult and juvenile low flows at the upstream end of the Culvert #7 removal area.  The 
adult low flow depth is 0.50 ft. versus 0.67 ft. and the juvenile depth is 0.37 ft. versus 0.5 ft.  However, 
unlike the Manning’s at a section calculations (Appendix D), the model does not account for cracks 
within the boulders that will occur within the engineered streambed material.  These cracks will 
provide additional depth for fish to utilize for passage.  Fish passage design criteria are not necessarily 
met outside the culvert removal areas shown on the profile plots, where active channel geometry 
reverts to existing conditions. 

 Model Calibration and Sensitivity Analysis 

Model calibration has not been possible because no gauge data correlating water surface elevations to 
discharge rates is available in the project area for the design peak flood recurrence intervals.  Golder 
Associates (Golder) maintained stream gauges in the project area during the 2017-2018 and 2018-2019 
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winters.  However, measured peak flow rates were well below the 1.5-year recurrence interval flood (35 
cfs vs. 284 cfs) during this time period.   

The main aspects of the design that the model has been used for are sizing of the various rock materials 
specified for the project, determining the upper limit of the rock placements, establishing the floodplain 
bench elevation at the Channel Widening Area and evaluating the 100-year water surface elevation.  The 
design bankfull channel dimensions where complete reconstruction of the channel bed is proposed are 
based on geomorphic criteria developed through evaluating nearby reference reaches.  However, the 
model was used to confirm the design bankfull dimensions are reasonable relative to expected flows. 

As a means to assess the sensitivity of the hydraulic model and evaluate implications for assumptions 
related to chosen Manning’s roughness values we varied n-values by +10/-10 percent.  Manning’s n-
values account for channel roughness due to irregularities in channel bed and bank forms, bed material 
size and natural debris in the channel, and vegetation.  Small changes in n-values have the potential to 
affect the modeled water surface elevations and flow velocities.  As n-values decrease flow depths 
typically decrease and velocities increase.  The opposite is true for increases in n-values.  

Chosen n-values for this project have the potential to effect floodplain bench design elevations at the 
Channel Widening Area, where reconstruction of the bed is not proposed, and criteria from the analog 
study at nearby references reaches is not relevant.   Altering the n-values by +10/-10 percent generally 
resulted in the change of water surface elevations by less than 0.3 tenths of a foot along the project 
reaches for the 1.5-, 10-, 100-year peak flows, with the average change in water surface being less than 
(+/-) 0.1 tenth of a foot.  This level of variability is within the tolerance for which the channel features 
will be constructed and is not considered significant.   Results from the sensitivity analysis performed on 
the Channel Widening to Rock Pile hydraulic model are included in Appendix E. 

We found the sensitivity analysis to have a limited effect on the proposed rock sizing.  Rock slope 
protection (RSP), engineered streambed material (ESM), and floodplain armor sizing equations are 
based on flow velocity, with velocity explicitly included in the RSP calculations and the design flow (Q) 
over a given channel width (e.g., bankfull width) included in the ESM and floodplain armor calculations 
(see Appendix F).  As expected, decreases in n-values resulted in high flow velocities, which in turn has 
the potential to result in larger rock sizing if the increase in velocity is significant enough.  The opposite 
is true for increases in n-values.  We found that the variation of n-values was not significant regarding 
RSP sizing, and that the calculations still resulted in rock size classes falling within the size range of the 
Caltrans Standard Specifications for RSP that were determined using the initial model inputs for channel 
roughness.  We also found that the variation of n-values did not result in any significant differences in 
ESM or floodplain armor size.  We have included the RSP calculations in Appendix F for reference. 

2.3.3 Sediment Transport 

The project has been designed to help maintain sediment transport continuity while creating 
depositional zones on the extensive floodplain areas that will be constructed as part of project 
implementation.  As discussed above, proposed bankfull channel dimensions at each of the 
reconstructed reaches have been informed by a reference reach study and would vary as channel 
slope changes.  Appropriately sized bankfull dimensions that adjust with changes in the channel profile 
slope will assist with sediment transport continuity through the reconstructed channels.  See Table 3 
for proposed bankfull dimensions based on channel slope.  To help maintain sediment transport 
continuity and channel stability upstream of bedrock controls encountered at the Rock Pile and 
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Material Removal Areas, the minimum design profile grade at these areas will be set to 4 percent, as 
outlined in the Field Engineering Notes (Sheet C40). 

Constructed floodplain areas will provide depositional zones for fine sediment and smaller coarse 
material when flood flows occur.  Floodplains constructed along the Channel Widening Area will serve 
as a depositional area for fine sediment that will be mobilized from the Rock Pile and Material Removal 
Areas during the first couple of years after their construction, as floodplain and riparian vegetation 
become established. 

2.4 SURFACE TREATMENTS AND GRADE CONTROL ELEMENTS 

Surface treatments and grade control elements have been included throughout the project area to 
ensure that the channel and newly constructed surfaces remain stable against erosive forces.  Surface 
treatments and grade control elements include: 

• Engineered streambed material (ESM) that will be used as channel substrate where the bed is 
reconstructed.  

• Floodplain armor to protect newly constructed floodplain surfaces. 

• Vegetated rock slope protection to protect newly constructed streambanks that are steeper 
than 2H:1V and the area adjacent to the Culvert #6 inlet. 

• Boulders sills that will periodically extend across the proposed floodplains to serve as grade 
control if significant erosion were to occur along floodplain areas.   

• Boulder weirs that will be incorporated into the ESM and keyed into the floodplain armor to 
provide grade control at locations of energy dissipation where channel flow plunges into pools. 

• Vegetation, which includes live willow stakes, container plants and seeding to provide rooting 
strength to help reinforce substrate along the channel, at floodplain and riparian areas, and on 
newly, constructed creek banks. 

• Erosion control BMPs (e.g. fiber rolls). 

2.4.1 Engineered Streambed Material (ESM) 

Throughout the Designs, we have specified the placement of engineered streambed material (ESM) 
within the bed of the reconstructed portions of the channel.  ESM is a term derived from the CDFW 
Design Guidelines and refers to a well-graded mixture of boulders, cobble, gravel, sand, and fines, 
proportioned in a way that is stable under design flood flows and still meets habitat enhancement goals.  
ESM is mixed to the Engineer’s gradation requirements for stability for specific locations, containing 
sufficient amounts of fine material to ensure that vegetation can establish and that flows do not “sub-
out” or move beneath the surface of the mix during times of low flow.  Properly specified ESM placed in 
a geomorphically appropriate location should look and behave like a natural streambed.   

At the Rock Pile and Material Removal Areas, ESM sizing may vary depending on the location of bedrock 
exposures and the constructed channel geometry.  The Field Engineering Notes (Sheet C40) will guide 
channel construction since there is uncertainty regarding the vertical and lateral position of bedrock.  
ESM sizing will be refined during construction, as needed, to account for conform locations along 
exposed bedrock where hydraulic forces may be more significant than can be foreseen during the design 
phase. 

Steps and pools will be incorporated into the Rock Pile and Material Removal Areas as shown on the 
Typical Cascade and Step-Pool Reach Details on Sheet C34.  The head of large pools will be reinforced 
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with boulder weirs to promote plunging flow into the pool and provide profile grade control.  Boulder 
weirs will be keyed into adjacent floodplain armor as shown on Sheet C36.  The weir boulders will extend 
five to seven feet into the floodplain armor to protect against flanking.  The ESM material has been 
designed to remain stable during the 100-year recurrence interval flow, with only minor adjustments 
expected to channel shape in reaches with bed slopes less than approximately 6-8%.  In steeper reaches 
(>6-8%) post-construction channel adjustments are expected, as described above in Section 2.3.1.1.  
These adjustments may result in changes to constructed pool and step geometry and the formation of 
new pools and steps in response to flood flows.  Detailed ESM sizing calculations are included in 
Appendix F.  Resulting ESM gradations are presented on Sheet C39. 

2.4.2 Floodplain Armor 

Floodplain armor was sized similarly to ESM, using CDFW Design Guidelines for developing a well-graded 
mixture of boulders, cobble, gravel, sand, and fines.  The substrate is proportioned to be stable under 
design flood flows while providing appropriately sized material to enhance constructed floodplain 
habitats.  Sufficient fine material has been included to ensure that vegetation can establish and the flows 
do not “sub-out” or move beneath the surface of the mix when floodplains are activated by flood flows.  
As with the ESM, the floodplain armor has been designed to remain stable during the 100-year 
recurrence interval flow, with only minor adjustments expected to floodplain shape in reaches with 
slopes less than approximately 6-8%.  Post-construction floodplain adjustments are anticipated in 
steeper reaches. 

Planting pockets have been incorporated throughout proposed floodplain areas to provide locations for 
planting during project revegetation.  Planting pockets are areas 5 to 8 feet in diameter that will be 
interspersed within the floodplain and filled with a soil mix designed to support container plants.  If 
erosion of planting pocket soils were to occur, the floodplain armor would adjust to fill and protect 
eroded areas.  Boulder sills have also been periodically incorporated across proposed floodplain areas 
to provide roughness to help reduce overbank flow velocities and serve as grade control if significant 
erosion were to occur along floodplain areas.  Boulders used in the construction of boulder sills will be 
in the D84 - D100 size range of the respective floodplain armor gradation.  The planting pocket and 
boulder sill details are included on Sheets C35 and C36, respectively. 

At the Rock Pile and Material Removal Areas floodplain armor sizing may vary depending on the location 
of bedrock exposures and the constructed channel geometry.  The Field Engineering Notes (Sheet C40) 
will guide floodplain construction since there is uncertainty regarding the vertical and lateral position of 
bedrock.  Floodplain armor sizing will be refined, as needed, during construction to conform to exposed 
bedrock.  Detailed floodplain armor calculations are included in Appendix F.  Resulting floodplain armor 
gradations are presented on Sheet C39. 

2.4.3 Vegetated Rock Slope Protection (RSP) 

Vegetated rock slope protection (RSP) has been proposed at three locations.  Vegetated RSP will be 
constructed using boulders of a specified gradation with live stakes installed throughout the RSP.  Live 
stakes are live plant cuttings capable of regenerating into mature plants.  Live stakes are typically taken 
from willows.  RSP sizing calculations are included in Appendix F. 

Vegetated RSP will be used to provide channel stability at the Culvert #7 and #9 removal areas, where 
the right bank (looking downstream) will be left in an over-steepened condition after culvert removal, 
and where the floodplain bench conforms to the inlet of Culvert #6 at the downstream end of the 
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Channel Widening Area.  Culvert #7 is an 11.5-foot diameter culvert that will be removed along with the 
fill placed over the top of the culvert.  After culvert removal the right bank side slope will range from 1-
2H:1V.  Laying back the bank to a consistent slope of 2H:1V is not practical at this location given the 
extensive vegetation removal and bank grading that would be required due to the steepness of the 
existing slope, which is 1-1.5H:1V (see Sheet C11).  Grading would have to extend approximately 50 
vertical feet to the top of slope at the edge of the idled Rock Plant. RSP is required to ensure the over-
steepened reconstructed streambank remains stable while vegetation becomes established.   

Culvert #9 consists of a 60-inch diameter corrugated metal pipe that is perched in the bank above the 
channel.  The culvert appears to be a relic of an historic crossing.  The culvert likely became plugged or 
the entrance obstructed at some time in the past and the channel cut around it.  The right bank side 
slope will be 1-1.5H:1V after culvert removal.  As with Culvert 7, it is not practical to lay back the bank 
to 2H:1V due to the steepness of the existing valley wall.  See Sheet C18 for the existing average bank 
slope near the creek.  Flow velocities are high at the Culvert 9 removal area, as the channel narrows and 
steepens, requiring large RSP to protect the channel bank.   

Flow velocities are relatively low at the entrance to Culvert #6 as this area becomes somewhat 
backwatered due to the undersized culvert.  However, vegetated RSP is required to protect the 
existing over-steepened slope at the floodplain bench conform to the Culvert #6 inlet (See Appendix F 
for rock sizing calculations).   

2.4.4 Vegetation 

Vegetation will be an essential component of ensuring short and long-term erosion projection and 
habitat value on excavated slopes, constructed floodplains and the reconstructed channel banks.  All 
areas disturbed during construction will be revegetated with native species appropriate to the setting.  
Planting will include live staking, container planting and seeding.  Sheets L1-L6 show proposed planting 
areas, tables identifying proposed species, container sizes, on-center spacings, seed quantities, and 
installation details.  Irrigation details have not been included with this submittal.  However, an irrigation 
system will be designed to maintain installed plantings during their establishment period.  The irrigation 
plan will primarily consist of drip emitters at container plants.  Overhead sprinklers may be used to 
irrigate seed during initial establishment only.  A detailed plan will be included with the next design 
submittal.   

Sheet L1 includes details for planting that will occur along the concrete channel.  Grading is not proposed 
along the concrete channel.  The planting information on Sheet L1 reflects habitat enhancement 
specifications included in the Decree. 

The remaining landscape sheets include planting information for the areas that will be disturbed by 
grading activities.  Planting tables have been included for each work area (e.g. Rock Pile Area) for both 
floodplain and riparian areas.  A seed mix table has also been included.  The seed mix will be applied to 
all disturbed areas as shown on the Drawings.  The seed is expected to provide short-term erosion 
control through dense establishment of a groundcover including grasses and herbaceous species.  
Woody species and container plantings will contribute to long-term erosion control and habitat value. 

Container plants will be installed in planting pockets and live stakes will be installed throughout the 
floodplain armor and ESM at floodplain and streambank areas at the spacings shown in the planting 
tables and relevant details.  Live stake trench packs and live willow transplants will also be installed 
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throughout floodplain areas.  Refer to relevant details on Sheets C35 and C37 for trench pack and willow 
transplant installation and spacing information.    

For revegetation purposes, the “riparian” planting zone has been defined as the areas extending 10 
vertical feet up the channel bank from the toe of slope at the edge of constructed floodplain benches.  
Riparian areas will be revegetated with container plants and seed mix.  Refer to the planting tables for 
individual component project areas (Sheets L1-L6).   

Erosion Protection above the 10-Year Water Surface Elevation 

Revegetation will be the primary means of erosion control on slopes above the limits of floodplain armor 
(i.e. 10-year water surface) Flow velocities along the lateral margin of floodplain areas average less than 
3 ft/sec during the 100-year flood.  Revegetated soils can resist flow velocities of 4-6 ft/sec (Fischenich 
2001).  These areas will be seeded and planted.  Mulch and/or erosion control fabric will be provided as 
appropriate pending constructed geometry, with fabric preferred on slopes steeper than 2.5H:1V.   

2.4.5 Project Best Management Practices (BMPs) 

Project designs typically incorporate BMPs to reduce construction-related impacts during and after 
construction.  BMPs may include structural elements (e.g., dewatering of work areas, installation of fiber 
rolls, sediment barrier fence and revegetation of disturbed areas) and may also include planning 
measures such as beneficial phasing and scheduling of work or limitations on disturbance areas.  Some 
of these elements are typically shown on the Design Drawings, while others are often presented within 
a detailed Stormwater Pollution Prevention Plan (SWPPP).  A SWPPP is a separate document that 
provides specifications for implementation as well as monitoring and reporting and is submitted to the 
Regional Water Quality Control Board for review.  At present, a SWPPP has not been prepared for the 
project.  Given the complexity of the project site and the particular challenges associated with work 
within the streambed, we anticipate a very detailed SWPPP document will be required to address the 
phasing of the work and the potential variations on final geometry and surface materials (e.g., bedrock 
vs. alluvium in channel banks). 

The primary concerns at this site include limiting disturbance to adjacent riparian areas, avoiding 
episodic or chronic release of sediments to the creek, and quickly reestablishing a dense riparian canopy 
within disturbed work areas.  Some of the principal BMPs currently included in the design are presented 
below. 

Construction fencing will be installed along limits of disturbance prior to commencement of grading 
activities.  Access to project areas will be along existing quarry access roads, as shown on Sheets C27-
C28.  Equipment will be staged and refueled within established staging areas.  Continuous dust control 
will be provided throughout construction in accordance with the dust control notes shown on Sheet C27 
and project permits.   

Dewatering will occur at all sites where surface water is present and grading is proposed along the 
channel bed, or where access across the channel is required (i.e. Culvert #9 removal area).  Diversion 
plans are included on Sheets C29-C32, with a typical dewatering plan and details shown on Sheet C33.  
Block nets will be installed upstream/downstream of the area to be dewatered, and fish and other 
aquatic organisms will be removed and relocated by a qualified biologist, prior to the installation of 
dewatering facilities.  Where removal of seepage water is required within an isolated construction area, 
the water will be pumped to a depression or temporary basin to either infiltrate or be detained until it 
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is routed through a sediment treatment facility, as needed.  Any pumping of surface water with the 
potential to entrain aquatic organisms will be screened using a mesh with a maximum opening size of 5 
millimeters.  The screen will be checked regularly to ensure it is functioning as intended and that animals 
are not becoming entrapped.  Turbid waters will not be allowed to discharge into Permanente Creek.  At 
the completion of construction, all accumulated sediment will be removed from the work area, 
characterized, and, if appropriate, placed elsewhere at the Facility in a manner that will not result in 
erosion or mobilization of sediment to Permanente Creek, and that will be consistent with applicable 
Waste Discharge Requirements.  The final placement location will be determined by the Engineer, in 
consultation with Lehigh, the Regional Water Board, and the Geotechnical Engineer or Project Geologist 
at the time of construction. 

Fiber rolls will be installed around staging areas and a sediment barrier fence5 will be installed along the 
creek-side edge of the proposed floodplain bench excavation areas at the Channel Widening Area.  Fiber 
rolls will be in place to trap mobilized sediment in the event there is rain during construction.  The 
sediment barrier fence will act as a barrier to any loose material during floodplain bench excavation.   

Constructed channel areas and bank slopes will be protected from erosion using the specified rock 
mixtures and/or vegetation as shown on the drawings.  Erosion control fabric will be utilized if needed.  
Fiber rolls will be installed across excavated slopes as shown on Sheets C29 to C32.  Prior to revegetating 
slopes, these areas will be track-walked to ensure drainage in the intended direction and provide smooth 
transitions to undisturbed sloped.  Fiber rolls and container plants will be installed, where specified, and 
the slopes will be hydroseeded with the seed mix shown on the drawings.  The hydroseed mixture will 
include hydromulch, amendment/fertilizer, and tackifier, to assist with erosion control and seed 
establishment6.  Constructed channel and floodplain areas will receive ESM, floodplain armor, and 
vegetation as discussed above.  

All constructed slopes that are steeper than 2H:1V will be evaluated by the Geotechnical Engineer or 
Project Geologist, and recommendations will be provided, as needed, to ensure geotechnical stability.   

2.5 FLOODPLAIN LOGS AND LARGE WOODY DEBRIS INSTALLATIONS 

Floodplain Logs 

Floodplain logs have been proposed throughout the project.  Floodplain logs will consist of both “live 
logs” and “roughness logs”, as described on Sheet C35.  All floodplain logs will be salvaged with rootwads 
left intact.  Live logs will consist of willows that will be removed during project grading.  These trees will 
have all limbs removed to increase the likelihood they will survive and regrow, and they will be partially 
buried on floodplain areas with the expectation that the majority of them will re-sprout.  Roughness logs 
will consist of all other tree species impacted by project grading.  These trees will be partially buried like 
the live logs, but some limbs will be left intact to add additional roughness and complexity to the 
floodplain.  Calculations have been completed to determine ballasting requirements, and the floodplain 
logs will be properly ballasted so they will not be moved by flood flows.  Ballast calculations are included 
in Appendix G.  Calculations will be adjusted, as necessary, during project implementation to ensure 
appropriate ballasting for trees of varying dimensions.   

 
5 Lehigh will coordinate with USFWS staff during the Section 7 Consultation to identify an appropriate fabric for 
use as a sediment barrier. 
6 Hydroseeding specifications will be included in the next design submittal.  
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Large Woody Debris (LWD) Structures 

Large woody debris structures have been proposed at each of the pools that will be constructed at the 
Culvert #7 and Culvert #8 removal areas.  Each of the two structures will consist of one log with a 
rootwad and one log without a rootwad.  The Engineer will be present during installation to ensure the 
LWD structures are installed in accordance with the design intent to promote pool scour and provide 
cover for aquatic species.   The logs will either be Douglas fir or redwood meeting the dimensions shown 
on Sheet C39.  The structures have been designed to remain stable during the 100-Year discharge.  Each 
structure will be ballasted and stabilized by cabling each log to two 4-foot diameter boulders (four 
boulders total per structure) and cabling the logs to each other.  Ballast calculations are included in 
Appendix G. 

2.6 GEOTECHNICAL AND GEOLOGIC CONSIDERATIONS 

Golder Associates (Golder) and Stantec have provided geologic and geotechnical review of the proposed 
project.  Golder has been involved in the project since the initial concept designs were prepared in 2014.  
They have reviewed each round of drawings as they have been developed. Stantec has recently been 
added to the project team to provide additional geotechnical engineering review, evaluation and design 
support. 

Golder prepared a detailed assessment of project area geology and geotechnical considerations in 2019 
at the request of the reviewing agencies (Golder 2019).  The Technical Memorandum titled: “Geologic 
and Geomorphic Assessment of Permanente Creek” is included in Appendix H.  Design slopes shown on 
the drawings meet Golder’s recommendations for proposed slopes above the restored creek.  
Subsurface investigations have been performed to gain an understanding of the materials underlying 
the project limits at the Material Removal and Rock Pile Areas.  However, precise locations of bedrock 
are not known, including its position (both vertically and laterally) and orientation.  Field adjustments 
and modifications to conform to existing bedrock will likely be required.    

In addition to their work developing an estimated bedrock profile beneath the Rock Pile and Material 
Removal Areas, Golder’s geotechnical assessment focused primarily on evaluating the stability of the 
final valley slopes within restored reaches.  Golder has provided recommendations on allowable slope 
angles for the different material types that may be encountered within excavations and  the project 
geotechnical engineer or project geologist will be integrally involved with construction at the Rock Pile 
and Material Removal Areas to inspect excavated areas and provide recommendations, as necessary, to 
ensure finished slopes meet geotechnical criteria for stability.  At both the Rock Pile and Material 
Removal Areas, excavations on the southern side of Permanente Creek are expected to follow similar 
slope angles as the existing exposed slope, likely uncovering areas of bedrock.  The 90% Designs show a 
1.5H:1V side slope at these locations for the two sites.  The northern bank of the creek will be initially 
excavated into fill material and may potentially expose underlying bedrock depending on the depth of 
excavation.  Default design side slopes on the north bank are 2H:1V or flatter.  The northern banks may 
be constructed at a steeper slope if bedrock is uncovered. The project geotechnical engineer or project 
geologist will inspect the slope below the Rock Pile once it is removed and evaluate the nature and 
stability of the exposed material.  Recommendations will be developed, as necessary, to ensure the slope 
is geotechnically stable.    

In response to comments received from reviewing agencies, Golder prepared a stability assessment of 
the slope underlying the large aggregate pile at the Rock Pile Area (Golder 2021). Golder’s assessment 
found the slope will be stable after removal of the rock pile but noted that the underlying slope should 
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be inspected by a qualified professional engineer or geologist to confirm the assumptions used in the 
analysis.  Notes are also included on Sheet C19 of the 90% Designs that require the project geotechnical 
engineer or project geologist to inspect the slope exposed below the rock pile following its removal and 
provide recommendations on final stabilization measures.  The Golder slope stability analyses report is 
included in Appendix I.   

Most recently, Golder has also prepared a report to assess potential water quality impacts associated 
with specific project construction elements (Golder 2022).  The report is included in Appendix J. The 
water quality evaluation assesses geologic units (e.g. limestone bedrock) likely to be uncovered in the 
creekbed by project implementation and found no significant impacts to water quality.  The evaluation 
also determined that the locally available greenstone and graywacke encompassing the majority of the 
Permanente Creek basin is not detrimental to water quality if used as backfill and that from a water 
quality perspective can also be used as engineered streambed material and floodplain armor in the 
restored channel reaches. 

Stantec prepared the Permanente Creek Restoration Project (PCRP) Stability Analysis, dated August 26, 
2022, to support the updated project design (Stantec 2022). The assessment reevaluated the stability of 
the proposed slopes at the Rock Pile Area and also assessed the stability of the proposed slopes at the 
Material Removal Area (Appendix K).  The report presents the results of their analysis assessing the most 
extreme conditions along the north slope of the creek at both sides. The slopes were analyzed under 
both static and pseudo-static conditions and were found to have acceptable factors of safety. 

2.7 DESCRIPTION OF INDIVIDUAL PROJECT COMPONENTS 

The individual project components are briefly described below, introduced from the downstream to the 
upstream limits of the proposed work.   

2.7.1 Concrete Channel (Reach 6, Sheet L1) 

Native riparian plantings will be installed along the southern bank of the concrete channel, from the 
edge of concrete to the top of bank.  Installed plantings will infill areas outside of existing mature tree 
canopy.  Existing oak seedlings will be preserved and a 3-foot radius around each seedling will be hand-
weeded to reduce competition.  The goal of the work is to expand the riparian corridor and increase 
canopy cover over the channel to lower stream temperature.  Shading will also reduce the ability of 
cattails to established or persist in the channel.  Cattails currently block the channel in many locations, 
thereby reducing sediment transport and flood capacity.  They also present a partial barrier to the 
movement of any fish within the concrete channel.  

Fish passage was not evaluated within the concrete channel, as there are not any improvements 
proposed within the concrete channel.  

These proposed improvements meet the conditions outlined in paragraph #40 of the Decree. 

2.7.2 Channel Widening Area (Reaches 8-12, Sheets C11-C18) 

Within Reaches 8 through 10, the north bank will be excavated to form a bench at the estimated bankfull 
(1.5-year) water surface elevation.  The bench width will be maximized by narrowing the existing 
roadway.  The bench will be constructed to leave a maximum roadway width of 20 feet, as measured to 
the top of the creekside vehicle barrier.  Work generally avoids disturbance to the bed of the channel 
and the south bank, except where large concrete debris or culverts are proposed for removal.  Where 
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existing mature riparian trees are present, the bench excavation has been modified to preserve them, 
where feasible, in the interest of maintaining shade cover and improved habitat.   

The floodplain bench will be over-excavated and then lined with a mixture of coarse alluvial materials 
sized to resist mobilization during floods.  Periodic floodplain roughness elements (e.g., floodplain logs 
and boulder sills) will be incorporated to minimize channel migration into the benches as vegetation 
becomes well established. 

Fish passage was not evaluated where only the construction of a floodplain bench is proposed because 
work is not proposed within the active channel bed.  

These improvements meet the conditions outlined in paragraphs #38-39 of the Decree. 

2.7.3 Culvert 7 (Reach 8, Sheet C11) 

Culvert #7 will be completely removed and the area restored with a floodplain bench incorporated along 
the northern bank.  Biomechanical bank stabilization treatments will be required along the southern 
bank to support the toe of the hillslope where the culvert and associated fill are proposed for removal.  
The biomechanical treatment includes the installation of vegetated RSP.  A pool that will include the 
installation of a large woody debris structure has been included to provide habitat and cover for aquatic 
species.   

Fish passage design criteria for both depth and velocity are met when using the “Hydraulic Design” 
approach.   

These improvements meet the conditions outlined in paragraph #39 of the Decree. 

2.7.4 Culvert 8 (Reach 9, Sheets C14-C15) 

Culvert #8 will be completely removed and the area restored with a floodplain bench incorporated along 
the northern bank.  A pool that will include the installation of a large woody debris structure has been 
included to provide habitat and cover for aquatic species.   

Fish passage design criteria for both depth and velocity are met when using the “Hydraulic Design” 
approach. 

These improvements meet the conditions outlined in paragraph #39 of the Decree, although Culvert #8 
is not specifically mentioned. 

2.7.5 Sediment Removal Area (Reach 9, Sheets C14 & C16) 

Accumulated sediments and fill materials will be removed as necessary to restore pre-disturbance 
geometry within the tributary channel and adjacent floodplain area.  The access road and existing 
storage area will be revegetated.  Final grades will be dependent upon sub-surface conditions (i.e., the 
location of bedrock).  All disturbed areas will be revegetated with native riparian species.   

These improvements meet the conditions outlined in paragraph #39 of the Decree. 

2.7.6 Culvert #9 Removal Area (Reach 10, Sheet C18) 

Stream flow does not pass through Culvert #9.  The pipe is perched above the channel in the south bank.  
There is exposed RSP along the channel margins, as shown on Sheet C18 of the drawings, and cobbles 
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and boulders are present along the channel bed providing sufficient armoring to resist erosion.  Mature 
riparian vegetation is also present along the channel banks providing rooting strength to bank soils.  The 
culvert will be removed and the void will be filled with vegetated RSP (see Section B, Sheet C18).  There 
will be limited impacts to the channel bed and existing vegetation during the culvert removal work.  It is 
expected that some significant vegetation pruning and disturbance of roots will be required, but the 
native alders and willows along the channel are used to disturbance and will rebound quickly to provide 
shade and rooting strength to any disturbed bank soils7.   

Culvert #9 will be completely removed from its perched location and the bank will be restored in the 
vicinity of the work.  Biomechanical bank stabilization treatments will likely be required to restore the 
southern streambank where the culvert is removed unless bedrock is exposed during demolition.  Any 
required biomechanical treatment work will include the installation of vegetated RSP.   

Fish passage was not evaluated because there is not any work proposed within the active channel bed.  

These improvements meet the conditions outlined in paragraph #39 of the Decree. 

2.7.7 Culverts #10 & #11, Rock Pile, and Pond 13 (Reaches 11-13, Sheets C19-C21) 

Extensive channel realignment and reconstruction is proposed throughout this area, including removal 
of Culverts #10 & #11, rip rap in the vicinity of the Culvert #10 outlet, and the dam at Pond 13.  

As discussed above, the channel profile appears to have been significantly modified in this reach, 
resulting in a flattened profile downstream of Pond 13 at Culvert #11 (half culvert) and a very steep 
profile through Culvert #10.  The design optimizes fish passage conditions by creating a more uniform 
grade through the reach.  Cuts approximating thirty to forty feet of depth are required to accomplish 
this.  The grading plan reflects the Lower Limit of Potential Design Channel Invert, which includes 
removal of Pond 13.  The Upper Limit of Potential Design Channel Invert shown in profile has been 
established as a best fit to bedrock elevations that were estimated using a seismic refraction analysis 
and geotechnical borings.  The results of this seismic refraction analysis are attached as Appendix C.  
Since we cannot know the exact location of all bedrock without extensive subsurface exploration, (e.g., 
drilling or trenching) final geometry will likely vary somewhat from that shown on the drawings, as 
necessary to conform to existing bedrock.   

The newly excavated floodplain benches will be lined with a mixture of coarse alluvial materials sized to 
resist mobilization, but able to adjust and reorganize in response to significant flood flows.  Floodplain 
roughness elements (e.g., log structures and/or boulder sills) will be incorporated to minimize channel 
migration into the benches until vegetation becomes well established. 

The dam will be removed at Pond 13 and replaced with a boulder weir grade control structure, if the 
upper limit of potential design channel invert is constructed.  Fine sediment impounded within the pond 
will be removed so the material is not transported downstream after the restoration project is 
implemented.  The limits and thickness of accumulated sediment have not been surveyed.  Accumulated 
fine sediment occurring below elevation 805.0 will be removed.  Removal of fine sediment will occur 
until alluvial material (i.e., gravel/cobble) or bedrock are encountered.  Engineered fill would then be 
placed to raise grades, where necessary, and a channel conforming to the dimensions shown on the 

 
7 During site inspections in 2022 it appeared most of the alders shown on the drawings that were mapped during 
2013-2015 have died and been replaced by willow volunteers. 
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Typical Channel Treatment Detail for the Rock Pile, Sheet C20, would be constructed through the 
previously ponded area to restore an open channel.      

The rock pile and associated infrastructure will be removed to accommodate the lowered and widened 
channel, as shown on cross sections C and D of Sheet C21.  An access road has been incorporated into 
the design for maintenance of Pond 13B.  Newly disturbed upland hillslopes will be vegetated with native 
species, as will the constructed channel and floodplains.  The slope exposed below the Rock Pile will be 
inspected by the Geotechnical Engineer or Project Geologist to evaluate the nature and stability of the 
exposed material and provide recommendations, as necessary, to ensure geotechnical stability of the 
slope and access road. 

These improvements meet the conditions outlined in paragraphs #37 & 38 of the Decree. 

Fish passage design criteria for both depth and velocity are met when compared to the hydraulic design 
parameters established under the Hydraulic Design approach, due to the high roughness of the 
proposed channel substrate.  However, it should be noted that the design profile grade of 12% exceeds 
CDFW’s estimated limit to anadromy, which is a sustained slope of over 8%; and studies show that adult 
anadromous salmonids are able to navigate steeper slopes than resident rainbow trout (Coastal 
Conservancy 2004).  See Section 2.3.1.1 above for a discussion regarding fish passage evaluation in steep 
reaches. 

2.7.8  “Old Crusher Foundation” Removal (Reach 17, Sheet C22) 

The “old crusher foundation” will be modified to conform to the adjacent banks.  The portion of the “old 
crusher foundation” that is projecting into the creek will be removed.  Sheet C22 includes a site plan and 
cross sections of the proposed work.  All work will be completed using hand labor and small equipment 
with worker safety being the highest priority, given that the foundation is located at the base of a very 
steep and tall slope.  All waste material and spoils will be removed from the creek using hand tools and 
disposed of.  Access is anticipated to be provided by use of a constant rate descender, or similar.  Final 
geometry will be inspected by the Engineer to ensure a smooth hydraulic transition along the portion of 
the “old crusher foundation” to remain.   

These improvements meet the conditions outlined in paragraph #35 of the Decree. 

2.7.9 Material Removal Area (Reaches 17 & 18, Sheets C23-C26) 

This area has been modified by the placement of material within and adjacent to the channel.  The exact 
extent and depth of material is uncertain at this time, due to limited subsurface data.  A seismic 
refraction analysis has been performed to estimate the depth to bedrock, in an effort to gain a clearer 
understanding of the pre-disturbance site geometry and allow a more informed evaluation of 
opportunities and constraints to enhancement.  The results of this analysis are attached as Appendix C.    

The 90% Designs show the area will be excavated to establish a more uniform profile gradient, as shown 
on Sheets C23 and C24.  The grading plan reflects the Upper Limit of Potential Design Channel Invert and 
has been established as a best fit to bedrock elevations that were estimated using the seismic refraction 
analysis.  The Lower Limit of Potential Design Channel Invert is shown in profile and represents the 
lowest grade at which the channel invert would be constructed if bedrock is not encountered.8  Proposed 

 
8 Design drawings for the Lower Limit of Potential Design Channel Invert that include a grading plan and cross 
sections are included on Figures 1-4 in Appendix L.  



 

 

Permanente Quarry – Permanente Creek Restoration Plan – Updated 90% Level Submittal  
Design Basis Technical Memorandum 

 25 

 

cuts extend to depths of over thirty feet below existing ground, resulting in profile grades of 7.1% to 
22.7%.  These grades follow the peaks of the estimated subsurface bedrock profile.  Final grades would 
be determined in the field to best-fit bedrock exposures encountered during excavation.  Since we 
cannot know the exact location of all bedrock without extensive subsurface exploration, (e.g., drilling or 
trenching) final geometry will likely vary somewhat from that shown on the drawings. 

The proposed centerline of the creek was established by extending the existing southern hillside slope 
down at 1.5H: 1V to meet the new profile grade, and then leaving room for a bench that varies in width 
at bankfull elevation.  The existing toe of the slope on the north side of the creek was relocated 
northward by twenty-five feet, except at the downstream end of the reach where the bench needed to 
be narrowed slightly to accommodate the Upper Treatment Facility and existing access road.  The north 
bank is sloped at a maximum steepness of 2H:1V.  The “relic concrete structures” shown on the Drawings 
will be removed during site grading.  All disturbed areas will be revegetated with native species 
appropriate to the site.   

The newly excavated floodplain benches will be lined with a mixture of coarse alluvial materials sized to 
resist mobilization, but able to adjust and reorganize in response to significant flood flows.  Floodplain 
roughness elements (e.g., log structures and/or boulder sills) will be incorporated to minimize channel 
migration into the benches until vegetation becomes well established.  

These improvements meet the conditions outlined in paragraph #35 of the Decree.  It should be noted, 
however, that the design profile grade within this reach will likely vary from 7.1% to 22.7% and may have 
drops over bedrock features.  Fish passage will be an objective, but cannot be guaranteed with these 
site constraints, the majority of which exceed CDFW’s estimated limit to anadromy, which is a sustained 
slope of over 8%; and studies show that adult anadromous salmonids are able to navigate steeper slopes 
than resident rainbow trout (Coastal Conservancy 2004).  See Section 2.3.1.1 above for a discussion 
regarding fish passage evaluation in steep reaches. 

   IMPLEMENTATION 

3.1 CONSTRUCTION SEQUENCING 

There are many considerations when determining the optimal sequencing of a large stream restoration 
effort.  At Permanente, examples include project area diversion and dewatering requirements, 
temporary impacts to stream and wetland habitat, post-construction sedimentation, quarry operations, 
and noise and dust.  Permit requirements, including the in-stream work window, will also have bearing 
on the sequence of construction and the amount of construction that is completed in a given season. 

In-stream flows can vary from year to year with surface water present in some portions of Permanente 
Creek and not in others.  Although the presence of surface water will not dictate where work occurs in 
a given year, it will be considered to help simplify construction and reduce potential water quality 
impacts.  Any relocation of the Upper Treatment Facility and associated infrastructure (e.g., Pond 1250) 
that have been installed to remove selenium from quarry water will also be considered when 
determining construction sequencing.  Work at the Material Removal Area may be sequenced to occur 
after other portions of the project are constructed if the treatment facilities and Pond 1250 need to 
remain in their current location at the start of project implementation.  These facilities may be relocated 
in the localized area to accommodate changes to the slope if the facilities are necessary for post-creek 
restoration project activities associated with quarry dewatering and reclamation.   
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Ecological impacts from temporary site disturbances are also an important consideration.  Of the 
potential impacts, soil disturbance and riparian vegetation removal are primary concerns.  Vegetation 
removal reduces available cover and habitat for wildlife and shading of Permanente Creek.  Soil 
disturbance associated with channel grading activities will further increase risk of erosion and 
sedimentation in the short term.  Although the constructed features will be designed to ultimately 
reduce erosion and sedimentation, there will always be some minor erosion that mobilizes fine sediment 
while vegetation from erosion control seed and installed container plantings are becoming established 
during the first year following construction.  Although the project will ultimately result in a significant 
expansion of riparian area, the removal of vegetation will temporarily reduce areas of riparian habitat, 
increase risk of erosion, and reduce shading of the creek until replacement plantings have matured.   

In consideration of these short-term impacts, we have planned to stage the work so that the area of 
impact is limited in any given year, and in a manner that will allow newly constructed floodplains at the 
downstream limit of the work to treat runoff from the upstream end of the project area that would be 
disturbed in subsequent years.   

We recommend that the initial stream restoration work occur along the Channel Widening Area, 
extending upstream to the end of Reach 10, where floodplain benches will be created.  The benching 
will provide opportunities for sediment deposition to occur if material is mobilized from the Rock Pile 
and Material Removal Areas during the initial years after construction.  The benches will also provide 
depositional areas for fine sediment mobilized from the large sediment deposits located within reaches, 
R14-R16 and R19-R21.  In addition to providing this water quality benefit, the Channel Widening Area is 
also the least complex of the major construction components, allowing the opportunity for the 
construction team to gain familiarity with the particular challenges of the site (e.g., material processing, 
dewatering, topsoil salvage, and revegetation) before tackling the upstream reaches where channel 
grading is more complex. 

The second phase of the work is expected to involve the Rock Pile Area.  The final stage would include 
the Material Removal Area. 

A final construction schedule will be prepared once all project permits and approvals are received for 
project construction, in accordance with paragraph #46 of the Decree. 

3.2 FIELD  ENGINEERING – ROCK PILE (REACHES 11-13) AND MATERIAL REMOVAL AREA (17-18) 

The design engineers will be closely involved with construction implementation at the Rock Pile and 
Material Removal Areas.  The drawings for each site present an “Upper Limit of Potential Design Channel 
Invert” and “Lower Limit of Potential Design Channel Invert”.  The upper limit represents the design 
grade based on connecting high points on the bedrock profile that were identified during subsurface 
investigations.  The lower limit represents the maximum extent of excavation at locations where bedrock 
is not encountered during project construction.  The likelihood is that the constructed channel will lie 
somewhere between these two profiles.  Sheet C40 includes a description of field engineering 
parameters that will guide determination of the final profile at the Rock Pile and Material Removal Areas.  
Final slopes steeper than 2H:1V will be evaluated by the Geotechnical Engineer or Project Geologist and 
recommendations will be provided, as needed, to ensure geotechnical stability.   
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  ADAPTIVE MANAGEMENT 
The project has been designed to restore significant portions of Permanente Creek and greatly expand 
floodplain and riparian areas along the component project areas.  Project designs include elements to 
provide short-term stability, while also being able to respond to future flooding events and changes in 
the sediment transport regime.  As with most stream restoration projects, it is not possible to predict all 
future adjustments that may occur, and adaptive management may be required. 

The reconstructed channel and floodplains will be protected with engineered streambed material (ESM) 
and floodplain armor.  These substrates have been sized to remain relatively stable while allowing for 
natural adjustments to flooding events and sediment transport from upstream reaches.  Boulder sills 
have been incorporated throughout the project to reduce the percentage of large boulders used in the 
ESM and floodplain armor, and to protect against erosion from large flooding events that may occur in 
the initial years after project construction while vegetation is becoming established.  We anticipate that 
the armoring and sills will perform as designed.  However, adjustments or areas of erosion could occur 
that require attention to ensure the project evolves as intended. 

The creation of inset floodplain benches will allow for significant sediment storage within the project 
reaches, or for the low flow channel to adjust laterally without consequence in most instances.  
However, sediment mobilized from project areas or from areas outside the influence of project 
construction may accumulate in undesirable locations within the reconstructed channel segments.  
Areas of significant aggradation would be evaluated and corrective measures would be proposed.  In the 
initial years after project implementation, it will be important to ensure that sediment/debris does not 
accumulate at locations that may direct future flood flows in a manner that could affect project stability.    

The plants selected for the revegetation effort were chosen based on experience revegetating other 
areas of the project site.  Although a certain percentage of die-off is typical with any native revegetation 
effort, it is expected that the selected species will do well along the restored project areas.  If it is found 
that the revegetation effort is not meeting project performance standards, the cause will be evaluated 
and either alternative species will be used, or the species that are performing well be increased to ensure 
the project meets required performance standards for vegetation establishment. 

Each project area should be inspected during the first year after construction after storms delivering 1.5 
inches or more of rainfall have occurred.  If erosion or sedimentation does occur, the cause of the issue 
will be evaluated and adaptive management practices will be developed to help stabilize the area.  The 
default approach at areas of erosion will be the installation of additional vegetation where this approach 
is a viable solution to help halt erosion.  If the area of erosion is significant, and the installation of 
additional vegetation is not a potential solution, an approach will be developed and the resource 
agencies will be engaged if heavy equipment is involved.   

During the permitting process, a Monitoring and Adaptive Management Plan (MAMP) will be prepared 
for review and approval by the resource agencies.  The MAMP will establish monitoring protocols, 
performance criteria, the monitoring period and reporting requirements.  Potential adaptive 
management strategies and approaches will be discussed.  Ultimately the MAMP will be a tool for 
helping to ensure long-term channel stability and successful establishment of the revegetation effort. 
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AVG. CHANNEL SLOPE
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APPENDIX A 

 

Fish Passage Design Flow Calculations 



Project: Permanente Quarry
Project #: 13-016
Date: 8/29/2017
Calculated by: M.L.B/B.R.S.
Checked by: B.M.Z.

Real Flows 
(cfs)

Normalized 
Flows 

(cfs/sq.mi.)

Real Flows 
(cfs)

Normalized Flows 
(cfs/sq.mi.) Real Flows (cfs) Normalized Flows 

(cfs/sq.mi.)
Real Flows 

(cfs)
Normalized Flows 

(cfs/sq.mi.) Real Flows (cfs)
Normalized 

Flows 
(cfs/sq.mi.)

95 0.00 0.00 0.00 0.00 0.36 0.04 0.15 0.00 0.00 0.00
90 0.00 0.00 0.00 0.00 0.49 0.05 0.29 0.01 0.00 0.00
10 4.00 1.04 0.82 0.27 18.00 1.95 45.00 1.20 3.50 0.48
5 7.30 1.89 3.49 1.17 38.80 4.21 112.75 3.01 9.90 1.36

Drainage Area (sq.mi.)

95% (cfs/mi2) 90% (cfs/mi2) 10% (cfs/mi2) 5% (cfs/mi2)
PERMANENTE C NR MONTE VISTA CA - 11166575 37°20'00" 122°05'13" 3.86 3 0.00 0.00 1.04 1.89
WF PERMANENTE C NR MONTE VISTA CA - 11166578 37°19'59" 122°05'58" 2.98 3 0.00 0.00 0.27 1.17

SARATOGA C A SARATOGA CA - 11169500 1 37°15'16" 122°02'18" 9.22 20 0.04 0.05 1.95 4.21

SAN FRANCISQUITO C A STANFORD UNIVERSITY CA - 11164500 2 37°25'24" 122°11'18" 37.4 20 0.00 0.01 1.20 3.01

MATADERO CREEK A PALO ALTO CA 11166000 3 37°25'18" 122°08'04" 7.26 65 0.00 0.00 0.48 1.36
1 Water is diverted 0.7 miles upstream of gage for municipal use by San Jose Water Works Average = 0.01 0.01 0.99 2.33
2 Flow Slightly regulated by Searsville Lake. Diversions upstream from gage to Los Trancos and Lagunita Canal for irrigation on Stanford University
3 No know regulation or diversion upstream of site

Juvenile Salmonid Fish Passage - Low Drainage Area (mi2) =

Adult Non-Anadromous Salmonid Fish Passage - Low
Juvenile Low Adult Non-

Anadramous Low Juvenile High Adult Non-
Adadromous High

Juvenile Salmonid Fish Passage - High 95% (cfs) 90% (cfs) 10% (cfs) 5% (cfs)
Adult Non-Anadramous Salmonid Fish Passage - High 0.00 0.00 1.69 4.77 Using Matadero Creek Gage

0.00 0.00 2.09 5.16 Average of 3 unregulated gages
0.03 0.04 3.46 8.15 Average of all 5 gages

Location: Pond 14 Bypass Channel through the Concrete Channel

Drainage Area (mi2) =

Juvenile Low Adult Non-
Anadromous Low Juvenile High Adult Non-

Anadromous High

95% (cfs) 90% (cfs) 10% (cfs) 5% (cfs)
0.00 0.00 1.45 4.10

Location: Culverts #2 - #7

Drainage Area (mi2) =

Juvenile Low Adult Non-
Anadromous Low Juvenile High Adult Non-

Anadromous High

95% (cfs) 90% (cfs) 10% (cfs) 5% (cfs)
0.00 0.00 1.30 3.68

Location: Culvert #8 - Pond 13

Drainage Area (mi2) =

Juvenile Low Adult Non-
Anadromous Low Juvenile High Adult Non-

Anadromous High

95% (cfs) 90% (cfs) 10% (cfs) 5% (cfs)
0.00 0.00 0.97 2.75

Location: Materials Removal Area

3.50

Note: Use the Matadero Creek gage to calculate fish passage design flows because it has an extensive period of record (65 years) and is unregulated.  The CDFW, California Salmonid Stream Habitat Restoration Manual requires a gage to have at least 5 
years of recorded daily average flows, and preferably more than 10 years for use in calulcating fish passage design flows.

2.02

Permanente Quarry Watershed Fish Passage Design Flows
3.01

Permanente Quarry Watershed Fish Passage Design Flows
2.70

Permanente Quarry Watershed Fish Passage Design Flows

Legend - Fish Passage Design Flows Permanente Quarry Watershed Fish Passage Design Flows

Site Name Location

Gage #11166575
3.86

Gage #11166578
2.98

Exceedence Probability Values for Mean Daily Flows at USGS Gages Near Cupertino

Percent Exceedence

Gage #11166000
Matadero Creek

Gage #11164500

West Fork Permanente Creek Saratoga Creek San Francisquito CreekPermanente Creek 

Gage #11169500 Gage #11164500
7.26

Annual Exceedance Discharge (cfs)

37.4

Drainage 
Area (mi2)

Record Length 
(yrs)

Gage #11166575 Gage #11166578 Gage #11169500 Gage #11164500

Normalized Exceedance Flows

9.22
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509A Swift St, Santa Cruz, CA 95060,  Ph: 831-421-9291  //  1020 SW Taylor St. Ste.380,  Portland, OR 97205,  Ph: 503-227-5979 

TECHNICAL MEMORANDUM - REVISED for 90% DESIGN 

Prepared by: Waterways Consulting, Inc. 

Date:  October 30, 2018 

Re: Permanente Creek Restoration – Regional Hydraulic Geometry and Analogue Channel   
Assessment  

Introduction 
Waterways Consulting, Inc. (Waterways) is developing engineering drawings to restore portions of 

Permanente Creek that flow through the Permanente Quarry (Quarry) property and have been impacted 
by past mining activities.  The proposed approach at two locations (the Rock Pile Area and Material 

Removal Area1) focuses on restoring the channel form to an approximation of the pre-mining channel 
geometry and providing suitable aquatic habitat for local species, including resident rainbow trout.  The 
Quarry is situated on lands owned by Lehigh Hanson Heidelberg Cement Group on the east side of the 

Santa Cruz Mountains to the west of Cupertino. Quarry operations over the past century have resulted 
in significant channelization, the installation of numerous culverts and sedimentation basins, and 
considerable sediment inputs to Permanente Creek. The altered channel form and high sediment loads 

resulted in the degradation of the instream aquatic habitat. 
 

The proposed restoration will remove overburden sediment and several culverts, rebuild the affected 
channel reaches, and restore impacted riparian and aquatic habitats.  Restoring Permanente Creek at 
the Rock Pile and Material Removal Areas requires a complete reconstruction of the streambed.  

Consequently, there is a need to estimate the appropriate channel morphology to support the 
restoration design, including active channel widths, depths and pool geometries and spacing.  
 

Regional curves, relating channel dimensions to drainage area, exist for the San Francisco Bay region 
(Dunne and Leopold 1978) (Figure 1). However, these curves are regional in nature, incorporating data 

from a range of landscape settings and channel morphologies.  For example, channel geometries of the 
low gradient bottomlands of the Santa Clara Valley will vary from bedrock-controlled streams in the 
Santa Cruz Mountains that are higher gradient and more influenced by hillslope processes.  Given that 

much of the proposed restoration activities are in higher gradient, confined reaches of Permanente 
Creek, the appropriateness of the regional curves can be improved by focusing the data on sites with a 

similar geomorphic setting.  Focusing the dataset on sites in the Santa Cruz Mountains could greatly 
improve the use of the hydraulic geometry curves to constrain expected channel morphologies in the 
impacted reaches of Permanente Creek.  Furthermore, field-based measurements of channel geometry 

within less impacted reaches of Permanente Creek and in adjacent watersheds that exhibit similar 
characteristics to Permanente Creek could both provide a test for and improve the quality of the 
developed relationships. 

 

                                                             
1 Although the analogue study was developed to support design efforts for the Rockpile and Material Removal 
Areas of the Permanente Restoration Project, the results are applicable to other locations within the project area 
including Culverts #7 and #8 within the Channel Widening Area. 
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Figure 1. Regional hydraulic geometry curves produced by Dunne and Leopold (1978) relating drainage 

area to bankfull depth, width and cross-sectional area.  The blue lines highlight the regional curves for 
the San Francisco Bay Area. 
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To create more site-specific curves, Waterways compiled data for the Santa Cruz Mountain sites that 

were included in the Dunne and Leopold (1978) curves for the San Francisco Bay region, surveyed two 
analogue stream channels close to the project area that were previously identified as having similar 
watershed and geomorphic characteristics as Permanente Creek (URS 2011)2, and surveyed two 

segments of Reach 20 on Permanente Creek in what was considered a less impacted reach.  These data 
were used to define reach-specific channel dimensions for the restoration effort.  In addition, a 
longitudinal profile surveyed along portions of Permanente Creek where the channel morphology was 

determined to be more representative of natural conditions, was used to identify an appropriate size 
and spacing for pools to support the engineering design. This memorandum summarizes the findings of 

this work. 

Study Area 

Santa Cruz Mountains 
The Santa Cruz Mountains have a complex geologic history, resulting in areas dominated by sandstone, 
limestone, igneous rocks (e.g., basalt), or metamorphic rocks (e.g., serpentine).  The variable geologies 
result in different rates of erosion and the presence of different types of channel-forming sediment 

among streams that can be spatially close to each other.  For example, Permanente Creek has abundant 
limestone that forms calcium carbonate precipitates that can bind rocks along the channel bed and 

banks.  On the other hand, Stevens Creek is approximately one and one-half miles southeast of 
Permanente Creek and does not have limestone, and thus does not exhibit calcium carbonate 
precipitates. 

 
Santa Cruz Mountain streams tend to be small headwater channels at the higher elevations and larger, 
alluvial streams at the lower elevations. The higher and mid-elevation streams generally flow through 

narrow valleys with steep hillslopes that restrict lateral channel movement.  The steep hillslopes are 
susceptible to landslides and debris flows, especially following wildfire events. Entire reaches can be 

transformed during a debris flow and associated mudflow event.  Debris flows can result in mobilization 
and deposition of sediment and debris across an entire valley bottom, leaving an aggraded valley 
consisting of an unsorted mix of materials.  Subsequent high flows following a debris flow event reworks 

the aggraded material, with the active channel incising into the relatively uniform post-debris flow 
floodplain surface.  Large roughness elements, including boulders and logs, become exposed as the 
channel incises into the debris flow surface, influencing the planform of the channel and providing local 

grade control for both the channel and floodplain. In higher gradient reaches, pools and riffles form in 
response to randomly spaced roughness elements.  Along Permanente creek, debris flows prior to 

mining operations likely provided large wood and boulders that were incorporated into steep step-pool 
reaches and lower gradient riffle-pool reaches.  
  

                                                             
2 The URS Plan was prepared to comply with the July 27, 1999 Cleanup and Abatement Order – 99-018 issued by 
the San Francisco Bay Regional Water Quality Control Board by preparation of a report that documented a field 
reconnaissance of Permanente Creek throughout the quarry facility identifying areas requiring stabilization, 
prioritizing stabilization activities at candidate sites, and preparing an implementation schedule.   



Source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP,
swisstopo, and the GIS User Community FIGURE
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Field Sites 
Waterways reviewed the URS Plan and studied published literature on the Santa Cruz Mountains to 
determine suitable reference reaches for Permanente Creek. We determined that a reach along Swiss 

Creek and a reach along Corte Madera Creek were the most appropriate reference reaches for 
Permanente Creek (Figure 2 and Table 1). The URS Plan described Corte Madera Creek and Swiss Creek 

as similar in drainage area, slope, and valley shape to Permanente Creek.  Both creeks are in the Santa 
Cruz Mountains, relatively close to Cupertino, with precipitation regimes similar to the Permanente 
Creek watershed.  Corte Madera Creek flows west and Swiss Creek flows east through confined, steep 

stream valleys, constrained on both sides by steep hillslopes prone to mass wasting and debris flow 
events.  Both reference reaches are bedrock-controlled with a step-pool channel pattern formed by 
large boulders and other recently delivered colluvial deposits. Swiss Creek exhibited calcium carbonate 

precipitates within the active channel, similar to the calcium carbonate formations identified in 
Permanente Creek.  In addition to the reference reaches in adjacent watersheds, a less impacted reach 

(Reach 20) within Permanente Creek was chosen to further support development of regional hydraulic 
geometries in support of the engineering design effort. 
 

Table 1. Basin Characteristics for the Field Sites and Permanente Creek. 

 Swiss Creek Corte Madera Creek Permanente Creek 

Average annual 
precipitation (in) 

33.8 38.6 34.2 

Mean basin elevation (ft) 1,842 1,917 1,957 
Dominant geology limestone, sandstone sandstone, shale limestone, sandstone 

Dominant hillslope process landslide/debris flow landslide/debris flow landslide/debris flow 

Average channel slope (%) 10.72 8.39 3.4 - 13.85 
Drainage area (sq. miles) 0.8 1.4 2.7 

Analysis Approach 
To develop the regional hydraulic geometry relationships, information from the USGS streamflow gage 

database was compiled for streams in the Santa Cruz Mountains.  The focus of this data mining effort 
was the 1.5-year3 recurrence discharge because it approximates the channel forming, or bankfull, 

discharge (Dunne and Leopold, 1978).  To evaluate the performance of the curve and provide data for 
smaller watersheds, which was missing from the USGS dataset, we collected field data from the two 
adjacent watersheds and within Reach 20 of Permanente Creek with a specific focus on measuring 

channel geometries at bankfull indicators that were identified in the field. 

Hydraulic Geometry using existing USGS gage data 
Waterways identified 33 USGS stream gages in the Santa Cruz Mountains, but only 14 of the 33 had 
sufficient peak flow records to be used in the hydraulic geometry analysis (Table 2).  Ideally the gage 
sites would be limited to the eastern Santa Cruz Mountains near Cupertino and Santa Clara. However, 

since there are a limited number of gages with sufficient data, the 14 gages Waterways assessed are   

                                                             
3 Previous iterations of this study focused efforts on the 2-year event.  Results of that effort identified disparities 
between the gage-based analysis and the field-based analysis with the field-based analysis consistently under 
predicted bankfull widths and depths.  This suggested that field-based bankfull indicators occurred at a discharge 
approximating the 1.5-year event rather than the 2-year event.  These results, combined with comments from the 
reviewers prompted us to redo the analysis with a focus on the 1.5-year event rather than the 2-year event. 
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Table 2. USGS gage sites used to develop regional hydraulic geometry curves. 

Site Name Location 
Period of 

Record 

Drainage 

Area 
(sq. 

miles) 

1.5-Year 

Flood 
Discharge 
(Bankfull) 

(cfs) 

Estimated 

Bankfull 
Width 
(feet) 

Estimated 
Bankfull 

Cross 
Sectional 

Area  

(sq. feet) 

Estimated 

Bankfull 
Depth 
(feet) 

Llagas Cr above 
Chesbro Reservoir  37.1483, -121.7672 

1971-1982, 
2004-2010 9.6 390 25.0 132.5 5.3 

Aptos Creek near 

Aptos 37.0020, -121.9050 1972-1983 10.2 185 29.3 68.7 2.3 
San Lorenzo River 

near Boulder Creek 37.2067, -122.1439 
1969-1992, 

1997 6.2 105 24.7 32.9 1.3 

Bear Creek at 
Boulder Creek 37.1278, -122.1158 

1978-1992, 
1997 16.0 540 33.8 122.5 3.6 

Boulder Creek at 

Boulder Creek 

37.1267, -122.1217 1977-1992, 

1997 11.3 680 47.4 305.2 6.4 
Zayante Creek at 

Zayante 37.0861, -122.0458 
1958-1992, 

1997 11.1 480 28.0 103.0 3.7 
San Lorenzo River 

at Big Trees 37.0444, -122.0714 1937-2017 106.0 3700 87.5 682.0 7.8 
Carbonera Creek at 

Scotts Valley 37.0506, -122.0125 1985-2007 3.6 505 26.5 117.4 4.4 

Scott Creek above 
Little Creek 37.0642, -122.2283 

1937-1941, 
1959-1973, 

1982 25.1 600 43.5 145.0 3.3 

Pescadero Creek 
near Pescadero 37.2608, -122.3278 1952-2017 45.9 1350 53.0 291.5 5.5 

San Gregorio Creek 

at San Gregorio 37.3258, -122.3856 

1955, 

1970-2017 50.9 1900 61.5 402.5 6.5 
Pilarcitos Creek at 

Half Moon Bay 37.4666, -122.4331 1967-2017 27.8 450 33.0 139.0 4.2 
Redwood Creek at 

Redwood City 37.4494, -122.2325 1960-1997 1.8 170 13.0 41.5 3.2 
San Franciscquito 
Creek at Stanford 

University 37.4233, -122.1883 

1931-1941, 

1951-2017 37.4 1000 45.5 198.5 4.4 
Saratoga Creek at 

Saratoga 37.2544, -122.0383 1934-2017 9.2 255 25.6 40.2 1.6 

 

located throughout the eastern and western Santa Cruz Mountains.  Despite the slightly wider than ideal 
geographic range, our gage analysis improves upon the current regional analyses by focusing on a 
smaller area and limiting gage sites to the Santa Cruz Mountains. 

 
Waterways compiled the existing information available at each of the selected gaging sites, including 

drainage area, discharge, field measurements of channel width and cross-sectional area, and local 
channel slope near the gage.  We imported the discharge data into HEC-SSP (U.S. Army Corps of 
Engineers 2010) and developed flood frequency curves (USGS, Bulletin 17b, 1982) for each gage site to 

estimate the 1.5-year recurrence interval discharge. We then reviewed measurements of channel width 
and cross-sectional area at each gage site to find measurements that were taken during a high flow 
event that approximated the 1.5-year recurrence interval discharge. Four of the gaging sites did not 

have channel width and cross-sectional area data recorded during a 1.5-year event, so we extrapolated 
based on the available data. We then estimated bankfull depth at each gage site by dividing channel 
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cross-sectional area by channel width.  Banfull width, bankfull depth, and the 1.5-year flood discharge 

were plotted separately against drainage area.  One outlier was identified and removed from the study. 

Analogue Site Assessment 
Waterways surveyed a 200-foot reach of Corte Madera Creek, located downstream of the Alpine Road 

Trail culvert, a 171-foot reach of Swiss Creek, located approximately 500 feet upstream from the 
Peacock Court bridge, and two segments within Reach 20 of Permanente Creek totaling over 300  feet of 

channel. We chose reach locations that were beyond the influence of instream structures (e.g., culverts, 
bridges) and were representative of conditions within the reach. We used an auto-level to survey four 
channel cross section profiles at Corte Madera Creek, three channel cross section profiles at Swiss Creek, 

two sets of three channel cross-section profiles at Permanente Creek and a longitudinal profile at all 
four sites. Each channel cross section profile included the expanse of the valley floor and the 
identification of significant geomorphic features using field indicators, such as bankfull.  In most cases, 

the field indicator used to estimate the bankfull width and depth was the base of mature trees.    
 

Using the survey data, Waterways calculated the bankfull channel width and plotted each cross section 
to calculate their cross-sectional areas.  We then divided each cross-sectional area by the surveyed 
bankfull width to determine average bankfull depth.  We estimated drainage area for each field site 

using StreamStats (USGS 2012) and calculated channel slopes using the surveyed longitudinal profiles.  
Channel widths and hydraulic depths were determined for each cross-section and then averaged for 

each reach, or reach segment, to obtain a single channel width and depth for each creek at the 
estimated bankfull discharge.  Two separate segments were surveyed in Reach 20 of Permanente Creek 
to identify differences in channel geometry based on differences in local channel slope with one 

segment having a local channel slope of 4.6% and the other a local channel slope of 8.2%. 

Hydraulic Geometry Analysis 
Waterway combined the USGS gage site data with the field survey data to determine trends in channel 
geometry as a function of drainage area.  We developed relationships between drainage area and 
bankfull width, bankfull depth, and the 1.5-year recurrence interval discharge.  Trend lines were fit to 

the data to provide a predictive tool to estimate these parameters at specific restoration sites, most 
specifically the Rock Pile and Material Removal Areas (Figures 3, 4, and 5).  Using the equation for each 
trend line, we solved for the predicted channel width and depth for specific restoration areas within 

Permanente Creek based on a drainage area of 2.7 square miles (Culverts 7 and 8), 2.54 square miles 
(Rock Pile), and 2.02 square miles (Material Removal Area).  Table 3 summarizes the results of this 

analysis.  
 

Table 3.  Channel Dimensions Calculated Using Hydraulic Geometry Relationships 

Project Site 
Drainage Area 

(mi2) 

Predicted 

Bankfull Width 
(ft) 

Predicted 

Bankfull Depth 
(ft) 

Cross 

Sectional 
Area (ft2) 

Culvert 7 2.70 17.9 2.3 31 

Culvert 8 2.70 17.9 2.3 31 

Rock Pile 2.54 17.5 2.3 29 

Material Removal Area 2.02 16.0 2.1 25 
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Figure 3. Bankfull Top Width as a Function of Drainage Area for the Santa Cruz Mountains.  
The blue marker represents the sites on Permanente Creek in Reach 20. 

 

 
Figure 4. Bankfull Depth as a Function of Drainage Area for the Santa Cruz Mountains.  The 

green data points are Swiss and Corte Madera Creeks.  The blue data points are the sites on 
Permanente Creek. 
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Figure 5. Bankfull Discharge as a Function of Drainage Area for the Santa Cruz Mountains. The green 
data points are Swiss and Corte Madera Creeks.  The blue data points are the sites on Permanente 
Creek. 

Pool Geometry 
An important design parameter for reach-scale restoration of Permanente Creek is pool length and pool 

spacing.  Despite the legacy of impacts to Permanente Creek, it was determined that several reaches 
(R14-R16 and R20-R21) continued to exhibit naturally formed pool and riffle geometries that encompass 

a range of channel slopes.  These conditions provided an opportunity to measure pool and riffle 
geometries, locally, to support the design effort, rather than measuring those parameters in other 
adjacent watersheds which may lack specific characteristics found in Permanente Creek such as the 

prevalence of calcium carbonate precipitates.  Given the inherent variability in pool geometries 
associated with the debris flow morphology of the channel, it was important to collect data along entire 
reaches and summarize the information to convey averages and ranges of natural conditions.  To convey 

the range of natural variability, longitudinal profile data was collected along the entire length of the 
identified reaches within Permanente Creek to calculate pool length and spacing in relation to reach-
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scale channel gradients (Table 4).  These data were then used to calculate pool statistics for each site-

specific restoration area. 
 

Table 4. Statistics on Pool Length, Depth and Spacing (in feet) By Reach of Permanente 
Creek.     

Reach 
# 

Reach 
Avg 

Slope 

Avg 
Pool 

Length 
(ft) 

Median 
Pool 

Length 
(ft) 

St. Dev 
Pool 

Length 
(ft) 

Avg 
Pool 

Depth 
(ft) 

Median 
Pool 

Depth 
(ft) 

St. Dev 
Pool 

Depth 
(ft) 

Avg 
Pool 

Spacing 
(ft) 

Median 
Pool 

Spacing 
(ft) 

St. Dev 
Pool 

Spacing 
(ft) 

21 5.1% 13.6 11.6 6.3 0.6 0.6 0.3 211 150 212 

20 5.2% 11.4 11.0 4.1 0.9 1.0 0.4 106 92 57 

16 7.1% 15.4 14.4 6.1 0.8 0.8 0.4 76 65 69 

15 11.6% 10.5 9.4 2.5 0.7 0.7 0.4 58 39 50 

14 6.4% 8.8 8.0 3.8 0.6 0.6 0.3 31 19 27 

  

4-8% 
Reaches 12.0 10.3 5.7 0.7 0.7 0.4 94 55 124 

8-12% 
Reaches 10.5 9.4 2.5 0.7 0.7 0.4 58 31 50 

 

Results/Discussion 
Dunne and Leopold’s (1978) regional curves provide a predictive tool to estimate bankfull channel 
dimensions for Permanente Creek.  Use of the Dunne and Leopold regional curves for the entire Bay 

Area estimated a bankfull width for the Permanente project area of approximately 17 to 25 feet and a 
bankfull depth of approximately 1.5 to 2.0 feet.  Because these curves are regional and include a 

significant number of gage locations that are in a geomorphic setting that are different from the project 
area, regional curves that are more specific to the Permanente Creek project area were developed.  
Utilizing the more focused data set, which includes the USGS sites within the Santa Cruz Mountains and 

the field-based assessments sites on Permanente, Corte Madera and Swiss Creek, the curves predicted a 
bankfull width of 17.9 feet for Culverts 7 and 8, 17.5 feet for the Rock Pile Area, and 16.0 feet for the 
Material Removal Area and a bankfull depth of approximately 2.3 feet for Culverts 7 and 8, 2.3 feet for 

the Rock Pile Area and 2.1 feet for the Material Removal Area prior to mining-related impacts (Table 3).  
As expected, the Dunne and Leopold (1978) curves describe a wider and flatter channel, most likely due 

to the inclusion of lower gradient, unconfined, alluvial channels in the analysis.  Table 5 includes ranges 
of bankfull channel dimensions for the areas where the channel will be reconstructed to provide for 
some variability and flexibility during construction since large non-uniform materials will be used in 

channel construction. 
 
Measured channel slopes for Corte Madera and Swiss Creek, 8.4% and 10.7% respectively, are in the 

range of the design slopes at the Rock Pile and Material Removal Areas along Permanente Creek. Field 
observations of a step-pool channel morphology at these channel gradients suggest that Permanente 

Creek likely had a step-pool channel pattern in the steeper reaches prior to mining.  This is supported by 
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the observed conditions in the reaches of Permanente Creek that were identified as having pool and 

riffle geometry that were representative of natural conditions.  
 
The pool analysis, utilizing the surveyed longitudinal profiles along the more intact reaches of 

Permanente Creek, suggest that there is an inverse relationship between pool length and spacing 
relative to channel gradient (Table 4).  Furthermore, lower gradient reaches exhibit higher overall pool 
length and spacing variability than higher gradient reaches.  This supports the idea that higher gradient 

reaches (>8% channel slope) are more characterized by a step-pool morphology, whereas lower gradient 
reaches (4% to 8% channel slope) exhibit more of a pool-riffle morphology.  Pool depth was fairly 

consistent across all of the evaluated reaches with pools ranging between 0.5 and 2 feet, independent of 
channel slope.  This is likely due to the fact that pool depth may be more a function of the presence of 
localized roughness elements, and the fact that there are limited opportunities to scour deeper pools 

due to the composition of the bed material and associated natural armoring.  
 

Table 5. Proposed Channel Dimensions for Constructed Reaches  

Project Site 
Design 
Slope 

(%) 

Design 
Slope 
Range 

(%) 

Proposed 
Bankfull 
Width 

Min (ft) 

Proposed 
Bankfull 
Width 

Max (ft) 

Proposed 
Bankfull 
Depth 

Min (ft) 

Proposed 
Bankfull 
Depth 

Max (ft) 

Cross 
Sectional 
Area Min 

(ft2) 

Cross 
Sectional 

Area 
Max (ft2) 

Culvert 7 4.3% 4%-8% 16.5 20.5 2.1 2.5 28.2 
34.2 

Culvert 8 2.7% <4% 18.0 22.0 1.9 2.3 28.2 
34.2 

Rock Pile Area Varies 

<4% 17.5 21.5 1.8 2.2 

26.9 32.9 4%-8% 16.0 20.0 2.0 2.4 

>8% 15.5 18.5 2.4 2.8 

Material 
Removal Area 

Varies 

<4% 16.0 20.0 1.7 2.1 

22.5 28.5 4%-8% 14.5 18.5 1.9 2.3 

>8% 14.0 17.0 2.3 2.7 
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APPENDIX D

Fish Passage Calculations   

Manning’s Roughness & Channel Hydraulics using  
Manning’s Equation at a Station 



Manning's Roughness Calculations 
Project: Permanente Quarry
Project #: 13-016
Date: 10/30/2018
Calculated by: B.M.Z.
Checked by: B.M.S.

Instructions: Enter variables in RED cells only

Equation for steep, boulder conditions Equation for steep, boulder conditions

(8/f)0.5 = 1.11 (d/D84)
0.46(D84/D50)

-0.85 S-0.39 (8/f)0.5 = 1.11 (d/D84)
0.46(D84/D50)

-0.85 S-0.39

 n = 0.0926 R1/6 f1/2  n = 0.0926 R1/6 f1/2

     Therefore:  n = 0.236 R1/6 (d/D84)-0.46 (D84/D50)0.85 S0.39      Therefore:  n = 0.236 R1/6 (d/D84)-0.46 (D84/D50)0.85 S0.39

d = hydraulic depth Area/Top Width d = hydraulic depth Area/Top Width
S = slope S = slope
R = hydraulic radius R = hydraulic radius

Equation developed for: Equation developed for: 
     d/D84 range (0.24 to 3.72)      d/D84 range (0.24 to 3.72)

D50 range (0.1 to 2.1 feet) S = 0.039 D50 range (0.1 to 2.1 feet) S = 0.039
     S range (0.54 to 16.8 percent) R = 0.32 ft      S range (0.54 to 16.8 percent) R = 0.3 ft

d = 0.38 ft d = 0.36 ft
D84 = 2.3 ft D84 = 2.3 ft
D50 = 1.2 ft D50 = 1.2 ft

d/D84 = 0.17 d/D84 = 0.16

n= 0.22 n= 0.22

Equation for steep, boulder conditions Equation for steep, boulder conditions

(8/f)0.5 = 1.11 (d/D84)
0.46(D84/D50)

-0.85 S-0.39 (8/f)0.5 = 1.11 (d/D84)
0.46(D84/D50)

-0.85 S-0.39

 n = 0.0926 R1/6 f1/2  n = 0.0926 R1/6 f1/2

     Therefore:  n = 0.236 R1/6 (d/D84)-0.46 (D84/D50)0.85 S0.39      Therefore:  n = 0.236 R1/6 (d/D84)-0.46 (D84/D50)0.85 S0.39

d = hydraulic depth Area/Top Width d = hydraulic depth Area/Top Width
S = slope S = slope
R = hydraulic radius R = hydraulic radius

Equation developed for: Equation developed for: 
     d/D84 range (0.24 to 3.72)      d/D84 range (0.24 to 3.72)

D50 range (0.1 to 2.1 feet) S = 0.027 D50 range (0.1 to 2.1 feet) S = 0.027
     S range (0.54 to 16.8 percent) R = 0.32 ft      S range (0.54 to 16.8 percent) R = 0.42 ft

d = 0.38 ft d = 0.49 ft
D84 = 2 ft D84 = 2 ft
D50 = 1 ft D50 = 1 ft

d/D84 = 0.19 d/D84 = 0.25

n= 0.18 n= 0.17

Equation for steep, boulder conditions Equation for steep, boulder conditions

(8/f)0.5 = 1.11 (d/D84)
0.46(D84/D50)

-0.85 S-0.39 (8/f)0.5 = 1.11 (d/D84)
0.46(D84/D50)

-0.85 S-0.39

 n = 0.0926 R1/6 f1/2  n = 0.0926 R1/6 f1/2

     Therefore:  n = 0.236 R1/6 (d/D84)-0.46 (D84/D50)0.85 S0.39      Therefore:  n = 0.236 R1/6 (d/D84)-0.46 (D84/D50)0.85 S0.39

d = hydraulic depth Area/Top Width d = hydraulic depth Area/Top Width
S = slope S = slope
R = hydraulic radius R = hydraulic radius

Equation developed for: Equation developed for: 
     d/D84 range (0.24 to 3.72)      d/D84 range (0.24 to 3.72)

D50 range (0.1 to 2.1 feet) S = 0.12 D50 range (0.1 to 2.1 feet) S = 0.12
     S range (0.54 to 16.8 percent) R = 0.34 ft      S range (0.54 to 16.8 percent) R = 0.36 ft

d = 0.41 ft d = 0.43 ft
D84 = 3 ft D84 = 3 ft
D50 = 1.5 ft D50 = 1.5 ft

d/D84 = 0.14 d/D84 = 0.14

n= 0.39 n= 0.38
Use roughness of 0.25 (max from literature)

Note:
Julien (2002) reports typical boulder bed stream n-values ranging from 0.25 to 0.04

1.)  Bathurst, J.C., 1985, Flow resistance estimation in mountain rivers, Journal of Hydraulic Engineering, ASCE, Vol. 111, No.4    

Design equations to determine roughness coefficient of typical roughened channel section at adult fish passage design 
flows.

Culvert #7 Replacement Area Slope = 3.9%
Fish Passage Low Flows (Q=2 cfs) Fish Passage High Flow (Q=4.1 cfs)

3.)  U.S. Department of the Interior Bureau of Reclamation. 2007. Rock Ramp Design Guidelines.

Mussetter (1989) Mussetter (1989)

Rock Pile/Material Removal Area Slope = 12% 
Fish Passage Low Flows (Q=2 cfs) Fish Passage High Flow (Q=2.8 cfs)

Culvert #8 Replacement Area Slope = 2.7%

4.)  Julien, P.Y. 2002. River Mechanics.  Cambridge University Press, Cambridge, United Kingdon

Mussetter (1989)

2.) California Department of Fish and Game (CDFG). 2009. Fish Passage Design and Implementation: Part XII of the California Salmonid 
Stream Habitat Restoration Manual. Sacramento, CA, CA Department of Fish and Game.

Mussetter (1989)

Fish Passage Low Flows (Q=2 cfs) Fish Passage High Flow (Q=4.1 cfs)
Mussetter (1989) Mussetter (1989)



Manning's Roughness Calculations 
Project: Permanente Quarry
Project #: 13-016
Date: 10/30/2018
Calculated by: B.M.Z.
Checked by: B.M.S.

Instructions: Enter variables in RED cells only

Equation for steep, boulder conditions Equation for steep, boulder conditions

(8/f)0.5 = 1.11 (d/D84)
0.46(D84/D50)

-0.85 S-0.39 (8/f)0.5 = 1.11 (d/D84)
0.46(D84/D50)

-0.85 S-0.39

 n = 0.0926 R1/6 f1/2  n = 0.0926 R1/6 f1/2

     Therefore:  n = 0.236 R1/6 (d/D84)-0.46 (D84/D50)0.85 S0.39      Therefore:  n = 0.236 R1/6 (d/D84)-0.46 (D84/D50)0.85 S0.39

d = hydraulic depth Area/Top Width d = hydraulic depth Area/Top Width
S = slope S = slope
R = hydraulic radius R = hydraulic radius

Equation developed for: Equation developed for: 
     d/D84 range (0.24 to 3.72)      d/D84 range (0.24 to 3.72)

D50 range (0.1 to 2.1 feet) S = 0.039 D50 range (0.1 to 2.1 feet) S = 0.039
     S range (0.54 to 16.8 percent) R = 0.28 ft      S range (0.54 to 16.8 percent) R = 0.32 ft

d = 0.35 ft d = 0.38 ft
D84 = 2.3 ft D84 = 2.3 ft
D50 = 1.2 ft D50 = 1.2 ft

d/D84 = 0.15 d/D84 = 0.17

n= 0.22 n= 0.22

Equation for steep, boulder conditions Equation for steep, boulder conditions

(8/f)0.5 = 1.11 (d/D84)
0.46(D84/D50)

-0.85 S-0.39 (8/f)0.5 = 1.11 (d/D84)
0.46(D84/D50)

-0.85 S-0.39

 n = 0.0926 R1/6 f1/2  n = 0.0926 R1/6 f1/2

     Therefore:  n = 0.236 R1/6 (d/D84)-0.46 (D84/D50)0.85 S0.39      Therefore:  n = 0.236 R1/6 (d/D84)-0.46 (D84/D50)0.85 S0.39

d = hydraulic depth Area/Top Width d = hydraulic depth Area/Top Width
S = slope S = slope
R = hydraulic radius R = hydraulic radius

Equation developed for: Equation developed for: 
     d/D84 range (0.24 to 3.72)      d/D84 range (0.24 to 3.72)

D50 range (0.1 to 2.1 feet) S = 0.027 D50 range (0.1 to 2.1 feet) S = 0.027
     S range (0.54 to 16.8 percent) R = 0.26 ft      S range (0.54 to 16.8 percent) R = 0.29 ft

d = 0.32 ft d = 0.36 ft
D84 = 2 ft D84 = 2 ft
D50 = 1 ft D50 = 1 ft

d/D84 = 0.16 d/D84 = 0.18

n= 0.19 n= 0.19

Equation for steep, boulder conditions Equation for steep, boulder conditions

(8/f)0.5 = 1.11 (d/D84)
0.46(D84/D50)

-0.85 S-0.39 (8/f)0.5 = 1.11 (d/D84)
0.46(D84/D50)

-0.85 S-0.39

 n = 0.0926 R1/6 f1/2  n = 0.0926 R1/6 f1/2

     Therefore:  n = 0.236 R1/6 (d/D84)-0.46 (D84/D50)0.85 S0.39      Therefore:  n = 0.236 R1/6 (d/D84)-0.46 (D84/D50)0.85 S0.39

d = hydraulic depth Area/Top Width d = hydraulic depth Area/Top Width
S = slope S = slope
R = hydraulic radius R = hydraulic radius

Equation developed for: Equation developed for: 
     d/D84 range (0.24 to 3.72)      d/D84 range (0.24 to 3.72)

D50 range (0.1 to 2.1 feet) S = 0.12 D50 range (0.1 to 2.1 feet) S = 0.12
     S range (0.54 to 16.8 percent) R = 0.28 ft      S range (0.54 to 16.8 percent) R = 0.28 ft

d = 0.34 ft d = 0.34 ft
D84 = 3 ft D84 = 3 ft
D50 = 1.5 ft D50 = 1.5 ft

d/D84 = 0.11 d/D84 = 0.11

n= 0.41 n= 0.41
Use roughness of 0.25 (max from literature)

Note:
Julien (2002) reports typical boulder bed stream n-values ranging from 0.25 to 0.04

1.)  Bathurst, J.C., 1985, Flow resistance estimation in mountain rivers, Journal of Hydraulic Engineering, ASCE, Vol. 111, No.4    

Design equations to determine roughness coefficient of typical roughened channel section at juvenile fish passage 
design flows.

Mussetter (1989) Mussetter (1989)

2.) California Department of Fish and Game (CDFG). 2009. Fish Passage Design and Implementation: Part XII of the California Salmonid 
Stream Habitat Restoration Manual. Sacramento, CA, CA Department of Fish and Game.
3.)  U.S. Department of the Interior Bureau of Reclamation. 2007. Rock Ramp Design Guidelines.
4.)  Julien, P.Y. 2002. River Mechanics.  Cambridge University Press, Cambridge, United Kingdon

Fish Passage Low Flows (Q=1 cfs) Fish Passage High Flow (Q=1.5 cfs)
Mussetter (1989) Mussetter (1989)

Rock Pile/Material Removal Area Slope = 12% 
Fish Passage Low Flows (Q=1 cfs) Fish Passage High Flow (Q=1 cfs)

Culvert #7 Replacement Area Slope = 3.9%
Fish Passage Low Flows (Q=1 cfs) Fish Passage High Flow (Q=1.5 cfs)

Mussetter (1989) Mussetter (1989)

Culvert #8 Replacement Area Slope = 2.7%



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Friday, Nov 2 2018

Adult High Flow at Culvert #7 - Typical Channel (10'-12'  Base Width, 3.9% Slope)

User-defined
Invert Elev (ft) =  0.02
Slope (%) =  3.90
N-Value =  0.200

Calculations
Compute by: Known Q
Known Q (cfs) =  4.10

(Sta, El, n)-(Sta, El, n)...
( 25.10, 3.00)-(27.74, 0.36, 0.200)-(28.03, 0.68, 0.200)-(28.61, 0.83, 0.200)-(28.92, 0.75, 0.200)-(29.69, 0.39, 0.200)-(29.91, 0.18, 0.200)
-(30.23, 0.15, 0.200)-(30.72, 0.20, 0.200)-(31.00, 0.09, 0.200)-(31.12, 0.22, 0.200)-(31.31, 0.34, 0.200)-(31.61, 0.33, 0.200)-(32.32, 0.02, 0.200)
-(32.55, 0.51, 0.200)-(33.34, 0.82, 0.200)-(33.98, 0.94, 0.200)-(34.85, 0.63, 0.200)-(35.28, 0.44, 0.200)-(35.37, 0.28, 0.200)-(35.56, 0.40, 0.200)
-(35.99, 0.43, 0.200)-(36.19, 0.93, 0.200)-(36.87, 1.21, 0.200)-(37.38, 1.28, 0.200)-(38.46, 0.87, 0.200)-(38.53, 0.76, 0.200)-(42.53, 3.00, 0.200)

Highlighted
Depth (ft) =  1.04
Q (cfs) =  4.100
Area (sqft) =  5.13
Velocity (ft/s) =  0.80
Wetted Perim (ft) =  12.56
Crit Depth, Yc (ft) =  0.57
Top Width (ft) =  10.57
EGL (ft) =  1.05

20 22 24 26 28 30 32 34 36 38 40 42 44 46

Elev (ft) Depth (ft)Section

-1.00 -1.02

0.00 -0.02

1.00 0.98

2.00 1.98

3.00 2.98

4.00 3.98

Sta (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Friday, Nov 2 2018

Adult Low Flow at Culvert #7 - Typical Channel (10'-12'  Base Width, 3.9% Slope)

User-defined
Invert Elev (ft) =  0.02
Slope (%) =  3.90
N-Value =  0.220

Calculations
Compute by: Known Q
Known Q (cfs) =  2.00

(Sta, El, n)-(Sta, El, n)...
( 25.10, 3.00)-(27.74, 0.36, 0.220)-(28.03, 0.68, 0.220)-(28.61, 0.83, 0.220)-(28.92, 0.75, 0.220)-(29.69, 0.39, 0.220)-(29.91, 0.18, 0.220)
-(30.23, 0.15, 0.220)-(30.72, 0.20, 0.220)-(31.00, 0.09, 0.220)-(31.12, 0.22, 0.220)-(31.31, 0.34, 0.220)-(31.61, 0.33, 0.220)-(32.32, 0.02, 0.220)
-(32.55, 0.51, 0.220)-(33.34, 0.82, 0.220)-(33.98, 0.94, 0.220)-(34.85, 0.63, 0.220)-(35.28, 0.44, 0.220)-(35.37, 0.28, 0.220)-(35.56, 0.40, 0.220)
-(35.99, 0.43, 0.220)-(36.19, 0.93, 0.220)-(36.87, 1.21, 0.220)-(37.38, 1.28, 0.220)-(38.46, 0.87, 0.220)-(38.53, 0.76, 0.220)-(42.53, 3.00, 0.220)

Highlighted
Depth (ft) =  0.85
Q (cfs) =  2.000
Area (sqft) =  3.28
Velocity (ft/s) =  0.61
Wetted Perim (ft) =  10.38
Crit Depth, Yc (ft) =  0.43
Top Width (ft) =  8.63
EGL (ft) =  0.86

20 22 24 26 28 30 32 34 36 38 40 42 44 46

Elev (ft) Depth (ft)Section

-1.00 -1.02

0.00 -0.02

1.00 0.98

2.00 1.98

3.00 2.98

4.00 3.98

Sta (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Friday, Nov 2 2018

Juvenile High Flow at Culvert #7 - Typical Channel (10'-12'  Base Width, 3.9% Slope)

User-defined
Invert Elev (ft) =  0.02
Slope (%) =  3.90
N-Value =  0.220

Calculations
Compute by: Known Q
Known Q (cfs) =  1.50

(Sta, El, n)-(Sta, El, n)...
( 25.10, 3.00)-(28.03, 0.68, 0.220)-(28.61, 0.83, 0.220)-(28.92, 0.75, 0.220)-(29.69, 0.39, 0.220)-(29.91, 0.18, 0.220)-(30.23, 0.15, 0.220)
-(30.72, 0.20, 0.220)-(31.00, 0.09, 0.220)-(31.12, 0.22, 0.220)-(31.31, 0.34, 0.220)-(31.61, 0.33, 0.220)-(32.32, 0.02, 0.220)-(32.55, 0.51, 0.220)
-(33.34, 0.82, 0.220)-(33.98, 0.94, 0.220)-(34.85, 0.63, 0.220)-(35.28, 0.44, 0.220)-(35.37, 0.28, 0.220)-(35.56, 0.40, 0.220)-(35.99, 0.43, 0.220)
-(36.19, 0.93, 0.220)-(36.87, 1.21, 0.220)-(37.38, 1.28, 0.220)-(38.46, 0.87, 0.220)-(38.53, 0.76, 0.220)-(42.53, 3.00, 0.220)

Highlighted
Depth (ft) =  0.78
Q (cfs) =  1.500
Area (sqft) =  2.54
Velocity (ft/s) =  0.59
Wetted Perim (ft) =  8.34
Crit Depth, Yc (ft) =  0.38
Top Width (ft) =  7.04
EGL (ft) =  0.79

20 22 24 26 28 30 32 34 36 38 40 42 44 46

Elev (ft) Depth (ft)Section

-1.00 -1.02

0.00 -0.02

1.00 0.98

2.00 1.98

3.00 2.98

4.00 3.98

Sta (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Friday, Nov 2 2018

Juvenile Low Flow at Culvert #7 - Typical Channel (10'-12'  Base Width, 3.9% Slope)

User-defined
Invert Elev (ft) =  0.02
Slope (%) =  3.90
N-Value =  0.220

Calculations
Compute by: Known Q
Known Q (cfs) =  1.00

(Sta, El, n)-(Sta, El, n)...
( 25.10, 3.00)-(28.03, 0.68, 0.220)-(28.61, 0.83, 0.220)-(28.92, 0.75, 0.220)-(29.69, 0.39, 0.220)-(29.91, 0.18, 0.220)-(30.23, 0.15, 0.220)
-(30.72, 0.20, 0.220)-(31.00, 0.09, 0.220)-(31.12, 0.22, 0.220)-(31.31, 0.34, 0.220)-(31.61, 0.33, 0.220)-(32.32, 0.02, 0.220)-(32.55, 0.51, 0.220)
-(33.34, 0.82, 0.220)-(33.98, 0.94, 0.220)-(34.85, 0.63, 0.220)-(35.28, 0.44, 0.220)-(35.37, 0.28, 0.220)-(35.56, 0.40, 0.220)-(35.99, 0.43, 0.220)
-(36.19, 0.93, 0.220)-(36.87, 1.21, 0.220)-(37.38, 1.28, 0.220)-(38.46, 0.87, 0.220)-(38.53, 0.76, 0.220)-(42.53, 3.00, 0.220)

Highlighted
Depth (ft) =  0.66
Q (cfs) =  1.000
Area (sqft) =  1.80
Velocity (ft/s) =  0.55
Wetted Perim (ft) =  6.36
Crit Depth, Yc (ft) =  0.33
Top Width (ft) =  5.29
EGL (ft) =  0.66

20 22 24 26 28 30 32 34 36 38 40 42 44 46

Elev (ft) Depth (ft)Section

-1.00 -1.02

0.00 -0.02

1.00 0.98

2.00 1.98

3.00 2.98

4.00 3.98

Sta (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Friday, Nov 2 2018

Adult High Flow at Culvert #8 - Typical Channel (10'-12'  Base Width, 2.7% Slope)

User-defined
Invert Elev (ft) =  0.02
Slope (%) =  2.70
N-Value =  0.170

Calculations
Compute by: Known Q
Known Q (cfs) =  4.10

(Sta, El, n)-(Sta, El, n)...
( 25.10, 3.00)-(27.74, 0.36, 0.170)-(28.03, 0.68, 0.170)-(28.61, 0.83, 0.170)-(28.92, 0.75, 0.170)-(29.69, 0.39, 0.170)-(29.91, 0.18, 0.170)
-(30.23, 0.15, 0.170)-(30.72, 0.20, 0.170)-(31.00, 0.09, 0.170)-(31.12, 0.22, 0.170)-(31.31, 0.34, 0.170)-(31.61, 0.33, 0.170)-(32.32, 0.02, 0.170)
-(32.55, 0.51, 0.170)-(33.34, 0.82, 0.170)-(33.98, 0.94, 0.170)-(34.85, 0.63, 0.170)-(35.28, 0.44, 0.170)-(35.37, 0.28, 0.170)-(35.56, 0.40, 0.170)
-(35.99, 0.43, 0.170)-(36.19, 0.93, 0.170)-(36.87, 1.21, 0.170)-(37.38, 1.28, 0.170)-(38.46, 0.87, 0.170)-(38.53, 0.76, 0.170)-(42.53, 3.00, 0.170)

Highlighted
Depth (ft) =  1.05
Q (cfs) =  4.100
Area (sqft) =  5.23
Velocity (ft/s) =  0.78
Wetted Perim (ft) =  12.65
Crit Depth, Yc (ft) =  0.57
Top Width (ft) =  10.65
EGL (ft) =  1.06

20 22 24 26 28 30 32 34 36 38 40 42 44 46

Elev (ft) Depth (ft)Section

-1.00 -1.02

0.00 -0.02

1.00 0.98

2.00 1.98

3.00 2.98

4.00 3.98

Sta (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Friday, Nov 2 2018

Adult Low Flow at Culvert #8 - Typical Channel (10'-12'  Base Width, 2.7% Slope)

User-defined
Invert Elev (ft) =  0.02
Slope (%) =  2.70
N-Value =  0.180

Calculations
Compute by: Known Q
Known Q (cfs) =  2.00

(Sta, El, n)-(Sta, El, n)...
( 25.10, 3.00)-(27.74, 0.36, 0.180)-(28.03, 0.68, 0.180)-(28.61, 0.83, 0.180)-(28.92, 0.75, 0.180)-(29.69, 0.39, 0.180)-(29.91, 0.18, 0.180)
-(30.23, 0.15, 0.180)-(30.72, 0.20, 0.180)-(31.00, 0.09, 0.180)-(31.12, 0.22, 0.180)-(31.31, 0.34, 0.180)-(31.61, 0.33, 0.180)-(32.32, 0.02, 0.180)
-(32.55, 0.51, 0.180)-(33.34, 0.82, 0.180)-(33.98, 0.94, 0.180)-(34.85, 0.63, 0.180)-(35.28, 0.44, 0.180)-(35.37, 0.28, 0.180)-(35.56, 0.40, 0.180)
-(35.99, 0.43, 0.180)-(36.19, 0.93, 0.180)-(36.87, 1.21, 0.180)-(37.38, 1.28, 0.180)-(38.46, 0.87, 0.180)-(38.53, 0.76, 0.180)-(42.53, 3.00, 0.180)

Highlighted
Depth (ft) =  0.85
Q (cfs) =  2.000
Area (sqft) =  3.28
Velocity (ft/s) =  0.61
Wetted Perim (ft) =  10.38
Crit Depth, Yc (ft) =  0.43
Top Width (ft) =  8.63
EGL (ft) =  0.86
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Elev (ft) Depth (ft)Section
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Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Friday, Nov 2 2018

Juvenile High Flow at Culvert #8 - Typical Channel (10'-12'  Base Width, 2.7% Slope)

User-defined
Invert Elev (ft) =  0.02
Slope (%) =  2.70
N-Value =  0.190

Calculations
Compute by: Known Q
Known Q (cfs) =  1.50

(Sta, El, n)-(Sta, El, n)...
( 25.10, 3.00)-(27.74, 0.36, 0.190)-(28.03, 0.68, 0.190)-(28.61, 0.83, 0.190)-(28.92, 0.75, 0.190)-(29.69, 0.39, 0.190)-(29.91, 0.18, 0.190)
-(30.23, 0.15, 0.190)-(30.72, 0.20, 0.190)-(31.00, 0.09, 0.190)-(31.12, 0.22, 0.190)-(31.31, 0.34, 0.190)-(31.61, 0.33, 0.190)-(32.32, 0.02, 0.190)
-(32.55, 0.51, 0.190)-(33.34, 0.82, 0.190)-(33.98, 0.94, 0.190)-(34.85, 0.63, 0.190)-(35.28, 0.44, 0.190)-(35.37, 0.28, 0.190)-(35.56, 0.40, 0.190)
-(35.99, 0.43, 0.190)-(36.19, 0.93, 0.190)-(36.87, 1.21, 0.190)-(37.38, 1.28, 0.190)-(38.46, 0.87, 0.190)-(38.53, 0.76, 0.190)-(42.53, 3.00, 0.190)

Highlighted
Depth (ft) =  0.78
Q (cfs) =  1.500
Area (sqft) =  2.71
Velocity (ft/s) =  0.55
Wetted Perim (ft) =  9.20
Crit Depth, Yc (ft) =  0.38
Top Width (ft) =  7.62
EGL (ft) =  0.78

20 22 24 26 28 30 32 34 36 38 40 42 44 46

Elev (ft) Depth (ft)Section
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Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Friday, Nov 2 2018

Juvenile Low Flow at Culvert #8 - Typical Channel (10'-12'  Base Width, 2.7% Slope)

User-defined
Invert Elev (ft) =  0.02
Slope (%) =  2.70
N-Value =  0.190

Calculations
Compute by: Known Q
Known Q (cfs) =  1.00

(Sta, El, n)-(Sta, El, n)...
( 25.10, 3.00)-(27.74, 0.36, 0.190)-(28.03, 0.68, 0.190)-(28.61, 0.83, 0.190)-(28.92, 0.75, 0.190)-(29.69, 0.39, 0.190)-(29.91, 0.18, 0.190)
-(30.23, 0.15, 0.190)-(30.72, 0.20, 0.190)-(31.00, 0.09, 0.190)-(31.12, 0.22, 0.190)-(31.31, 0.34, 0.190)-(31.61, 0.33, 0.190)-(32.32, 0.02, 0.190)
-(32.55, 0.51, 0.190)-(33.34, 0.82, 0.190)-(33.98, 0.94, 0.190)-(34.85, 0.63, 0.190)-(35.28, 0.44, 0.190)-(35.37, 0.28, 0.190)-(35.56, 0.40, 0.190)
-(35.99, 0.43, 0.190)-(36.19, 0.93, 0.190)-(36.87, 1.21, 0.190)-(37.38, 1.28, 0.190)-(38.46, 0.87, 0.190)-(38.53, 0.76, 0.190)-(42.53, 3.00, 0.190)

Highlighted
Depth (ft) =  0.66
Q (cfs) =  1.000
Area (sqft) =  1.90
Velocity (ft/s) =  0.53
Wetted Perim (ft) =  7.24
Crit Depth, Yc (ft) =  0.33
Top Width (ft) =  5.90
EGL (ft) =  0.66
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Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Friday, Nov 2 2018

Adult High Flow at Rock Pile/Mat. Rem. Area - Typ. Chnl (9'-10'  Base Width, 12% Slope)

User-defined
Invert Elev (ft) =  0.01
Slope (%) =  12.00
N-Value =  0.250

Calculations
Compute by: Known Q
Known Q (cfs) =  2.80

(Sta, El, n)-(Sta, El, n)...
( 26.72, 3.01)-(30.87, 0.93, 0.250)-(31.62, 1.40, 0.250)-(32.69, 1.67, 0.250)-(34.00, 0.88, 0.250)-(34.25, 0.32, 0.250)-(34.49, 0.30, 0.250)
-(34.65, 0.54, 0.250)-(35.26, 0.72, 0.250)-(35.85, 0.82, 0.250)-(36.75, 0.48, 0.250)-(37.12, 0.25, 0.250)-(37.24, 0.07, 0.250)-(37.72, 0.01, 0.250)
-(39.60, 0.20, 0.250)-(39.67, 0.60, 0.250)-(40.42, 1.19, 0.250)-(41.19, 1.65, 0.250)-(42.63, 1.67, 0.250)-(43.30, 1.48, 0.250)-(43.65, 1.28, 0.250)
-(44.20, 0.75, 0.250)-(48.72, 3.01, 0.250)

Highlighted
Depth (ft) =  0.83
Q (cfs) =  2.800
Area (sqft) =  2.70
Velocity (ft/s) =  1.04
Wetted Perim (ft) =  7.45
Crit Depth, Yc (ft) =  0.43
Top Width (ft) =  6.23
EGL (ft) =  0.85
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Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Friday, Nov 2 2018

Adult Low Flow at Rock Pile/Mat. Rem. Area - Typ. Chnl (9'-10'  Base Width, 12% Slope)

User-defined
Invert Elev (ft) =  0.01
Slope (%) =  12.00
N-Value =  0.250

Calculations
Compute by: Known Q
Known Q (cfs) =  2.00

(Sta, El, n)-(Sta, El, n)...
( 26.72, 3.01)-(30.87, 0.93, 0.250)-(31.62, 1.40, 0.250)-(32.69, 1.67, 0.250)-(34.00, 0.88, 0.250)-(34.25, 0.32, 0.250)-(34.49, 0.30, 0.250)
-(34.65, 0.54, 0.250)-(35.26, 0.72, 0.250)-(35.85, 0.82, 0.250)-(36.75, 0.48, 0.250)-(37.12, 0.25, 0.250)-(37.24, 0.07, 0.250)-(37.72, 0.01, 0.250)
-(39.60, 0.20, 0.250)-(39.67, 0.60, 0.250)-(40.42, 1.19, 0.250)-(41.19, 1.65, 0.250)-(42.63, 1.67, 0.250)-(43.30, 1.48, 0.250)-(43.65, 1.28, 0.250)
-(44.20, 0.75, 0.250)-(48.72, 3.01, 0.250)

Highlighted
Depth (ft) =  0.71
Q (cfs) =  2.000
Area (sqft) =  2.03
Velocity (ft/s) =  0.99
Wetted Perim (ft) =  5.91
Crit Depth, Yc (ft) =  0.37
Top Width (ft) =  4.90
EGL (ft) =  0.73

20 25 30 35 40 45 50 55

Elev (ft) Depth (ft)Section
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Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Friday, Nov 2 2018

Juvenile High/Low Flow at Rock Pile/Mat. Rem. Area-Typ. Chnl (9'-10'  Base Width, 12% 

User-defined
Invert Elev (ft) =  0.01
Slope (%) =  12.00
N-Value =  0.250

Calculations
Compute by: Known Q
Known Q (cfs) =  1.00

(Sta, El, n)-(Sta, El, n)...
( 26.72, 3.01)-(30.87, 0.93, 0.250)-(31.62, 1.40, 0.250)-(32.69, 1.67, 0.250)-(34.00, 0.88, 0.250)-(34.25, 0.32, 0.250)-(34.49, 0.30, 0.250)
-(34.65, 0.54, 0.250)-(35.26, 0.72, 0.250)-(35.85, 0.82, 0.250)-(36.75, 0.48, 0.250)-(37.12, 0.25, 0.250)-(37.24, 0.07, 0.250)-(37.72, 0.01, 0.250)
-(39.60, 0.20, 0.250)-(39.67, 0.60, 0.250)-(40.42, 1.19, 0.250)-(41.19, 1.65, 0.250)-(42.63, 1.67, 0.250)-(43.30, 1.48, 0.250)-(43.65, 1.28, 0.250)
-(44.20, 0.75, 0.250)-(48.72, 3.01, 0.250)

Highlighted
Depth (ft) =  0.50
Q (cfs) =  1.000
Area (sqft) =  1.16
Velocity (ft/s) =  0.86
Wetted Perim (ft) =  4.13
Crit Depth, Yc (ft) =  0.26
Top Width (ft) =  3.45
EGL (ft) =  0.51
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Elev (ft) Depth (ft)Section
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APPENDIX E 

HEC‐RAS Model Results 
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APPENDIX F.  HEC‐RAS OUTPUT

PERMANENTE CREEK RESTORATION PLAN

LIST OF FIGURES AND TABLES

FIGURE/TABLE #                                                 DESCRIPTION

EXISTING CONDITIONS
F1 CHANNEL WIDENING TO ROCK PILE AREAS (EXISTING CONDITIONS), 1.5‐YEAR, 10‐YEAR, & 100‐YEAR WATER SURFACE PROFILES
F2 CHANNEL WIDENING TO ROCK PILE AREAS (EXISTING CONDITIONS), 1.5‐YEAR, 10‐YEAR, & 100‐YEAR WATER SURFACE PROFILES
F3 CHANNEL WIDENING TO ROCK PILE AREAS (EXISTING CONDITIONS), 1.5‐YEAR, 10‐YEAR, & 100‐YEAR WATER SURFACE PROFILES
F4 MATERIAL REMOVAL AREA (EXISTING CONDITIONS), 1.5‐YEAR, 10‐YEAR, & 100‐YEAR WATER SURFACE PROFILES
F5 MATERIAL REMOVAL AREA (EXISTING CONDITIONS), 1.5‐YEAR, 10‐YEAR, & 100‐YEAR WATER SURFACE PROFILES

PROPOSED CONDITIONS
F6 CHANNEL WIDENING TO ROCK PILE AREAS (PROPOSED CONDITIONS), 1.5‐YEAR, 10‐YEAR, & 100‐YEAR WATER SURFACE PROFILES
F7 CHANNEL WIDENING TO ROCK PILE AREAS (PROPOSED CONDITIONS), 1.5‐YEAR, 10‐YEAR, & 100‐YEAR WATER SURFACE PROFILES
F8 CHANNEL WIDENING TO ROCK PILE AREAS (PROPOSED CONDITIONS), 1.5‐YEAR, 10‐YEAR, & 100‐YEAR WATER SURFACE PROFILES
F9 MATERIAL REMOVAL AREA (PROPOSED CONDITIONS), 1.5‐YEAR, 10‐YEAR, & 100‐YEAR WATER SURFACE PROFILES
F10 MATERIAL REMOVAL AREA (PROPOSED CONDITIONS), 1.5‐YEAR, 10‐YEAR, & 100‐YEAR WATER SURFACE PROFILES

FISH PASSAGE
F11 WATER SURFACE PROFILES FOR ADULT NON‐ANADROMOUS SALMONID FISH PASSAGE FLOWS AT CULVERT #7, CHANNEL WIDENING AREA
F12 WATER SURFACE PROFILES FOR JUVENILE NON‐ANADROMOUS SALMONID FISH PASSAGE FLOWS AT CULVERT #7, CHANNEL WIDENING AREA
F13 WATER SURFACE PROFILES FOR ADULT NON‐ANADROMOUS SALMONID FISH PASSAGE FLOWS AT CULVERT #8, CHANNEL WIDENING AREA
F14 WATER SURFACE PROFILES FOR JUVENILE NON‐ANADROMOUS SALMONID FISH PASSAGE FLOWS AT CULVERT #8, CHANNEL WIDENING AREA
F15 VELOCITY PROFILES FOR ADULT NON‐ANADROMOUS SALMONID FISH PASSAGE FLOWS AT CULVERT #7, CHANNEL WIDENING AREA
F16 VELOCITY PROFILES FOR JUVENILE NON‐ANADROMOUS SALMONID FISH PASSAGE FLOWS AT CULVERT #7, CHANNEL WIDENING AREA
F17 VELOCITY PROFILES FOR ADULT NON‐ANADROMOUS SALMONID FISH PASSAGE FLOWS AT CULVERT #8, CHANNEL WIDENING AREA
F18 VELOCITY PROFILES FOR JUVENILE NON‐ANADROMOUS SALMONID FISH PASSAGE FLOWS AT CULVERT #8, CHANNEL WIDENING AREA

TABLES

T1 CHANNEL WIDENING AND ROCK PILE AREAS TABULAR OUTPUT FROM HEC‐RAS
T2 MATERIAL REMOVAL AREA TABULAR OUTPUT FROM HEC‐RAS
T3 OVERTOPPING FLOW EVALUATION ALONG ANGULAR ROCK VEHICLE BARRIER
T4 SENSITIVITY ANALYSIS: COMPARISON OF WATER SURFACE ELEVATIONS FROM HEC‐RAS BY RAISING AND LOWERING CHANNEL ROUGHNESS BY 10% 



HEC‐RAS MODEL RESULTS 

Existing Conditions 

Channel Widening and Rock Pile Areas

 Material Removal Area 
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HEC‐RAS MODEL RESULTS 

Proposed Conditions 

Channel Widening and Rock Pile Areas 

Material Removal Area 
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NOTES:  Channel reconstruction is proposed from station 121+80 to 123+00 
where Culvert #7 is removed.  Left bank is floodplain design elevation.

LOCATION OF PROPOSED 
CHANNEL RECONSTRUCTION 
(Culvert #7 removal area)
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HEC‐RAS MODEL RESULTS 

Fish Passage for Existing and Proposed Conditions 

Culvert #7 and Culvert #8
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NOTE:  Channel reconstruction is proposed from station 
121+50 to 122+65 where Culvert #7 is removed.
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NOTE:  Channel reconstruction is proposed from station 132+30 
to 133+90 where Culvert #8 is removed.  
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HEC‐RAS MODEL RESULTS 

Tabular Data 

Channel Widening and Rock Pile Areas Material 

Removal Area 

Evaluation of Overtopping Flow along Vehicle Barrier



QTotal MinChEl W.S.Elev HydrDepth VelChnl FlowArea TopWidth
Manning

LOB
Manning
Chan
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ROB

Manning
avg

Culvert RiverSta Profile Plan (cfs) (ft) (ft) (ft) (ft/s) (sqft) (ft) ‐‐ ‐‐ ‐‐ ‐‐

TABLE T1. HEC‐RAS OUTPUT FOR CHANNEL WIDENING AND ROCK PILE AREAS, EXISTING AND PROPOSED CONDITIONS
PERMANENTE CREEK RESTORATION PLAN

UPSTREAM BOUNDARY CONDITION = NORMAL DEPTH, SLOPE 0.015
DOWNSTREAM BOUNDARY CONDITION = NORMAL DEPTH, SLOPE 0.023

16150 Q100 Existing 1145 806.67 810.64 3.39 5.67 207 60.9 0.05 0.10 0.05
16150 Q100 Proposed 1145 803.98 808.86 2.58 10.82 151 58.3 0.10 0.06 0.10 0.06
16150 Q10 Existing 653 806.67 809.22 2.08 5.43 122 58.5 0.05 0.10 0.05
16150 Q10 Proposed 653 803.98 807.96 1.85 8.84 100 54.1 0.10 0.06 0.10 0.06
16150 Q1.5 Existing 219 806.67 808.05 0.97 4.02 55 56.4 0.05 0.10 0.05
16150 Q1.5 Proposed 219 803.98 806.33 1.30 6.95 33 25.2 0.10 0.06 0.05

16100 Q100 Existing 1145 805.24 810.65 4.53 3.85 305 67.4 0.10 0.05 0.10 0.05
16100 Q100 Proposed 1145 800.19 804.08 1.72 16.32 99 57.2 0.10 0.06 0.10 0.06
16100 Q10 Existing 653 805.24 809.20 3.22 3.17 209 64.9 0.10 0.05 0.10 0.05
16100 Q10 Proposed 653 800.19 803.27 1.20 14.34 55 46.2 0.10 0.06 0.10 0.05
16100 Q1.5 Existing 219 805.24 806.55 0.74 4.98 44 59.4 0.05 0.10 0.05
16100 Q1.5 Proposed 219 800.19 802.14 1.29 9.84 22 17.3 0.06 0.06

16050 Q100 Existing 1145 804.14 810.62 5.31 3.27 374 70.5 0.10 0.05 0.10 0.05
16050 Q100 Proposed 1145 796.29 800.40 2.15 14.6 106 49.4 0.09 0.06 0.10 0.06
16050 Q10 Existing 653 804.14 809.17 4.11 2.49 275 66.9 0.10 0.05 0.10 0.05
16050 Q10 Proposed 653 796.29 799.66 1.50 11.96 70 47.1 0.10 0.06 0.10 0.05
16050 Q1.5 Existing 219 804.14 805.94 1.26 3.01 73 58.1 0.05 0.10 0.05
16050 Q1.5 Proposed 219 796.29 798.58 1.28 7.69 29 22.3 0.10 0.06 0.10 0.05

16000 Q100 Existing 1145 802.84 810.61 5.98 2.74 450 75.3 0.10 0.05 0.10 0.05
16000 Q100 Proposed 1145 792.29 796.45 2.38 14.94 97 41.0 0.09 0.06 0.10 0.06
16000 Q10 Existing 653 802.84 809.16 4.79 2.01 344 71.7 0.10 0.05 0.10 0.05
16000 Q10 Proposed 653 792.29 795.55 1.65 12.77 62 37.7 0.10 0.06 0.10 0.06
16000 Q1.5 Existing 219 802.84 805.85 1.91 1.84 121 63.0 0.05 0.10 0.05
16000 Q1.5 Proposed 219 792.29 794.29 1.32 9.45 23 17.5 0.06 0.06
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TABLE T1. HEC‐RAS OUTPUT FOR CHANNEL WIDENING AND ROCK PILE AREAS, EXISTING AND PROPOSED CONDITIONS
PERMANENTE CREEK RESTORATION PLAN

15982.36 Q100 Existing 1145 801.83 810.60 5.48 2.68 498 90.9 0.10 0.05 0.10 0.05
15982.36 Q100 Proposed 1145 791.02 795.19 2.38 14.83 100 42.3 0.10 0.06 0.10 0.06
15982.36 Q10 Existing 653 801.83 809.15 4.93 1.94 378 76.7 0.10 0.05 0.10 0.05
15982.36 Q10 Proposed 653 791.02 794.35 1.70 12.23 66 38.9 0.10 0.06 0.10 0.06
15982.36 Q1.5 Existing 219 801.83 805.83 2.06 1.69 139 67.3 0.10 0.05 0.10 0.05
15982.36 Q1.5 Proposed 219 791.02 793.32 1.12 7.62 29 26.4 0.06 0.10 0.05

15950 Q100 Existing 1145 793.81 810.62 7.88 2.88 855 108.6 0.10 0.05 0.10 0.08
15950 Q100 Proposed 1145 788.29 792.29 2.24 15.54 93 41.7 0.08 0.06 0.10 0.06
15950 Q10 Existing 653 793.81 809.16 6.87 1.97 699 101.8 0.10 0.05 0.10 0.08
15950 Q10 Proposed 653 788.29 791.50 1.59 12.89 61 38.6 0.09 0.06 0.10 0.06
15950 Q1.5 Existing 219 793.81 805.85 4.67 1.1 398 85.3 0.10 0.05 0.10 0.08
15950 Q1.5 Proposed 219 788.29 790.24 1.30 9.63 23 17.6 0.06 0.06

15917.67 Q100 Existing 1145 791.85 810.64 9.23 1.04 1153 124.9 0.10 0.05 0.10 0.05
15917.67 Q100 Proposed 1145 785.57 789.55 2.15 15.52 95 44.2 0.08 0.06 0.10 0.06
15917.67 Q10 Existing 653 791.85 809.17 7.96 0.69 972 122.1 0.10 0.05 0.10 0.05
15917.67 Q10 Proposed 653 785.57 788.79 1.54 12.81 63 40.7 0.09 0.06 0.10 0.05
15917.67 Q1.5 Existing 219 791.85 805.85 5.66 0.37 600 106.1 0.10 0.05 0.05
15917.67 Q1.5 Proposed 219 785.57 787.78 1.29 8.1 27 21.1 0.10 0.06 0.06

15900 Q100 Existing 1145 791.72 810.64 9.20 1.01 1184 128.7 0.10 0.05 0.10 0.05
15900 Q100 Proposed 1145 784.31 788.49 2.31 14.49 103 44.6 0.09 0.06 0.10 0.06
15900 Q10 Existing 653 791.72 809.17 8.23 0.67 1000 121.6 0.10 0.05 0.10 0.05
15900 Q10 Proposed 653 784.31 787.69 1.65 11.96 68 41.5 0.09 0.06 0.10 0.06
15900 Q1.5 Existing 219 791.72 805.85 5.72 0.36 623 109.0 0.10 0.05 0.05
15900 Q1.5 Proposed 219 784.31 786.49 1.38 8.31 26 19.0 0.06 0.10 0.06

15878.42 Q100 Existing 1145 798.16 810.56 5.09 2.74 659 129.6 0.10 0.05 0.10 0.06
15878.42 Q100 Proposed 1145 782.58 786.73 2.29 14.91 102 44.4 0.10 0.06 0.10 0.06
15878.42 Q10 Existing 653 798.16 809.13 4.11 2.01 477 116.1 0.10 0.05 0.10 0.05
15878.42 Q10 Proposed 653 782.58 785.88 1.58 12.54 65 41.3 0.10 0.06 0.10 0.06
15878.42 Q1.5 Existing 219 798.16 805.82 2.92 1.41 189 64.9 0.10 0.05 0.05
15878.42 Q1.5 Proposed 219 782.58 784.70 1.39 8.69 25 18.1 0.06 0.06Cu
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TABLE T1. HEC‐RAS OUTPUT FOR CHANNEL WIDENING AND ROCK PILE AREAS, EXISTING AND PROPOSED CONDITIONS
PERMANENTE CREEK RESTORATION PLAN

15850 Q100 Existing 1145 799.75 809.03 3.03 10.84 130 42.8 0.03 0.02 0.03 0.03
15850 Q100 Proposed 1145 780.31 784.40 2.25 15.19 99 44.0 0.10 0.06 0.10 0.06
15850 Q10 Existing 653 799.75 807.91 2.33 9.24 85 36.7 0.03 0.02 0.03 0.02
15850 Q10 Proposed 653 780.31 783.59 1.57 12.63 64 41.1 0.10 0.06 0.10 0.06
15850 Q1.5 Existing 219 799.75 804.06 3.22 10.15 22 6.7 0.02 0.02
15850 Q1.5 Proposed 219 780.31 782.46 1.42 8.47 26 18.3 0.06 0.06

15800 Q100 Existing 1145 800.05 808.60 3.25 11.13 131 40.3 0.03 0.02 0.03 0.02
15800 Q100 Proposed 1145 776.33 780.46 2.30 15.15 99 43.1 0.10 0.06 0.10 0.06
15800 Q10 Existing 653 800.05 806.81 1.97 10.91 65 32.9 0.03 0.02 0.03 0.02
15800 Q10 Proposed 653 776.33 779.62 1.59 12.6 64 40.2 0.10 0.06 0.10 0.06
15800 Q1.5 Existing 219 800.05 803.31 2.26 10.38 21 9.3 0.02 0.02
15800 Q1.5 Proposed 219 776.33 778.46 1.40 8.61 25 18.2 0.06 0.06

15750 Q100 Existing 1145 798.71 805.99 2.45 15.87 85 34.8 0.03 0.02 0.03 0.02
15750 Q100 Proposed 1145 772.22 776.27 2.24 15.47 95 42.4 0.09 0.06 0.10 0.06
15750 Q10 Existing 653 798.71 803.77 3.69 16.2 40 10.9 0.02 0.02
15750 Q10 Proposed 653 772.22 775.47 1.58 12.83 62 39.3 0.10 0.06 0.10 0.05
15750 Q1.5 Existing 219 798.71 801.47 1.90 12.73 17 9.1 0.02 0.02
15750 Q1.5 Proposed 219 772.22 774.32 1.30 8.71 25 19.4 0.10 0.06 0.06

15700 Q100 Existing 1145 797.35 803.97 2.21 17.92 73 32.9 0.03 0.02 0.03 0.02
15700 Q100 Proposed 1145 768.08 771.95 1.82 15.16 95 51.9 0.10 0.06 0.10 0.05
15700 Q10 Existing 653 797.35 801.84 3.53 17.53 37 10.6 0.02 0.02
15700 Q10 Proposed 653 768.08 771.12 1.52 12.57 57 37.6 0.10 0.06 0.10 0.05
15700 Q1.5 Existing 219 797.35 799.64 1.82 13.72 16 8.8 0.02 0.02
15700 Q1.5 Proposed 219 768.08 769.97 1.25 8.59 25 20.4 0.06 0.06

15650 Q100 Existing 1145 795.45 801.87 2.52 19.34 61 24.0 0.03 0.02 0.03 0.02
15650 Q100 Proposed 1145 764.00 767.80 1.51 15.2 110 72.7 0.10 0.06 0.10 0.06
15650 Q10 Existing 653 795.45 799.74 3.37 18.65 35 10.4 0.02 0.02
15650 Q10 Proposed 653 764.00 767.15 1.28 12.21 69 53.9 0.10 0.06 0.10 0.05
15650 Q1.5 Existing 219 795.45 797.67 1.74 14.39 15 8.8 0.02 0.02
15650 Q1.5 Proposed 219 764.00 766.11 0.96 8.1 28 29.2 0.10 0.06 0.05
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QTotal MinChEl W.S.Elev HydrDepth VelChnl FlowArea TopWidth
Manning

LOB
Manning
Chan

Manning
ROB

Manning
avg

Culvert RiverSta Profile Plan (cfs) (ft) (ft) (ft) (ft/s) (sqft) (ft) ‐‐ ‐‐ ‐‐ ‐‐

TABLE T1. HEC‐RAS OUTPUT FOR CHANNEL WIDENING AND ROCK PILE AREAS, EXISTING AND PROPOSED CONDITIONS
PERMANENTE CREEK RESTORATION PLAN

15600 Q100 Existing 1145 793.89 800.00 4.80 20.24 57 11.8 0.02 0.02
15600 Q100 Proposed 1145 759.91 763.88 1.44 14.58 125 87.1 0.10 0.06 0.10 0.06
15600 Q10 Existing 653 793.89 797.99 3.39 18.89 35 10.2 0.02 0.02
15600 Q10 Proposed 653 759.91 763.17 1.14 12.33 72 63.2 0.10 0.06 0.10 0.05
15600 Q1.5 Existing 219 793.89 795.98 1.77 14.13 15 8.8 0.02 0.02
15600 Q1.5 Proposed 219 759.91 761.96 1.36 8.89 25 18.2 0.06 0.06

15550 Q100 Existing 1145 788.69 794.69 4.59 24.88 46 10.0 0.02 0.02
15550 Q100 Proposed 1145 756.06 759.77 1.42 14.84 127 89.5 0.10 0.06 0.10 0.06
15550 Q10 Existing 653 788.69 792.75 3.26 23.27 28 8.6 0.02 0.02
15550 Q10 Proposed 653 756.06 759.22 0.93 12.4 78 84.5 0.10 0.06 0.10 0.05
15550 Q1.5 Existing 219 788.69 790.72 1.48 19.03 12 7.8 0.02 0.02

15550 Q1.5 Proposed 219 756.06 758.23 1.15 8.11 27 23.8 0.06 0.10 0.05

15500 Q100 Existing 1145 781.80 787.68 4.37 27.6 41 9.5 0.05 0.05
15500 Q100 Proposed 1145 752.25 755.99 1.62 13.69 128 79.0 0.10 0.06 0.10 0.06
15500 Q10 Existing 653 781.80 792.44 6.09 6.77 97 15.9 0.03 0.05 0.05
15500 Q10 Proposed 653 752.25 755.28 1.14 11.98 76 66.9 0.10 0.06 0.10 0.05
15500 Q1.5 Existing 219 781.80 784.21 1.55 18.67 12 7.6 0.05 0.05
15500 Q1.5 Proposed 219 752.25 754.24 1.19 8.65 25 21.3 0.06 0.10 0.06

15450 Q100 Proposed 1145 748.42 752.41 1.80 13.6 123 68.1 0.10 0.06 0.10 0.06
15450 Q10 Proposed 653 748.42 751.62 1.40 11.51 75 53.5 0.10 0.06 0.10 0.06
15450 Q1.5 Proposed 219 748.42 750.55 0.94 7.99 28 29.9 0.06 0.10 0.05

15400 Q100 Proposed 1145 744.50 748.75 1.78 14.22 118 66.2 0.10 0.06 0.10 0.06
15400 Q10 Proposed 653 744.50 747.91 1.43 12 70 48.5 0.10 0.06 0.10 0.05
15400 Q1.5 Proposed 219 744.50 746.62 1.34 8.71 25 18.8 0.06 0.10 0.06

15350 Q100 Proposed 1145 740.46 744.48 1.69 15.39 108 64.1 0.10 0.06 0.10 0.06
15350 Q10 Proposed 653 740.46 743.71 1.33 12.91 64 48.4 0.10 0.06 0.10 0.05
15350 Q1.5 Proposed 219 740.46 742.60 1.41 8.54 26 18.2 0.06 0.06
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15300 Q100 Proposed 1145 736.48 740.50 1.96 15.08 108 54.8 0.10 0.06 0.10 0.06
15300 Q10 Proposed 653 736.48 739.77 1.31 12.53 68 52.2 0.10 0.06 0.10 0.05
15300 Q1.5 Proposed 219 736.48 738.62 1.41 8.57 26 18.2 0.06 0.06

15250 Q100 Proposed 1145 732.49 736.55 2.14 14.97 104 48.5 0.10 0.06 0.10 0.06
15250 Q10 Proposed 653 732.49 735.74 1.45 12.66 66 45.5 0.10 0.06 0.10 0.05
15250 Q1.5 Proposed 219 732.49 734.62 1.41 8.57 26 18.2 0.06 0.06

15200 Culvert
15200 Q100 Proposed 1145 728.50 732.66 2.33 14.96 101 43.6 0.10 0.06 0.10 0.06
15200 Q10 Proposed 653 728.50 731.78 1.61 12.55 65 40.3 0.10 0.06 0.10 0.06
15200 Q1.5 Proposed 219 728.50 730.63 1.41 8.58 26 18.1 0.06 0.06

15150 Q100 Proposed 1145 724.50 728.61 2.25 15.31 99 43.8 0.10 0.06 0.10 0.06
15150 Q10 Proposed 653 724.50 727.79 1.58 12.64 64 40.5 0.10 0.06 0.10 0.05
15150 Q1.5 Proposed 219 724.50 726.63 1.40 8.57 26 18.2 0.06 0.06

15100 Q100 Proposed 1145 720.52 724.63 2.21 15.28 99 45.0 0.10 0.06 0.10 0.06
15100 Q10 Proposed 653 720.52 723.81 1.54 12.66 64 41.4 0.10 0.06 0.10 0.05
15100 Q1.5 Proposed 219 720.52 722.65 1.40 8.54 26 18.3 0.06 0.06

15050 Q100 Proposed 1145 716.54 720.61 2.16 15.3 100 46.1 0.10 0.06 0.10 0.06
15050 Q10 Proposed 653 716.54 719.79 1.52 12.66 64 42.1 0.10 0.06 0.10 0.05
15050 Q1.5 Proposed 219 716.54 718.65 1.40 8.57 26 18.3 0.06 0.06

15000 Q100 Proposed 1145 712.56 716.64 2.09 15.21 103 49.3 0.10 0.06 0.10 0.06
15000 Q10 Proposed 653 712.56 715.86 1.45 12.56 66 45.6 0.10 0.06 0.10 0.05
15000 Q1.5 Proposed 219 712.56 714.71 1.41 8.49 26 18.3 0.06 0.06

14950 Q100 Proposed 1145 708.59 712.63 1.98 15.17 104 52.6 0.10 0.06 0.10 0.06
14950 Q10 Proposed 653 708.59 711.83 1.42 12.67 64 45.3 0.10 0.06 0.10 0.05
14950 Q1.5 Proposed 219 708.59 710.69 1.38 8.6 25 18.4 0.06 0.06
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14923.42 Q100 Existing 1145 705.88 713.26 4.60 13.7 101 22.0 0.10 0.05 0.10 0.05
14923.42 Q100 Proposed 1145 706.35 710.53 1.96 15.07 103 52.9 0.10 0.06 0.10 0.06
14923.42 Q10 Existing 653 705.88 711.27 3.52 11.64 62 17.6 0.10 0.05 0.10 0.05
14923.42 Q10 Proposed 653 706.35 709.66 1.52 12.65 62 40.9 0.10 0.06 0.10 0.05
14923.42 Q1.5 Existing 219 705.88 708.25 1.72 11.59 19 11.0 0.05 0.00 0.05
14923.42 Q1.5 Proposed 219 706.35 708.43 1.35 8.73 25 18.5 0.06 0.00 0.06

14900 Q100 Existing 1145 704.46 710.45 3.64 16.92 77 21.1 0.10 0.07 0.10 0.06
14900 Q100 Proposed 1145 704.78 708.26 2.01 15.55 95 47.1 0.10 0.06 0.10 0.06
14900 Q10 Existing 653 704.46 709.03 2.85 14.05 49 17.4 0.10 0.07 0.10 0.06
14900 Q10 Proposed 653 704.78 707.44 1.51 13 59 39.3 0.10 0.06 0.10 0.06
14900 Q1.5 Existing 219 704.46 707.60 2.01 8.14 27 13.6 0.07 0.10 0.06
14900 Q1.5 Proposed 219 704.78 706.43 1.22 8.37 27 21.8 0.06 0.10 0.06

14850 Q100 Existing 1145 701.28 710.33 5.82 7.78 177 30.4 0.10 0.05 0.10 0.05
14850 Q100 Proposed 1145 701.28 706.42 2.30 13.35 137 59.4 0.10 0.05 0.10 0.05
14850 Q10 Existing 653 701.28 707.97 4.48 6.47 112 25.0 0.10 0.05 0.10 0.05
14850 Q10 Proposed 653 701.28 705.50 1.62 10.94 85 52.7 0.10 0.05 0.10 0.05
14850 Q1.5 Existing 219 701.28 704.90 2.59 4.76 46 17.9 0.10 0.05 0.05
14850 Q1.5 Proposed 219 701.28 704.19 2.09 6.63 33 15.8 0.10 0.05 0.05

14802.52 Q100 Existing 1145 700.05 708.01 4.54 14.32 121 26.7 0.10 0.05 0.10 0.05
14802.52 Q100 Proposed 1145 700.05 704.87 2.24 14.51 156 69.9 0.10 0.05 0.10 0.07
14802.52 Q10 Existing 653 700.05 705.97 3.48 12.2 73 20.9 0.10 0.05 0.10 0.05
14802.52 Q10 Proposed 653 700.05 704.19 1.67 11.55 110 65.9 0.10 0.05 0.10 0.06
14802.52 Q1.5 Existing 219 700.05 703.35 2.07 8.91 28 13.4 0.10 0.05 0.10 0.05
14802.52 Q1.5 Proposed 219 700.05 703.33 0.92 6.9 55 60.0 0.10 0.05 0.10 0.05

14794.09 Q100 Existing 1145 697.70 704.67 4.03 20.6 85 21.1 0.10 0.05 0.10 0.05
14794.09 Q100 Proposed 1145 697.70 703.03 1.62 17.18 127 78.5 0.10 0.05 0.10 0.06
14794.09 Q10 Existing 653 697.70 702.64 2.94 18.66 47 16.1 0.10 0.05 0.10 0.05
14794.09 Q10 Proposed 653 697.70 702.39 1.10 14.36 80 72.6 0.10 0.05 0.10 0.05
14794.09 Q1.5 Existing 219 697.70 700.24 1.54 15.49 16 10.2 0.10 0.05 0.10 0.05
14794.09 Q1.5 Proposed 219 697.70 700.47 1.72 13.69 16 9.3 0.05 0.05
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14750 Q100 Existing 1145 696.69 702.06 3.62 19.66 68 18.7 0.10 0.05 0.10 0.04
14750 Q100 Proposed 1145 696.69 701.15 1.83 14.8 152 82.9 0.10 0.05 0.10 0.06
14750 Q10 Existing 653 696.69 700.81 2.82 15.62 46 16.2 0.10 0.05 0.10 0.04
14750 Q10 Proposed 653 696.69 700.44 1.22 12.87 95 78.1 0.10 0.05 0.10 0.05
14750 Q1.5 Existing 219 696.69 699.52 1.93 8.52 26 13.7 0.10 0.05 0.10 0.05
14750 Q1.5 Proposed 219 696.69 699.60 0.78 7.75 37 47.3 0.10 0.05 0.10 0.03

14700 Q100 Existing 1145 692.71 698.67 3.44 20.19 68 19.7 0.10 0.05 0.10 0.05
14700 Q100 Proposed 1145 692.71 697.47 1.78 17.4 135 76.0 0.10 0.05 0.10 0.07
14700 Q10 Existing 653 692.71 697.33 2.74 16.38 44 16.0 0.10 0.05 0.10 0.05
14700 Q10 Proposed 653 692.71 696.78 1.13 15.18 83 73.4 0.10 0.05 0.10 0.05
14700 Q1.5 Existing 219 692.71 695.33 1.63 12.78 17 10.6 0.05 0.10 0.05
14700 Q1.5 Proposed 219 692.71 695.30 1.33 12.88 17 13.0 0.10 0.05 0.10 0.04

14667.14 Q100 Existing 1145 687.94 692.19 2.72 24.05 49 18.1 0.10 0.05 0.10 0.05
14667.14 Q100 Proposed 1145 687.94 693.05 1.24 18 79 63.8 0.10 0.05 0.10 0.03
14667.14 Q10 Existing 653 687.94 691.18 2.02 20.42 32 15.9 0.10 0.05 0.10 0.05
14667.14 Q10 Proposed 653 687.94 691.54 2.31 17.66 37 16.2 0.05 0.10 0.05
14667.14 Q1.5 Existing 219 687.94 689.96 1.28 14.58 15 11.7 0.05 0.05
14667.14 Q1.5 Proposed 219 687.94 689.97 1.30 14.46 15 11.7 0.05 0.05

14650 Q100 Existing 1145 687.66 692.34 3.02 19.82 63 20.9 0.10 0.05 0.10 0.05
14650 Q100 Proposed 1145 687.66 692.48 1.48 16.95 97 65.8 0.10 0.05 0.10 0.04
14650 Q10 Existing 653 687.66 691.44 2.46 15.02 45 18.4 0.10 0.05 0.10 0.05
14650 Q10 Proposed 653 687.66 691.62 1.52 13.51 54 35.9 0.10 0.05 0.10 0.04
14650 Q1.5 Existing 219 687.66 690.38 1.76 8.03 27 15.6 0.00 0.05 0.10 0.05
14650 Q1.5 Proposed 219 687.66 690.38 1.74 7.95 28 15.9 0.05 0.10 0.05

14600 Q100 Existing 1145 685.80 691.86 3.48 11.94 159 45.7 0.10 0.05 0.10 0.06
14600 Q100 Proposed 1145 685.80 689.95 1.65 16.82 125 75.6 0.10 0.05 0.10 0.06
14600 Q10 Existing 653 685.80 690.29 2.72 10.21 97 35.6 0.10 0.05 0.10 0.06
14600 Q10 Proposed 653 685.80 689.36 1.25 13.2 82 65.5 0.10 0.05 0.10 0.05
14600 Q1.5 Existing 219 685.80 688.73 1.57 6.59 46 29.4 0.10 0.05 0.10 0.06
14600 Q1.5 Proposed 219 685.80 688.68 1.18 6.59 46 38.8 0.10 0.05 0.10 0.05
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14550 Q100 Existing 1145 684.39 691.39 4.25 10.22 172 40.4 0.10 0.05 0.10 0.06
14550 Q100 Proposed 1145 684.39 690.73 3.37 7.92 257 76.4 0.10 0.05 0.10 0.07
14550 Q10 Existing 653 684.39 689.50 2.94 9.19 101 34.5 0.10 0.05 0.10 0.06
14550 Q10 Proposed 653 684.39 689.30 2.35 7.35 156 66.5 0.10 0.05 0.10 0.07
14550 Q1.5 Existing 219 684.39 687.38 1.22 7.45 34 28.1 0.10 0.05 0.10 0.04
14550 Q1.5 Proposed 219 684.39 687.51 0.88 6.73 44 50.1 0.10 0.05 0.10 0.04

14500 Q100 Existing 1145 682.99 689.58 3.82 12.58 118 30.8 0.10 0.05 0.10 0.05
14500 Q100 Proposed 1145 682.99 689.05 3.04 11.41 158 52.0 0.10 0.05 0.10 0.06
14500 Q10 Existing 653 682.99 687.95 2.89 10.67 72 24.9 0.10 0.05 0.10 0.05
14500 Q10 Proposed 653 682.99 687.76 2.31 9.85 97 42.2 0.10 0.05 0.10 0.05
14500 Q1.5 Existing 219 682.99 686.52 2.04 5.83 40 19.7 0.10 0.05 0.10 0.05
14500 Q1.5 Proposed 219 682.99 686.16 1.22 6.84 38 31.3 0.10 0.05 0.10 0.04

14450 Q100 Existing 1145 681.13 687.19 2.63 11 145 54.9 0.04 0.05 0.10 0.04
14450 Q100 Proposed 1145 681.13 686.91 2.36 14.53 121 51.3 0.09 0.07 0.10 0.07
14450 Q10 Existing 653 681.13 687.75 3.09 4.95 176 57.1 0.04 0.05 0.10 0.04
14450 Q10 Proposed 653 681.13 686.19 2.22 11.31 88 39.8 0.10 0.07 0.10 0.07
14450 Q1.5 Existing 219 681.13 684.96 2.04 9.59 34 16.5 0.10 0.05 0.10 0.05
14450 Q1.5 Proposed 219 681.13 684.70 1.43 7.77 40 27.7 0.10 0.07 0.10 0.06

14412.75 Q100 Existing 1145 679.63 686.06 2.97 10.82 158 53.0 0.04 0.05 0.10 0.04
14412.75 Q100 Proposed 1145 679.63 685.33 2.90 13.78 135 46.6 0.10 0.06 0.10 0.07
14412.75 Q10 Existing 653 679.63 685.68 3.50 13.01 87 24.7 0.10 0.05 0.10 0.06
14412.75 Q10 Proposed 653 679.63 683.84 2.42 13.13 78 32.5 0.10 0.06 0.10 0.07
14412.75 Q1.5 Existing 219 679.63 682.22 1.67 13.17 22 12.9 0.10 0.05 0.10 0.05
14412.75 Q1.5 Proposed 219 679.63 682.18 1.20 10.22 30 25.2 0.10 0.06 0.10 0.06

14388.99 Q100 Existing 1145 674.81 682.95 4.47 16.31 101 22.5 0.10 0.05 0.10 0.05
14388.99 Q100 Proposed 1145 674.81 681.09 2.80 18.24 84 29.9 0.10 0.07 0.10 0.06
14388.99 Q10 Existing 653 674.81 679.24 2.60 21.62 35 13.4 0.10 0.05 0.10 0.05
14388.99 Q10 Proposed 653 674.81 679.76 1.97 16.2 48 24.2 0.10 0.07 0.10 0.06
14388.99 Q1.5 Existing 219 674.81 677.31 1.44 17.25 13 9.1 0.10 0.05 0.05
14388.99 Q1.5 Proposed 219 674.81 677.58 1.64 14.11 16 9.5 0.06 0.06
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14350 Q100 Existing 1145 672.28 677.77 3.62 21.76 65 18.1 0.10 0.05 0.10 0.05
14350 Q100 Proposed 1145 672.28 677.86 2.85 17.75 89 31.3 0.10 0.06 0.10 0.06
14350 Q10 Existing 653 672.28 676.18 2.63 19.09 39 14.9 0.10 0.05 0.10 0.05
14350 Q10 Proposed 653 672.28 676.74 2.09 14.58 56 26.9 0.10 0.06 0.10 0.05
14350 Q1.5 Existing 219 672.28 674.80 1.68 11.31 20 12.2 0.10 0.05 0.10 0.05
14350 Q1.5 Proposed 219 672.28 675.17 1.98 9.19 25 12.7 0.06 0.10 0.06

14300 Q100 Existing 1145 667.57 673.70 3.91 23.95 71 18.2 0.10 0.05 0.10 0.06
14300 Q100 Proposed 1145 667.57 673.41 2.82 16.65 85 30.2 0.10 0.08 0.10 0.07
14300 Q10 Existing 653 667.57 672.35 2.86 19.27 48 16.6 0.10 0.05 0.10 0.05
14300 Q10 Proposed 653 667.57 672.39 2.08 13.67 56 27.0 0.10 0.08 0.10 0.07
14300 Q1.5 Existing 219 667.57 670.50 1.56 13.21 20 12.6 0.10 0.05 0.10 0.05
14300 Q1.5 Proposed 219 667.57 670.71 1.69 10.26 22 12.9 0.07 0.10 0.07

14250 Q100 Existing 1145 664.33 667.97 2.42 23.4 64 26.4 0.10 0.05 0.10 0.05
14250 Q100 Proposed 1145 664.33 668.56 2.01 14.07 100 49.6 0.10 0.07 0.10 0.06
14250 Q10 Existing 653 664.33 667.17 1.79 18.78 44 24.4 0.10 0.05 0.10 0.05
14250 Q10 Proposed 653 664.33 667.82 1.45 11.21 64 44.2 0.10 0.07 0.10 0.05
14250 Q1.5 Existing 219 664.33 666.21 0.98 11.74 21 22.0 0.10 0.05 0.10 0.05
14250 Q1.5 Proposed 219 664.33 667.24 1.84 4.98 45 24.7 0.07 0.10 0.07

14192.69 Q100 Existing 1145 662.17 667.79 3.76 12.41 108 28.6 0.10 0.06 0.10 0.06
14192.69 Q100 Proposed 1145 662.17 667.52 2.84 10.76 145 50.9 0.10 0.07 0.10 0.07
14192.69 Q10 Existing 653 662.17 666.50 2.78 10.08 72 26.0 0.10 0.06 0.10 0.06
14192.69 Q10 Proposed 653 662.17 666.51 1.98 8.9 95 48.0 0.10 0.07 0.10 0.06
14192.69 Q1.5 Existing 219 662.17 664.78 1.42 7.24 31 21.7 0.10 0.06 0.10 0.06
14192.69 Q1.5 Proposed 219 662.17 664.80 1.42 7.14 31 21.9 0.06 0.10 0.06

14150 Q100 Existing 1145 660.23 664.78 2.89 14.67 88 30.3 0.10 0.05 0.10 0.05
14150 Q100 Proposed 1145 660.23 664.76 2.18 13.09 115 52.8 0.10 0.06 0.10 0.06
14150 Q10 Existing 653 660.23 663.76 2.17 11.99 58 27.0 0.10 0.05 0.10 0.05
14150 Q10 Proposed 653 660.23 663.85 1.40 11.14 68 48.8 0.10 0.06 0.10 0.05
14150 Q1.5 Existing 219 660.23 662.64 1.30 7.39 30 23.3 0.00 0.05 0.10 0.05
14150 Q1.5 Proposed 219 660.23 662.68 1.33 7.16 31 23.6 0.06 0.10 0.05
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14096.7 Q100 Existing 1145 658.49 664.23 4.07 11.08 178 43.8 0.10 0.05 0.10 0.07
14096.7 Q100 Proposed 1145 658.49 663.75 3.04 7.9 195 64.1 0.10 0.07 0.10 0.07
14096.7 Q10 Existing 653 658.49 662.61 2.64 10.04 109 41.4 0.10 0.05 0.10 0.07
14096.7 Q10 Proposed 653 658.49 662.59 2.03 6.91 122 60.3 0.10 0.07 0.10 0.06
14096.7 Q1.5 Existing 219 658.49 661.04 1.20 7.41 46 38.6 0.10 0.05 0.10 0.06
14096.7 Q1.5 Proposed 219 658.49 660.93 1.10 5.98 42 38.3 0.06 0.10 0.06

14081.95 Q100 Existing 1145 657.82 663.13 3.51 13.48 143 40.7 0.10 0.05 0.10 0.07
14081.95 Q100 Proposed 1145 657.82 662.74 2.56 10.44 151 59.0 0.10 0.06 0.10 0.06
14081.95 Q10 Existing 653 657.82 661.97 2.61 10.8 98 37.5 0.10 0.05 0.10 0.06
14081.95 Q10 Proposed 653 657.82 661.70 1.84 8.95 93 50.3 0.10 0.06 0.10 0.06
14081.95 Q1.5 Existing 219 657.82 660.29 1.07 8.46 37 34.8 0.10 0.05 0.10 0.05
14081.95 Q1.5 Proposed 219 657.82 660.34 1.12 6.49 39 34.9 0.06 0.10 0.05

14050 Q100 Existing 1145 657.20 662.81 4.09 7.31 170 41.6 0.10 0.08 0.10 0.07
14050 Q100 Proposed 1145 657.20 662.24 2.94 7.47 182 61.8 0.10 0.08 0.10 0.07
14050 Q10 Existing 653 657.20 661.30 2.94 6.22 111 37.6 0.10 0.08 0.10 0.07
14050 Q10 Proposed 653 657.20 661.20 2.06 6.14 119 57.9 0.10 0.08 0.10 0.06
14050 Q1.5 Existing 219 657.20 659.59 1.52 4.42 50 33.0 0.10 0.08 0.10 0.07
14050 Q1.5 Proposed 219 657.20 659.54 1.48 4.56 48 32.7 0.08 0.10 0.07

14000 Q100 Existing 1145 655.73 661.50 3.88 9.27 149 38.5 0.10 0.06 0.10 0.06
14000 Q100 Proposed 1145 655.73 660.53 2.50 9.91 160 64.0 0.10 0.06 0.10 0.06
14000 Q10 Existing 653 655.73 659.93 2.88 7.91 93 32.4 0.10 0.06 0.10 0.06
14000 Q10 Proposed 653 655.73 659.49 1.61 8.46 96 59.3 0.10 0.06 0.10 0.05
14000 Q1.5 Existing 219 655.73 658.15 1.63 5.5 42 25.6 0.10 0.06 0.10 0.06
14000 Q1.5 Proposed 219 655.73 658.10 1.60 5.52 41 25.8 0.06 0.10 0.06

13950 Q100 Existing 1145 653.77 659.47 3.79 11.89 108 28.5 0.10 0.06 0.10 0.06
13950 Q100 Proposed 1145 653.77 659.13 2.83 10.79 152 53.7 0.10 0.06 0.10 0.06
13950 Q10 Existing 653 653.77 658.04 2.80 9.99 70 24.9 0.10 0.06 0.10 0.06
13950 Q10 Proposed 653 653.77 657.98 1.88 9.33 93 49.2 0.10 0.06 0.10 0.05
13950 Q1.5 Existing 219 653.77 656.29 1.56 7.24 31 19.6 0.06 0.10 0.05
13950 Q1.5 Proposed 219 653.77 656.28 1.56 7.3 30 19.4 0.06 0.10 0.05
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13900 Q100 Existing 1145 650.13 655.72 3.39 15.92 80 23.5 0.10 0.05 0.10 0.05
13900 Q100 Proposed 1145 650.13 655.95 2.27 14.24 110 48.6 0.10 0.06 0.10 0.05
13900 Q10 Existing 653 650.13 654.30 2.60 13.75 49 19.0 0.10 0.05 0.10 0.05
13900 Q10 Proposed 653 650.13 654.77 1.80 12.41 58 32.3 0.10 0.06 0.10 0.05
13900 Q1.5 Existing 219 650.13 652.64 1.44 10.31 21 14.9 0.05 0.10 0.05
13900 Q1.5 Proposed 219 650.13 653.66 2.25 6.27 36 16.0 0.06 0.10 0.06

13850 Q100 Existing 1145 649.64 654.70 3.27 13.44 101 30.8 0.10 0.05 0.10 0.05
13850 Q100 Proposed 1145 649.64 654.19 2.19 12.04 133 60.7 0.10 0.06 0.10 0.06
13850 Q10 Existing 653 649.64 653.75 2.68 10.06 73 27.1 0.10 0.05 0.10 0.05
13850 Q10 Proposed 653 649.64 653.59 1.70 8.87 98 57.4 0.10 0.06 0.10 0.05
13850 Q1.5 Existing 219 649.64 651.99 1.51 7.2 31 20.5 0.10 0.05 0.10 0.05
13850 Q1.5 Proposed 219 649.64 652.00 1.46 7.03 32 21.7 0.06 0.10 0.05

13800 Q100 Existing 1145 647.10 654.19 4.54 7.15 176 38.8 0.08 0.10 0.07
13800 Q100 Proposed 1145 647.10 652.77 2.53 9.54 160 63.0 0.10 0.07 0.10 0.07
13800 Q10 Existing 653 647.10 652.47 3.36 6.18 114 33.8 0.07 0.10 0.07
13800 Q10 Proposed 653 647.10 651.82 1.82 7.77 103 56.5 0.10 0.07 0.10 0.06
13800 Q1.5 Existing 219 647.10 650.47 1.86 4.33 52 27.9 0.07 0.10 0.07
13800 Q1.5 Proposed 219 647.10 650.48 1.78 4.8 47 26.5 0.07 0.10 0.06

13750 Q100 Existing 1145 646.00 651.86 3.74 12.4 127 34.0 0.10 0.05 0.10 0.06
13750 Q100 Proposed 1145 646.00 651.41 2.50 10.62 181 72.2 0.10 0.06 0.10 0.07
13750 Q10 Existing 653 646.00 650.54 2.66 10.23 84 31.6 0.10 0.05 0.10 0.05
13750 Q10 Proposed 653 646.00 650.49 1.78 8.82 117 65.7 0.10 0.06 0.10 0.06
13750 Q1.5 Existing 219 646.00 648.91 1.23 7.14 35 28.3 0.10 0.05 0.10 0.04
13750 Q1.5 Proposed 219 646.00 648.98 1.30 6.75 37 28.5 0.05 0.10 0.05

13700 Q100 Existing 1145 644.74 649.39 2.81 13.89 102 36.4 0.10 0.06 0.10 0.07
13700 Q100 Proposed 1145 644.74 650.41 2.64 7.53 222 83.9 0.10 0.07 0.10 0.07
13700 Q10 Existing 653 644.74 649.00 2.50 9.08 88 35.1 0.10 0.06 0.10 0.07
13700 Q10 Proposed 653 644.74 649.37 1.86 6.51 139 74.7 0.10 0.07 0.10 0.07
13700 Q1.5 Existing 219 644.74 647.58 1.36 6.02 41 30.5 0.10 0.06 0.10 0.06
13700 Q1.5 Proposed 219 644.74 647.68 1.44 5.52 45 31.0 0.07 0.10 0.07
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13657.14 Q100 Existing 1145 644.12 648.73 3.13 10.53 117 37.5 0.10 0.06 0.10 0.06
13657.14 Q100 Proposed 1145 644.12 648.76 2.14 9.37 154 72.2 0.10 0.06 0.10 0.06
13657.14 Q10 Existing 653 644.12 648.14 2.69 7.22 96 35.6 0.10 0.06 0.10 0.06
13657.14 Q10 Proposed 653 644.12 647.71 1.45 8.28 85 58.9 0.10 0.06 0.10 0.04
13657.14 Q1.5 Existing 219 644.12 646.50 1.40 5.32 42 29.9 0.06 0.10 0.05
13657.14 Q1.5 Proposed 219 644.12 646.46 1.37 5.5 40 29.5 0.06 0.10 0.05

13594.58 Q100 Existing 1145 642.80 648.34 4.31 6.38 228 53.0 0.10 0.06 0.10 0.06
13594.58 Q100 Proposed 1145 642.80 646.47 2.25 10.91 132 58.8 0.10 0.05 0.10 0.05
13594.58 Q10 Existing 653 642.80 648.23 4.20 3.73 223 52.9 0.10 0.06 0.10 0.06
13594.58 Q10 Proposed 653 642.80 645.64 1.88 8.92 90 47.9 0.05 0.10 0.06
13594.58 Q1.5 Existing 219 642.80 644.60 1.00 5.99 43 42.4 0.05 0.10 0.06
13594.58 Q1.5 Proposed 219 642.80 644.60 1.00 6.04 43 42.4 0.05 0.10 0.05

13560.62 Q100 Existing 1145 641.52 648.25 5.27 6.45 298 56.6 0.10 0.05 0.10 0.07
13560.62 Q100 Proposed 1145 641.52 646.15 2.30 6.64 206 89.6 0.10 0.07 0.10 0.06
13560.62 Q10 Existing 653 641.52 648.21 5.23 3.71 295 56.4 0.10 0.05 0.10 0.07
13560.62 Q10 Proposed 653 641.52 645.35 2.00 5.06 142 70.8 0.10 0.07 0.10 0.06
13560.62 Q1.5 Existing 219 641.52 644.01 1.58 4.53 76 48.4 0.10 0.05 0.10 0.07
13560.62 Q1.5 Proposed 219 641.52 643.97 1.55 3.28 70 45.1 0.07 0.10 0.07

13500 Q100 Existing 1145 640.53 648.09 5.28 5.9 338 64.0 0.10 0.05 0.10 0.07
13500 Q100 Proposed 1145 640.53 645.20 2.10 7.24 253 120.5 0.09 0.06 0.10 0.07
13500 Q10 Existing 653 640.53 648.15 5.33 3.33 342 64.2 0.10 0.05 0.10 0.07
13500 Q10 Proposed 653 640.53 644.33 1.46 6.39 155 106.1 0.10 0.06 0.10 0.06
13500 Q1.5 Existing 219 640.53 642.73 1.13 6.75 49 43.1 0.10 0.05 0.10 0.06
13500 Q1.5 Proposed 219 640.53 643.07 1.41 4.51 66 46.7 0.06 0.10 0.07

13450 Q100 Existing 1145 638.15 648.18 3.79 3.27 566 149.5 0.03 0.05 0.10 0.05
13450 Q100 Proposed 1145 638.15 643.90 1.95 9.23 211 108.3 0.09 0.05 0.10 0.05
13450 Q10 Existing 653 638.15 648.18 3.79 1.86 567 149.5 0.03 0.05 0.10 0.05
13450 Q10 Proposed 653 638.15 643.01 1.50 8.08 127 84.5 0.10 0.05 0.10 0.05
13450 Q1.5 Existing 219 638.15 640.88 1.53 7.6 29 19.2 0.10 0.05 0.10 0.05
13450 Q1.5 Proposed 219 638.15 641.28 1.55 7.18 31 19.7 0.05 0.05
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13426.44 Q100 Existing 1145 637.86 648.20 4.62 2.26 651 140.7 0.03 0.06 0.10 0.05
13426.44 Q100 Proposed 1145 637.86 641.93 1.82 13.21 132 72.3 0.10 0.06 0.10 0.06
13426.44 Q10 Existing 653 637.86 648.19 4.62 1.29 650 140.7 0.03 0.06 0.10 0.05
13426.44 Q10 Proposed 653 637.86 641.11 1.16 11.74 75 64.6 0.10 0.06 0.10 0.05
13426.44 Q1.5 Existing 219 637.86 640.44 1.55 6.17 38 24.7 0.06 0.10 0.06
13426.44 Q1.5 Proposed 219 637.86 639.97 1.24 8.13 27 22.1 0.06 0.10 0.05

13400 Q100 Existing 1145 635.37 648.21 6.39 1.93 925 144.7 0.04 0.05 0.10 0.05
13400 Q100 Proposed 1145 635.37 641.71 2.77 6.44 279 100.6 0.10 0.07 0.10 0.07
13400 Q10 Existing 653 635.37 648.19 6.38 1.1 922 144.7 0.04 0.05 0.10 0.05
13400 Q10 Proposed 653 635.37 640.49 1.74 6.07 160 92.3 0.10 0.07 0.10 0.06
13400 Q1.5 Existing 219 635.37 640.73 2.37 2.22 152 63.9 0.05 0.05 0.10 0.05
13400 Q1.5 Proposed 219 635.37 639.16 1.31 3.93 64 48.6 0.10 0.07 0.10 0.05

13350 Q100 Existing 1145 634.00 648.19 5.92 2.45 841 142.1 0.04 0.05 0.10 0.06
13350 Q100 Proposed 1145 635.68 641.10 3.14 6.73 250 79.6 0.10 0.06 0.10 0.07
13350 Q10 Existing 653 634.00 648.18 5.92 1.4 841 142.1 0.04 0.05 0.10 0.06
13350 Q10 Proposed 653 635.68 639.73 2.05 6.28 147 72.0 0.10 0.06 0.10 0.07
13350 Q1.5 Existing 219 634.00 640.71 3.98 2.1 178 44.9 0.10 0.05 0.10 0.07
13350 Q1.5 Proposed 219 635.68 638.31 1.04 4.89 53 50.9 0.10 0.06 0.10 0.05

13335.55 Q100 Existing 1145 634.01 647.84 5.15 6.27 326 63.3 0.10 0.05 0.10 0.07
13335.55 Q100 Proposed 1145 635.28 640.89 3.17 6.55 229 72.3 0.10 0.06 0.10 0.06
13335.55 Q10 Existing 653 634.01 648.09 5.31 3.42 342 64.3 0.10 0.05 0.10 0.08
13335.55 Q10 Proposed 653 635.28 639.49 2.09 6.05 134 64.3 0.10 0.06 0.10 0.06
13335.55 Q1.5 Existing 219 634.01 640.07 3.26 6.21 36 11.1 0.10 0.05 0.10 0.04
13335.55 Q1.5 Proposed 219 635.28 637.93 1.07 4.98 45 41.8 0.10 0.06 0.10 0.05

13300 Culvert
13300 Q100 Proposed 1145 634.82 640.28 3.40 7.51 195 57.4 0.10 0.06 0.10 0.06
13300 Q100 Proposed 653 634.82 638.83 2.36 6.63 117 49.9 0.10 0.06 0.10 0.06
13300 Q1.5 Proposed 219 634.82 637.09 1.57 4.94 44 28.2 0.10 0.06 0.10 0.06
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13238.93 Q100 Existing 1276 632.54 641.63 4.89 15 131 26.8 0.10 0.05 0.10 0.05
13238.93 Q100 Proposed 1276 633.00 638.79 3.27 9.55 164 50.2 0.10 0.06 0.10 0.06
13238.93 Q10 Existing 728 632.54 639.39 3.78 12.8 78 20.6 0.10 0.05 0.10 0.05
13238.93 Q10 Proposed 728 633.00 637.89 2.73 6.98 121 44.5 0.10 0.06 0.10 0.06
13238.93 Q1.5 Existing 244 632.54 636.43 2.28 9.41 29 12.6 0.10 0.05 0.10 0.05
13238.93 Q1.5 Proposed 244 633.00 636.50 1.96 3.86 65 33.3 0.10 0.06 0.10 0.05

13208.08 Q100 Existing 1276 631.15 636.50 3.15 21.83 81 25.7 0.10 0.05 0.10 0.06
13208.08 Q100 Proposed 1276 631.43 637.81 2.87 12.07 161 56.2 0.10 0.06 0.10 0.08
13208.08 Q10 Existing 728 631.15 635.26 2.37 18.54 51 21.7 0.10 0.05 0.10 0.06
13208.08 Q10 Proposed 728 631.43 636.87 2.15 10.03 111 51.6 0.10 0.06 0.10 0.08
13208.08 Q1.5 Existing 244 631.15 633.86 1.36 12.55 24 17.6 0.10 0.05 0.05
13208.08 Q1.5 Proposed 244 631.43 635.71 1.17 6.87 54 46.0 0.10 0.06 0.06

13200 Q100 Existing 1276 630.29 635.23 2.87 22.86 82 28.4 0.10 0.05 0.10 0.06
13200 Q100 Proposed 1276 630.29 636.21 2.56 14.41 136 53.2 0.10 0.05 0.10 0.06
13200 Q10 Existing 728 630.29 634.18 2.11 18.9 53 25.3 0.10 0.05 0.10 0.06
13200 Q10 Proposed 728 630.29 635.05 1.65 12.94 78 47.3 0.10 0.05 0.10 0.05
13200 Q1.5 Existing 244 630.29 632.85 1.07 12.78 22 20.9 0.10 0.05 0.10 0.04
13200 Q1.5 Proposed 244 630.29 632.78 1.57 13.41 18 11.6 0.05 0.05

13171.14 Q100 Existing 1276 627.89 635.77 4.93 8.9 229 46.4 0.10 0.05 0.10 0.07
13171.14 Q100 Proposed 1276 627.89 635.57 3.95 7.89 244 61.8 0.08 0.05 0.10 0.06
13171.14 Q10 Existing 728 627.89 633.76 3.27 8.03 139 42.6 0.10 0.05 0.10 0.06
13171.14 Q10 Proposed 728 627.89 634.00 2.82 7.3 153 54.5 0.09 0.05 0.10 0.06
13171.14 Q1.5 Existing 244 627.89 630.68 1.72 10.89 22 13.0 0.05 0.05
13171.14 Q1.5 Proposed 244 627.89 630.76 1.40 10.45 23 16.7 0.10 0.05 0.04

13150 Q100 Existing 1276 627.52 635.51 5.24 9.24 217 41.5 0.10 0.05 0.06 0.06
13150 Q100 Proposed 1276 627.52 634.27 3.22 12 185 57.4 0.10 0.05 0.10 0.06
13150 Q10 Existing 728 627.52 633.57 3.71 7.87 140 37.9 0.10 0.05 0.05 0.06
13150 Q10 Proposed 728 627.52 633.06 2.28 9.89 119 52.1 0.10 0.05 0.10 0.05
13150 Q1.5 Existing 244 627.52 631.00 1.48 6.64 49 33.2 0.10 0.05 0.05 0.05
13150 Q1.5 Proposed 244 627.52 630.75 1.56 7.88 35 22.5 0.10 0.05 0.10 0.04
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13112.96 Q100 Existing 1276 626.28 633.66 4.13 14.05 151 36.6 0.10 0.05 0.10 0.06
13112.96 Q100 Proposed 1276 626.28 632.49 2.63 14.68 151 57.4 0.10 0.05 0.10 0.06
13112.96 Q10 Existing 728 626.28 632.05 3.09 11.69 96 31.2 0.10 0.05 0.10 0.06
13112.96 Q10 Proposed 728 626.28 631.27 1.98 12.74 88 44.4 0.10 0.05 0.10 0.05
13112.96 Q1.5 Existing 244 626.28 629.79 1.69 8.58 35 20.9 0.09 0.05 0.10 0.05
13112.96 Q1.5 Proposed 244 626.28 629.76 1.47 8.06 36 24.6 0.10 0.05 0.10 0.05

13087 Q100 Existing 1276 624.08 630.09 3.06 17.96 88 28.6 0.10 0.05 0.10 0.05
13087 Q100 Proposed 1276 624.08 630.31 2.77 16.32 112 40.5 0.10 0.05 0.10 0.05
13087 Q10 Existing 728 624.08 628.62 2.10 15.98 49 23.4 0.10 0.05 0.10 0.04
13087 Q10 Proposed 728 624.08 628.91 1.83 14.64 60 32.9 0.10 0.05 0.10 0.04
13087 Q1.5 Existing 244 624.08 626.50 1.70 13.71 18 10.5 0.05 0.05
13087 Q1.5 Proposed 244 624.08 626.58 1.76 13.13 19 10.6 0.05 0.05

13050 Q100 Existing 1276 622.58 628.12 3.11 17.88 92 29.7 0.10 0.05 0.10 0.05
13050 Q100 Proposed 1276 622.58 628.37 3.26 16.62 100 30.5 0.10 0.05 0.06 0.05
13050 Q10 Existing 728 622.58 627.09 2.38 14.06 63 26.5 0.10 0.05 0.10 0.05
13050 Q10 Proposed 728 622.58 627.03 2.34 14.31 62 26.4 0.10 0.05 0.05 0.05
13050 Q1.5 Existing 244 622.58 625.81 1.69 8.08 33 19.5 0.10 0.05 0.05
13050 Q1.5 Proposed 244 622.58 625.82 1.69 8.06 33 19.6 0.10 0.05 0.05

13000 Q100 Existing 1276 619.73 627.46 4.16 14.19 118 28.3 0.10 0.05 0.10 0.05
13000 Q100 Proposed 1276 619.73 627.61 4.23 13.62 122 28.9 0.10 0.06 0.10 0.06
13000 Q10 Existing 728 619.73 625.53 3.05 12.48 69 22.5 0.10 0.05 0.10 0.05
13000 Q10 Proposed 728 619.73 625.80 3.19 11.55 75 23.5 0.10 0.06 0.10 0.05
13000 Q1.5 Existing 244 619.73 623.11 1.91 10.11 24 12.7 0.00 0.05 0.05
13000 Q1.5 Proposed 244 619.73 623.18 1.93 9.73 25 13.0 0.10 0.06 0.05

12950 Q100 Existing 1276 616.64 622.93 2.88 19.71 91 31.6 0.10 0.05 0.10 0.05
12950 Q100 Proposed 1276 616.64 622.97 2.92 18.32 92 31.7 0.10 0.06 0.10 0.05
12950 Q10 Existing 728 616.64 621.72 2.13 16.17 55 25.8 0.10 0.05 0.10 0.04
12950 Q10 Proposed 728 616.64 621.80 2.15 15.08 57 26.6 0.10 0.06 0.10 0.05
12950 Q1.5 Existing 244 616.64 619.83 2.11 10.8 23 10.7 0.00 0.05 0.05
12950 Q1.5 Proposed 244 616.64 620.00 2.15 9.99 24 11.4 0.06 0.10 0.05
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12900 Q100 Existing 1276 614.95 621.19 3.13 16.54 98 31.3 0.10 0.05 0.10 0.05
12900 Q100 Proposed 1276 614.95 622.29 3.94 12.67 134 33.9 0.10 0.06 0.10 0.06
12900 Q10 Existing 728 614.95 619.97 2.20 13.37 62 27.9 0.10 0.05 0.10 0.04
12900 Q10 Proposed 728 614.95 620.61 2.70 10.96 80 29.6 0.10 0.06 0.10 0.05
12900 Q1.5 Existing 244 614.95 618.18 2.25 8.47 29 12.8 0.05 0.05
12900 Q1.5 Proposed 244 614.95 618.17 2.24 8.54 29 12.8 0.06 0.06

12850 Q100 Existing 1276 613.16 621.61 4.69 10.06 162 34.6 0.10 0.07 0.10 0.07
12850 Q100 Proposed 1276 613.16 620.04 3.30 14.04 115 35.0 0.09 0.06 0.10 0.05
12850 Q10 Existing 728 613.16 619.73 3.50 8.5 102 29.2 0.10 0.07 0.10 0.06
12850 Q10 Proposed 728 613.16 619.01 2.82 10.32 82 29.1 0.09 0.06 0.10 0.05
12850 Q1.5 Existing 244 613.16 617.37 2.61 5.52 45 17.2 0.10 0.07 0.10 0.06
12850 Q1.5 Proposed 244 613.16 617.19 2.62 5.86 42 16.0 0.09 0.06 0.10 0.05

12800 Q100 Existing 1276 612.41 619.51 4.00 12.99 132 33.1 0.10 0.05 0.10 0.05
12800 Q100 Proposed 1276 612.41 619.16 3.40 12.42 144 42.2 0.09 0.06 0.10 0.06
12800 Q10 Existing 728 612.41 617.79 3.01 11 81 26.9 0.10 0.05 0.10 0.05
12800 Q10 Proposed 728 612.41 617.72 2.59 10.51 89 34.3 0.09 0.06 0.10 0.06
12800 Q1.5 Existing 244 612.41 615.39 2.23 8.43 29 13.0 0.05 0.05
12800 Q1.5 Proposed 244 612.41 615.36 2.21 8.49 29 13.0 0.06 0.06

12750 Q100 Existing 1276 610.30 615.61 2.85 17 88 30.8 0.10 0.05 0.10 0.05
12750 Q100 Proposed 1276 610.30 615.98 2.41 14.87 111 46.3 0.10 0.06 0.10 0.05
12750 Q10 Existing 728 610.30 614.35 2.48 14.31 53 21.2 0.05 0.10 0.05
12750 Q10 Proposed 728 610.30 614.73 2.29 12.64 62 26.9 0.08 0.06 0.10 0.05
12750 Q1.5 Existing 244 610.30 613.62 2.27 6.32 39 17.0 0.05 0.10 0.05
12750 Q1.5 Proposed 244 610.30 613.84 2.33 5.79 42 18.3 0.06 0.10 0.05

12700 Q100 Existing 1276 608.75 616.22 3.94 12.78 143 36.3 0.10 0.05 0.10 0.05
12700 Q100 Proposed 1276 608.75 615.29 3.07 11.91 163 53.3 0.10 0.06 0.10 0.06
12700 Q10 Existing 728 608.75 614.45 2.65 11.13 82 31.0 0.10 0.05 0.10 0.04
12700 Q10 Proposed 728 608.75 614.17 2.26 9.72 107 47.2 0.10 0.06 0.10 0.06
12700 Q1.5 Existing 244 608.75 612.00 2.02 8.34 30 14.7 0.10 0.05 0.10 0.05
12700 Q1.5 Proposed 244 608.75 612.05 2.05 8.23 30 14.4 0.06 0.06
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12650 Q100 Existing 1276 606.96 612.25 2.73 17.21 85 31.1 0.10 0.05 0.10 0.04
12650 Q100 Proposed 1276 606.96 612.60 2.60 14.11 124 47.5 0.10 0.06 0.10 0.05
12650 Q10 Existing 728 606.96 610.97 2.40 14.76 50 20.7 0.10 0.05 0.10 0.05
12650 Q10 Proposed 728 606.96 611.40 1.71 12.32 70 41.1 0.10 0.06 0.10 0.04
12650 Q1.5 Existing 244 606.96 610.52 2.48 5.87 42 16.8 0.05 0.05
12650 Q1.5 Proposed 244 606.96 610.45 2.23 6.03 41 18.2 0.10 0.06 0.05

12600 Q100 Existing 1276 605.60 612.46 3.75 9.61 170 45.4 0.10 0.08 0.10 0.08
12600 Q100 Proposed 1276 605.60 611.63 2.88 11.66 162 56.4 0.10 0.06 0.10 0.06
12600 Q10 Existing 728 605.60 610.82 2.49 9.01 100 40.3 0.10 0.08 0.10 0.08
12600 Q10 Proposed 728 605.60 610.68 2.11 9.26 111 52.4 0.10 0.06 0.10 0.06
12600 Q1.5 Existing 244 605.60 608.92 1.80 7.19 34 19.0 0.10 0.08 0.10 0.08
12600 Q1.5 Proposed 244 605.60 608.83 1.87 7.63 32 17.1 0.06 0.06

12590.0* Q100 Proposed 1276 605.24 611.10 2.79 12.52 154 55.1 0.09 0.06 0.10 0.06
12590.0* Q10 Proposed 728 605.24 610.01 1.94 10.62 97 49.9 0.09 0.06 0.10 0.05
12590.0* Q1.5 Proposed 244 605.24 608.44 1.37 7.67 33 24.0 0.09 0.06 0.10 0.05

12580.0* Q100 Proposed 1276 604.88 610.32 2.51 13.32 133 52.8 0.09 0.06 0.10 0.07
12580.0* Q10 Proposed 728 604.88 609.37 1.79 11.21 85 47.4 0.09 0.06 0.10 0.06
12580.0* Q1.5 Proposed 244 604.88 607.96 1.32 7.86 33 25.2 0.06 0.10 0.05

12570.0* Q100 Proposed 1276 604.52 610.51 2.97 11.32 164 55.1 0.10 0.07 0.10 0.07
12570.0* Q10 Proposed 728 604.52 609.34 2.09 9.85 103 49.2 0.10 0.07 0.10 0.07
12570.0* Q1.5 Proposed 244 604.52 607.60 1.46 7.61 36 25.0 0.06 0.10 0.06

12560.0* Q100 Proposed 1276 604.16 610.00 2.90 12.06 157 54.2 0.10 0.07 0.10 0.07
12560.0* Q10 Proposed 728 604.16 609.00 2.13 9.94 106 49.5 0.10 0.07 0.10 0.07
12560.0* Q1.5 Proposed 244 604.16 607.22 1.62 7.47 39 24.0 0.07 0.10 0.07
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12550 Q100 Existing 1276 603.80 610.45 3.77 13.87 180 47.6 0.10 0.05 0.10 0.07
12550 Q100 Proposed 1276 603.80 609.79 3.06 11.56 168 54.8 0.10 0.07 0.10 0.08
12550 Q10 Existing 728 603.80 609.14 2.77 11.41 120 43.3 0.10 0.05 0.10 0.06
12550 Q10 Proposed 728 603.80 607.73 1.57 14.16 65 41.6 0.10 0.07 0.10 0.06
12550 Q1.5 Existing 244 603.80 606.86 1.81 8.67 41 22.9 0.10 0.05 0.10 0.06
12550 Q1.5 Proposed 244 603.80 606.87 1.81 7.18 42 23.0 0.07 0.10 0.07

12540.4* Q100 Proposed 1276 603.47 609.47 3.08 11.12 169 54.9 0.10 0.07 0.10 0.08
12540.4* Q10 Proposed 728 603.47 607.34 2.03 13.83 65 32.1 0.10 0.07 0.10 0.07
12540.4* Q1.5 Proposed 244 603.47 606.44 1.77 7.28 41 23.0 0.07 0.10 0.07

12530.8* Q100 Proposed 1276 603.13 608.99 3.00 11.42 162 54.2 0.10 0.07 0.10 0.07
12530.8* Q10 Proposed 728 603.13 607.94 2.23 9.52 109 48.7 0.10 0.07 0.10 0.07
12530.8* Q1.5 Proposed 244 603.13 606.04 1.74 7.2 41 23.2 0.07 0.10 0.07

12521.2* Q100 Proposed 1276 602.80 608.61 2.98 11.33 161 54.1 0.10 0.07 0.10 0.07
12521.2* Q10 Proposed 728 602.80 607.39 2.15 10.01 100 46.6 0.10 0.07 0.10 0.07
12521.2* Q1.5 Proposed 244 602.80 605.65 1.73 7.11 40 23.4 0.07 0.10 0.07

12511.6* Q100 Proposed 1276 602.47 608.15 2.93 11.49 157 53.5 0.10 0.07 0.10 0.07
12511.6* Q10 Proposed 728 602.47 607.01 2.20 9.76 100 45.5 0.10 0.07 0.10 0.07
12511.6* Q1.5 Proposed 244 602.47 605.25 1.71 7.03 40 23.5 0.07 0.10 0.07

12502.0* Q100 Proposed 1276 602.13 607.81 2.95 11.2 159 53.8 0.10 0.07 0.10 0.07
12502.0* Q10 Proposed 728 602.13 606.52 2.17 9.96 96 44.2 0.10 0.07 0.10 0.07
12502.0* Q1.5 Proposed 244 602.13 604.87 1.71 6.9 40 23.6 0.07 0.10 0.07

12492.4* Q100 Proposed 1276 601.80 607.25 2.88 11.64 150 52.0 0.10 0.07 0.10 0.07
12492.4* Q10 Proposed 728 601.80 606.15 2.20 9.69 97 44.3 0.10 0.07 0.10 0.07
12492.4* Q1.5 Proposed 244 601.80 604.50 1.72 6.71 41 23.9 0.07 0.10 0.07

12482.8* Q100 Proposed 1276 601.47 606.92 2.92 11.24 153 52.4 0.10 0.07 0.10 0.07
12482.8* Q10 Proposed 728 601.47 605.63 2.18 9.95 92 42.1 0.10 0.07 0.10 0.07
12482.8* Q1.5 Proposed 244 601.47 604.00 1.63 7.04 39 23.6 0.07 0.10 0.07
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12473.2* Q100 Proposed 1276 601.13 606.61 2.96 10.05 158 53.4 0.06 0.06 0.10 0.06
12473.2* Q10 Proposed 728 601.13 605.35 2.25 8.85 97 43.1 0.06 0.06 0.10 0.06
12473.2* Q1.5 Proposed 244 601.13 603.71 1.69 6.3 41 24.3 0.06 0.10 0.06

12463.7 Q100 Existing 1276 600.80 605.38 2.81 17.51 104 36.9 0.10 0.05 0.10 0.05
12463.7 Q100 Proposed 1276 600.80 606.16 2.95 10.84 155 52.7 0.10 0.07 0.10 0.07
12463.7 Q10 Existing 728 600.80 603.97 2.10 15.88 59 27.8 0.10 0.05 0.10 0.05
12463.7 Q10 Proposed 728 600.80 604.85 2.21 9.56 93 42.3 0.10 0.07 0.10 0.07
12463.7 Q1.5 Existing 244 600.80 602.66 1.17 10.74 26 22.2 0.10 0.05 0.10 0.05
12463.7 Q1.5 Proposed 244 600.80 603.41 1.74 6.12 43 25.0 0.07 0.10 0.07

12411.83 Q100 Existing 1276 598.95 604.30 3.32 14.99 133 40.1 0.10 0.05 0.10 0.06
12411.83 Q100 Proposed 1276 598.95 603.86 2.54 11.59 142 55.9 0.10 0.06 0.10 0.06
12411.83 Q10 Existing 728 598.95 603.29 2.64 11.37 95 35.9 0.10 0.05 0.10 0.06
12411.83 Q10 Proposed 728 598.95 603.18 2.20 8.45 107 48.7 0.10 0.06 0.10 0.06
12411.83 Q1.5 Existing 244 598.95 601.47 1.54 7.91 40 25.6 0.10 0.05 0.10 0.05
12411.83 Q1.5 Proposed 244 598.95 601.39 1.49 6.74 37 25.1 0.06 0.10 0.06

12356.27 Q100 Existing 1276 596.53 603.15 3.54 13.18 140 39.4 0.10 0.05 0.10 0.05
12356.27 Q100 Proposed 1276 596.53 602.84 2.67 9.83 172 64.4 0.08 0.07 0.10 0.06
12356.27 Q10 Existing 728 596.53 601.82 2.83 10.52 91 32.3 0.10 0.05 0.10 0.05
12356.27 Q10 Proposed 728 596.53 601.71 2.30 8.6 108 47.1 0.10 0.07 0.10 0.06
12356.27 Q1.5 Existing 244 596.53 599.85 2.16 6.53 42 19.5 0.10 0.05 0.10 0.05
12356.27 Q1.5 Proposed 244 596.53 600.24 1.57 5.15 52 33.2 0.10 0.07 0.10 0.05

12301.23 Q100 Existing 1276 595.07 603.06 3.33 4.77 251 75.5 0.03 0.09 0.10 0.06
12301.23 Q100 Proposed 1276 595.07 600.66 2.47 11.31 156 62.9 0.10 0.08 0.10 0.07
12301.23 Q10 Existing 728 595.07 600.00 2.84 9.92 79 27.9 0.08 0.10 0.08
12301.23 Q10 Proposed 728 595.07 599.68 2.23 9.51 103 46.4 0.10 0.08 0.10 0.08
12301.23 Q1.5 Existing 244 595.07 598.09 1.83 7.43 34 18.8 0.08 0.10 0.08
12301.23 Q1.5 Proposed 244 595.07 597.99 1.36 7.72 33 24.6 0.10 0.08 0.10 0.06
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12250.48 Q100 Existing 1276 592.67 603.15 5.33 2.53 458 86.1 0.04 0.08 0.10 0.06
12250.48 Q100 Proposed 1276 593.40 598.95 2.94 9.75 168 57.0 0.10 0.06 0.10 0.05
12250.48 Q10 Existing 728 592.67 599.77 2.49 4.37 187 75.1 0.04 0.08 0.10 0.06
12250.48 Q10 Proposed 728 593.40 597.73 2.59 7.88 111 42.7 0.10 0.06 0.10 0.05
12250.48 Q1.5 Existing 244 592.67 596.04 1.94 5.65 44 23.0 0.08 0.10 0.07
12250.48 Q1.5 Proposed 244 593.40 595.99 1.85 5.41 45 24.4 0.10 0.06 0.05

12225.03 Q100 Existing 1276 591.00 599.28 7.10 15.27 86 16.6 0.10 0.05 0.05
12225.03 Q100 Proposed 1276 592.20 598.28 2.60 10.88 160 61.4 0.09 0.06 0.10 0.05
12225.03 Q10 Existing 728 591.00 596.98 4.80 12.68 58 14.4 0.10 0.05 0.05
12225.03 Q10 Proposed 728 592.20 596.77 2.41 9.75 93 38.5 0.09 0.06 0.10 0.05
12225.03 Q1.5 Existing 244 591.00 594.27 2.47 8.97 27 11.5 0.05 0.05
12225.03 Q1.5 Proposed 244 592.20 594.82 1.75 7.72 32 18.1 0.06 0.06 0.05

12200 Culvert

12191.69 Q100 Existing 1276 590.60 600.48 2.18 8.27 174 80.1 0.03 0.05 0.10 0.04
12191.69 Q100 Proposed 1276 591.00 595.72 2.84 14.61 107 37.6 0.10 0.06 0.06 0.05
12191.69 Q10 Existing 728 590.60 596.02 5.03 12.72 57 13.9 0.05 0.05
12191.69 Q10 Proposed 728 591.00 594.68 2.01 12.24 69 34.5 0.10 0.06 0.06 0.05
12191.69 Q1.5 Existing 244 590.60 593.52 2.60 8.41 29 12.1 0.05 0.05
12191.69 Q1.5 Proposed 244 591.00 593.64 1.40 6.95 36 26.0 0.10 0.06 0.06 0.05

12141.98 Q100 Existing 1276 589.06 593.20 2.67 21.32 81 30.1 0.10 0.06 0.10 0.07
12141.98 Q100 Proposed 1276 589.51 594.63 3.15 12.77 158 50.1 0.10 0.06 0.10 0.07
12141.98 Q10 Existing 728 589.06 592.57 2.14 15.64 62 28.9 0.10 0.06 0.10 0.07
12141.98 Q10 Proposed 728 589.51 593.54 2.28 10.45 105 46.1 0.10 0.06 0.10 0.07
12141.98 Q1.5 Existing 244 589.06 591.86 1.52 7.67 42 27.5 0.10 0.06 0.10 0.07
12141.98 Q1.5 Proposed 244 589.51 591.98 1.53 7.45 44 28.5 0.06 0.10 0.07
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12092.64 Q100 Existing 1276 587.42 592.96 3.42 13.43 161 47.0 0.10 0.05 0.10 0.07
12092.64 Q100 Proposed 1276 587.42 592.11 2.41 14.8 154 63.8 0.10 0.06 0.10 0.07
12092.64 Q10 Existing 728 587.42 591.80 2.56 10.88 109 42.7 0.10 0.05 0.10 0.06
12092.64 Q10 Proposed 728 587.42 591.37 1.77 11.79 108 60.9 0.10 0.06 0.10 0.06
12092.64 Q1.5 Existing 244 587.42 590.28 1.33 7.39 49 36.6 0.10 0.05 0.10 0.05
12092.64 Q1.5 Proposed 244 587.42 590.22 1.27 7.54 47 36.8 0.10 0.06 0.10 0.06

12033.91 Q100 Existing 1276 584.73 589.70 2.99 15.51 118 39.4 0.10 0.05 0.10 0.06
12033.91 Q100 Proposed 1276 584.73 589.73 2.56 10.74 142 55.7 0.10 0.07 0.10 0.06
12033.91 Q10 Existing 728 584.73 589.56 2.88 9.23 112 39.0 0.10 0.05 0.10 0.06
12033.91 Q10 Proposed 728 584.73 589.33 2.23 7.14 120 53.9 0.10 0.07 0.10 0.06
12033.91 Q1.5 Existing 244 584.73 587.10 1.08 10.31 27 25.5 0.10 0.05 0.05
12033.91 Q1.5 Proposed 244 584.73 587.18 1.13 8.56 29 25.3 0.06 0.05

11982.07 Q100 Existing 1276 581.86 588.60 5.38 0.82 640 119.1 0.03 0.07 0.10 0.03
11982.07 Q100 Proposed 1276 581.86 588.50 5.55 1.01 660 118.8 0.03 0.06 0.10 0.03
11982.07 Q10 Existing 728 581.86 587.20 3.40 10.81 70 20.5 0.07 0.10 0.07
11982.07 Q10 Proposed 728 581.86 587.16 2.68 10.29 86 32.0 0.10 0.06 0.10 0.06
11982.07 Q1.5 Existing 244 581.86 585.05 1.97 7.91 31 15.7 0.06 0.06
11982.07 Q1.5 Proposed 244 581.86 585.05 1.92 7.92 31 16.0 0.00 0.06 0.06

11932.45 Q100 Existing 1276 579.56 585.64 3.01 14.47 126 41.8 0.10 0.05 0.10 0.05
11932.45 Q100 Proposed 1276 579.56 584.61 2.41 17.01 111 46.0 0.10 0.06 0.10 0.06
11932.45 Q10 Existing 728 579.56 584.22 2.01 12.77 71 35.3 0.10 0.05 0.10 0.05
11932.45 Q10 Proposed 728 579.56 583.70 1.68 14.08 71 42.0 0.10 0.06 0.10 0.05
11932.45 Q1.5 Existing 244 579.56 582.42 1.84 8.81 28 15.1 0.05 0.10 0.05
11932.45 Q1.5 Proposed 244 579.56 582.42 1.84 8.8 28 15.1 0.06 0.10 0.05

11881.79 Q100 Existing 1276 576.99 582.87 3.08 15.22 104 33.7 0.10 0.06 0.10 0.06
11881.79 Q100 Proposed 1276 576.99 582.87 3.05 13.11 134 43.8 0.10 0.06 0.10 0.06
11881.79 Q10 Existing 728 576.99 581.67 2.29 12.96 67 29.1 0.10 0.05 0.05
11881.79 Q10 Proposed 728 576.99 581.72 2.28 11.14 87 38.2 0.10 0.06 0.06
11881.79 Q1.5 Existing 244 576.99 580.17 1.80 8.87 28 15.3 0.05 0.05
11881.79 Q1.5 Proposed 244 576.99 580.30 1.10 7.88 36 33.3 0.10 0.06 0.05
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11827.76 Q100 Existing 1276 573.31 581.72 5.04 7.17 204.72 40.58 0.10 0.08 0.10 0.07

11827.76 Q100 Proposed 1276 573.31 578.82 2.63 15.08 109.65 41.71 0.10 0.07 0.10 0.07

11827.76 Q10 Existing 728 573.31 580.44 4.22 5.22 155.2 36.81 0.10 0.08 0.10 0.07

11827.76 Q10 Proposed 728 573.31 577.8 1.94 12.68 69.6 35.88 0.10 0.07 0.10 0.06

11827.76 Q1.5 Existing 244 573.31 578.14 2.62 3.24 78.47 29.92 0.10 0.08 0.10 0.07

11827.76 Q1.5 Proposed 244 573.31 576.19 1.2 9.86 26.51 22.09 0.10 0.07 0.06

11774.33 Q100 Existing 1276 571.58 581.25 5.65 6.59 210.95 37.32 0.10 0.07 0.10 0.07

11774.33 Q100 Proposed 1276 571.58 580.09 4.88 5.86 285.11 58.37 0.10 0.07 0.10 0.08

11774.33 Q10 Existing 728 571.58 580.19 5.25 4.42 173.62 33.08 0.10 0.07 0.10 0.07

11774.33 Q10 Proposed 728 571.58 578.85 4.13 4.31 216.49 52.4 0.10 0.07 0.10 0.08

11774.33 Q1.5 Existing 244 571.58 578.03 4.47 2.2 111.3 24.89 0.10 0.07 0.07

11774.33 Q1.5 Proposed 244 571.58 575.01 2.62 5.18 47.11 17.99 0.00 0.06 0.06

11724.31 Q100 Existing 1276 570.29 581.33 6.54 4.8 353.22 54 0.10 0.06 0.10 0.06

11724.31 Q100 Proposed 1276 570.29 580.05 5.79 4.15 434.04 74.97 0.10 0.07 0.10 0.08

11724.31 Q10 Existing 728 570.29 580.21 5.9 3.17 295.42 50.06 0.10 0.06 0.10 0.06

11724.31 Q10 Proposed 728 570.29 578.82 4.95 2.93 345.14 69.73 0.10 0.07 0.10 0.08

11724.31 Q1.5 Existing 244 570.29 578.03 4.59 1.51 194.5 42.39 0.10 0.06 0.10 0.05

11724.31 Q1.5 Proposed 244 570.29 574.77 1.93 3.12 98.79 51.17 0.10 0.07 0.10 0.07

11678.1 Q100 Existing 1276 568.65 581.39 7.64 3.09 509.41 66.64 0.10 0.08 0.10 0.08

11678.1 Q100 Proposed 1276 568.65 580.01 5.53 3.14 534.83 96.69 0.10 0.08 0.10 0.08

11678.1 Q10 Existing 728 568.65 580.24 6.81 2.06 434.29 63.79 0.10 0.08 0.10 0.08

11678.1 Q10 Proposed 728 568.65 578.79 5.41 2.18 431.78 79.84 0.10 0.08 0.10 0.08

11678.1 Q1.5 Existing 244 568.65 578.03 5.3 0.97 300.47 56.69 0.10 0.08 0.10 0.08

11678.1 Q1.5 Proposed 244 568.65 574.71 2.89 1.82 156.22 54.1 0.10 0.08 0.10 0.08
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11620.76 Q100 Existing 1276 567.07 580.48 4.63 7.86 222.97 48.14 0.10 0.05 0.10 0.05

11620.76 Q100 Proposed 1276 567.07 579.73 4.34 4.53 377.54 87.02 0.07 0.06 0.10 0.05

11620.76 Q10 Existing 728 567.07 579.85 4.25 5.06 193.21 45.41 0.10 0.05 0.10 0.05

11620.76 Q10 Proposed 728 567.07 578.63 4.15 3.18 287.12 69.27 0.10 0.06 0.10 0.04

11620.76 Q1.5 Existing 244 567.07 577.91 2.96 2.66 112.32 37.98 0.10 0.05 0.10 0.05

11620.76 Q1.5 Proposed 244 567.07 574.59 4.04 2.14 115.9 28.69 0.10 0.06 0.10 0.05

11550 Culvert

11527.04 Q100 Existing 1276 565.75 575.25 3.17 9.37 130 41.0 0.10 0.07 0.03 0.06

11527.04 Q100 Proposed 1276 565.75 575.35 3.22 9.96 134 41.5 0.10 0.07 0.03 0.06

11527.04 Q10 Existing 728 565.75 573.94 2.40 9.02 81 33.6 0.10 0.07 0.03 0.06

11527.04 Q10 Proposed 728 565.75 574.08 2.49 9.33 86 34.4 0.10 0.07 0.03 0.06

11527.04 Q1.5 Existing 244 565.75 569.71 3.70 10.91 22 14.6 0.07 0.07

11527.04 Q1.5 Proposed 244 565.75 569.71 3.70 10.91 22 14.6 0.07 0.07

11476.78 Q100 Existing 1276 564.68 568.48 2.78 16.51 77 27.8 0.07 0.03 0.07

11476.78 Q100 Proposed 1276 564.68 568.29 2.62 17.74 72 27.5 0.07 0.03 0.07

11476.78 Q10 Existing 728 564.68 567.63 2.09 13.43 54 25.9 0.07 0.07

11476.78 Q10 Proposed 728 564.68 567.40 1.91 15.04 48 25.3 0.07 0.07

11476.78 Q1.5 Existing 244 564.68 566.64 1.29 8.14 30 23.3 0.07 0.07

11476.78 Q1.5 Proposed 244 564.68 566.60 1.25 8.42 29 23.2 0.07 0.07

11412.87 Q100 Existing 1276 561.20 569.31 4.98 6.79 190 38.2 0.10 0.07 0.03 0.06

11412.87 Q100 Proposed 1276 561.20 569.29 4.97 7.27 190 38.2 0.10 0.07 0.03 0.06

11412.87 Q10 Existing 728 561.20 568.31 4.13 4.82 153 36.9 0.10 0.07 0.03 0.06

11412.87 Q10 Proposed 728 561.20 568.25 4.08 5.19 151 36.9 0.10 0.07 0.03 0.06

11412.87 Q1.5 Existing 244 561.20 566.34 3.03 2.89 84 27.8 0.00 0.07 0.07

11412.87 Q1.5 Proposed 244 561.20 566.34 3.03 2.98 84 27.8 0.10 0.07 0.06

HEC‐RAS RESULTS FOR STATIONS 9739 TO 11363 NOT SHOWN ~ PROPOSED CONDITIONS SIMILAR TO EXISTING CONDITIONS
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QTotal MinChEl W.S.Elev HydrDepth CritW.S. VelChnl FlowArea TopWidth
Manning

LOB
Manning
Chan

Manning
ROB

Manning
avg

RiverSta Profile Plan (cfs) (ft) (ft) (ft) (ft) (ft/s) (sqft) (ft) ‐‐ ‐‐ ‐‐ ‐‐
UPSTREAM BOUNDARY CONDITION = NORMAL DEPTH, SLOPE 0.01
DOWNSTREAM BOUNDARY CONDITION = NORMAL DEPTH, SLOPE 0.025

3300 Q100 Existing 858 1258.76 1262.41 2.64 1262.07 8.13 112.84 42.66 0.1 0.06 0.1 0.058
3300 Q10 Existing 489 1258.76 1261.66 2.11 1261.21 6.22 82.25 39.01 0.1 0.06 0.059
3300 Q1.5 Existing 164 1258.76 1260.76 1.41 1260.18 3.42 48.85 34.64 0.1 0.06 0.059

3250 Q100 Existing 858 1258.88 1262.29 2.87 4.42 198.84 69.36 0.1 0.06 0.1 0.058
3250 Q10 Existing 489 1258.88 1261.18 1.91 3.96 124.34 65.17 0.1 0.06 0.059
3250 Q1.5 Existing 164 1258.88 1260 0.85 3.26 50.29 59.3 0.06 0.06

3200 Q100 Existing 858 1257.70 1262.18 3.41 3.19 281.91 82.77 0.1 0.06 0.1 0.059
3200 Q10 Existing 489 1257.70 1261 2.4 2.68 187.3 78.05 0.1 0.06 0.1 0.059
3200 Q1.5 Existing 164 1257.70 1259.48 1.08 2.23 74.22 68.58 0.06 0.1 0.06

3150 Q100 Existing 858 1257.43 1262.03 3.79 3.18 270.13 71.33 0.06 0.06
3150 Q10 Existing 489 1257.43 1260.85 2.86 2.58 189.18 66.08 0.06 0.06
3150 Q1.5 Existing 164 1257.43 1259.28 1.54 1.81 90.83 59.09 0.06 0.06

3100 Q100 Existing 858 1257.05 1261.75 3.81 4 214.71 56.3 0.06 0.1 0.059
3100 Q10 Existing 489 1257.05 1260.63 3.01 3.16 154.78 51.35 0.06 0.06
3100 Q1.5 Existing 164 1257.05 1259.11 1.78 2.02 81.1 45.49 0.06 0.06

3050 Q100 Existing 858 1256.61 1261.64 3.8 3.13 274.38 72.16 0.1 0.06 0.1 0.06
3050 Q10 Existing 489 1256.61 1260.52 3.02 2.48 197.27 65.41 0.06 0.06
3050 Q1.5 Existing 164 1256.61 1259.01 1.87 1.56 105.33 56.28 0.06 0.06

3000 Q100 Existing 858 1256.56 1261.48 3.42 3.27 262.25 76.65 0.06 0.06
3000 Q10 Existing 489 1256.56 1260.37 2.68 2.68 182.19 68 0.06 0.06
3000 Q1.5 Existing 164 1256.56 1258.89 1.59 1.82 89.96 56.4 0.06 0.06

TABLE T2. HEC‐RAS OUTPUT FOR MATERIAL REMOVAL AREA, EXISTING AND PROPOSED CONDITIONS
PERMANENTE CREEK RESTORATION PLAN



QTotal MinChEl W.S.Elev HydrDepth CritW.S. VelChnl FlowArea TopWidth
Manning

LOB
Manning
Chan

Manning
ROB

Manning
avg

RiverSta Profile Plan (cfs) (ft) (ft) (ft) (ft) (ft/s) (sqft) (ft) ‐‐ ‐‐ ‐‐ ‐‐

TABLE T2. HEC‐RAS OUTPUT FOR MATERIAL REMOVAL AREA, EXISTING AND PROPOSED CONDITIONS
PERMANENTE CREEK RESTORATION PLAN

2950 Q100 Existing 858 1256.22 1261.29 3.18 3.38 256.61 80.78 0.1 0.06 0.1 0.057
2950 Q10 Existing 489 1256.22 1260.17 2.43 2.85 171.72 70.61 0.06 0.1 0.06
2950 Q1.5 Existing 164 1256.22 1258.71 1.55 2.01 81.49 52.68 0.06 0.06

2900 Q100 Existing 858 1255.59 1260.89 2.7 4.44 194.8 72.24 0.1 0.06 0.057
2900 Q10 Existing 489 1255.59 1259.71 2.08 4.12 118.63 56.91 0.06 0.06
2900 Q1.5 Existing 164 1255.59 1258.31 1.38 3.13 52.39 37.96 0.06 0.06

2850 Q100 Existing 858 1254.37 1260.09 2.56 6.62 169.17 66.15 0.1 0.06 0.1 0.057
2850 Q10 Existing 489 1254.37 1258.64 1.87 6.39 87.14 46.66 0.1 0.06 0.1 0.054
2850 Q1.5 Existing 164 1254.37 1257.1 1.2 5.25 31.25 26.05 0.06 0.001 0.06

2800 Q100 Existing 858 1253.42 1259.88 3.22 5.1 206.69 64.18 0.1 0.06 0.1 0.055
2800 Q10 Existing 489 1253.42 1258.34 2.54 4.46 120.56 47.42 0.1 0.06 0.1 0.053
2800 Q1.5 Existing 164 1253.42 1256.39 1.67 3.46 47.42 28.38 0.06 0.1 0.06

2750 Q100 Existing 858 1252.81 1259.67 3.5 4.81 215.05 61.38 0.1 0.06 0.1 0.056
2750 Q10 Existing 489 1252.81 1258.07 2.76 4.18 128.51 46.59 0.1 0.06 0.056
2750 Q1.5 Existing 164 1252.81 1255.96 1.87 3.23 50.83 27.19 0.06 0.06

2700 Q100 Existing 858 1252.52 1259.25 4.06 5.44 159.62 39.27 0.1 0.06 0.1 0.057
2700 Q10 Existing 489 1252.52 1257.61 3.16 4.84 101.07 31.98 0.06 0.06
2700 Q1.5 Existing 164 1252.52 1255.4 1.91 3.93 41.77 21.85 0.06 0.06

2650 Q100 Existing 858 1251.56 1258.3 4.35 7.49 115.02 26.47 0.06 0.1 0.058
2650 Q10 Existing 489 1251.56 1256.76 3.45 6.31 77.51 22.49 0.06 0.06
2650 Q1.5 Existing 164 1251.56 1254.62 2.01 4.7 34.86 17.38 0.06 0.06

2600 Q100 Existing 858 1250.65 1256.05 3.63 1256.05 10.88 78.85 21.74 0.06 0.06
2600 Q10 Existing 489 1250.65 1254.68 2.8 1254.68 9.54 51.26 18.33 0.06 0.06
2600 Q1.5 Existing 164 1250.65 1253.06 1.73 1252.9 6.6 24.85 14.33 0.06 0.06



QTotal MinChEl W.S.Elev HydrDepth CritW.S. VelChnl FlowArea TopWidth
Manning

LOB
Manning
Chan

Manning
ROB

Manning
avg

RiverSta Profile Plan (cfs) (ft) (ft) (ft) (ft) (ft/s) (sqft) (ft) ‐‐ ‐‐ ‐‐ ‐‐

TABLE T2. HEC‐RAS OUTPUT FOR MATERIAL REMOVAL AREA, EXISTING AND PROPOSED CONDITIONS
PERMANENTE CREEK RESTORATION PLAN

2550 Q100 Existing 858 1248.71 1253.43 3.44 1253.7 11.66 73.58 21.4 0.06 0.06
2550 Q10 Existing 489 1248.71 1252.29 2.64 1252.37 9.68 50.52 19.11 0.06 0.06
2550 Q1.5 Existing 164 1248.71 1250.76 1.47 1250.76 6.95 23.61 16.04 0.06 0.06

2500 Q100 Existing 858 1243.85 1248.15 2.89 1249.25 15.25 56.26 19.48 0.06 0.06
2500 Q10 Existing 489 1243.85 1247.02 2.14 1247.91 13.61 35.94 16.78 0.06 0.06
2500 Q1.5 Existing 164 1243.85 1245.71 1.17 1246.21 10.28 15.95 13.61 0.06 0.06

2450 Q100 Existing 858 1238.99 1243.59 2.94 1244.61 15.23 59.66 20.3 0.1 0.06 0.1 0.055
2450 Q10 Existing 489 1238.99 1242.61 2.31 1243.18 12.13 41.08 17.77 0.1 0.06 0.1 0.056
2450 Q1.5 Existing 164 1238.99 1241.37 1.45 1241.51 7.79 21.07 14.58 0.06 0.06

2400 Q100 Existing 858 1230.99 1235.58 2.93 1237.3 19.06 45.01 15.34 0.06 0.06
2400 Q10 Existing 489 1230.99 1234.45 2.23 1235.8 16.9 28.94 12.96 0.06 0.06
2400 Q1.5 Existing 164 1230.99 1232.93 1.19 1233.82 14.09 11.64 9.78 0.06 0.06

2372.58 Q100 Existing 858 1225.04 1228.16 1.82 1229.94 20.43 42.04 23.04 0.1 0.06 0.059
2372.58 Q10 Existing 489 1225.04 1227.56 1.39 1228.77 16.99 28.78 20.72 0.06 0.06
2372.58 Q1.5 Existing 164 1225.04 1226.82 0.97 1227.39 11.06 14.83 15.3 0.06 0.06

2350 Q100 Existing 858 1216.16 1219.13 1.71 1220.94 21.65 39.63 23.16 0.06 0.06
2350 Q10 Existing 489 1216.16 1218.57 1.26 1219.85 18.12 26.99 21.47 0.06 0.06
2350 Q1.5 Existing 164 1216.16 1217.77 0.73 1218.52 14.58 11.25 15.34 0.06 0.06

2300 Q100 Existing 858 1208.34 1212.01 2.23 1212.99 14.16 60.59 27.16 0.06 0.06
2300 Q10 Existing 489 1208.34 1211.34 1.74 1211.92 11.36 43.05 24.8 0.06 0.06
2300 Q1.5 Existing 164 1208.34 1210.4 1.07 1210.62 7.58 21.63 20.22 0.06 0.06

2250 Q100 Existing 858 1204.37 1207.1 1.85 1207.66 12.19 81.82 44.12 0.06 0.1 0.067
2250 Q10 Existing 489 1204.37 1206.5 1.41 1206.83 9.88 56.61 40.23 0.06 0.1 0.067
2250 Q1.5 Existing 164 1204.37 1205.74 0.79 1205.84 6.47 27.92 35.28 0.06 0.1 0.069



QTotal MinChEl W.S.Elev HydrDepth CritW.S. VelChnl FlowArea TopWidth
Manning

LOB
Manning
Chan

Manning
ROB

Manning
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RiverSta Profile Plan (cfs) (ft) (ft) (ft) (ft) (ft/s) (sqft) (ft) ‐‐ ‐‐ ‐‐ ‐‐

TABLE T2. HEC‐RAS OUTPUT FOR MATERIAL REMOVAL AREA, EXISTING AND PROPOSED CONDITIONS
PERMANENTE CREEK RESTORATION PLAN

2200 Q100 Existing 858 1197.08 1198.55 1.34 1199.19 11.18 74.07 55.34 0.06 0.1 0.084
2200 Q10 Existing 489 1197.08 1198.08 1.06 1198.55 8.17 50.54 47.69 0.06 0.1 0.086
2200 Q1.5 Existing 164 1197.08 1197.4 0.77 1197.63 3.82 23.48 30.63 0.06 0.1 0.093

2150 Q100 Existing 858 1187.44 1191.56 1.5 1192.35 12.38 79.95 53.27 0.1 0.06 0.1 0.048
2150 Q10 Existing 489 1187.44 1190.67 1.69 1191.22 10.85 47.61 28.09 0.06 0.1 0.056
2150 Q1.5 Existing 164 1187.44 1189.35 1.2 1189.64 8.52 19.25 16 0.06 0.06

2100 Q100 Existing 858 1183.52 1186.38 1.28 1187.15 13.44 77.51 60.49 0.1 0.06 0.1 0.056
2100 Q10 Existing 489 1183.52 1185.92 1.08 1186.45 10.68 51.88 48 0.1 0.06 0.056
2100 Q1.5 Existing 164 1183.52 1185.32 0.84 1185.43 6.38 25.73 30.62 0.1 0.06 0.058

2050 Q100 Existing 858 1178.31 1181.28 1.98 1181.88 11.76 73.06 36.99 0.06 0.1 0.059
2050 Q10 Existing 489 1178.31 1180.6 1.43 1181.01 9.89 49.43 34.49 0.06 0.06
2050 Q1.5 Existing 164 1178.31 1179.75 0.73 1180.01 7.62 21.52 29.48 0.06 0.06

2000 Q100 Existing 858 1170.64 1174.61 2.6 1175.69 15.03 57.1 21.93 0.06 0.06
2000 Q10 Existing 489 1170.64 1173.68 1.91 1174.47 12.98 37.67 19.72 0.06 0.06
2000 Q1.5 Existing 164 1170.64 1172.64 1.07 1172.98 8.88 18.48 17.25 0.06 0.06

1950 Q100 Existing 858 1159.83 1163.56 2.18 1165.32 19.7 43.55 19.94 0.06 0.06
1950 Q10 Existing 489 1159.83 1162.73 1.74 1164.09 17.14 28.52 16.43 0.06 0.06
1950 Q1.5 Existing 164 1159.83 1161.55 1.06 1162.39 13.58 12.08 11.41 0.06 0.06

1900 Q100 Existing 858 1151.21 1154.62 2.34 1156.21 18.28 48.93 20.91 0.1 0.06 0.1 0.055
1900 Q10 Existing 489 1151.21 1153.83 1.85 1154.86 14.74 33.43 18.11 0.1 0.06 0.1 0.057
1900 Q1.5 Existing 164 1151.21 1152.81 1.16 1153.26 9.73 16.85 14.53 0.06 0.06

1850 Q100 Existing 858 1145.20 1149.59 2.38 1150.58 15.73 68.11 28.63 0.1 0.06 0.1 0.064
1850 Q10 Existing 489 1145.20 1148.87 1.8 1149.47 12.27 48.32 26.79 0.1 0.06 0.1 0.061
1850 Q1.5 Existing 164 1145.20 1147.76 1.07 1148.05 8.35 20.69 19.37 0.1 0.06 0.054



QTotal MinChEl W.S.Elev HydrDepth CritW.S. VelChnl FlowArea TopWidth
Manning

LOB
Manning
Chan

Manning
ROB

Manning
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RiverSta Profile Plan (cfs) (ft) (ft) (ft) (ft) (ft/s) (sqft) (ft) ‐‐ ‐‐ ‐‐ ‐‐

TABLE T2. HEC‐RAS OUTPUT FOR MATERIAL REMOVAL AREA, EXISTING AND PROPOSED CONDITIONS
PERMANENTE CREEK RESTORATION PLAN

1800 Q100 Existing 858 1141.77 1146.45 2.7 1146.96 13.16 81.87 30.37 0.1 0.06 0.1 0.062
1800 Q10 Existing 489 1141.77 1145.47 1.97 1145.82 10.94 53.58 27.21 0.1 0.06 0.1 0.061
1800 Q1.5 Existing 164 1141.77 1144.32 1.04 1144.45 7.37 24.41 23.51 0.1 0.06 0.1 0.055

1750 Q100 Existing 858 1137.61 1141.97 2.51 1142.93 14.81 64.68 25.8 0.1 0.06 0.1 0.059
1750 Q10 Existing 489 1137.61 1141.04 1.88 1141.73 12.44 42.44 22.64 0.1 0.06 0.057
1750 Q1.5 Existing 164 1137.61 1139.72 1.3 1140.11 9.32 17.6 13.59 0.06 0.06

1685.16 Q100 Existing 858 1129.12 1132.69 2.34 1134.12 17.53 49.57 21.21 0.1 0.06 0.1 0.057
1685.16 Q10 Existing 489 1129.12 1131.91 1.76 1132.89 14.51 33.69 19.15 0.06 0.06
1685.16 Q1.5 Existing 164 1129.12 1130.84 1.11 1131.36 10.33 15.87 14.27 0.06 0.06

1631.51 Q100 Existing 858 1123.59 1127.42 1.53 1128.1 15.19 96.4 62.86 0.1 0.06 0.1 0.073
1631.51 Q10 Existing 489 1123.59 1126.96 1.27 1127.36 11.67 69.52 54.9 0.1 0.06 0.1 0.069
1631.51 Q1.5 Existing 164 1123.59 1126.15 0.77 1126.38 7.99 31.03 40.14 0.1 0.06 0.1 0.059

1558.62 Q100 Existing 858 1114.84 1120.21 2.6 1120.62 14.6 68.44 26.34 0.1 0.06 0.1 0.05
1558.62 Q10 Existing 489 1114.84 1118.46 2.92 1119.35 13.73 35.66 12.23 0.1 0.06 0.1 0.058
1558.62 Q1.5 Existing 164 1114.84 1116.38 1.36 1117.12 12.5 13.12 9.67 0.06 0.06

1514 Q100 Existing 858 1110.83 1115.72 1.78 1117.05 15.55 59.08 33.17 0.1 0.06 0.049
1514 Q10 Existing 489 1110.83 1115.07 2.54 1115.72 11.38 42.99 16.94 0.06 0.06
1514 Q1.5 Existing 164 1110.83 1113.67 1.69 1113.67 7.47 21.96 12.96 0.06 0.06

1485.63 Q100 Existing 858 1106.93 1110.66 2.33 1112.03 16.99 50.5 21.64 0.06 0.06
1485.63 Q10 Existing 489 1106.93 1109.79 1.59 1110.85 15.19 32.2 20.2 0.06 0.06
1485.63 Q1.5 Existing 164 1106.93 1108.5 1.14 1109.44 13.39 12.25 10.73 0.06 0.06

1451.92 Q100 Existing 858 1104.87 1109.36 2.38 1109.81 11.76 85.48 35.91 0.06 0.1 0.059
1451.92 Q10 Existing 489 1104.87 1108.65 1.74 1108.8 9.07 60.36 34.71 0.06 0.1 0.052
1451.92 Q1.5 Existing 164 1104.87 1107.17 1.41 1107.17 6.81 24.08 17.05 0.06 0.06
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TABLE T2. HEC‐RAS OUTPUT FOR MATERIAL REMOVAL AREA, EXISTING AND PROPOSED CONDITIONS
PERMANENTE CREEK RESTORATION PLAN

1418.62 Q100 Existing 858 1102.17 1105.89 1.85 1106.79 13.78 65.04 35.23 0.06 0.1 0.053
1418.62 Q10 Existing 489 1102.17 1104.96 1.7 1105.75 12.62 38.75 22.85 0.06 0.06
1418.62 Q1.5 Existing 164 1102.17 1103.89 1.08 1104.3 9.27 17.7 16.39 0.06 0.06

1362.71 Q100 Existing 858 1097.54 1101.8 2.45 1102.32 11.52 74.46 30.4 0.06 0.06
1362.71 Q10 Existing 489 1097.54 1101.05 2 1101.27 9.2 53.15 26.51 0.06 0.06
1362.71 Q1.5 Existing 164 1097.54 1099.83 1.26 1099.86 6.61 24.82 19.63 0.06 0.06

1308.81 Q100 Existing 858 1094.21 1098.37 2.04 1099.03 12.35 86.75 42.61 0.1 0.06 0.1 0.056
1308.81 Q10 Existing 489 1094.21 1097.47 1.6 1097.87 10.49 53.48 33.49 0.1 0.06 0.1 0.054
1308.81 Q1.5 Existing 164 1094.21 1096.35 1.08 1096.49 7.19 22.96 21.35 0.1 0.06 0.1 0.057

1243.78 Q100 Existing 858 1090.38 1094.43 2.43 1094.92 11.75 74.51 30.63 0.1 0.06 0.1 0.057
1243.78 Q10 Existing 489 1090.38 1093.74 1.88 1093.93 9.12 53.92 28.72 0.001 0.06 0.1 0.059
1243.78 Q1.5 Existing 164 1090.38 1092.66 1.18 1092.66 6.25 26.24 22.27 0.06 0.06

1172.3 Q100 Existing 858 1082.54 1087.59 2.84 1088.92 14.59 58.92 20.72 0.1 0.06 0.057
1172.3 Q10 Existing 489 1082.54 1086.22 2.4 1087.14 13.68 35.76 14.87 0.06 0.06
1172.3 Q1.5 Existing 164 1082.54 1084.48 1.34 1085.17 11.83 13.86 10.32 0.06 0.06

1126.39 Q100 Existing 858 1076.73 1080.07 2.3 1081.49 17.54 48.91 21.23 0.06 0.06
1126.39 Q10 Existing 489 1076.73 1079.36 1.68 1080.32 14.33 34.13 20.29 0.06 0.06
1126.39 Q1.5 Existing 164 1076.73 1078.53 1.1 1078.88 8.84 18.55 16.94 0.06 0.06

1063.6 Q100 Existing 858 1073.21 1078.42 2.94 1078.42 10.92 92.8 31.59 0.1 0.06 0.1 0.055
1063.6 Q10 Existing 489 1073.21 1077.11 2.3 1077.11 9.38 56.17 24.43 0.1 0.06 0.1 0.054
1063.6 Q1.5 Existing 164 1073.21 1075.47 1.51 1075.47 7.04 23.3 15.4 0.06 0.06

992.88 Q100 Existing 858 1069.14 1072.5 1.72 1073.46 14.5 59.57 34.73 0.1 0.06 0.1 0.058
992.88 Q10 Existing 489 1069.14 1072.05 1.39 1072.59 10.99 44.49 32.03 0.06 0.06
992.88 Q1.5 Existing 164 1069.14 1071.39 1.01 1071.47 6.44 25.48 25.16 0.06 0.06
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965.98 Q100 Existing 858 1067.81 1072.71 2.48 1072.71 9.87 121.43 48.96 0.1 0.06 0.1 0.061
965.98 Q10 Existing 489 1067.81 1071.68 1.74 1071.68 8.5 73.54 42.28 0.1 0.06 0.1 0.055
965.98 Q1.5 Existing 164 1067.81 1070.18 1.61 1070.04 6.38 25.69 15.95 0.06 0.06

896.36 Q100 Existing 858 1065.69 1070.42 3.27 1069.71 8.01 120.03 36.7 0.1 0.06 0.1 0.058
896.36 Q10 Existing 489 1065.69 1068.53 1.79 1068.73 9.13 55.1 30.85 0.1 0.06 0.1 0.055
896.36 Q1.5 Existing 164 1065.69 1067.52 1.3 1067.4 5.76 28.49 21.89 0.06 0.06

863.1 Q100 Existing 858 1063.94 1070.05 4.28 8.47 149.47 34.93 0.1 0.06 0.1 0.07
863.1 Q10 Existing 489 1063.94 1068.02 2.86 1067.36 8.07 84.22 29.42 0.1 0.06 0.1 0.069
863.1 Q1.5 Existing 164 1063.94 1065.99 1.25 1065.99 7.03 30.01 24.07 0.1 0.06 0.1 0.064

828.53 Q100 Existing 858 1061.14 1067.83 3.5 1067.83 13.64 96.69 27.66 0.1 0.06 0.1 0.061
828.53 Q10 Existing 489 1061.14 1066.1 3 1066.1 11.53 57.82 19.26 0.1 0.06 0.1 0.061
828.53 Q1.5 Existing 164 1061.14 1063.94 1.65 1064.04 8.67 22.8 13.85 0.1 0.06 0.1 0.058

826.84 Q100 Existing 858 1060.76 1065.18 2.97 1066.62 17.16 51.18 17.23 0.1 0.06 0.1 0.055
826.84 Q10 Existing 489 1060.76 1063.92 2.35 1065.01 15.17 32.23 13.7 0.06 0.06
826.84 Q1.5 Existing 164 1060.76 1062.44 1.18 1063.12 12.12 13.54 11.44 0.06 0.06

803.52 Q100 Existing 858 1055.18 1059.39 3 1061.57 21.35 43.46 14.47 0.1 0.06 0.1 0.053
803.52 Q10 Existing 489 1055.18 1058.21 2.25 1059.74 18.16 27.63 12.26 0.1 0.06 0.1 0.055
803.52 Q1.5 Existing 164 1055.18 1056.86 1.31 1057.62 12.8 12.81 9.77 0.06 0.06

788.49 Q100 Existing 858 1052.86 1056.12 2.37 1058.14 21.75 41.1 17.33 0.1 0.06 0.1 0.056
788.49 Q10 Existing 489 1052.86 1055.39 1.78 1056.71 17.31 28.76 16.2 0.1 0.06 0.1 0.057
788.49 Q1.5 Existing 164 1052.86 1054.56 1.08 1055.04 10.3 15.93 14.75 0.06 0.1 0.06

752.92 Q100 Existing 858 1042.81 1046.27 1.89 1048.21 23.5 43.7 23.15 0.1 0.06 0.06
752.92 Q10 Existing 489 1042.81 1045.56 1.49 1047.09 19.36 28.64 19.25 0.1 0.06 0.057
752.92 Q1.5 Existing 164 1042.81 1044.45 0.97 1045.36 14.49 11.41 11.71 0.1 0.06 0.057
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740.16 Q100 Existing 858 1041.85 1046.1 2.35 1047.54 17.98 55.96 23.82 0.1 0.06 0.1 0.057
740.16 Q10 Existing 489 1041.85 1045.37 1.83 1046.25 13.86 39.41 21.49 0.1 0.06 0.1 0.055
740.16 Q1.5 Existing 164 1041.85 1044.44 1.28 1044.6 7.87 21.25 16.6 0.1 0.06 0.1 0.055

709.95 Q100 Existing 858 1038.62 1044.11 2.77 1045.02 14.59 62.93 22.69 0.1 0.06 0.1 0.052
709.95 Q10 Existing 489 1038.62 1042.93 2.83 1043.48 12.09 40.45 14.27 0.06 0.06
709.95 Q1.5 Existing 164 1038.62 1040.92 1.5 1041.42 10.48 15.64 10.42 0.06 0.06

659.75 Q100 Existing 858 1036.65 1042.11 3.38 1042.22 11.68 76.31 22.58 0.1 0.06 0.1 0.054
659.75 Q10 Existing 489 1036.65 1040.84 2.79 1040.84 9.64 50.84 18.25 0.1 0.06 0.1 0.058
659.75 Q1.5 Existing 164 1036.65 1039.05 1.65 1039.05 7.35 22.31 13.53 0.06 0.06

597.67 Q100 Existing 858 1033.94 1038.55 3.36 1039.05 13.03 67.19 19.97 0.1 0.06 0.1 0.056
597.67 Q10 Existing 489 1033.94 1037.53 2.58 1037.72 10.31 47.57 18.42 0.1 0.06 0 0.059
597.67 Q1.5 Existing 164 1033.94 1036.13 1.64 1036.04 6.75 24.31 14.84 0.06 0.06

552.31 Q100 Existing 858 1032.03 1036.48 3.07 1036.85 12.21 74.45 24.26 0.1 0.06 0.1 0.055
552.31 Q10 Existing 489 1032.03 1035.48 2.44 1035.56 9.64 51.77 21.24 0.1 0.06 0.1 0.056
552.31 Q1.5 Existing 164 1032.03 1033.95 1.53 1033.95 7.03 23.33 15.28 0.06 0.06

500 Q100 Existing 858 1028.47 1033.33 3.07 1033.96 13.38 68.21 22.21 0.1 0.06 0.1 0.053
500 Q10 Existing 489 1028.47 1032.06 2.53 1032.45 11.37 43.37 17.14 0.1 0.06 0 0.058
500 Q1.5 Existing 164 1028.47 1030.49 1.51 1030.67 8.25 19.89 13.14 0.06 0.06

450 Q100 Existing 858 1026.39 1031.14 2.67 1031.65 11.75 77.1 28.86 0.1 0.06 0 0.054
450 Q10 Existing 489 1026.39 1030.2 2.45 1030.2 9.22 53.28 21.73 0.1 0.06 0.057
450 Q1.5 Existing 164 1026.39 1028.49 1.56 1028.49 7.14 22.96 14.71 0.06 0.06

400 Q100 Existing 858 1024.77 1028.21 2.06 1028.76 12.22 83.15 40.38 0.1 0.06 0.1 0.06
400 Q10 Existing 489 1024.77 1028.15 2.01 1027.89 7.15 80.82 40.25 0.1 0.06 0.1 0.06
400 Q1.5 Existing 164 1024.77 1027 1.09 1026.74 4.79 36.71 33.79 0.1 0.06 0 0.055
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3300 Q100 Proposed 858 1258.76 1262.38 2.62 1262.10 8.57 111 42.5 0.10 0.06 0.10 0.06
3300 Q10 Proposed 489 1258.76 1261.63 2.08 1261.22 6.52 81 38.8 0.10 0.06 0.10 0.06
3300 Q1.5 Proposed 164 1258.76 1260.75 1.40 1260.18 3.51 48 34.6 0.10 0.06 0.10 0.06

3250 Q100 Proposed 858 1258.88 1262.32 2.90 4.45 201 69.5 0.10 0.06 0.10 0.06
3250 Q10 Proposed 489 1258.88 1261.15 1.88 4.08 122 65.1 0.10 0.06 0.10 0.06
3250 Q1.5 Proposed 164 1258.88 1260.00 0.85 3.27 50 59.3 0.06 0.10 0.06

3200 Q100 Proposed 858 1257.70 1262.22 3.44 3.15 286 83.0 0.10 0.06 0.10 0.06
3200 Q10 Proposed 489 1257.70 1260.96 2.37 2.72 184 77.9 0.10 0.06 0.10 0.06
3200 Q1.5 Proposed 164 1257.70 1259.43 1.05 2.35 71 67.5 0.06 0.10 0.06

3150 Q100 Proposed 858 1257.43 1262.05 3.81 3.48 272 71.5 0.10 0.06 0.10 0.06
3150 Q10 Proposed 489 1257.43 1260.80 2.82 2.82 186 65.9 0.10 0.06 0.10 0.06
3150 Q1.5 Proposed 164 1257.43 1259.19 1.46 1.98 86 58.7 0.10 0.06 0.10 0.06

3100 Q100 Proposed 858 1257.05 1261.75 3.81 4.54 215 56.3 0.10 0.06 0.10 0.06
3100 Q10 Proposed 489 1257.05 1260.55 2.95 3.57 151 51.1 0.10 0.06 0.10 0.06
3100 Q1.5 Proposed 164 1257.05 1258.98 1.67 2.29 75 45.0 0.10 0.06 0.10 0.06

3050 Q100 Proposed 858 1256.61 1261.66 3.81 3.59 276 72.3 0.10 0.06 0.10 0.06
3050 Q10 Proposed 489 1256.61 1260.45 2.96 2.82 192 65.0 0.10 0.06 0.10 0.06
3050 Q1.5 Proposed 164 1256.61 1258.86 1.75 1.77 97 55.4 0.10 0.06 0.10 0.06

3000 Q100 Proposed 858 1256.56 1261.49 3.43 3.78 263 76.7 0.10 0.06 0.10 0.06
3000 Q10 Proposed 489 1256.56 1260.28 2.62 3.07 176 67.3 0.10 0.06 0.10 0.06
3000 Q1.5 Proposed 164 1256.56 1258.70 1.45 2.14 79 54.9 0.10 0.06 0.10 0.06

2950 Q100 Proposed 858 1256.22 1261.35 3.22 3.32 262 81.3 0.10 0.06 0.10 0.06
2950 Q10 Proposed 489 1256.22 1260.10 2.39 2.94 166 69.6 0.06 0.10 0.06
2950 Q1.5 Proposed 164 1256.22 1258.42 1.36 2.46 67 49.1 0.06 0.06
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2900 Q100 Proposed 858 1255.40 1260.41 2.52 7.89 168 66.6 0.10 0.06 0.10 0.06
2900 Q10 Proposed 489 1255.40 1259.06 1.90 1258.66 7.26 91 47.8 0.10 0.06 0.10 0.06
2900 Q1.5 Proposed 164 1255.40 1257.52 1.29 5.21 34 26.2 0.10 0.06 0.10 0.05

2850 Q100 Proposed 858 1253.92 1258.70 2.69 1258.70 10.49 110 40.8 0.10 0.06 0.10 0.06
2850 Q10 Proposed 489 1253.92 1257.84 2.16 1257.59 8.04 77 35.8 0.10 0.06 0.10 0.06
2850 Q1.5 Proposed 164 1253.92 1256.59 1.31 4.95 37 28.3 0.10 0.06 0.10 0.05

2800 Q100 Proposed 858 1253.07 1258.02 2.72 1257.50 8.36 156 57.3 0.10 0.06 0.10 0.07
2800 Q10 Proposed 489 1253.07 1256.98 1.95 7.11 99 51.0 0.10 0.06 0.10 0.06
2800 Q1.5 Proposed 164 1253.07 1255.73 0.97 4.88 40 41.5 0.10 0.06 0.10 0.05

2750 Q100 Proposed 858 1252.22 1257.52 3.01 7.01 192 63.7 0.10 0.06 0.10 0.07
2750 Q10 Proposed 489 1252.22 1256.37 2.09 6.1 122 58.1 0.10 0.06 0.10 0.07
2750 Q1.5 Proposed 164 1252.22 1254.89 0.88 1254.41 4.86 41 46.8 0.10 0.06 0.10 0.04

2700 Q100 Proposed 858 1251.38 1256.47 2.97 8.48 147 49.3 0.10 0.06 0.10 0.07
2700 Q10 Proposed 489 1251.38 1255.42 2.12 7.03 97 45.7 0.10 0.06 0.10 0.06
2700 Q1.5 Proposed 164 1251.38 1254.06 1.11 4.82 40 36.0 0.10 0.06 0.10 0.05

2650 Q100 Proposed 858 1250.58 1255.80 3.11 7.82 163 52.3 0.10 0.06 0.10 0.07
2650 Q10 Proposed 489 1250.58 1254.73 2.21 6.48 109 49.0 0.10 0.06 0.10 0.07
2650 Q1.5 Proposed 164 1250.58 1253.40 1.11 4.38 47 42.3 0.10 0.06 0.10 0.05

2600 Q100 Proposed 858 1249.76 1254.13 2.53 1254.13 10.31 119 46.9 0.10 0.06 0.10 0.07
2600 Q10 Proposed 489 1249.76 1253.27 1.80 1253.27 8.47 80 44.3 0.10 0.06 0.10 0.06
2600 Q1.5 Proposed 164 1249.76 1252.04 0.87 1252.04 6.32 28 32.8 0.10 0.06 0.10 0.05

2550 Q100 Proposed 858 1247.32 1251.43 2.28 1251.86 12.19 96 42.2 0.10 0.06 0.10 0.06
2550 Q10 Proposed 489 1247.32 1250.54 1.51 1250.95 10.49 60 39.7 0.10 0.06 0.10 0.06
2550 Q1.5 Proposed 164 1247.32 1249.40 1.35 1249.54 7.32 22 16.6 0.00 0.06 0.06
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2500 Q100 Proposed 858 1243.63 1247.22 1.92 1248.05 14.54 80 41.6 0.10 0.06 0.10 0.06
2500 Q10 Proposed 489 1243.63 1246.53 1.33 1247.15 12.03 52 39.1 0.10 0.06 0.10 0.06
2500 Q1.5 Proposed 164 1243.63 1245.55 1.13 1245.88 8.27 20 17.6 0.10 0.06 0.06

2450 Q100 Proposed 858 1234.43 1237.46 1.34 1238.89 19.89 56 41.4 0.10 0.06 0.10 0.06
2450 Q10 Proposed 489 1234.43 1236.83 1.01 1238.00 17.16 32 31.5 0.10 0.06 0.10 0.05
2450 Q1.5 Proposed 164 1234.43 1235.81 0.91 1236.67 13.62 12 13.2 0.06 0.06

2400 Q100 Proposed 858 1223.18 1226.18 1.35 1227.59 19.94 56 41.4 0.10 0.06 0.10 0.06
2400 Q10 Proposed 489 1223.18 1225.66 0.93 1226.71 16.15 35 37.7 0.10 0.06 0.10 0.05
2400 Q1.5 Proposed 164 1223.18 1224.81 1.09 1225.42 10.5 16 14.4 0.06 0.06

2372.58 Q100 Proposed 858 1217.59 1220.73 1.23 1222.11 19.4 59 48.0 0.10 0.06 0.10 0.05
2372.58 Q10 Proposed 489 1217.59 1220.08 1.12 1221.29 16.2 34 30.0 0.10 0.06 0.10 0.05
2372.58 Q1.5 Proposed 164 1217.59 1219.09 1.00 1219.73 11.57 14 14.1 0.06 0.06

2350 Q100 Proposed 858 1213.54 1216.14 1.02 1217.32 19.4 64 62.7 0.10 0.06 0.10 0.06
2350 Q10 Proposed 489 1213.54 1215.74 0.82 1216.63 15.64 41 50.2 0.10 0.06 0.10 0.05
2350 Q1.5 Proposed 164 1213.54 1215.10 1.00 1215.64 9.95 16 16.5 0.06 0.06

2300 Q100 Proposed 858 1203.29 1206.52 1.30 1207.73 17.55 67 51.2 0.10 0.06 0.10 0.06
2300 Q10 Proposed 489 1203.29 1205.87 1.13 1206.88 14.94 39 34.3 0.06 0.10 0.05
2300 Q1.5 Proposed 164 1203.29 1204.81 1.00 1205.49 11.56 14 14.2 0.06 0.06

2250 Q100 Proposed 858 1193.29 1196.26 0.90 1197.40 19.43 67 74.5 0.10 0.06 0.10 0.05
2250 Q10 Proposed 489 1193.29 1195.78 0.73 1196.83 16.07 37 50.2 0.10 0.06 0.10 0.04
2250 Q1.5 Proposed 164 1193.29 1194.90 1.07 1195.50 10.76 15 14.3 0.06 0.06

2200 Q100 Proposed 858 1184.02 1187.10 1.04 1188.24 17.77 72 68.7 0.10 0.06 0.10 0.05
2200 Q10 Proposed 489 1184.02 1186.55 0.89 1187.53 15.01 40 44.7 0.10 0.06 0.10 0.05
2200 Q1.5 Proposed 164 1184.02 1185.59 1.04 1186.24 10.85 15 14.5 0.06 0.06
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2150 Q100 Proposed 858 1177.80 1181.22 1.16 1182.09 15.28 89 76.5 0.10 0.06 0.10 0.06
2150 Q10 Proposed 489 1177.80 1180.65 0.93 1181.47 12.71 51 55.2 0.10 0.06 0.10 0.05
2150 Q1.5 Proposed 164 1177.80 1179.68 1.25 1180.00 8.5 19 15.5 0.06 0.06

2100 Q100 Proposed 858 1172.74 1175.88 1.17 1176.70 14.62 88 75.2 0.10 0.06 0.10 0.06
2100 Q10 Proposed 489 1172.74 1175.34 0.86 1176.05 12.39 51 58.5 0.10 0.06 0.10 0.05
2100 Q1.5 Proposed 164 1172.74 1174.39 1.08 1174.78 8.83 19 17.1 0.06 0.06

2050 Q100 Proposed 858 1168.07 1171.44 1.51 1172.07 13.45 99 65.6 0.10 0.06 0.10 0.06
2050 Q10 Proposed 489 1168.07 1170.88 0.97 1171.41 11.37 62 64.2 0.10 0.06 0.10 0.05
2050 Q1.5 Proposed 164 1168.07 1170.01 1.01 1170.34 7.78 21 21.1 0.10 0.06 0.05

2000 Q100 Proposed 858 1163.49 1167.21 1.79 1167.91 13.62 90 50.4 0.10 0.06 0.10 0.06
2000 Q10 Proposed 489 1163.49 1166.47 1.14 1167.09 11.79 54 47.6 0.10 0.06 0.10 0.05
2000 Q1.5 Proposed 164 1163.49 1165.32 1.20 1165.67 8.91 18 15.3 0.06 0.06

1950 Q100 Proposed 858 1158.77 1162.03 1.38 1162.91 15.36 85 61.6 0.10 0.06 0.10 0.06
1950 Q10 Proposed 489 1158.77 1161.49 0.98 1162.15 12.76 53 54.2 0.10 0.06 0.10 0.05
1950 Q1.5 Proposed 164 1158.77 1160.69 1.26 1161.10 8.22 20 15.9 0.06 0.06

1900 Q100 Proposed 858 1153.17 1156.53 1.52 1157.39 14.94 83 54.7 0.10 0.06 0.10 0.06
1900 Q10 Proposed 489 1153.17 1155.91 1.03 1156.62 12.72 50 48.8 0.10 0.06 0.10 0.05
1900 Q1.5 Proposed 164 1153.17 1154.87 1.12 1155.43 9.71 17 15.1 0.06 0.06

1850 Q100 Proposed 858 1147.50 1150.88 1.42 1151.77 15.4 82 58.0 0.10 0.06 0.10 0.06
1850 Q10 Proposed 489 1147.50 1150.31 0.91 1151.04 12.93 50 54.8 0.10 0.06 0.10 0.05
1850 Q1.5 Proposed 164 1147.50 1149.37 1.23 1149.68 8.58 19 15.6 0.06 0.06

1800 Q100 Proposed 858 1141.76 1145.13 1.51 1146.07 15.6 79 52.3 0.10 0.06 0.10 0.06
1800 Q10 Proposed 489 1141.76 1144.52 0.96 1145.29 13.28 48 49.5 0.10 0.06 0.10 0.05
1800 Q1.5 Proposed 164 1141.76 1143.50 1.15 1144.00 9.58 17 14.9 0.06 0.06
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1750 Q100 Proposed 858 1135.99 1139.36 1.52 1140.33 15.66 78 51.5 0.10 0.06 0.10 0.06
1750 Q10 Proposed 489 1135.99 1138.75 1.02 1139.49 13.16 48 47.0 0.10 0.06 0.10 0.05
1750 Q1.5 Proposed 164 1135.99 1137.81 1.21 1138.20 8.89 18 15.3 0.06 0.06

1685.16 Q100 Proposed 858 1128.19 1131.58 1.58 1132.59 16.02 74 47.1 0.10 0.06 0.10 0.06
1685.16 Q10 Proposed 489 1128.19 1130.92 1.13 1131.76 13.5 45 39.9 0.10 0.06 0.10 0.05
1685.16 Q1.5 Proposed 164 1128.19 1129.89 1.14 1130.40 9.66 17 14.8 0.06 0.06

1631.51 Q100 Proposed 858 1122.32 1125.56 1.33 1126.45 15.32 82 61.8 0.10 0.06 0.10 0.06
1631.51 Q10 Proposed 489 1122.32 1125.04 0.97 1125.72 12.59 51 52.7 0.10 0.06 0.10 0.05
1631.51 Q1.5 Proposed 164 1122.32 1124.13 1.03 1124.49 8.46 19 18.9 0.10 0.06 0.06

1558.62 Q100 Proposed 858 1114.01 1117.50 1.70 1118.41 15.2 78 46.1 0.10 0.06 0.10 0.06
1558.62 Q10 Proposed 489 1114.01 1116.82 1.12 1117.55 13 48 42.8 0.10 0.06 0.10 0.05
1558.62 Q1.5 Proposed 164 1114.01 1115.76 1.15 1116.21 9.56 17 14.9 0.06 0.06

1514 Q100 Proposed 858 1109.32 1112.91 1.71 1113.88 15.07 74 43.3 0.10 0.06 0.10 0.06
1514 Q10 Proposed 489 1109.32 1112.18 1.31 1112.94 12.59 45 34.6 0.10 0.06 0.10 0.05
1514 Q1.5 Proposed 164 1109.32 1111.18 1.23 1111.48 8.36 20 16.0 0.06 0.06

1485.63 Q100 Proposed 858 1106.89 1110.30 1.70 1111.18 14.68 77 45.3 0.10 0.06 0.10 0.06
1485.63 Q10 Proposed 489 1106.89 1109.68 1.24 1110.32 11.84 50 40.5 0.10 0.06 0.10 0.05
1485.63 Q1.5 Proposed 164 1106.89 1108.70 1.20 1109.00 8.09 20 16.9 0.06 0.06

1451.92 Q100 Proposed 858 1104.73 1108.63 1.80 1109.10 12.05 104 57.7 0.10 0.06 0.10 0.06
1451.92 Q10 Proposed 489 1104.73 1108.00 1.23 1108.36 9.76 68 55.6 0.10 0.06 0.10 0.05
1451.92 Q1.5 Proposed 164 1104.73 1106.88 1.31 1106.88 6.73 24 18.6 0.00 0.06 0.10 0.06

1418.62 Q100 Proposed 858 1102.38 1106.14 1.53 1106.82 13.34 98 64.4 0.10 0.06 0.10 0.06
1418.62 Q10 Proposed 489 1102.38 1105.46 1.08 1106.07 11.42 57 53.0 0.10 0.06 0.10 0.05
1418.62 Q1.5 Proposed 164 1102.38 1104.32 1.26 1104.58 8.26 20 15.8 0.06 0.06
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1362.71 Q100 Proposed 858 1098.39 1101.88 1.61 1102.55 13.54 94 58.0 0.10 0.06 0.10 0.06
1362.71 Q10 Proposed 489 1098.39 1101.26 1.11 1101.80 11.37 59 53.3 0.10 0.06 0.10 0.05
1362.71 Q1.5 Proposed 164 1098.39 1100.43 1.08 1100.63 7.28 23 21.0 0.10 0.06 0.05

1308.81 Q100 Proposed 858 1094.26 1097.98 1.59 1098.64 13.08 101 63.5 0.10 0.06 0.10 0.06
1308.81 Q10 Proposed 489 1094.26 1097.33 1.07 1097.86 11.07 61 57.7 0.10 0.06 0.10 0.05
1308.81 Q1.5 Proposed 164 1094.26 1096.17 1.25 1096.46 8.37 20 15.6 0.06 0.06

1243.78 Q100 Proposed 858 1090.31 1094.19 1.90 1094.65 12.16 104 54.9 0.10 0.06 0.10 0.06
1243.78 Q10 Proposed 489 1090.31 1093.44 1.34 1093.88 10.36 65 48.5 0.10 0.06 0.10 0.06
1243.78 Q1.5 Proposed 164 1090.31 1092.53 0.82 1092.58 6.58 26 31.9 0.10 0.06 0.10 0.04

1172.3 Q100 Proposed 858 1082.95 1086.32 1.69 1087.43 16.58 68 40.4 0.10 0.06 0.10 0.06
1172.3 Q10 Proposed 489 1082.95 1085.64 1.10 1086.52 14.18 41 37.5 0.10 0.06 0.10 0.05
1172.3 Q1.5 Proposed 164 1082.95 1084.44 0.98 1085.20 12.18 13 13.7 0.06 0.06

1126.39 Q100 Proposed 858 1079.82 1082.07 1.84 1082.73 12.26 72 39.2 0.10 0.06 0.10 0.06
1126.39 Q10 Proposed 489 1079.82 1081.55 1.38 1081.91 9.54 52 37.8 0.10 0.06 0.10 0.06
1126.39 Q1.5 Proposed 164 1079.82 1080.93 0.88 1080.95 5.55 30 33.7 0.06 0.06

1063.6 Q100 Proposed 858 1073.21 1077.95 2.64 1078.43 12.45 80 30.1 0.10 0.06 0.10 0.05
1063.6 Q10 Proposed 489 1073.21 1076.78 2.11 1077.13 10.66 48 22.9 0.10 0.06 0.10 0.05
1063.6 Q1.5 Proposed 164 1073.21 1075.11 1.28 1075.47 9.11 18 14.1 0.06 0.06

992.88 Q100 Proposed 858 1069.14 1072.71 1.89 1073.46 12.96 67 35.4 0.10 0.06 0.10 0.06
992.88 Q10 Proposed 489 1069.14 1072.99 2.12 1072.59 6.46 77 36.3 0.10 0.06 0.10 0.06
992.88 Q1.5 Proposed 164 1069.14 1071.52 1.09 1071.48 5.68 29 26.5 0.06 0.06

965.98 Q100 Proposed 858 1067.81 1072.86 2.51 1072.86 9.99 116 46.3 0.10 0.06 0.10 0.06
965.98 Q10 Proposed 489 1067.81 1071.80 1.75 1071.80 8.58 69 39.6 0.10 0.06 0.10 0.05
965.98 Q1.5 Proposed 164 1067.81 1070.17 1.60 1070.04 6.45 25 15.9 0.06 0.06
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TABLE T2. HEC‐RAS OUTPUT FOR MATERIAL REMOVAL AREA, EXISTING AND PROPOSED CONDITIONS
PERMANENTE CREEK RESTORATION PLAN

896.36 Q100 Proposed 858 1065.69 1070.43 3.31 1069.68 7.91 121 36.7 0.10 0.06 0.10 0.06
896.36 Q10 Proposed 489 1065.69 1068.37 1.75 1068.67 9.68 52 29.5 0.10 0.06 0.10 0.06
896.36 Q1.5 Proposed 164 1065.69 1067.52 1.28 1067.39 5.6 29 22.9 0.06 0.06

863.1 Q100 Proposed 858 1063.94 1070.05 4.28 8.47 149 34.9 0.10 0.06 0.10 0.07
863.1 Q10 Proposed 489 1063.94 1068.02 2.86 1067.36 8.07 84 29.4 0.10 0.06 0.10 0.07
863.1 Q1.5 Proposed 164 1063.94 1065.99 1.25 1065.99 7.03 30 24.1 0.10 0.06 0.10 0.06

828.53 Q100 Proposed 858 1061.14 1067.82 3.49 1067.82 13.64 97 27.7 0.10 0.06 0.10 0.06
828.53 Q10 Proposed 489 1061.14 1066.10 3.00 1066.10 11.53 58 19.3 0.10 0.06 0.10 0.06
828.53 Q1.5 Proposed 164 1061.14 1063.93 1.64 1064.04 8.69 23 13.8 0.10 0.06 0.10 0.06

826.84 Q100 Proposed 858 1060.76 1065.18 2.97 1066.62 17.16 51 17.2 0.10 0.06 0.10 0.06
826.84 Q10 Proposed 489 1060.76 1063.93 2.35 1065.01 15.17 32 13.7 0.06 0.06
826.84 Q1.5 Proposed 164 1060.76 1062.44 1.18 1063.12 12.12 14 11.4 0.06 0.06

803.52 Q100 Proposed 858 1055.18 1059.39 3.00 1061.57 21.35 43 14.5 0.10 0.06 0.10 0.05
803.52 Q10 Proposed 489 1055.18 1058.21 2.25 1059.74 18.16 28 12.3 0.10 0.06 0.10 0.06
803.52 Q1.5 Proposed 164 1055.18 1056.86 1.31 1057.62 12.8 13 9.8 0.06 0.06

788.49 Q100 Proposed 858 1052.86 1056.13 2.37 1058.17 21.73 41 17.3 0.10 0.06 0.10 0.06
788.49 Q10 Proposed 489 1052.86 1055.40 1.78 1056.73 17.26 29 16.2 0.10 0.06 0.10 0.06
788.49 Q1.5 Proposed 164 1052.86 1054.57 1.09 1055.05 10.25 16 14.7 0.06 0.06

752.92 Q100 Proposed 858 1042.81 1046.27 1.89 1048.21 23.47 44 23.2 0.10 0.06 0.06
752.92 Q10 Proposed 489 1042.81 1045.56 1.49 1047.09 19.34 29 19.3 0.10 0.06 0.06
752.92 Q1.5 Proposed 164 1042.81 1044.45 0.97 1045.36 14.49 11 11.7 0.10 0.06 0.06

740.16 Q100 Proposed 858 1041.85 1046.09 2.35 1047.54 17.96 56 23.8 0.10 0.06 0.10 0.06
740.16 Q10 Proposed 489 1041.85 1045.36 1.84 1046.24 13.86 39 21.4 0.10 0.06 0.10 0.06
740.16 Q1.5 Proposed 164 1041.85 1044.43 1.28 1044.59 7.88 21 16.6 0.10 0.06 0.10 0.06
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PERMANENTE CREEK RESTORATION PLAN

709.95 Q100 Proposed 858 1038.62 1044.52 3.14 1045.49 16.2 73 23.1 0.10 0.06 0.10 0.05
709.95 Q10 Proposed 489 1038.62 1043.03 2.89 1044.09 13.89 42 14.5 0.10 0.06 0.10 0.05
709.95 Q1.5 Proposed 164 1038.62 1040.94 1.51 1041.46 10.98 16 10.5 0.10 0.06 0.00 0.06

659.75 Q100 Proposed 858 1036.65 1041.33 3.07 1042.21 14.45 60 19.6 0.10 0.06 0.10 0.06
659.75 Q10 Proposed 489 1036.65 1040.57 2.62 1040.84 10.62 46 17.6 0.00 0.06 0.00 0.06
659.75 Q1.5 Proposed 164 1036.65 1039.05 1.65 1039.05 7.35 22 13.5 0.06 0.06

597.67 Q100 Proposed 858 1033.94 1039.05 3.73 1039.05 11.44 77 20.7 0.10 0.06 0.10 0.06
597.67 Q10 Proposed 489 1033.94 1037.72 2.73 1037.72 9.61 51 18.7 0.10 0.06 0.10 0.06
597.67 Q1.5 Proposed 164 1033.94 1036.13 1.64 1036.04 6.75 24 14.8 0.06 0.06

552.31 Q100 Proposed 858 1032.03 1036.19 2.90 1036.85 13.26 68 23.3 0.10 0.06 0.10 0.06
552.31 Q10 Proposed 489 1032.03 1035.31 2.32 1035.56 10.29 48 20.8 0.10 0.06 0.10 0.06
552.31 Q1.5 Proposed 164 1032.03 1033.95 1.53 1033.95 7.03 23 15.3 0.06 0.06

500 Q100 Proposed 858 1028.47 1033.48 3.13 1033.96 12.86 72 22.9 0.10 0.06 0.10 0.05
500 Q10 Proposed 489 1028.47 1032.18 2.60 1032.45 10.87 46 17.5 0.10 0.06 0.10 0.06
500 Q1.5 Proposed 164 1028.47 1030.49 1.51 1030.67 8.25 20 13.1 0.06 0.06

450 Q100 Proposed 858 1026.39 1031.01 2.63 1031.65 12.26 73 27.8 0.10 0.06 0.05
450 Q10 Proposed 489 1026.39 1030.20 2.45 1030.20 9.22 53 21.7 0.10 0.06 0.06
450 Q1.5 Proposed 164 1026.39 1028.49 1.56 1028.49 7.14 23 14.7 0.06 0.06

400 Q100 Proposed 858 1024.77 1028.14 2.00 1028.58 10.89 81 40.2 0.10 0.06 0.10 0.06
400 Q10 Proposed 489 1024.77 1028.11 1.97 1027.79 6.31 79 40.2 0.10 0.06 0.10 0.06
400 Q1.5 Proposed 164 1024.77 1027.07 1.12 1026.76 4.23 39 34.9 0.06 0.10 0.06



Project: Permanente Creek Restoration Project
Project #: 13-016
Date: 10/28/19
By: D.R.
Checked by: B.M.Z.
Location: Channel Widening Area

Table T3
Overtopping Flow Evaluation along Angular Rock Vehicle Barrier

HEC‐RAS Station
Road Edge Elevation

(ft)
100‐yr WSE

(ft)

Depth at Road 
Edge
(ft)

Velocity at 
Road Edge

(ft/s)

Energy Slope
(ft/ft)

Shear Stress 
(calculated)
(lbs/sf)

Notes

145+50 and upstream 691.0 690.6 ‐‐ ‐‐ ‐‐ ‐‐ road above 100‐yr WSE

145+00 688.0 689.1 1.1 2.2 0.019 1.3

144+50 685.7 686.9 1.2 5.0 0.060 4.5 Maximum shear

144+12.75 684.4 685.3 0.9 4.3 0.039 2.2

143+88.99 to 135+94 ‐‐ ‐‐ ‐‐ ‐‐ road above 100‐yr WSE

135+60.62 645.7 646.2 0.5 1.1 0.017 0.5

135+00 644.2 645.2 1.0 4.4 0.017 1.1

134+50 642.5 643.9 1.4 4.9 0.016 1.4

134+26 to 124+82.8 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ road above 100‐yr WSE

124+63.7 605.9 606.2 0.3 2.4 0.037 0.7 shallow

124+11.83 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ road above 100‐yr WSE

123+56.27 601.2 602.8 1.6 3.5 0.025 2.5

123+01.23 600 600.3 0.3 3.4 0.047 0.9 shallow

122+50.48 to 117+24.31 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ road above 100‐yr WSE

116+78.1 579.7 580.0 0.3 0.3 0.001 0.0 shallow

116+20.76 578.3 579.8 1.5 0.8 0.005 0.4 Just upstream of culvert

Notes:
*The maximum permissible velocity of a 6‐inch diameter rock is 10 ft/s and the maximum permissible shear stress is 2.5 lb/ft2

*The maximum permissible velocity of a 12‐inch diameter rock is 13 ft/s and the maximum permissible shear stress is 5.1 lb/ft2

Use 10 to 16‐inch diameter rock to constructe the vehicle barrier from Sta. 144+25 to 144+75.

Purpose: Evaluate areas where the 100-year flood overtops the bank adjacent to the access road and determine if the proposed 4 to 8 inch angular rock vehicle 
barrier will remain stable.

*Source: Fischenich, Craig.  May 2001.  Stability Thresholds for Stream Restoration Materials. USAE Research and Development Center, Environmental Laboratory. 

Vicksburg Mississippi.
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HEC‐RAS

STATION DESIGN n + 10% n ‐ 10% DESIGN n + 10% n ‐ 10% DESIGN n + 10% n ‐ 10% n + 10% n ‐ 10% n + 10% n ‐ 10% n + 10% n ‐ 10%

16350.0 815.0 815.1 815.0 816.4 816.5 816.2 817.5 817.7 817.3 0.07 ‐0.06 0.14 ‐0.15 0.20 ‐0.21
16307.7 813.5 813.6 813.4 814.9 815.1 814.8 816.1 816.3 815.9 0.11 ‐0.12 0.17 ‐0.16 0.21 ‐0.21
16250.0 811.8 811.8 811.7 813.3 813.4 813.1 814.4 814.5 814.2 0.05 ‐0.03 0.06 ‐0.18 0.11 ‐0.22
16200.0 809.7 809.8 809.5 810.5 810.8 810.5 811.4 811.6 811.4 0.14 ‐0.15 0.23 0.01 0.21 0.00
16150.0 806.3 806.3 806.3 808.0 808.0 807.8 808.9 808.9 808.7 0.00 0.00 0.02 ‐0.17 0.05 ‐0.17
16100.0 802.1 802.3 802.0 803.3 803.4 803.2 804.1 804.1 804.1 0.16 ‐0.15 0.09 ‐0.03 0.06 ‐0.02
16050.0 798.6 798.6 798.5 799.7 799.8 799.5 800.4 800.6 800.2 0.06 ‐0.08 0.13 ‐0.16 0.17 ‐0.19
16000.0 794.3 794.4 794.2 795.6 795.6 795.4 796.5 796.6 796.3 0.11 ‐0.09 0.09 ‐0.11 0.12 ‐0.15
15982.4 793.3 793.4 793.2 794.4 794.5 794.2 795.2 795.3 795.0 0.10 ‐0.15 0.13 ‐0.14 0.15 ‐0.15
15950.0 790.2 790.3 790.2 791.5 791.6 791.4 792.3 792.4 792.2 0.05 ‐0.04 0.09 ‐0.11 0.11 ‐0.12
15917.7 787.8 787.9 787.6 788.8 788.9 788.7 789.6 789.7 789.4 0.13 ‐0.14 0.12 ‐0.12 0.13 ‐0.14
15900.0 786.5 786.6 786.4 787.7 787.8 787.6 788.5 788.7 788.3 0.06 ‐0.09 0.13 ‐0.14 0.17 ‐0.17
15878.5 784.7 784.8 784.6 785.9 786.0 785.8 786.7 786.9 786.6 0.10 ‐0.10 0.09 ‐0.12 0.12 ‐0.15
15850.0 782.5 782.6 782.4 783.6 783.7 783.5 784.4 784.5 784.3 0.09 ‐0.10 0.10 ‐0.12 0.12 ‐0.14
15800.0 778.5 778.6 778.4 779.6 779.7 779.5 780.5 780.6 780.3 0.09 ‐0.10 0.11 ‐0.12 0.14 ‐0.15
15750.0 774.3 774.4 774.2 775.5 775.6 775.4 776.3 776.4 776.1 0.09 ‐0.10 0.10 ‐0.12 0.13 ‐0.13
15700.0 770.0 770.1 769.9 771.1 771.3 771.0 772.0 772.1 771.8 0.08 ‐0.09 0.13 ‐0.14 0.14 ‐0.16
15650.0 766.1 766.2 766.0 767.2 767.2 767.1 767.8 767.9 767.7 0.09 ‐0.10 0.08 ‐0.10 0.10 ‐0.11
15600.0 762.0 762.1 761.9 763.2 763.3 763.1 763.9 764.0 763.8 0.10 ‐0.08 0.09 ‐0.11 0.11 ‐0.12
15550.0 758.2 758.3 758.1 759.2 759.3 759.1 759.8 759.8 759.7 0.10 ‐0.11 0.08 ‐0.09 0.07 ‐0.08
15500.0 754.2 754.3 754.2 755.3 755.4 755.2 756.0 756.1 755.9 0.07 ‐0.08 0.09 ‐0.10 0.11 ‐0.13
15450.0 750.6 750.7 750.4 751.6 751.7 751.5 752.4 752.5 752.3 0.10 ‐0.11 0.10 ‐0.11 0.11 ‐0.13
15400.0 746.6 746.7 746.5 747.9 748.0 747.8 748.8 748.9 748.6 0.07 ‐0.08 0.10 ‐0.12 0.11 ‐0.12
15350.0 742.6 742.7 742.5 743.7 743.8 743.6 744.5 744.6 744.4 0.11 ‐0.12 0.09 ‐0.11 0.10 ‐0.10
15300.0 738.6 738.7 738.5 739.8 739.9 739.6 740.5 740.6 740.4 0.08 ‐0.09 0.11 ‐0.13 0.13 ‐0.14
15250.0 734.6 734.7 734.5 735.7 735.8 735.6 736.6 736.7 736.4 0.10 ‐0.11 0.10 ‐0.11 0.12 ‐0.14
15200.0 730.6 730.7 730.5 731.8 731.9 731.7 732.7 732.8 732.5 0.08 ‐0.10 0.12 ‐0.12 0.14 ‐0.16
15150.0 726.6 726.7 726.5 727.8 727.9 727.7 728.6 728.7 728.5 0.10 ‐0.10 0.11 ‐0.12 0.13 ‐0.14
15100.0 722.7 722.7 722.6 723.8 723.9 723.7 724.6 724.8 724.5 0.08 ‐0.10 0.12 ‐0.12 0.14 ‐0.15
15050.0 718.7 718.8 718.6 719.8 719.9 719.7 720.6 720.7 720.5 0.10 ‐0.10 0.11 ‐0.12 0.12 ‐0.15
15000.0 714.7 714.8 714.6 715.9 716.0 715.8 716.6 716.8 716.5 0.08 ‐0.11 0.11 ‐0.11 0.13 ‐0.14
14950.0 710.7 710.8 710.6 711.8 711.9 711.7 712.6 712.8 712.5 0.10 ‐0.10 0.11 ‐0.12 0.13 ‐0.14
14923.5 708.4 708.5 708.3 709.7 709.8 709.5 710.5 710.7 710.4 0.08 ‐0.10 0.13 ‐0.14 0.13 ‐0.15
14900.0 706.4 706.5 706.4 707.4 707.5 707.3 708.3 708.4 708.1 0.07 ‐0.08 0.10 ‐0.11 0.12 ‐0.14
14850.0 704.2 704.3 704.1 705.5 705.7 705.3 706.4 706.6 706.2 0.12 ‐0.14 0.16 ‐0.18 0.19 ‐0.21
14802.6 703.3 703.3 703.4 704.2 704.2 704.1 704.9 704.9 704.8 ‐0.01 0.02 0.01 ‐0.05 0.00 ‐0.05
14794.1 700.5 700.5 700.4 702.4 702.4 702.4 703.0 703.0 703.0 0.03 ‐0.04 0.01 ‐0.03 ‐0.01 ‐0.01
14750.0 699.6 699.7 699.4 700.4 700.6 700.3 701.2 701.3 701.0 0.13 ‐0.16 0.11 ‐0.10 0.14 ‐0.12
14700.0 695.3 695.3 695.3 696.8 696.8 696.7 697.5 697.5 697.4 0.01 ‐0.03 0.04 ‐0.07 0.02 ‐0.05
14667.2 690.0 690.1 689.9 691.5 691.7 691.4 693.1 693.2 692.9 0.11 ‐0.09 0.15 ‐0.15 0.14 ‐0.17
14650.0 690.4 690.4 690.1 691.6 691.9 691.4 692.5 692.6 692.3 0.06 ‐0.28 0.26 ‐0.25 0.15 ‐0.17
14600.0 688.7 688.8 688.3 689.4 689.4 689.3 690.0 691.2 689.9 0.13 ‐0.37 0.02 ‐0.05 1.25 ‐0.10

TABLE T4. SENSITIVITY ANALYSIS: COMPARISONS OF WATER SURFACE ELEVATIONS FROM HEC‐RAS BY RAISING AND LOWERING CHANNEL ROUGHNESS DESIGN VALUES BY 10%

PERMANENTE CREEK RESTORATION PLAN

Water Surface Elevations

1.5‐YR Proposed Conditions

Water Surface Elevations

10‐YR Proposed Conditions

Water Surface Elevations

100‐YR Proposed Conditions 100‐YR Water Surface1.5‐YR Water Surface 10‐YR Water Surface

Differences between Sensitivity Trial and Design *
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14550.0 687.5 687.5 687.5 689.3 689.4 689.2 690.7 690.8 690.7 0.01 ‐0.01 0.07 ‐0.11 0.03 ‐0.02
14500.0 686.2 686.3 685.8 687.8 687.8 687.8 689.1 689.0 689.1 0.12 ‐0.34 0.03 0.03 ‐0.06 0.05
14450.0 684.7 684.7 684.7 686.2 686.4 686.0 686.9 687.1 686.8 ‐0.01 0.01 0.19 ‐0.16 0.14 ‐0.12
14412.8 682.2 682.2 682.1 683.8 683.8 683.9 685.3 685.3 685.3 0.05 ‐0.05 ‐0.06 0.01 ‐0.02 ‐0.04
14389.0 677.6 677.6 677.5 679.8 679.8 679.7 681.1 681.1 681.1 0.04 ‐0.05 0.08 ‐0.06 0.04 ‐0.03
14350.0 675.2 675.3 675.0 676.7 676.9 676.6 677.9 678.0 677.7 0.17 ‐0.15 0.11 ‐0.12 0.12 ‐0.12
14300.0 670.7 670.7 670.7 672.4 672.5 672.3 673.4 673.5 673.3 ‐0.01 ‐0.01 0.06 ‐0.06 0.09 ‐0.11
14250.0 667.2 667.3 667.2 667.8 667.9 667.8 668.6 668.6 668.5 0.07 ‐0.07 0.05 ‐0.04 0.04 ‐0.03
14192.7 664.8 664.8 664.8 666.5 666.5 666.5 667.5 667.5 667.5 0.00 ‐0.01 0.00 0.00 ‐0.02 0.01
14150.0 662.7 662.8 662.6 663.9 663.9 663.8 664.8 664.8 664.7 0.15 ‐0.10 0.09 ‐0.09 0.08 ‐0.07
14096.7 660.9 661.0 660.9 662.6 662.6 662.5 663.8 663.8 663.7 0.06 ‐0.04 0.01 ‐0.07 0.00 ‐0.02
14082.0 660.3 660.4 660.3 661.7 661.8 661.7 662.7 662.8 662.8 0.07 ‐0.08 0.10 0.02 0.04 0.02
14050.0 659.5 659.6 659.5 661.2 661.2 661.1 662.2 662.2 662.2 0.03 ‐0.01 0.03 ‐0.08 ‐0.05 ‐0.05
14000.0 658.1 658.2 658.0 659.5 659.6 659.5 660.5 660.7 660.5 0.12 ‐0.14 0.06 0.00 0.20 ‐0.01
13950.0 656.3 656.3 656.3 658.0 658.1 657.9 659.1 659.1 659.0 0.00 0.00 0.11 ‐0.13 ‐0.02 ‐0.16
13900.0 653.7 653.8 652.6 654.8 654.8 654.7 656.0 656.1 655.9 0.14 ‐1.04 0.07 ‐0.07 0.11 ‐0.03
13850.0 652.0 652.0 652.0 653.6 653.6 653.5 654.2 654.3 654.1 0.00 0.00 0.01 ‐0.12 0.12 ‐0.13
13800.0 650.5 650.5 650.4 651.8 651.9 651.3 652.8 652.9 652.7 0.04 ‐0.06 0.11 ‐0.54 0.13 ‐0.12
13750.0 649.0 649.1 648.9 650.5 650.5 650.5 651.4 651.4 651.5 0.10 ‐0.06 ‐0.02 0.02 ‐0.05 0.05
13700.0 647.7 647.7 647.7 649.4 649.4 649.3 650.4 650.5 650.3 0.04 0.01 0.02 ‐0.10 0.06 ‐0.09
13657.2 646.5 646.6 646.3 647.7 647.9 647.7 648.8 648.8 648.8 0.13 ‐0.16 0.14 ‐0.01 0.03 0.00
13594.6 644.6 644.6 644.6 645.6 645.7 645.5 646.5 646.6 646.3 ‐0.01 0.00 0.05 ‐0.15 0.16 ‐0.16
13560.7 644.0 644.0 643.9 645.4 645.4 645.3 646.2 646.2 646.1 0.04 ‐0.04 0.04 ‐0.03 0.05 ‐0.06
13500.0 643.1 643.2 643.0 644.3 644.4 644.2 645.2 645.3 645.1 0.08 ‐0.11 0.06 ‐0.09 0.05 ‐0.07
13450.0 641.3 641.3 641.3 643.0 643.0 643.0 643.9 643.9 644.0 0.00 0.00 0.00 0.02 ‐0.05 0.07
13426.5 640.0 640.1 639.9 641.1 641.2 641.1 641.9 642.0 641.9 0.12 ‐0.11 0.05 ‐0.05 0.05 ‐0.04
13400.0 639.2 639.2 639.1 640.5 640.6 640.4 641.7 641.8 641.6 0.06 ‐0.07 0.10 ‐0.08 0.13 ‐0.14
13350.0 638.3 638.4 638.2 639.7 639.9 639.6 641.1 641.3 640.9 0.08 ‐0.08 0.15 ‐0.18 0.15 ‐0.19
13335.6 637.9 638.0 637.8 639.5 639.6 639.3 640.9 641.0 640.7 0.09 ‐0.09 0.15 ‐0.16 0.14 ‐0.16
13300.0 637.1 637.2 637.0 638.8 639.0 638.6 640.3 640.4 640.1 0.12 ‐0.14 0.16 ‐0.20 0.14 ‐0.17
13239.0 636.5 636.5 636.5 637.9 638.0 637.8 638.8 638.9 638.7 0.04 ‐0.04 0.06 ‐0.06 0.12 ‐0.08
13208.1 635.7 635.7 635.7 636.9 636.8 636.9 637.8 637.7 637.9 ‐0.01 0.02 ‐0.04 0.07 ‐0.07 0.04
13200.0 632.8 632.8 632.7 635.1 635.1 635.0 636.2 636.2 636.2 0.04 ‐0.04 0.03 ‐0.03 ‐0.01 0.01
13171.2 630.8 630.9 630.6 634.0 634.0 634.0 635.6 635.5 635.6 0.15 ‐0.18 0.03 ‐0.03 ‐0.06 0.06
13150.0 630.8 631.0 630.7 633.1 633.0 633.1 634.3 634.2 634.3 0.20 ‐0.05 ‐0.02 0.03 ‐0.09 0.07
13113.0 629.8 629.8 629.6 631.3 631.4 631.2 632.5 632.6 632.5 0.00 ‐0.17 0.08 ‐0.07 0.08 ‐0.04
13087.0 626.6 626.7 626.6 628.9 629.0 628.8 630.3 630.4 630.2 0.09 ‐0.03 0.12 ‐0.13 0.12 ‐0.11
13050.0 625.8 625.8 625.6 627.0 627.2 626.9 628.4 628.6 628.2 0.02 ‐0.24 0.19 ‐0.17 0.22 ‐0.20
13000.0 623.2 623.4 623.1 625.8 625.9 625.4 627.6 627.7 627.1 0.21 ‐0.05 0.06 ‐0.44 0.05 ‐0.54

12950.0 620.0 620.1 619.8 621.8 621.9 621.7 623.0 623.0 622.9 0.09 ‐0.19 0.12 ‐0.07 0.07 ‐0.05
12900.0 618.2 618.3 618.2 620.6 620.7 620.3 622.3 622.3 621.7 0.08 0.00 0.11 ‐0.30 ‐0.02 ‐0.60

12850.0 617.2 617.3 617.0 619.0 619.3 618.2 620.0 620.3 619.8 0.15 ‐0.16 0.26 ‐0.78 0.22 ‐0.24
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12800.0 615.4 615.4 615.4 617.7 617.7 617.7 619.2 619.2 619.1 0.00 0.00 0.00 0.01 0.02 ‐0.11
12750.0 613.8 614.0 613.7 614.7 615.0 614.5 616.0 616.1 615.9 0.15 ‐0.17 0.22 ‐0.21 0.13 ‐0.12
12700.0 612.1 612.1 612.1 614.2 614.2 614.1 615.3 615.3 615.0 0.02 0.00 ‐0.01 ‐0.06 0.03 ‐0.34

12650.0 610.5 610.6 610.3 611.4 611.6 611.3 612.6 612.8 612.5 0.11 ‐0.16 0.17 ‐0.13 0.15 ‐0.10
12600.0 608.8 609.0 608.8 610.7 610.7 610.6 611.6 611.7 611.3 0.12 ‐0.06 ‐0.02 ‐0.13 0.08 ‐0.32

12590.0 608.4 608.5 608.3 610.0 610.1 610.0 611.1 611.1 610.9 0.06 ‐0.16 0.04 ‐0.04 0.04 ‐0.19
12580.0 608.0 608.2 608.0 609.4 609.5 609.3 610.3 610.9 610.2 0.20 0.03 0.08 ‐0.08 0.56 ‐0.15
12570.0 607.6 607.7 607.6 609.3 609.4 609.4 610.5 610.5 610.4 0.11 0.03 0.10 0.04 0.00 ‐0.07
12560.0 607.2 607.3 607.1 609.0 609.1 609.0 610.0 610.2 610.0 0.07 ‐0.11 0.07 ‐0.05 0.15 ‐0.02
12550.0 606.9 606.9 606.8 607.7 607.7 607.7 609.8 609.9 609.7 0.05 ‐0.05 ‐0.01 0.01 0.06 ‐0.08
12540.4 606.4 606.5 606.4 607.3 608.4 607.4 609.5 609.5 609.4 0.06 ‐0.07 1.02 0.02 0.04 ‐0.10
12530.9 606.0 606.1 606.0 607.9 608.0 607.0 609.0 609.0 609.0 0.06 ‐0.07 0.04 ‐0.96 0.04 0.03
12521.3 605.7 605.7 605.6 607.4 607.5 607.5 608.6 608.6 608.5 0.06 ‐0.07 0.06 0.10 0.02 ‐0.09
12511.7 605.3 605.3 605.2 607.0 607.0 606.9 608.2 608.2 608.2 0.07 ‐0.07 0.01 ‐0.14 0.05 0.09
12502.1 604.9 604.9 604.8 606.5 606.6 606.5 607.8 607.8 607.7 0.06 ‐0.06 0.10 0.01 ‐0.02 ‐0.15
12492.5 604.5 604.5 604.5 606.2 606.3 606.1 607.3 607.3 607.2 0.03 ‐0.03 0.12 ‐0.09 0.09 ‐0.06
12482.9 604.0 604.1 603.9 605.6 605.7 605.6 606.9 606.9 606.7 0.08 ‐0.07 0.04 ‐0.07 ‐0.03 ‐0.18
12473.3 603.7 603.8 603.6 605.4 605.4 604.9 606.6 606.7 605.9 0.05 ‐0.07 0.09 ‐0.45 0.12 ‐0.69

12463.7 603.4 603.5 603.3 604.9 604.9 604.9 606.2 606.1 606.2 0.05 ‐0.09 0.01 0.01 ‐0.02 0.02
12411.9 601.4 601.5 601.3 603.2 603.3 603.1 603.9 604.3 603.7 0.10 ‐0.07 0.10 ‐0.11 0.48 ‐0.12
12356.3 600.2 600.3 600.2 601.7 601.8 601.6 602.8 602.8 602.9 0.07 ‐0.07 0.11 ‐0.12 ‐0.02 0.03
12301.3 598.0 598.0 598.0 599.7 599.7 599.7 600.7 600.8 600.6 0.00 ‐0.01 ‐0.02 0.01 0.11 ‐0.10
12250.5 596.0 596.1 595.9 597.7 597.9 597.6 599.0 599.1 598.7 0.09 ‐0.13 0.12 ‐0.16 0.19 ‐0.22
12225.1 594.8 594.9 594.8 596.8 596.8 596.8 598.3 598.2 598.4 0.04 0.00 ‐0.01 0.00 ‐0.06 0.08
12191.7 593.6 593.7 593.3 594.7 594.8 594.6 595.7 595.9 595.6 0.04 ‐0.34 0.13 ‐0.12 0.13 ‐0.13
12142.0 592.0 592.1 592.0 593.5 593.5 593.6 594.6 594.6 594.5 0.14 ‐0.03 ‐0.07 0.03 ‐0.05 ‐0.18
12092.7 590.2 590.2 590.1 591.4 591.5 591.3 592.1 592.2 592.1 ‐0.01 ‐0.11 0.13 ‐0.09 0.11 ‐0.02
12033.9 587.2 587.3 587.1 589.3 589.5 588.4 589.7 589.9 589.4 0.15 ‐0.07 0.14 ‐0.92 0.12 ‐0.32

11982.1 585.1 585.1 585.0 587.2 587.2 587.2 588.5 588.5 588.5 0.02 ‐0.01 0.00 0.02 0.00 0.00
11932.5 582.4 582.6 582.2 583.7 583.8 583.6 584.6 584.5 584.7 0.19 ‐0.19 0.09 ‐0.09 ‐0.10 0.12
11881.8 580.3 580.3 580.2 581.7 582.0 581.5 582.9 583.1 582.5 0.02 ‐0.06 0.23 ‐0.23 0.27 ‐0.36

11827.8 576.2 576.3 576.1 577.8 579.0 577.7 578.8 580.2 578.8 0.14 ‐0.10 1.16 ‐0.08 1.42 ‐0.06
11774.4 575.0 575.1 575.0 578.9 578.9 578.8 580.1 580.1 580.1 0.05 ‐0.05 0.02 ‐0.02 0.03 ‐0.03
11724.3 574.8 574.8 574.8 578.8 578.8 578.8 580.1 580.1 580.0 0.02 ‐0.02 0.01 ‐0.01 0.00 ‐0.02
11678.1 574.7 574.7 574.7 578.8 578.8 578.8 580.0 580.0 580.0 0.01 ‐0.01 0.01 ‐0.01 0.00 ‐0.01
11668.6 574.7 574.7 574.7 578.8 578.8 578.8 580.0 580.0 580.0 0.01 ‐0.01 0.01 ‐0.01 0.00 ‐0.01
11659.0 574.7 574.7 574.7 578.8 578.8 578.7 579.9 579.9 579.9 0.01 ‐0.01 0.01 ‐0.01 0.00 ‐0.01
11649.4 574.6 574.7 574.6 578.7 578.7 578.7 579.9 579.9 579.9 0.01 0.00 0.00 ‐0.01 0.00 ‐0.01
11639.9 574.6 574.6 574.6 578.7 578.7 578.7 579.8 579.8 579.8 0.01 0.00 0.00 ‐0.01 0.00 ‐0.01
11630.3 574.6 574.6 574.6 578.7 578.7 578.7 579.8 579.8 579.8 0.00 ‐0.01 0.00 0.00 0.00 ‐0.01

11620.76 ** 574.6 574.6 574.6 578.6 578.6 578.6 579.7 579.7 579.7 0.00 0.00 0.01 0.00 0.00 ‐0.02
11527.0 569.7 569.7 569.7 574.1 574.1 574.1 575.4 575.4 575.4 0.00 0.00 0.00 0.00 0.00 0.00
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11476.8 566.6 566.6 566.6 567.4 567.4 567.4 568.3 568.3 568.3 0.00 0.00 0.00 0.00 0.00 0.00
11412.9 566.3 566.3 566.3 568.3 568.3 568.3 569.3 569.3 569.3 0.00 0.00 0.00 0.00 0.00 0.00
11362.7 566.3 566.3 566.3 568.3 568.3 568.3 569.5 569.5 569.5 0.00 0.00 0.00 0.00 0.00 0.00
11318.1 566.3 566.3 566.3 568.3 568.3 568.3 569.5 569.5 569.5 0.00 0.00 0.00 0.00 0.00 0.00
11287.2 565.8 565.8 565.8 568.0 568.0 568.0 569.0 569.0 569.0 0.00 0.00 0.00 0.00 0.00 0.00
11211.2 561.0 561.0 561.0 565.8 565.8 565.8 566.5 566.5 566.5 0.00 0.00 0.00 0.00 0.00 0.00
11200.0 557.7 557.7 557.7 559.0 559.0 559.0 560.2 560.2 560.2 0.00 0.00 0.00 0.00 0.00 0.00
11186.2 559.5 559.5 559.5 560.9 560.9 560.9 561.9 561.9 561.9 0.00 0.00 0.00 0.00 0.00 0.00
11137.9 559.5 559.5 559.5 560.9 560.9 560.9 561.8 561.8 561.8 0.00 0.00 0.00 0.00 0.00 0.00
11102.5 559.5 559.5 559.5 560.8 560.8 560.8 561.8 561.8 561.8 0.00 0.00 0.00 0.00 0.00 0.00
11070.7 559.5 559.5 559.5 560.7 560.7 560.7 561.7 561.7 561.7 0.00 0.00 0.00 0.00 0.00 0.00
10790.0 546.7 546.7 546.7 549.3 549.3 549.3 551.8 551.8 551.8 0.00 0.00 0.00 0.00 0.00 0.00
10739.3 545.1 545.1 545.1 548.3 548.3 548.3 550.6 550.6 550.6 0.00 0.00 0.00 0.00 0.00 0.00
10690.7 544.6 544.6 544.6 548.1 548.1 548.1 550.6 550.6 550.6 0.00 0.00 0.00 0.00 0.00 0.00
10644.3 544.3 544.3 544.3 548.0 548.0 548.0 550.6 550.6 550.6 0.00 0.00 0.00 0.00 0.00 0.00
10601.6 543.4 543.4 543.4 546.7 546.7 546.7 548.2 548.2 548.2 0.00 0.00 0.00 0.00 0.00 0.00
10485.2 542.8 542.8 542.8 545.9 545.9 545.9 546.9 546.9 546.9 0.00 0.00 0.00 0.00 0.00 0.00
10432.9 541.7 541.7 541.7 543.4 543.4 543.4 544.1 544.1 544.1 0.00 0.00 0.00 0.00 0.00 0.00
10382.9 541.3 541.3 541.3 542.7 542.7 542.7 543.7 543.7 543.7 0.00 0.00 0.00 0.00 0.00 0.00
10332.7 541.2 541.2 541.2 542.6 542.6 542.6 543.7 543.7 543.7 0.00 0.00 0.00 0.00 0.00 0.00
10295.4 541.1 541.1 541.1 542.5 542.5 542.5 543.6 543.6 543.6 0.00 0.00 0.00 0.00 0.00 0.00
10166.1 536.7 536.7 536.7 538.0 538.0 538.0 538.5 538.5 538.5 0.00 0.00 0.00 0.00 0.00 0.00
10115.9 532.9 532.9 532.9 535.1 535.1 535.1 536.4 536.4 536.4 0.00 0.00 0.00 0.00 0.00 0.00
10065.8 532.1 532.1 532.1 534.0 534.0 534.0 534.7 534.7 534.7 0.00 0.00 0.00 0.00 0.00 0.00
10016.3 530.5 530.5 530.5 532.5 532.5 532.5 533.2 533.2 533.2 0.00 0.00 0.00 0.00 0.00 0.00
9966.5 528.5 528.5 528.5 531.1 531.1 531.1 531.9 531.9 531.9 0.00 0.00 0.00 0.00 0.00 0.00
9920.0 527.1 527.1 527.1 529.6 529.6 529.6 530.8 530.8 530.8 0.00 0.00 0.00 0.00 0.00 0.00
9869.7 525.4 525.4 525.4 528.1 528.1 528.1 529.5 529.5 529.5 0.00 0.00 0.00 0.00 0.00 0.00
9819.5 524.3 524.3 524.3 527.0 527.0 527.0 528.0 528.0 528.0 0.00 0.00 0.00 0.00 0.00 0.00
9769.3 523.0 523.0 523.0 525.7 525.7 525.7 527.5 527.5 527.5 0.00 0.00 0.00 0.00 0.00 0.00
9739.1 522.3 522.3 522.3 525.1 525.1 525.1 526.9 526.9 526.9 0.00 0.00 0.00 0.00 0.00 0.00

NOTES:

*  Some differences between the water surface elevations for the design model and the sensitivity models exceeded a magnitude (absolute value) of 0.3 feet at discreet locations, as shown in green.  These 
fluctations in water surface elevations occur at single cross sections and are bracketed by fluctations that are typically well below 0.3 feet. The sensitivity models were not iterated and stabilized to remove 
these fluctuations, as the goal of the sensitiy analysis was to assess general and potential changes in water surface elevations from specific changes in channel roughness values.  The spot variations are 
attributed to anamolies in model stability that would typically be resolved for design purposes.
**  Mannings n was not revised downstream of Culvert #6 at station 11620.76, as proposed conditions in the channel do not extend beyond that point. 



APPENDIX F 

Engineered Streambed Material, Floodplain Armor and Vegetated Rock Slope 
Protection Sizing Calculations 



Engineered Streambed Material (ESM) Calculations
Project: Permanente Quarry

Project #: 13-016
Date: 9/28/2018

Calculated by: BMZ
Checked by: B.M.S.

1.  Inputs 

Design Flow* 1087 cfs Design Flow* 1009 cfs Design Flow* 12.1 cfs Design Flow* 16.2 cfs Design Flow* 949 cfs Design Flow* 683 cfs
Channel Width = 20 ft Channel Width = 26 ft Channel Width = 6 ft Channel Width = 7 ft Channel Width = 18.5 ft Channel Width = 16.3 ft
q = 54.4 cu.ft./sec ft q = 38.8 cu.ft./sec ft q = 2.0 cu.ft./sec ft q = 2.3 cu.ft./sec ft q = 51.3 cu.ft./sec ft q = 41.9 cu.ft./sec ft
gravity, g 32.2 ft/sec^2 gravity, g 32.2 ft/sec^2 gravity, g 32.2 ft/sec^2 gravity, g 32.2 ft/sec^2 gravity, g 32.2 ft/sec^2 gravity, g 32.2 ft/sec^2
Slope, S 0.039 ft/ft Slope, S 0.027 ft/ft Slope, S 0.249 ft/ft Slope, S 0.141 ft/ft Slope, S 0.077 ft/ft Slope, S 0.120 ft/ft

*Portion of 100-year design flow that is being conveyed over the ESM. *Portion of 100-year design flow that is being conveyed 

2.  Equations to Calculate D50 particle size 2.  Equations to Calculate D50 particle size

developed for: slope (0.23 to 9%) developed for: slope (0.23 to 9%) developed for: slope (0.23 to 9%) developed for: slope (0.23 to 9%) developed for: slope (0.23 to 9%) developed for: slope (0.23 to 9%)
particle dia. (0.35 to 11 inches) particle dia. (0.35 to 11 inches) particle dia. (0.35 to 11 inches) particle dia. (0.35 to 11 inches) particle dia. (0.35 to 11 inches) particle dia. (0.35 to 11 inches)

D50 = 3.56 q^2/3 S^.75 / g^1/3 D50 = 3.56 q^2/3 S^.75 / g^1/3 D50 = 3.56 q^2/3 S^.75 / g^1/3 D50 = 3.56 q^2/3 S^.75 / g^1/3 D50 = 3.56 q^2/3 S^.75 / g^1/3 D50 = 3.56 q^2/3 S^.75 / g^1/3

D50 = 1.4 ft D50 = 0.9 ft D50 = 0.6 ft D50 = 0.5 ft D50 = 2.3 ft D50 = 2.8 ft

developed for: slope (2% to 40%) developed for: slope (2% to 40%) developed for: slope (2% to 40%) developed for: slope (2% to 40%) developed for: slope (2% to 40%) developed for: slope (2% to 40%)
particle dia. (0.6 to 11 inches) particle dia. (0.6 to 11 inches) particle dia. (0.6 to 11 inches) particle dia. (0.6 to 11 inches) particle dia. (0.6 to 11 inches) particle dia. (0.6 to 11 inches)

D50 = [qdesign  / (8.07 x 10-6 S-0.58)]0.529 D50 = [qdesign  / (8.07 x 10-6 S-0.58)]0.529 D50 = [qdesign  / (8.07 x 10-6 S-0.58)]0.529 D50 = [qdesign  / (8.07 x 10-6 S-0.58)]0.529 D50 = [qdesign  / (8.07 x 10-6 S-0.58)]0.529 D50 = [qdesign  / (8.07 x 10-6 S-0.58)]0.529

qdesign (m3/s/m) = 5.05 qdesign (m3/s/m) = 3.61 qdesign (m3/s/m) = 0.19 qdesign (m3/s/m) = 0.21 qdesign (m3/s/m) = 4.77 qdesign (m3/s/m) = 3.89
D50 (mm) = 431 D50 (mm) = 322 D50 (mm) = 133 D50 (mm) = 120 D50 (mm) = 514 D50 (mm) = 354

  
D50 = 1.4 ft D50 = 1.1 ft D50 = 0.4 ft D50 = 0.4 ft D50 = 1.7 ft D50 = 1.2 ft

developed for: slope (1% to 20%) developed for: slope (1% to 20%) developed for: slope (1% to 20%) developed for: slope (1% to 20%) developed for: slope (1% to 20%) developed for: slope (1% to 20%)
particle dia. (1 to 6 inches) particle dia. (1 to 6 inches) particle dia. (1 to 6 inches) particle dia. (1 to 6 inches) particle dia. (1 to 6 inches) particle dia. (1 to 6 inches)

D50 = 0.436 qsizing^0.56 S^0.43 D50 = 0.436 qsizing^0.56 S^0.43 D50 = 0.436 qsizing^0.56 S^0.43 D50 = 0.436 qsizing^0.56 S^0.43 D50 = 0.436 qsizing^0.56 S^0.43 D50 = 0.436 qsizing^0.56 S^0.43
qsizing = q * sizing factor qsizing = q * sizing factor qsizing = q * sizing factor qsizing = q * sizing factor qsizing = q * sizing factor qsizing = q * sizing factor

sizing factor = 1.35 sizing factor = 1.35 sizing factor = 1.35 sizing factor = 1.35 sizing factor = 1.35 sizing factor = 1.35

D50 = 1.2 ft D50 = 0.8 ft D50 = 0.4 ft D50 = 0.4 ft D50 = 1.6 ft D50 = 1.7 ft
Choose D50 = 1.4 ft Choose D50 = 1.1 ft Choose D50 = 0.6 ft Choose D50 = 0.5 ft Choose D50 = 2.0 ft Choose D50 = 2.0 ft

3.  Develop Grain Size Distribution Utilizing the Calculated D50
Washinton Department of Fish and Wildlife Grain Size Distribution    (WDFW, 2003)
D84/D100 = 0.4 D84/D100 = 0.4 D84/D100 = 0.4 D84/D100 = 0.4 D84/D100 = 0.4 D84/D100 = 0.4
D84/D50 = 2.5 D84/D50 = 2.5 D84/D50 = 2.5 D84/D50 = 2.5 D84/D50 = 2.5 D84/D50 = 2.5
D84/D16 = 8 D84/D16 = 8 D84/D16 = 8 D84/D16 = 8 D84/D16 = 8 D84/D16 = 8
WDFW Substrate Gradation WDFW Substrate Gradation WDFW Substrate Gradation WDFW Substrate Gradation WDFW Substrate Gradation WDFW Substrate Gradation
D100 = 8.8 ft D100 = 6.9 ft D100 = 3.8 ft D100 = 3.1 ft D100 = 12.5 ft D100 = 12.5 ft
D84 = 3.5 ft D84 = 2.8 ft D84 = 1.5 ft D84 = 1.3 ft D84 = 5.0 ft D84 = 5.0 ft
D50 = 1.4 ft D50 = 1.1 ft D50 = 0.6 ft D50 = 0.5 ft D50 = 2.0 ft D50 = 2.0 ft
D16 = 5.25 in D16 = 4.13 in D16 = 2.25 in D16 = 1.88 in D16 = 7.50 in D16 = 7.50 in

Resulting Floodplain Armor Gradation for Various Work Areas
Size Class Size Class Size Class Size Class Size Class Size Class
D100 = 3.5 ft D100 = 2.8 ft D100 = 1.5 ft D100 = 1.3 ft D100 = 5.0 ft D100 = 5.0 ft
D84 = 2.5 ft D84 = 2.0 ft D84 = 1.0 ft D84 = 0.9 ft D84 = 4.0 ft D84 = 4.0 ft
D50 = 1.4 ft D50 = 1.1 ft D50 = 0.6 ft D50 = 0.5 ft D50 = 2.0 ft D50 = 2.2 ft
D16 = 2.0 in D16 = 2.0 in D16 = 2.0 in D16 = 2.0 in D16 = 6.0 in D16 = 4.0 in
D8 = 0.08 in D8 = 0.08 in D8 = 0.08 in D8 = 0.08 in D8 = 0.08 in D8 = 0.08 in
Note: Refer to Specifications for final size gradation Note: Refer to Specifications for final size gradation Note: Refer to Specifications for final size gradation Note: Refer to Specifications for final size gradation Note: Refer to Specifications for final size gradation Note: Refer to Specifications for final size gradation

Justification 

4.  ESM Thickness
Thickness greater or equal to max(1.5XD50 or D100) (ACOE EM 1110-2-1601)

5.  References
1.)  U.S. Department of the Interior Bureau of Reclamation. 2007. Rock Ramp Design Guidelines.
2.) Washington Department of Fish and Wildlife. 2003 Design of Road Culverts for Fish Passage
3.) U.S. Army Corps of Engineers. 1994. Hydraulic Design of Flood Control Channels, EM-1110-2-1601

Calculations to determine the gradation and thickness of ESM for constructed floodplains throughout project area.  

Proposed Conditions Site Data (Culvert #7) Proposed Conditions Site Data (Culvert #8) Sediment Fan Tributary Material Removal Area Tributary Rock Pile 7.7% Material Removal Area 12%

Bathhurst (1987) Bathhurst (1987) Bathhurst (1987) Bathhurst (1987) Bathhurst (1987) Bathhurst (1987)

Robinson et al. (1998) Robinson et al. (1998) Robinson et al. (1998) Robinson et al. (1998) Robinson et al. (1998) Robinson et al. (1998)

Abt and Johnson (1991) Abt and Johnson (1991) Abt and Johnson (1991) Abt and Johnson (1991) Abt and Johnson (1991) Abt and Johnson (1991)

Note: WDFW gradation above is based on wide variety of stream beds in different environments.  The D 84/D100 ratio of 0.4 may give too large of boulder size in some cases.  Experience and engineering judgment should be used to adjust distribution to the site.  ACOE EM 1110-
2-1601 suggests using D100=2xD50.  If using ACOE steep slope methods to size substrate, then D84 =1.5D30 (WDFW, 2003).  Choose the largest size of Stream Simulation Material to be equal to the D84 calculated using the WDFW gradation. Note: the largest rock should not be 
greater in individual size than 1/4 of the active channel width.

Particle Diamter Particle Diamter Particle Diamter Particle Diamter

Choose largest size of  Floodplain Armor to be equal to the D84 calculated using the WDFW gradation. 

4.) California Department of Fish and Game (CDFG). 2009. Fish Passage Design and Implementation: Part XII of the California Salmonid Stream Habitat Restoration Manual. Sacramento, CA, CA Department of Fish and Game.

Particle Diamter Particle Diamter



Floodplain Armor Calculations (Page 1 of 2) 
Project: Permanente Quarry

Project #: 13-016
Date: 9/28/2018

Calculated by: BMZ
Checked by: B.M.S.

1.  Inputs 

Design Flow* 577 cfs Design Flow* 174 cfs Design Flow* 326.9 cfs Design Flow* 381.3 cfs Design Flow* 115.9 cfs
Channel Width = 50 ft Channel Width = 14 ft Channel Width = 31.3 ft Channel Width = 35 ft Channel Width = 18.5 ft
q = 11.5 cu.ft./sec ft q = 12.4 cu.ft./sec ft q = 10.4 cu.ft./sec ft q = 10.9 cu.ft./sec ft q = 6.3 cu.ft./sec ft
gravity, g 32.2 ft/sec^2 gravity, g 32.2 ft/sec^2 gravity, g 32.2 ft/sec^2 gravity, g 32.2 ft/sec^2 gravity, g 32.2 ft/sec^2
Slope, S 0.049 ft/ft Slope, S 0.035 ft/ft Slope, S 0.040 ft/ft Slope, S 0.081 ft/ft Slope, S 0.032 ft/ft

*Portion of 100-year design flow that is being conveyed over the floodplain armor.
2.  Equations to Calculate D50 particle size

developed for: slope (0.23 to 9%) developed for: slope (0.23 to 9%) developed for: slope (0.23 to 9%) developed for: slope (0.23 to 9%) developed for: slope (0.23 to 9%)
particle dia. (0.35 to 11 inches) particle dia. (0.35 to 11 inches) particle dia. (0.35 to 11 inches) particle dia. (0.35 to 11 inches) particle dia. (0.35 to 11 inches)

D50 = 3.56 q^2/3 S^.75 / g^1/3 D50 = 3.56 q^2/3 S^.75 / g^1/3 D50 = 3.56 q^2/3 S^.75 / g^1/3 D50 = 3.56 q^2/3 S^.75 / g^1/3 D50 = 3.56 q^2/3 S^.75 / g^1/3

D50 = 0.6 ft D50 = 0.5 ft D50 = 0.5 ft D50 = 0.8 ft D50 = 0.3 ft

developed for: slope (2% to 40%) developed for: slope (2% to 40%) developed for: slope (2% to 40%) developed for: slope (2% to 40%) developed for: slope (2% to 40%)
particle dia. (0.6 to 11 inches) particle dia. (0.6 to 11 inches) particle dia. (0.6 to 11 inches) particle dia. (0.6 to 11 inches) particle dia. (0.6 to 11 inches)

D50 = [qdesign  / (8.07 x 10-6 S-0.58)]0.529 D50 = [qdesign  / (8.07 x 10-6 S-0.58)]0.529 D50 = [qdesign  / (8.07 x 10-6 S-0.58)]0.529 D50 = [qdesign  / (8.07 x 10-6 S-0.58)]0.529 D50 = [qdesign  / (8.07 x 10-6 S-0.58)]0.529

qdesign (m
3/s/m) = 1.07 qdesign (m

3/s/m) = 1.15 qdesign (m
3/s/m) = 0.97 qdesign (m

3/s/m) = 1.01 qdesign (m
3/s/m) = 0.58

D50 (mm) = 204 D50 (mm) = 191 D50 (mm) = 182 D50 (mm) = 230 D50 (mm) = 129
 

D50 = 0.7 ft D50 = 0.6 ft D50 = 0.6 ft D50 = 0.8 ft D50 = 0.4 ft

developed for: slope (1% to 20%) developed for: slope (1% to 20%) developed for: slope (1% to 20%) developed for: slope (1% to 20%) developed for: slope (1% to 20%)
particle dia. (1 to 6 inches) particle dia. (1 to 6 inches) particle dia. (1 to 6 inches) particle dia. (1 to 6 inches) particle dia. (1 to 6 inches)

D50 = 0.436 qsizing^0.56 S^0.43 D50 = 0.436 qsizing^0.56 S^0.43 D50 = 0.436 qsizing^0.56 S^0.43 D50 = 0.436 qsizing^0.56 S^0.43 D50 = 0.436 qsizing^0.56 S^0.43
qsizing = q * sizing factor qsizing = q * sizing factor qsizing = q * sizing factor qsizing = q * sizing factor qsizing = q * sizing factor

sizing factor = 1.35 sizing factor = 1.35 sizing factor = 1.35 sizing factor = 1.35 sizing factor = 1.35

D50 = 0.6 ft D50 = 0.5 ft D50 = 0.5 ft D50 = 0.7 ft D50 = 0.3 ft
Choose D50 = 0.6 ft Choose D50 = 0.6 ft Choose D50 = 0.6 ft Choose D50 = 0.8 ft Choose D50 = 0.4 ft

3.  Develop Grain Size Distribution Utilizing the Calculated D50
Washinton Department of Fish and Wildlife Grain Size Distribution   (WDFW, 2003)
D84/D100 = 0.4 D84/D100 = 0.4 D84/D100 = 0.4 D84/D100 = 0.4 D84/D100 = 0.4
D84/D50 = 2.5 D84/D50 = 2.5 D84/D50 = 2.5 D84/D50 = 2.5 D84/D50 = 2.5
D84/D16 = 8 D84/D16 = 8 D84/D16 = 8 D84/D16 = 8 D84/D16 = 8
WDFW Substrate Gradation WDFW Substrate Gradation WDFW Substrate Gradation WDFW Substrate Gradation WDFW Substrate Gradation
D100 = 3.8 ft D100 = 3.8 ft D100 = 3.8 ft D100 = 5.0 ft D100 = 2.5 ft
D84 = 1.5 ft D84 = 1.5 ft D84 = 1.5 ft D84 = 2.0 ft D84 = 1.0 ft
D50 = 0.6 ft D50 = 0.6 ft D50 = 0.6 ft D50 = 0.8 ft D50 = 0.4 ft
D16 = 2.25 in D16 = 2.25 in D16 = 2.25 in D16 = 3.00 in D16 = 1.50 in

Resulting Floodplain Armor Gradation for Various Work Areas
Size Class Size Class Size Class Size Class Size Class
D100 = 1.5 ft D100 = 1.5 ft D100 = 1.5 ft D100 = 2.0 ft D100 = 1.0 ft
D84 = 1.0 ft D84 = 1.0 ft D84 = 1.0 ft D84 = 1.3 ft D84 = 0.8 ft
D50 = 0.6 ft D50 = 0.6 ft D50 = 0.6 ft D50 = 0.8 ft D50 = 0.4 ft
D16 = 2.0 in D16 = 2.0 in D16 = 2.0 in D16 = 2.0 in D16 = 2.0 in
D8 = 0.08 in D8 = 0.08 in D8 = 0.08 in D8 = 0.08 in D8 = 0.08 in
Note: Refer to Specifications for final size gradation Note: Refer to Specifications for final size gradation Note: Refer to Specifications for final size gradation Note: Refer to Specifications for final size gradation Note: Refer to Specifications for final size gradation

Justification 

4.  Floodplain Armor Thickness
Thickness greater or equal to max(1.5XD50 or D100) (ACOE EM 1110-2-1601)

5.  References
1.)  U.S. Department of the Interior Bureau of Reclamation. 2007. Rock Ramp Design Guidelines.
2.) Washington Department of Fish and Wildlife. 2003 Design of Road Culverts for Fish Passage
3.) U.S. Army Corps of Engineers. 1994. Hydraulic Design of Flood Control Channels, EM-1110-2-1601
4.) California Department of Fish and Game (CDFG). 2009. Fish Passage Design and Implementation: Part XII of the California Salmonid Stream Habitat Restoration Manual. Sacramento, CA, CA Department of Fish and Game.

Calculations to determine the gradation and thickness of Floodplain Armor for constructed floodplains throughout project area.  

Note: WDFW gradation above is based on wide variety of stream beds in different environments.  The D 84/D100 ratio of 0.4 may give too large of boulder size in some cases.  Experience and engineering judgment should be used to adjust distribution to the site.  ACOE EM 1110-
2-1601 suggests using D100=2xD50.  If using ACOE steep slope methods to size substrate, then D84 =1.5D30 (WDFW, 2003).  Choose the largest size of Stream Simulation Material to be equal to the D 84 calculated using the WDFW gradation. Note: the largest rock should not be 
greater in individual size than 1/4 of the active channel width.

Particle Diamter

Choose largest size of  Floodplain Armor to be equal to the D84 calculated using the WDFW gradation. 

Particle Diamter Particle Diamter Particle Diamter

Abt and Johnson (1991)Abt and Johnson (1991) Abt and Johnson (1991) Abt and Johnson (1991) Abt and Johnson (1991)

Particle Diamter

Robinson et al. (1998)Robinson et al. (1998) Robinson et al. (1998) Robinson et al. (1998) Robinson et al. (1998)

Bathhurst (1987) Bathhurst (1987) Bathhurst (1987) Bathhurst (1987) Bathhurst (1987)

Channel Widening (Sta. 16+70 to 21+25) Channel Widening (Sta. 21+25 to 23+00) Channel Widening (Sta. 23+00 to 28+00) Channel Widening (Sta. 30+75 to 31+75) Channel Widening (Sta.31+75 to  40+50)



Floodplain Armor Calculations (Page 2 of 2) 
Project: Permanente Quarry

Project #: 13-016
Date: 9/28/2018

Calculated by: BMZ
Checked by: B.M.S.

1.  Inputs 

Design Flow* 159 cfs Design Flow* 433 cfs Design Flow* 449 cfs Design Flow* 1145 cfs
Channel Width = 8 ft Channel Width = 14 ft Channel Width = 60 ft Channel Width = 22 ft
q = 19.9 cu.ft./sec ft q = 30.9 cu.ft./sec ft q = 7.5 cu.ft./sec ft q = 52.0 cu.ft./sec ft
gravity, g 32.2 ft/sec^2 gravity, g 32.2 ft/sec^2 gravity, g 32.2 ft/sec^2 gravity, g 32.2 ft/sec^2
Slope, S 0.057 ft/ft Slope, S 0.057 ft/ft Slope, S 0.054 ft/ft Slope, S 0.12 ft/ft

*Portion of 100-year design flow that is being conveyed over the floodplain armor.
2.  Equations to Calculate D50 particle size

developed for: slope (0.23 to 9%) developed for: slope (0.23 to 9%) developed for: slope (0.23 to 9%) developed for: slope (0.23 to 9%)
particle dia. (0.35 to 11 inches) particle dia. (0.35 to 11 inches) particle dia. (0.35 to 11 inches) particle dia. (0.35 to 11 inches)

D50 = 3.56 q^2/3 S^.75 / g^1/3 D50 = 3.56 q^2/3 S^.75 / g^1/3 D50 = 3.56 q^2/3 S^.75 / g^1/3 D50 = 3.56 q^2/3 S^.75 / g^1/3

D50 = 1.0 ft D50 = 1.3 ft D50 = 0.5 ft D50 = 3.2 ft

developed for: slope (2% to 40%) developed for: slope (2% to 40%) developed for: slope (2% to 40%) developed for: slope (2% to 40%)
particle dia. (0.6 to 11 inches) particle dia. (0.6 to 11 inches) particle dia. (0.6 to 11 inches) particle dia. (0.6 to 11 inches)

D50 = [qdesign  / (8.07 x 10-6 S-0.58)]0.529 D50 = [qdesign  / (8.07 x 10-6 S-0.58)]0.529 D50 = [qdesign  / (8.07 x 10-6 S-0.58)]0.529 D50 = [qdesign  / (8.07 x 10-6 S-0.58)]0.529

qdesign (m
3/s/m) = 1.85 qdesign (m

3/s/m) = 2.87 qdesign (m
3/s/m) = 0.70 qdesign (m

3/s/m) = 4.84
D50 (mm) = 238 D50 (mm) = 359 D50 (mm) = 170 D50 (mm) = 473

    
D50 = 0.8 ft D50 = 1.2 ft D50 = 0.6 ft D50 = 1.6 ft

developed for: slope (1% to 20%) developed for: slope (1% to 20%) developed for: slope (1% to 20%) developed for: slope (1% to 20%)
particle dia. (1 to 6 inches) particle dia. (1 to 6 inches) particle dia. (1 to 6 inches) particle dia. (1 to 6 inches)

D50 = 0.436 qsizing^0.56 S^0.43 D50 = 0.436 qsizing^0.56 S^0.43 D50 = 0.436 qsizing^0.56 S^0.43 D50 = 0.436 qsizing^0.56 S^0.43
qsizing = q * sizing factor qsizing = q * sizing factor qsizing = q * sizing factor qsizing = q * sizing factor

sizing factor = 1.35 sizing factor = 1.35 sizing factor = 1.35 sizing factor = 1.35

D50 = 0.8 ft D50 = 1.0 ft D50 = 0.5 ft D50 = 1.9 ft
Choose D50 = 1.0 ft Choose D50 = 1.3 ft Choose D50 = 0.6 ft Choose D50 = 1.9 ft

3.  Develop Grain Size Distribution Utilizing the Calculated D50
Washinton Department of Fish and Wildlife Grain Size Distribution   (WDFW, 2003)
D84/D100 = 0.4 D84/D100 = 0.4 D84/D100 = 0.4 D84/D100 = 0.4
D84/D50 = 2.5 D84/D50 = 2.5 D84/D50 = 2.5 D84/D50 = 2.5
D84/D16 = 8 D84/D16 = 8 D84/D16 = 8 D84/D16 = 8
WDFW Substrate Gradation WDFW Substrate Gradation WDFW Substrate Gradation WDFW Substrate Gradation
D100 = 6.3 ft D100 = 8.1 ft D100 = 3.8 ft D100 = 11.9 ft
D84 = 2.5 ft D84 = 3.3 ft D84 = 1.5 ft D84 = 4.8 ft
D50 = 1.0 ft D50 = 1.3 ft D50 = 0.6 ft D50 = 1.9 ft
D16 = 3.75 in D16 = 4.88 in D16 = 2.25 in D16 = 7.13 in

Resulting Floodplain Armor Gradation for Various Work Areas
Size Class Size Class Size Class Size Class
D100 = 2.5 ft D100 = 3.3 ft D100 = 1.5 ft D100 = 5.0 ft
D84 = 2.0 ft D84 = 2.5 ft D84 = 1.0 ft D84 = 4.0 ft
D50 = 1.0 ft D50 = 1.3 ft D50 = 0.6 ft D50 = 2.0 ft
D16 = 4.0 in D16 = 4.0 in  D16 = 2.0 in D16 = 6.0 in
D8 = 0.08 in D8 = 0.08 in D8 = 0.08 in D8 = 0.08 in
Note: Refer to Specifications for final size gradation Note: Refer to Specifications for final size gradation Note: Refer to Specifications for final size gradation Note: Refer to Specifications for final size gradation

Justification 

4.  Floodplain Armor Thickness
Thickness greater or equal to max(1.5XD50 or D100) (ACOE EM 1110-2-1601)

5.  References
1.)  U.S. Department of the Interior Bureau of Reclamation. 2007. Rock Ramp Design Guidelines.
2.) Washington Department of Fish and Wildlife. 2003 Design of Road Culverts for Fish Passage
3.) U.S. Army Corps of Engineers. 1994. Hydraulic Design of Flood Control Channels, EM-1110-2-1601

Calculations to determine the gradation and thickness of Floodplain Armor for constructed floodplains throughout project area.  

Note: WDFW gradation above is based on wide variety of stream beds in different environments.  The D 84/D100 ratio of 0.4 may give too large of boulder size in some cases.  Experience and engineering judgment should be 
used to adjust distribution to the site.  ACOE EM 1110-2-1601 suggests using D 100=2xD50.  If using ACOE steep slope methods to size substrate, then D84 =1.5D30 (WDFW, 2003).  Choose the largest size of Stream Simulation 
Material to be equal to the D84 calculated using the WDFW gradation. Note: the largest rock should not be greater in individual size than 1/4 of the active channel width.

Choose largest size of  Floodplain Armor to be equal to the D84 calculated using the WDFW gradation. 

4.) California Department of Fish and Game (CDFG). 2009. Fish Passage Design and Implementation: Part XII of the California Salmonid Stream Habitat Restoration Manual. Sacramento, CA, CA Department of Fish and Game.

Particle Diamter Particle Diamter Particle Diamter Particle Diamter

Robinson et al. (1998) Robinson et al. (1998)

Abt and Johnson (1991) Abt and Johnson (1991) Abt and Johnson (1991)

Robinson et al. (1998) Robinson et al. (1998)

Bathhurst (1987) Bathhurst (1987) Bathhurst (1987) Bathhurst (1987)

Channel Widening (Sta. 40+50 to 45+00) Channel Widening (Sta. 40+50 to 45+00) Channel Widening (Sta.  45+00 to 48+75) Rock Pile  

Abt and Johnson (1991)



Rock Slope Protection Calculations
Project: Permanente Creek

Project #: 13-016
Date: 10/15/2019

Calculated by: DR
Checked by: BMZ

Caltrans RSP Design at Culvert #6 FHWC-CA-TL-95-10

Wmin = 0.00002  (Vav.Vf) 6  SG (Eq. 1, 5-1-C)
(SG-1)3   SIN3(r-a)

Parameter Value Units Data type Description
Flow 1276 cfs 100-year Design Flow

RS u/s 116+20.76 ft (enter) River Station
Vav 4.53 fps (enter) Average channel velocity at Section A
SG 2.5 - (constant) Min. Specific Gravity (Caltrans 72-2.02)
r 70 - (constant) Constant for randomly placed rubble.
a 45.00 degrees (enter) Outside slope face angle (26.6 for 2H:1V)

sin(r-a) 0.42 - (result)
Vf 1.33 - (enter) Velocity Factor (.67 for parallel and 1.33 for impinging)
Vss 6.02 fps (result) Factored velocity (Vav x Vf)

Wmin 9 lbs (result) Theoretical Min. Rock Mass that remains stable
RSP-Class 0.50 ton (enter) STANDARD Rock Size greater than Wmin (T 5-1)
RSP-Class 1000 lbs (result) STANDARD Rock Size greater than Wmin (T 5-1)

Dmin 0.48 ft (result) Min. Rock Dia. based on a sphere, 165 pcf.
D50 2.26 ft (result) Diameter of STANDARD (50-100%) rock size, 165 pcf.
tA 3.39 ft (result) Thickness for Type A placement, t = 1.5 D50

tB 4.24 ft (result) Thickness for Type B placement, t = 1.875 D50

Notes:
Results are for HEC Sta. 116+20.76
Design velocity is low, resulting in small rock size.

Use Method A - individually place rocks.

Use 1/2 ton RSP for construction efficiency (1/2 ton RSP is specified for the Culvert #7 removal area).  The 1/2 ton RSP will also allow for 
stacking of rock to conform the proposed floodplain bench to the existing oversteepened bank at the Culvert #6 inlet.  The larger rock size will 
also help ensure stability if debris collects near the culvert inlet and creates complex hydraulic conditions that result in eddy formation or other 
hydraulic forces that are not easy to predict and have the potential to be erosive.



Rock Slope Protection Calculations
Project: Permanente Creek

Project #: 13-016
Date: 10/15/2019

Calculated by: DR
Checked by: BMZ

Caltrans RSP Design at Culvert #7 FHWC-CA-TL-95-10

Wmin = 0.00002  (Vav.Vf) 6  SG (Eq. 1, 5-1-C)
(SG-1)3   SIN3(r-a)

Parameter Value Units Data type Description
Flow 1276 cfs 100-year Design Flow

RS u/s 121+91 ft (enter) River Station
Vav 14.61 fps (enter) Average channel velocity at Section A
SG 2.5 - (constant) Min. Specific Gravity (Caltrans 72-2.02)
r 70 - (constant) Constant for randomly placed rubble.
a 45.00 degrees (enter) Outside slope face angle (26.6 for 2H:1V)

sin(r-a) 0.42 - (result)
Vf 0.9 - (enter) Velocity Factor (.67 for parallel and 1.33 for impinging)
Vss 1.20 fps (result) Factored velocity (Vav x Vf)

Wmin 949 lbs (result) Theoretical Min. Rock Mass that remains stable
RSP-Class 0.50 ton (enter) STANDARD Rock Size greater than Wmin (T 5-1)
RSP-Class 1000 lbs (result) STANDARD Rock Size greater than Wmin (T 5-1)

Dmin 2.22 ft (result) Min. Rock Dia. based on a sphere, 165 pcf.
D50 2.26 ft (result) Diameter of STANDARD (50-100%) rock size, 165 pcf.
tA 3.39 ft (result) Thickness for Type A placement, t = 1.5 D50

tB 4.24 ft (result) Thickness for Type B placement, t = 1.875 D50

Notes:
Results are for HEC Sta. 122+25
Use Method A - individually place rocks
Use 1/2 Ton RSP 



Rock Slope Protection Calculations
Project: Permanente Creek

Project #: 13-016
Date: 10/25/2019

Calculated by: BMZ
Checked by: BMS

Caltrans RSP Design at Culvert #9 FHWC-CA-TL-95-10

Wmin = 0.00002  (Vav.Vf) 6  SG (Eq. 1, 5-1-C)
(SG-1)3   SIN3(r-a)

Parameter Value Units Data type Description
Flow 1276 cfs 100-year Design Flow

RS u/s 143+50 ft (enter) River Station
Vav 18.24 fps (enter) Average channel velocity at Section A
SG 2.5 - (constant) Min. Specific Gravity (Caltrans 72-2.02)
r 70 - (constant) Constant for randomly placed rubble.
a 45.00 degrees (enter) Outside slope face angle (26.6 for 2H:1V)

sin(r-a) 0.42 - (result)
Vf 0.9 - (enter) Velocity Factor (.67 for parallel and 1.33 for impinging)
Vss 16.42 fps (result) Factored velocity (Vav x Vf)

Wmin 3841 lbs (result) Theoretical Min. Rock Mass that remains stable
RSP-Class 2.00 ton (enter) STANDARD Rock Size greater than Wmin (T 5-1)
RSP-Class 4000 lbs (result) STANDARD Rock Size greater than Wmin (T 5-1)

Dmin 3.54 ft (result) Min. Rock Dia. based on a sphere, 165 pcf.
D50 3.59 ft (result) Diameter of STANDARD (50-100%) rock size, 165 pcf.
tA 5.39 ft (result) Thickness for Type A placement, t = 1.5 D50

tB 6.73 ft (result) Thickness for Type B placement, t = 1.875 D50

Notes:
Results are for HEC Sta. 122+25
Use Method A - individually place rocks
Use 2 Ton RSP



 

 

 

 

 

 

RSP Sizing Sensitivity Analysis 



Rock Slope Protection Calculations
Project: Permanente Creek

Project #: 13-016
Date: 10/25/2019

Calculated by: BMZ
Checked by: BMS

Caltrans RSP Design at Culvert #7 FHWC-CA-TL-95-10
(The velocity is from the hydraulic modeling sensitivity analysis where Manning's n was increased by 10%)

Wmin = 0.00002  (Vav.Vf) 6  SG (Eq. 1, 5-1-C)
(SG-1)3   SIN3(r-a)

Parameter Value Units Data type Description
Flow 1276 cfs 100-year Design Flow

RS u/s 121+91 ft (enter) River Station
Vav 13.90 fps (enter) Average channel velocity at Section A
SG 2.5 - (constant) Min. Specific Gravity (Caltrans 72-2.02)
r 70 - (constant) Constant for randomly placed rubble.
a 45.00 degrees (enter) Outside slope face angle (26.6 for 2H:1V)

sin(r-a) 0.42 - (result)
Vf 0.9 - (enter) Velocity Factor (.67 for parallel and 1.33 for impinging)
Vss 1.20 fps (result) Factored velocity (Vav x Vf)

Wmin 704 lbs (result) Theoretical Min. Rock Mass that remains stable
RSP-Class 0.50 ton (enter) STANDARD Rock Size greater than Wmin (T 5-1)
RSP-Class 1000 lbs (result) STANDARD Rock Size greater than Wmin (T 5-1)

Dmin 2.01 ft (result) Min. Rock Dia. based on a sphere, 165 pcf.
D50 2.26 ft (result) Diameter of STANDARD (50-100%) rock size, 165 pcf.
tA 3.39 ft (result) Thickness for Type A placement, t = 1.5 D50

tB 4.24 ft (result) Thickness for Type B placement, t = 1.875 D50

Notes:
Results are for HEC Sta. 122+25
Use Method A - individually place rocks
Use 1/2 Ton RSP 



Rock Slope Protection Calculations
Project: Permanente Creek

Project #: 13-016
Date: 10/25/2019

Calculated by: BMZ
Checked by: BMS

Caltrans RSP Design at Culvert #7 FHWC-CA-TL-95-10
(The velocity is from the hydraulic modeling sensitivity analysis where Manning's n was decreased by 10%)

Wmin = 0.00002  (Vav.Vf) 6  SG (Eq. 1, 5-1-C)
(SG-1)3   SIN3(r-a)

Parameter Value Units Data type Description
Flow 1276 cfs 100-year Design Flow

RS u/s 121+91 ft (enter) River Station
Vav 15.34 fps (enter) Average channel velocity at Section A
SG 2.5 - (constant) Min. Specific Gravity (Caltrans 72-2.02)
r 70 - (constant) Constant for randomly placed rubble.
a 45.00 degrees (enter) Outside slope face angle (26.6 for 2H:1V)

sin(r-a) 0.42 - (result)
Vf 0.9 - (enter) Velocity Factor (.67 for parallel and 1.33 for impinging)
Vss 1.20 fps (result) Factored velocity (Vav x Vf)

Wmin 1188 lbs (result) Theoretical Min. Rock Mass that remains stable
RSP-Class 0.50 ton (enter) STANDARD Rock Size greater than Wmin (T 5-1)
RSP-Class 1000 lbs (result) STANDARD Rock Size greater than Wmin (T 5-1)

Dmin 2.40 ft (result) Min. Rock Dia. based on a sphere, 165 pcf.
D50 2.26 ft (result) Diameter of STANDARD (50-100%) rock size, 165 pcf.
tA 3.39 ft (result) Thickness for Type A placement, t = 1.5 D50

tB 4.24 ft (result) Thickness for Type B placement, t = 1.875 D50

Notes:
Results are for HEC Sta. 122+25
Use Method A - individually place rocks
Use 1/2 Ton RSP 



Rock Slope Protection Calculations
Project: Permanente Creek

Project #: 13-016
Date: 10/25/2019

Calculated by: BMZ
Checked by: BMS

Caltrans RSP Design at Culvert #9 FHWC-CA-TL-95-10
(The velocity is from the hydraulic modeling sensitivity analysis where Manning's n was increased by 10%)

Wmin = 0.00002  (Vav.Vf) 6  SG (Eq. 1, 5-1-C)
(SG-1)3   SIN3(r-a)

Parameter Value Units Data type Description
Flow 1276 cfs 100-year Design Flow

RS u/s 143+50 ft (enter) River Station
Vav 17.88 fps (enter) Average channel velocity at Section A
SG 2.5 - (constant) Min. Specific Gravity (Caltrans 72-2.02)
r 70 - (constant) Constant for randomly placed rubble.
a 45.00 degrees (enter) Outside slope face angle (26.6 for 2H:1V)

sin(r-a) 0.42 - (result)
Vf 0.9 - (enter) Velocity Factor (.67 for parallel and 1.33 for impinging)
Vss 16.09 fps (result) Factored velocity (Vav x Vf)

Wmin 3408 lbs (result) Theoretical Min. Rock Mass that remains stable
RSP-Class 2.00 ton (enter) STANDARD Rock Size greater than Wmin (T 5-1)
RSP-Class 4000 lbs (result) STANDARD Rock Size greater than Wmin (T 5-1)

Dmin 3.40 ft (result) Min. Rock Dia. based on a sphere, 165 pcf.
D50 3.59 ft (result) Diameter of STANDARD (50-100%) rock size, 165 pcf.
tA 5.39 ft (result) Thickness for Type A placement, t = 1.5 D50

tB 6.73 ft (result) Thickness for Type B placement, t = 1.875 D50

Notes:
Results are for HEC Sta. 122+25
Use Method A - individually place rocks
Use 2 Ton RSP



Rock Slope Protection Calculations
Project: Permanente Creek

Project #: 13-016
Date: 10/25/2019

Calculated by: BMZ
Checked by: BMS

Caltrans RSP Design at Culvert #9 FHWC-CA-TL-95-10
(The velocity is from the hydraulic modeling sensitivity analysis where Manning's n was decreased by 10%)

Wmin = 0.00002  (Vav.Vf) 6  SG (Eq. 1, 5-1-C)
(SG-1)3   SIN3(r-a)

Parameter Value Units Data type Description
Flow 1276 cfs 100-year Design Flow

RS u/s 143+50 ft (enter) River Station
Vav 18.57 fps (enter) Average channel velocity at Section A
SG 2.5 - (constant) Min. Specific Gravity (Caltrans 72-2.02)
r 70 - (constant) Constant for randomly placed rubble.
a 45.00 degrees (enter) Outside slope face angle (26.6 for 2H:1V)

sin(r-a) 0.42 - (result)
Vf 0.9 - (enter) Velocity Factor (.67 for parallel and 1.33 for impinging)
Vss 16.53 fps (result) Factored velocity (Vav x Vf)

Wmin 4000 lbs (result) Theoretical Min. Rock Mass that remains stable
RSP-Class 2.00 ton (enter) STANDARD Rock Size greater than Wmin (T 5-1)
RSP-Class 4000 lbs (result) STANDARD Rock Size greater than Wmin (T 5-1)

Dmin 3.59 ft (result) Min. Rock Dia. based on a sphere, 165 pcf.
D50 3.59 ft (result) Diameter of STANDARD (50-100%) rock size, 165 pcf.
tA 5.39 ft (result) Thickness for Type A placement, t = 1.5 D50

tB 6.73 ft (result) Thickness for Type B placement, t = 1.875 D50

Notes:
Results are for HEC Sta. 122+25
Use Method A - individually place rocks
Use 2 Ton RSP



APPENDIX G 

Floodplain Log Ballast Calculations 



Wood and Ballast Calculations for Floodplain logs at Permanente Creek
Project: Permanente Creek Restoration Project
Project #: 13-016
Date: 10/25/18
Calculated by: B.M.S.
Checked by: B.M.Z.

Note: adjust values in red cells.

Alder/willow average dry density = 28 lbs/cuft

Ballast Estimate
Density of water = 62.4 lbs/cuft

Ballast in one cubic foot Small Cobble:

Average Dry Unit Weigh Cobble = 142.6 lbs/cuft
Ballast provided by one cubic foot of Cobble = 80.20 lbs/cuft

Log Dimensions
Diameter 1.5 ft average diameter along length of log

Bouyant Force on Log = 60.8 lbs/ft

Ballast of Cobble Over Log per Linear Foot
Width of trench = 1.5 Width of trench equal to diameter of log
Burial Depth (i.e. trench depth) = 1.5 Adjust burial depth as needed to calculate acceptible factor of safety

Ballast of rock in trench = 180.45 lbs/ft ballast force per linear foot of trench

Assume:
50% of log is burried by rock ballast to a minimum depth of 1.5 ft

Then
Weight of rock ballast per linear foot of trench = 180.45 lbs/ft

50% 90.225 lbs/ft ballast force per foot of burried log

Factor of Safety = 1.5 for a 1.5 ft. diameter log

Note:  Smaller diameter logs would have a greater factor of safety, larger diameter logs would have a smaller Fs for the specified burial depth.  
Adjust calculations as required during construction to conform to available log sizes and species.

Calculations are conservative because they do not account for:
Friction forces of soil/ballast material on log that result pullout
Additional ballast weight from cone of influence of material outside of trench width 

Unit weight of ballast per linear foot over entire 
log assuming 

of log buried below 
ballast =



Log Structure Ballast Calculations
Project: Permanente Creek Restoration Project
Project #: 13-016
Date: 10/15/19
Calculated by: BMZ

Anchor Mass Solver: Log Revetment Structure
Reference: D'Aoust and Millar, 2000.  Stability of ballasted woody debris habitat structures.

Input Variables
Design Velocity (V) 4.5 m/s
Target FSB 1.50 Solution
Number of anchor boulders 4 X 1.22 m boulder(s)

for a total mass of
9,980 kg

Summary of LWD & FBL
Ballast 
Factor

Buoyancy Force (FBL) 
Equation (3-1)

Length (m) Diam.(m) Number (N) 
LWD No. 1  (25 foot  cross logs) 7.6 0.6 2 2 27,511
LWD No. 2  (25 foot cross logs) 0
LWD No. 3  (20 foot cell logs) 0
LWD No. 4  (10 foot back piles) 0
LWD No. 5  (15 foot back piles) 0
LWD No. 6

Length RW Diam. Butt Diam. Number
Root Wad No.1 1.2 1.8 0.9 1 5,282
Root Wad No.2
Total Buoyant Force 32,793
Vertical Lift Force on Boulders (FLB) 7,832 N Equation (3-4)
Immersed Weight of Boulders (W') 60,955 N Equation (3-5)
Computed Mass of Boulders 9,979 kg
Computed Factors of Safety (FS) 1.50 Equation (3-9)

Summary (English untis)
Total Buoyant Force 7,378 lbf
Vertical Lift Force on Boulders (FLB) 1,762 lbf
Immersed Weight of Boulders (W') 13,715 lbf
Computed Mass of Boulders 21,954 lbs
Number of 4' dia. Boulders 4.0

Adjusted for Backfill Ballast
Volume of Backfill Ballast* 45 cu.ft.
Immersed Weight of 1 cu. Ft. gravel 61.56 lbs
Immersed Weight of Backfill Ballast 2,770 lbs
Actual Weight of Ballast 4,454 lbs

Adjusted Mass of Boulders Required* 17,501 lbs
Number of 4' dia. Boulders 3.2

Design Assumptions:
Log structures to be installed at the Culvert #7 and #8 removal areas.

Log structures to be ballasted with four 2.5 ton (5,000 lb) boulders and backfill to resist buoyont forces.

LWD

The design velocity is the maximum Q100 velocity from the proposed conditions HEC-RAS model occuring at the 
Culvert #7 removal area.
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1.0 INTRODUCTION 
This technical memorandum provides the results of our geologic and geomorphic assessment of the Permanente 
Creek Restoration Plan – 90% Level Submittal, Waterways Consulting, Inc., dated 11/15/18 and updated 
10/31/19 (the Project).  The focus of the study was to determine if there were any specific areas of the proposed 
project which require further subsurface geotechnical exploration and testing to refine the project restoration 
design, so as to respond to comments dated February 14, 2019 from the County of Santa Clara Planning Office 
(“County”).  Specifically, this work focused on a field assessment of the proposed alignment and longitudinal 
gradient of the proposed stream channel and how it compares to existing conditions.  Particular attention was 
placed on the Rock Pile and Material Removal Area and the proposed depth of excavations required and stability 
of the adjacent creek sideslopes.  

The scope of work for our study included a desktop data review, and site reconnaissance and mapping of the 
project area to evaluate the geologic conditions in conjunction with the proposed restoration design.  The work 
product from our investigation includes a geologic map and cross sections of the project area, along with this 
technical memorandum.  This memorandum includes: 

 A brief presentation of the methods applied in this assessment 

 A summary of pertinent supporting data from our previous investigations throughout the facility 

 A geologic map and a description of the earth materials encountered along Permanente Creek 

 A geologic and geomorphic assessment of the Permanente Creek channel profile 

 A discussion of these results and their significance to the proposed Permanente Creek Restoration 
Plan 

 Golder Associates Inc.’s (Golder) conclusions and recommendations regarding this assessment 
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2.0 METHODS 
2.1 Data Compilation and Review 
Golder reviewed available existing data pertaining to the project including aerial photographs, historical USGS 
topographic and geologic maps, site boring logs, seismic data from previously completed work within the project 
area, the Waterways 90% plan set, and pertinent site and regional geologic data. 

2.2 Site Reconnaissance 
Golder conducted a site visit over three days from July 25 to 27, 2019.  The field team consisted of three primary 
members, including a fluvial geomorphologist, a geohazards geologist, and a staff geologist.  The field team was 
given a site orientation and tailgate safety briefing by a locally based senior technician with long term familiarity 
with the site and specific knowledge of creek access points and safety.  Creek access is difficult, and locally 
hazardous, because of very steep terrain, heavy vegetation, and other obstacles such as loose rock, fallen trees, 
etc.  This rugged terrain also severely limits access for drill rigs to many of the reaches of the creek.   

Golder communicated with Waterways to discuss our initial opinions and received feedback as to what specific 
reaches or features needed further study, or have the most uncertainty, with respect to the 90% design effort to 
focus our field mapping efforts. The field mapping efforts focused on the reaches that include the following two 
areas: 1) Rockpile and 2) Material Removal Area.  Note, however, that the entire project area was traversed on 
foot by the field reconnaissance team. 

2.3 Field Mapping 
The mapping focused on defining areas of mining disturbance, (e.g., overburden, roads, structures, etc.) versus 
native slopes and development of geologic cross sections in key locations (e.g., Rockpile and Materials Removal 
Area).  The mapping also identified other pertinent geomorphic features such as native slope angles, natural 
shallow slides, areas of erosion, sediment accumulation, bedrock exposures, etc. 

3.0 REGIONAL GEOLOGIC AND GEOMORPHIC SETTING 
3.1 Bedrock Geologic Units 
The bedrock materials exposed in the Quarry are part of the Permanente Terrane of the Franciscan Assemblage.  
The Franciscan Assemblage is comprised of highly deformed and variably metamorphosed, marine sedimentary 
rocks with submarine basalt (greenstone), chert, and limestone.  The Franciscan is considered a tectonic mélange 
that was formed in the subduction zone between the Pacific tectonic plate and the North American plate.  This 
plate boundary is now a transform, strike-slip plate boundary defined by the San Andreas Fault zone located 
about two miles southwest of the Quarry.   

Golder has referenced two geologic map sources in our presentation of the geology of the Permanente Creek 
Basin (Figure 1).  One set of maps comes from the Cupertino and Mindego Hills quadrangles (Dibblee and Minch 
2007a and b), and the other comes from the San Francisco Bay Landslide Mapping Team (USGS 1997).  
Previous researchers have mapped the basin (Brabb 1970, Pulver 1979a and b).  

3.2 Surficial Geologic Units 
3.2.1 Overburden and Fill 
Many of the south-facing slopes that flank Permanente Creek are mantled with varying thicknesses of 
overburden.  These are generally described as side-cast fills that mantle existing canyon slopes and fill small 



CLIENT

LEHIGH SOUTHWEST CEMENT COMPANY AND HANSON
PERMANENTE CEMENT, INC.

PROJECT
GEOLOGIC AND GEOMORPHIC ASSESSMENT OF PERMANENTE
CREEK

TITLE

GEOLOGIC MAP OF PERMANENTE CREEK BASIN

1 
in

0PA
T

H
: G

:\L
eh

ig
hH

an
so

n\
P

er
m

an
en

te
C

re
ek

\9
9_

P
R

O
JE

C
TS

\1
79

01
86

01
_G

eo
m

or
ph

M
ap

\1
00

\0
2_

P
R

O
D

U
C

TI
O

N
\M

X
D

\F
IG

U
R

E
S

\R
ev

0\
17

90
18

60
1_

10
0_

00
1_

Fx
_R

ev
0_

G
eo

lo
gy

M
ap

.m
xd

  P
R

IN
TE

D
 O

N
: 2

01
9-

10
-0

2 
AT

: 1
0:

44
:1

2 
A

M

IF
 T

H
IS

 M
E

A
S

U
R

E
M

E
N

T 
D

O
E

S
 N

O
T 

M
AT

C
H

 W
H

AT
 IS

 S
H

O
W

N
, T

H
E

 S
H

E
E

T 
S

IZ
E

 H
A

S
 B

E
E

N
 M

O
D

IF
IE

D
 F

R
O

M
: A

N
S

I B1. LINE NOTES
2. LINE NOTES
3. LINE NOTES

1. USGS (LANDSLIDES, 1997; FAULTS, 2000, 2002)
2. CALIFORNIA DIVISION OF MINES AND GEOLOGY (EARTHQUAKES, 1982)
3. WATERWAYS CONSULTING, INC. (PERMANENTE CREEK, 2018)
4. CALIFORNIA DEPARTMENT OF FORESTRY (GEOLOGY AND LANDSLIDES, 1979)
5. COORDINATE SYSTEM: NAD 1983 STATE PLANE CALIFORNIA III (FT)
6. SERVICE LAYER CREDITS: SOURCES: ESRI, HERE, GARMIN, INTERMAP, INCREMENT P
CORP., GEBCO, USGS, FAO, NPS, NRCAN, GEOBASE, IGN, KADASTER NL, ORDNANCE SURVEY,
ESRI JAPAN, METI, ESRI CHINA (HONG KONG), SWISSTOPO, © OPENSTREETMAP
CONTRIBUTORS, AND THE GIS USER COMMUNITY

NOTE(S)

REFERENCE(S)

179018601 100 0 1

2019-10-02

RPH/BVJ

RPH/BVJ

BF/CJ/RPH

BF

CONSULTANT

PROJECT NO. PHASE REV. FIGURE

YYYY-MM-DD

DESIGNED

PREPARED

REVIEWED

APPROVED

! Magnitude 7.4
1883

Rock Pile AreaMaterial Removal Area

Be
rr

oc
al

 F
au

lt 
Zo

ne

M
onte Vista-Shannon Fault Zone

fg

fs

fs

fl

fg

fg

Qa

Qsc

fs

Qsc

Tms

Qsc

af

fs

af

af

fl

Qsc

Tm

fs

fl
fl

Qsc

fs

Qls

Qls

af

Qsc

Tm

fs

fl

fl

Qa

fc

fl

fl

fl

fl

Qa

fl

fs

fc

fs

Lake

fc

fc
sp

fc

Qa

LEGEND

Areas of Interest
Cross Sections
Permanente Creek
PermCrkBasin_V2
Mostly Landslides
Faults

! Earthquake Epicenter Location
Geologic Units
UnitNam

Lake
af
Qa
Qls
Qsc
Tm
Tms
sp
fg
fs
fc
fl

KEY MAP

0 2,000 4,000

FEET1 IN = 1,667 FT



Erika Guerra, Talia Flagan Project No.  179018601 

Lehigh Permanente October 31, 2019 

 

 
 

 

 
 3 

drainages and swales that formerly reported to Permanente Creek.  The overburden deposits are of highly 
variable thickness, starting at the Rock Pile Area and continuing up through the Material Removal Area.  A large 
percentage of this material within the Project area will be removed as part of the restoration effort.   

The Rock Pile area is comprised of stockpiled material for production.  The character of the overburden is variable 
but generally consists of fine to coarse gravel to angular cobble sized rock fragments. Elsewhere, overburden is a 
heterogeneous mixture of fines, sand, gravel and cobble sized fragments (i.e., greenstone, graywacke, cherts, 
and soil materials) but with small percentages of limestone.       

3.2.2 Alluvium 
This includes modern unconsolidated alluvial deposits along the active stream channel of Permanente Creek.  
These deposits are comprised of a poorly sorted mixture of cobbles, gravels, sand, silt and clay.  Deposits range 
from a few inches thick in the upper reaches of the watershed where erosion has cut the channel down into 
bedrock, to tens of feet thick where the channel widens and deepens as it approaches the flatter terrain of the 
Santa Clara Valley.   

3.2.3 Colluvium 
Colluvial and slope wash deposits are common throughout the steep terrain of the Santa Cruz Mountains.  In 
general, the natural slopes in the region are overlain with approximately one to two feet of soil and colluvial 
materials, which thicken to several feet or more in the larger natural swales in the region.  Colluvium is generally 
described as predominantly clayey sand with gravel to clayey gravel, with some gravelly clay.   

3.2.4 Ancient Natural Landslide Deposits 
Several large, ancient landslides have been mapped by various investigators in various areas of the 3,510-acre 
Lehigh property, and throughout the broader foothill’s region (Figure 1).  These landslides are generally described 
as possible old landslides and considered to be early Holocene or possibly late- Pleistocene features.  These are 
naturally occurring landslides that are not related to any modern day mining activities.  Along the south flank of 
Permanente Creek, two large landslides are identified by Sorg and McLaughlin (1975) while Rogers and 
Armstrong (1973) map only one of the landslide features.  

The presence of these ancient landslides, as well as much smaller surficial slides that occur along the canyon 
walls, and in steep zero-order drainages that report to Permanent Creek, reflects the young, steep geologic terrain 
that comprises the Santa Cruz Mountains.  The relatively thin surficial failures that are common in this terrain are 
to be expected going forward with this Project both from natural sources—like the zero-order drainages along the 
south canyon wall—and potentially from restored natural grades once overburden is removed as part of the 
Project. Note that one of the primary goals of the creek restoration program is to remove specified overburden 
and fill materials and restore, to the extent practicable, natural slope angles both along the longitudinal profile of 
the creek and transverse to the creek (i.e., the creek banks).   

3.3 Faulting and Seismicity 
The San Andreas Fault zone is located approximately two miles southwest of the Quarry (Figure 1).  The Sargent-
Berrocal Fault Zone (SBFZ), part of the Santa Cruz Mountains front-range thrust fault system, parallels the San 
Andreas to the east and forms the eastern-most structural boundary to the Permanente Terrain.  

Near the Quarry, the SBFZ consists of two northwest-trending, sub-parallel faults, namely the northeastern-most 
Monta Vista Fault Zone and the southwestern-most Berrocal Fault Zone (Sorg and McLaughlin, 1975) (Figure 1).  
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The Monta Vista Fault Zone is located approximately 1 mile to the northeast of the Quarry.  A strand of the 
Berrocal Fault Zone lies beneath the Permanente Cement Plant area to the south of the EMSA, and extends west 
to other portions of the Quarry (Mathieson, 1982; Sorg and McLaughlin, 1975).  

Using the 2008 Update of the United States National Seismic Hazard Maps (Peterson, et.al., 2008),  which 
incorporates the findings of the Next Generation Attenuation Relation Project, Golder estimates that design peak 
ground accelerations should be approximately 0.57g for the site. 

4.0 BASIN GEOMORPHOLOGY 
The geomorphology of the Permanente Creek basin is influenced by multiple active geologic processes.  The 
highly active tectonics of the San Andreas Fault and other nearby faults and fault zones result in a high rate of 
uplift and relatively frequent, high magnitude earthquakes.  The tectonic activity has modified both the headwater 
basins and offsets lower elevations of landscape in juxtaposition to each other.  The relatively frequent occurrence 
of high magnitude earthquakes is likely to have increased magnitude and occurrence of ancient, naturally-
occurring landslides within the basin. Additionally, the highly variable rock types, tectonic histories, and 
geomechanical properties of the accretionary island arc geology of the Franciscan mélange have resulted in 
highly differential rates of erosion. These differential erosion rates are expressed in the varying morphologic 
characteristics of the basin.  

As an added complexity, the carbonate units of the Franciscan complex have resulted in carbonate-rich water 
precipitating travertine deposits on the bed and banks of Permanente Creek.  These travertine deposits interact 
with the self-forming step-pools of the steeper portions of the channel and contribute to a repeating cycle of 
travertine dam formation and breaching (Fuller et al. 2010). Additionally, the subsurface precipitation of travertine 
in the interstitial voids between sediment grains in sediment deposits increases the intergranular bond strength, 
making the sediment more resistant to erosion and potentially decreasing the rippability of the material.     

In addition to the natural processes interacting with the basin morphology, the long history of mining in the basin 
has also substantially interacted with the surface processes defining the basin morphology.  The very high rate of 
sediment supplied to the channel, in the form of overburden and fill placed along the margin of the stream channel 
during the early history of mining (1940s and 1950s), has resulted in aggradation of the channel in lower gradient 
portions of the channel.    

4.1 Fault Influence  
The drainage basins of the northeast side of the Santa Cruz mountains are characterized by geomorphic features 
that are controlled by faulting.  The features include right-lateral deflected and offset drainages, drainages that 
follow lineaments, sidehill benches, closed depressions, aligned benches, linear scarps, linear troughs, saddles, 
and linear vegetation contrasts (Smith 1981). 

In the downstream portion of the basin, the Monte Vista-Shannon fault zone defines geomorphic features. These 
features are believed to have been formed during the Pleistocene and possible Holocene.  They include the 
reverse displacement of lower elevation sediment to higher elevations than those of their original deposition, 
forming benches, saddles, linear valleys, faceted spurs, scarps, linear range fronts, linear depressions, and 
associated vegetation contrasts (Bedrossian 1980, Hitchcock et al. 1994). 

Similarly, the Jurassic and Cretaceous aged rocks of the Franciscan Complex are thrust over Pliocene and 
Pleistocene alluvial sediment of the Santa Clara Formation and younger Quaternary deposits (Sorg and 
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McLaughlin 1975, Wesling and Helley 1989, McLaughlin et al. 1991, Hitchcock et al. 1994). On the site, colluvial 
deposits are thrust over fluvial gravel of Permanente Creek, indicating late Pleistocene and possible Holocene 
displacement (Hitchcock et al. 1994).  

Hitchcock and Kelson (1999) noted that coseismic deformation associated with the 1989 Loma Prieta earthquake, 
was coincident with geomorphic features suggestive of faulting along the Monte Vista-Shannon fault zone 
(Haugerud and Ellen 1990, Hitchcock et al. 1994, Langenheim et al. 1997).  This could indicate that repeated 
localized contraction is in part coincident with the occurrence of Loma Prieta-type earthquakes.  This would 
suggest a recurrence interval of about 400 years (Working Group on California Earthquake Probabilities 1996).  
Hitchcock et al. (1994) reported a late Pleistocene displacement rate across the Monte Vista fault zone of 
0.3 ±0.2 mm/yr. 

4.2 Hillslopes and Landslide Processes 
The Santa Cruz Mountains are a steep and rugged terrain with a long history of landslide activity.  The 
geomorphology of the Permanente Creek basin exhibits a high rate of dynamic change.  This high rate of change, 
termed morphodynamics, is driven by the complex interaction between the dual processes of rapid uplift 
associated with the compressional tectonics along the San Andreas Fault system (as discussed above) and the 
relatively weak, easily erodible, and highly variable rocks of the Franciscan Complex.  

The resulting topography forms narrow, steep sided, and actively eroding canyons.  The Santa Cruz Mountains, 
and Permanente Creek canyon, are subject to both shallow (e.g., debris flows or “mudslides”) and deep 
landslides (e.g., large rotational slumps or translational block glides).  Average slope angles in the canyon are 
approximately 25 degrees (or 2H:1V) which is reflective of the natural stability of the highly broken and sheared 
greenstone and mélange terrane.  Steeper slopes, greater than 35 to 40 degrees, are locally observed in areas 
underlain by more competent limestone and graywacke bedrock but these are the exception.  

4.3 Geotechnical Background and Considerations 
Golder has a long history of geologic and geotechnical investigations at the Permanente Site starting in 2006 and 
continuing to present.  The investigations include (but are not limited to) sector specific investigations of the 
quarry pitshell including existing landslides, both the EMSA and WMSA overburden stockpiles and foundation 
conditions, several investigations for updated storm water basins, a new crusher location and foundation, and a 
proposed water treatment plant location.  In summary, we have an extensive library of material properties and 
corresponding stability analyses and therefore a good understanding of slope behavior for different types of 
materials and slope angles.  Our geotechnical recommendations for slope design, discussed below, are based on 
this extensive background.  A summary of material types and properties based on a number of our previous 
investigations is included in Appendix A.   

From a geotechnical perspective, the proposed project primarily involves excavation and removal of man-made 
surficial deposits (i.e., overburden and artificial fills) to restore the creek channel and creek banks back to a more 
natural state.  The intent is to remove the man-made surficial materials down to bedrock (or native soils) while 
minimizing excavations/cuts into bedrock or soil slopes.  In general, excavations onto canyon slopes will only be 
done where the surfaces have been altered or affected by mining activities. Existing natural slopes will not be 
modified or excavated.   

Our geotechnical recommendations for the Project include: 
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 Rock Slopes:   Slopes greater than 20 feet in height in greenstone materials should not exceed slope 
angles of 2H:1V if possible.  Slopes less than 20 feet should perform adequately at 1.5H:1V; however, 
localized areas of instability may be encountered.  Cutslopes in limestone and graywacke greater than 
20 feet in height should not exceed 1H:1V and slopes less than 20 feet should be limited to no steeper 
than 3/4H:1V. 

 Fill or Soil Slopes:  For planning purposes, permanent slopes comprised of overburden, alluvium, 
colluvium or other site-derived fill should not exceed 2H:1V. 

Earlier versions of the Project included construction of retaining structures, or engineered structural elements, that 
warranted more detailed geotechnical investigations for design purposes.  Retaining structures have been 
eliminated from the Project (with the exception of the Material Removal Area), and with other modifications,  the 
main geotechnical considerations are limited to recommended slope angles for final slopes of previously filled or 
otherwise disturbed surfaces.  

The Material Removal Area, and the Rock Pile Area, present the largest challenges due to depths of the cuts that 
are required, and the steep natural terrain underlying and comprising the hillslopes that are overlain by 
overburden.  In some locations along creek banks, it is anticipated that cuts will expose natural surficial materials 
(i.e., colluvium and slope wash) as opposed to bedrock and may require localized cuts steeper than 2H:1V in 
order to daylight the cuts into natural slopes. 

The Material Removal Area may require a retaining structure, depending on timing of the creek restoration project 
with respect to site operations, to preserve infrastructure and access associated with the Upper Water Treatment 
System (UTS).  This is discussed in further detail in Section 6.2.   

5.0 SITE RECONNAISSANCE AND GEOMORPHIC CHARACTERIZATION 
The following section provides a summary of our geomorphic observations of the Project.  All station references in 
this report are coincident with that used by Waterways on Sheets C2-C4 in their 90% restoration plan report 
(2019). 

5.1 Overview of Permanente Creek Profile 
The profile of Permanente Creek can broadly be classified into depositional reaches and bedrock reaches 
(delineated on Figure 2 as Reach A, Reach B, etc.).  The processes that define these reaches are the rate that 
sediment is supplied to the channel and the rate at which the channel can convey the supplied sediment.  The 
rate of sediment supply is controlled by hillslope processes and the rate that sediment is delivered to the channel. 
The rate of sediment transport is controlled by the channel geometry and the hydraulic characteristics of the 
reach.  The channel hydraulics are directly coupled to the rate at which water is delivered to the channel.  
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Figure 2: Permanente Creek Profile with geomorphic and geologic delineations. Stationing from Waterways (2019). 
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5.1.1 Reach A: Alluvium on Bedrock 
The upstream most portion of the survey channel is characterized by alluvium in the form of travertine reinforced 
step pool morphology that partially covers a bedrock channel.  The sediment supplied here is likely to come from 
natural processes and is likely partially supplied from an alluvial fan originating from Wild Violet Creek.  
Carbonate-rich water percolates from the south bank of the channel in this reach, indicating that the source of the 
carbonate-rich spring is likely within the Wild Violet drainage.  Geologic maps (Dibblee and Minch 2007a and b) 
indicate that the limestone unit of the Franciscan complex outcrops within the Wild Violet drainage. The debris 
from this alluvial fan is being transported downstream and has deposited small terraces along both valley walls. 
These terraces are possibly abandoned by the modern hydraulic regime of the river and may be coupled to the 
debris flows originating from Wild Violet Creek. 

5.1.2 Reach B: Deposition 
This depositional reach is characterized by a relatively wide, low gradient, flat valley floor that extends for 
approximately 1,000 feet along the valley axis.    In combination with downstream gradient controlled from the 
Bedrock reach, the sediment load is too great and too coarse for the local hydraulics to transport, resulting in 
deposition on the valley floor.   

5.1.3 Reach C: Bedrock Control 
The Bedrock controlled reach is relatively short (750 feet) and has a relatively low gradient (<2%), but the narrow 
bedrock channel maintains hydraulic and sediment continuity through this reach, resulting in a thin alluvial cover 
on a bedrock channel bed.   It appears that this reach only receives sediment from the channel upstream and 
conveys almost all of this load through to the downstream reach.  

5.1.4 Reach D: Deposition 
This Deposition reach is characterized by the aggradation of sediment on the valley floor and relatively wide flat 
valley bottom that receives sediment from the upstream reach and the tributaries that confluence with 
Permanente Creek from the south.  The downstream end of this reach is marked by the occurrence of a sharp 
change in channel gradient associated with a bedrock knickpoint.  This portion of the landscape is within the 
Materials Removal Area.  Further discussion of the implications of these features to the restoration plan are 
discussed in Section 6.     

5.1.5 Reach E: Jammed Conveyance 
The Jammed Conveyance is very steep (>9%), but due to the large quantity of material it receives, and the 
armoring effect of both the coarse sediment and the relict mining infrastructure within the channel, a large portion 
of this material remains within the reach.  The geomorphic term ‘jammed’ describes steep channels that are 
clogged with debris (Zimmerman et al. 2010).  Natural channels of this gradient are typically not depositional but 
rather erosional.  The debris residing on the bed in this reach is immobile, and the modern channel alignment is 
constricted between the debris from the north and the south valley wall for much of this reach. The Material 
Removal Area is contained within the upstream portion of this reach. 

5.1.6 Reach F: Step Pools  
Downstream of the Jammed Conveyance, a large, mapped natural landslide borders the south bank of the river 
for the entirety of this reach.  The large boulders from both mining and natural sources, as well as woody debris, 
form large, steep step-pools within this reach.  Some of these step-pools appear to have been reinforced with 
travertine deposits, as evidenced by the relict abutment deposits on the channel margins.   
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5.1.7 Reach G: Pond 13 Control 
The reach downstream of the Step Pools reach, appears to act as a gradient control.  Although this gradient 
control may be driven by the back-water effect of the small reservoir at Pond 13, data from the Seismic survey 
indicates that this feature may be reinforced by naturally occurring bedrock ridges within the channel.  A local 
bedrock ridge is present just downstream of Pond 13 (Figure 2).  

5.1.8 Reach H: Culvert Control 
Downstream from Pond 13 the channel is confined within culverts and canals that do not exhibit a morphologic 
connection to the adjacent landscape.   

5.2 Geomorphic Observations 
5.2.1 Knickpoints 
In response to the dynamic changes driven by tectonic base level change, upstream propagating waves of 
erosion have migrated up Permanente Creek.  The upstream most location of a given wave is marked by a 
distinct change in channel gradient, termed a knickpoint.  Knickpoints characteristically migrate more rapidly 
through more easily erodible material, and more slowly through more erosion-resistant material (Whipple 2004). 

The upstream most knickpoint with the assessed channel is located at 
Station 148+00 within the Material Removal Area (Figure 2).  This 
reach is characterized by a relatively low gradient reach upstream of 
this point and a steep reach downstream.  The steep reach 
downstream is simultaneously receiving and conveying a large 
quantity of material, typically composed of the finer fraction of the total 
sediment load, and aggrading the coarser fraction, composed of large 
boulders.      

5.2.2 Travertine 
Travertine is a form of limestone precipitate that forms when calcium 
carbonate-rich water undergoes changes that cause the mineral to 
transition from solution to a solid state.  This transition is largely 
controlled by physical processes, such as changes in pressure, 
temperature, or pH, but it can be influenced by biological processes 
and hydraulic variability as well (Fuller et al. 2010).  Golder observed 
two types of travertine formation in Permanente Creek. One in which 
stalactites grew out of the southern stream bank downstream of the 
confluence with Wild Violet Creek, and the other along large portions of 
the channel where naturally forming step-pools were reinforced by 

travertine deposition to form travertine dams (Figure 3).  These dams display a history of repeated formation and 
breaching, as evidenced by the clasts of travertine conglomerate from older dams being incorporated into modern 
dams, as well as the relict abutments of older travertine dams remaining on the channel margins.   This natural 
process has been taking place throughout geologic time along Permanente Creek. 

 

 

Figure 3 - Travertine Deposits 
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Figure 4 – Fishhook shaped headwaters 

5.2.3 Basin Capture 
A process termed basin capture can occur whereby drainage networks and flow paths are rearranged through 
landscape modifying influences of tectonics and surface processes.  This process can result in characteristic 

landscape features like wind gaps, where valley geometry and 
upstream drainage are mismatched, and fishhooks, where 
headwater streams exhibit a significant curved alignment 
where the drainage meets the basin edge.  The fishhook 
morphology is observable in the Permanente Creek basin, 
and adjacent basins (Figure 4).  Evidence of basin capture is 
significant to the current investigation as the changes in basin 
area related to basin capture can be associated with a dis-
equilibrium between the channel morphology and the 
sediment regime of the river.  More straightforwardly, this 
implies that the basin used to be bigger, and the current 
hydrologic regime may not be sufficient to transport the former 
natural sediment load.   

 

 

6.0 REVIEW OF RESTORATION DESIGN  
This section provides an overview of the Waterways 90% design report (2019) with respect to the design basis 
and an evaluation of potential geotechnical issues for the Rock Pile and Material Removal Areas.  

6.1 Geomorphic Design Basis 
Waterways has based their geomorphic design on maintaining sediment transport continuity through the 
constructed reaches and proportionately distributing shear stresses across the channel bed and floodplain areas 
during floods to maintain a dynamic morphology without destabilizing the landscape.  They optimized the design 
geometry by matching the hydraulics during flooding to the sediment size and transport rate of the channel.  
Additionally, design geometry incorporated the bankfull width and depth, and pool dimension and spacing 
relationships, of nearby reference watersheds and analog reaches (URS 2009).  Waterways (2019) conducted 
hydrologic and hydraulic simulations of the restoration design and compared those results to fish passage 
capability, channel stability, flood conveyance, and sediment transport. 

Waterways (2019) design specifications include the following primary elements: 

 Engineered Streambed Material (ESM)  

 Floodplain Armoring 

 Vegetated Rock Slope Protection 

 Vegetation Design 

 Best Management Practices 

 Engineered Woody Debris 
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 Slope Angle Guidance (Golder 2014) 

6.2 Material Removal Area Design 
Location: From Station 150+25 to 130+25 

General Description (Waterways): 

“This area has been modified by the placement of material within and adjacent to the channel… A seismic 
refraction analysis has been performed to estimate the depth to bedrock, in an effort to gain a clearer 
understanding of the pre‐disturbance site geometry and allow a more informed evaluation of opportunities and 
constraints to enhancement. 

Proposed cuts extend to depths of over thirty feet below existing ground, resulting in profile grades of 7.1% to 
22.7%.  These grades follow the peaks of the estimated subsurface bedrock profile.  Final grades would be 
determined in the field to best fit bedrock exposures encountered during excavation.” 

Design Elements and Objectives: 

 Removal of overburden/fill and a relic concrete structure, and moving the north toe of slope northward 
25 feet along the majority of the project area, except near Pond 4A where it will move northward 
16 feet; 

 Construction of a new channel with floodplain bench areas with habitat elements that will help improve 
ecological complexity; and  

 Installation of native vegetation. 

6.2.1 Evaluation and Discussion of Materials Removal Area 
A geologic and a geomorphic map of the Material Removal Area is presented in Figure 5.  Longitudinal and 
thalweg profiles of this area are presented in Figures 6, 7 and 8.  In general, both the cross section and long 
profile indicate that bedrock is close to the surface throughout the Material Removal Area with the exception of a 
few local areas where depths may be in the range of 15 to 20 ft bgs.   The design approach used by Waterways 
notes that the estimated bedrock contacts as shown are approximate, and that the design will allow for the work to 
conform to and follow the bedrock surface as it uncovered during excavation.1  Golder concurs with this general 
approach and doesn’t believe any additional exploration would provide value to the design above and beyond the 
data provided by the seismic refraction surveys.   

 
1 It should be noted that where shown on included figures that the bedrock surface as interpreted from seismic refraction data is approximately 
located and will be field verified during construction.  
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Figure 6: Profile of Material Removal Area from Station 152+50 to 132+50. 

The following bullet points provide Golder’s observations of the design as compared to conditions observed in the 
site reconnaissance and as informed by the seismic refraction survey data.   

 At Station 148+00, bedrock close to the surface is likely the controlling feature of an upstream migrating 
knickpoint.  The design shows the channel invert conforming to knickpoint and then potentially being 
established on exposed bedrock downstream of the knickpoint.  We concur with this design approach.  
Additional design elements proposed including ESM and other profile control elements such as boulder 
weirs and sills should help to ensure stability of the knickpoint.  

 Between Stations 146+50 and 142+50, the restoration design identifies a large quantity of material for 
removal from the channel.   The relic mining infrastructure may play a role in defining the channel 
alignment and facilitating an armored surface on some of the debris.  The result of the restoration 
efforts will increase the local gradient within this reach and extend the length of the high-gradient 
portion of the channel. Sheet C34 of the 2019 plan set provides additional details for Step-pool and 
cascade channel design segments in this reach to mitigate the local gradient.  We concur with this 
approach and note that field engineering design modifications and follow on monitoring may be 
necessary to ensure that the post material removal channel geometry is stable. 

 Between Stations 138+50 and 134+50, the seismic profiles indicate that bedrock may be encountered 
below design grade, but as the seismic profile lines were collected adjacent to the channel and not in 
the thalweg, Golder believes that bedrock may be exposed at relatively shallow depths along the 
thalweg. We understand that the intent of the design is to construct the channel on exposed bedrock 
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occurring within the proposed grading envelope and based on our reconnaissance we think this is 
generally achievable. 

 There is a large relic concrete structure located in the left bank of the stream channel five to ten feet 
above the channel invert (143+00).  There is a smaller relic concrete structure located in the channel 
further downstream. Golder understands that the removal of old mining infrastructure from the channel 
will increase the connectivity of the channel to the adjacent landscape and also that the relict structures 
may currently be contributing to the stability of this reach. We understand that weirs and steps will be 
constructed using material with a minimum size meeting the D50 of the specified material and  a 
boulder sill w/ a minimum size meeting the D84.  This design approach is intended to replace any 
potential stability relic structures are providing. 

 The most challenging geologic and geotechnical issue in the Material Removal Area is the presence of 
the Upper Water Treatment System infrastructure, including the 1250 Pond and associated facilities 
located along the top of the creek bank and the access road to Permanente Creek. The lifetime of these 
facilities is uncertain at this time as they are required for on-going operations of the Facility.  However, 
once reclamation is completed, they may no longer be necessary.  If the facilities need to be protected 
during the creek restoration project, a retaining structure (e.g., Mechanically Stabilized Earth wall) will 
be necessary to maintain the road and the 1250 pond (as shown in Figure 4.0 of Waterways Updated 
Response Letter to the County dated 3-5-18 shown below).   The retaining structure would be required 
as the design calls for pushing the north bank of the creek approximately 25 further north than current 
conditions.  

 

 Figure 7: Typical Section of Potential MSE Wall to protect Water Treatment Facilities 

 If a retaining structure is required, Golder recommends that a geotechnical investigation be performed 
along the alignment of the wall to verify depth to bedrock and to obtain appropriate design parameters 
for the design of the wall.  However, depending on the timing of the restoration project, a retaining 
structure may not be necessary and therefore we recommend delaying any further investigation until 
such time it is needed.  Figure 8 illustrates the design surface and bedrock conditions if the slope can 
be graded back at 2H:1V.  This slope configuration meets Golder’s general recommendations for 
cutslopes developed in surficial materials and is considered acceptable.  
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 Figure 8: Cross section at Material Removal Area. Located at Thalweg Profile Station 146+00. Note depth to 

bedrock is approximate and estimated based on seismic refraction data.   

6.3 Rock Pile Area Design 
Location: From Station 104+50 to 85+50 within the Channel Widening Reach. 

General Description (Waterways 2019): 

“Extensive channel realignment and reconstruction is proposed throughout this area, including removal of 
Culverts #10 & #11 and the dam at Pond 13…. Cuts approximating thirty to forty feet of depth are required to 
accomplish this. The grading plan reflects the Lower Limit of Potential Design Channel Invert. The Upper Limit of 
Potential Design Channel Invert shown in profile has been established as a best fit to bedrock elevations that 
were estimated using a seismic refraction analysis and geotechnical borings. Final geometry will likely vary 
somewhat from that shown on the drawings, as necessary to conform to existing bedrock.  

The rock pile and associated infrastructure will be removed to accommodate the lowered and widened 
channel…The slope exposed below the Rock Pile will be inspected by the Geotechnical Engineer or Project 
Engineering Geologist to evaluate the nature and stability of the exposed material and provide recommendations, 
as necessary, to ensure geotechnical stability of the slope and access road.”  

Design Elements and Objectives: 

 Removal of concrete road segments and road‐related fill material; 

 Removal of 930 linear feet of culverts and daylighting of the creek that will help improve ecological 
complexity; 

 Construction of a new channel with floodplain bench areas with habitat elements that will help improve 
ecological complexity; 
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 Removal of Rock Pile, retired Rock Plant conveyor system and associated infrastructure; 

 Removal of Pond 13 dam/metal infrastructure; and 

 Installation of native vegetation. 

6.3.1 Evaluation and Discussion of Rock Pile Area 
A geologic and a geomorphic map of the Rock Pile Area is presented in Figure 9. Cross sections and thalweg 
profiles of this area are presented in Figures 10 and 11.  Appendix B includes Figure 1 from Waterways Updated 
Response Letter to the County dated March 5, 2018 showing the locations of exploratory borings drilled 
previously by Golder in the area of the Rockpile restoration work and boring logs.  The following discussion 
provides additional observations of specific design elements as compared to conditions observed in the site 
reconnaissance and as informed by the seismic refraction survey data. 

 In the Rock Pile Area, Golder’s comparison of the restoration design with seismic survey results 
indicates that bedrock ranges from about 5 feet to approximately 25 feet below ground surface with 
significant relief along the longitudinal profile (Figure 10).  As with the Material Removal Area, the 
design intent will allow for the work to conform to and follow the bedrock surface as it is uncovered 
during excavation.  

 The interpreted depth to top of native alluvium or bedrock for borings along the proposed thalweg 
(Borings 1101 and 1103) is approximately 25 feet although native surficial materials were likely 
encountered approximately 5 to 10 feet shallower.  Boring 1107, also along the thalweg but near the 
downstream limit of the area, encountered a concrete structure at approximately 7 feet bgs interpreted 
as being near original ground surface along the channel thalweg.  The remaining borings were drilled 
upslope of the thalweg to evaluate depths of fill along the toe of the proposed slope.   In general, these 
borings indicate depths of overburden along the toe of the slope in the range of 60 to 70 ft bgs.   

 The bedrock surface depicted on Figure 10 is close to the “Upper Limit of Potential Design Channel 
Invert” as defined by Waterways (based on seismic lines and verification borings), whereas the grading 
plan included on the design drawings represents the “Lower Limit of Potential Design Channel Invert” to 
show the maximum extent of potential grading.  It is our opinion based on the review of available data 
that the constructed profile will be close to the “Upper Limit” upstream of Rock Pile Design.  In 
summary, it is our opinion that the design is reasonable, and additional exploration will not provide 
value to the design above and beyond the data provided by the seismic refraction surveys and previous 
completed borings.     

 The seismic data also identifies a potential former bedrock channel, which extends through the Rock 
Pile Area that in some locations is north of the proposed thalweg (Figure 11).  Golder understands that 
Waterways has, to the extent possible, re-occupied the historic thalweg; however, extensive grading 
would be required in some areas to realign the channel and move it further to the north to occupy the 
historic channel thalweg.  We understand that pushing the toe of the slope further north is not 
considered feasible given that this would require significant flattening of the slope which would impact 
the extensive infrastructure located at the top of slope including the main access road and the crusher 
facility.   Golder recommends that field engineering design modifications be applied to utilize existing 
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bedrock topography and historic thalweg to the extent possible to meet the desired restoration 
outcomes.  

 
Figure 10: Profile of Rock Pile Area from Station 104+50 to 84+50. 

 
Figure 11: Cross section at the Rock Pile Area. Located at Thalweg Profile Station 97+00. 
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 The removal of the two culverts and creation of a floodplain with an inset channel in this reach will re-
establish the lateral connectivity of the channel to the adjacent hillslopes.   Reconnecting the channel to 
the adjacent landscape will have positive benefits as designed by Waterways, but it will also increase 
the potential for a laterally migrating channel to affect adjacent hillslopes.  The north valley wall will 
consist of the excavated Rock Pile and the south valley wall is defined as a large, ancient landslide 
based on regional geologic mapping.   

 The seismic data indicate that there is a bedrock ridge, oriented perpendicular to the valley axis, 
located just downstream of Pond 13.  It appears that Pond 13, and/or the underlying more resistant 
bedrock, may be acting as a grade control structure on the reach upstream of Pond 13 (Figure 10).The 
channel morphology upstream of Pond 13 appears to have adjusted to this local gradient control and 
has resulted in the aggradation of sediment upstream of Pond 13.   We understand that, the channel 
upstream of Pond 13 will be excavated into the stored sediment and depending on the depth to 
bedrock, a large proportion of these sediments will be removed as part of the restoration effort.   In 
addition, we understand that grade control will be installed at the upstream limits of work under either 
Profile scenario.  

7.0 CONCLUSIONS AND RECOMMENDATIONS 
In this section, Golder summarizes the finding of our investigations and provides recommendations to facilitate the 
implementation of the Restoration Plan (Waterways 2018).  

7.1 Adaptive Management and Monitoring   
In our opinion, the most effective way to ensure a successful project is thorough engineering observation and field 
fitting of final profiles during excavation activities. This is the best way to achieve the goal of restoring natural 
profiles while minimizing excavation of native soils or bedrock materials. Note that this is a well-established 
concept first described and promoted by Karl Terzaghi as the “Observational Method” and was later described in 
detail by Ralph Peck (1969).  The intent of the method is to balance the cost of investigation and design while still 
achieving a successful project through adaptive management in the field.  The method entails designing to the 
most probable conditions rather than the most unfavorable conditions.   Data gaps are filled by detailed 
observations during construction and designs are modified as needed.     

It is important that stakeholders recognize that this is a restoration project, not an engineered stream channel, and 
this will by necessity entail restoration of new slopes to match previously existing slopes.  This will require slope 
angles which, in some cases, may evidence stability just like the existing natural slopes.  In our opinion, additional 
subsurface exploration will not alter this fundamental concept or improve the project outcome.  Rather, it is 
understood by the Project team that shallow slides and/or erosion may occur on restored natural slopes.    

7.2 Evolution of Design 
The plan set is in general conformance with the applicable geotechnical recommendations as outlined in our 
“Preliminary Geotechnical Recommendations for Conceptual Level Permanente Creek Restoration Plans” dated 
April 28, 2014 (Golder 2014).  We note that several structural construction elements that were part of the original 
project design in 2014 have been eliminated from the 2019 plan set.  With the exception of a possible MSE wall in 
the Material Removal Area, structural elements such as gabions or retaining walls, which would warrant more 
detailed subsurface investigation and testing, are no longer part of the project.      
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7.3 Field Observations and Adaptive Management 
As stated in the Field Engineering Notes section of the project plan notes (Sheet C28) stability of hillsides may 
necessitate: 

 Field engineering and a field directed construction approach, i.e., field observations and adaptive 
design as discussed above 

 Final geometries to be directed in the field by the Project Engineer to account for unanticipated 
subsurface conditions 

 Flexibility with respect to final gradients and defined “grading envelopes” for channel gradients 

 A narrowing of floodplain widths in areas where the final design profile approaches the lower limit of the 
grading envelope 

 Slope benching to reduce slope angles and lengths in areas of disturbed terrain, and to control surface 
runoff and erosion while vegetation is established 

We concur with the above recommendations, and the Field Engineering Notes in general, with respect to 
addressing and minimizing potential slope instabilities.  We further recommend that the Project Geotechnical 
Engineer or Project Engineering Geologist inspect all interim and final cutslopes as the project progresses such 
that any potential areas of concern can be identified early in the process and remedial measures developed, if 
required.   

7.4 Material Removal Area 
The Material Removal Area may require a retaining structure, depending on timing of the creek restoration project 
with respect to site operations, to preserve infrastructure and access associated with the Upper Water Treatment 
System (UTS).    Our understanding is that Waterways is recommending that work at the Material Removal Area 
is sequenced to occur after other portions of the project are constructed if the treatment facilities and Pond 1250 
need to remain in place at the start of project implementation.  Work would start with the Channel Widening Area 
and generally proceed upstream.  The second phase of work would include the Rock Pile Area.  The final stage of 
work would include the Material Removal Area.   

 If the MSE wall is required, then Golder recommends a geotechnical investigation be completed to prepare final 
design and construction plans.  Based on the above construction sequence, there will adequate time to plan, 
permit and implement this investigation even after the project has started.     

7.5 Rock Pile Area 
The main geotechnical challenge for the proposed project is likely related to the Rock Pile Area which entails a 
reach of the creek where culverts will be removed, and a large stockpile of aggregate materials placed along the 
margin of the creek and up onto the hillside to a height in excess of 200 vertical feet.  The estimated thickness of 
the rock pile ranges up to 100 feet.  Estimated natural slopes angles underneath and above the rock pile are 
shown as steep as 1H:1V.  We recommend inspection of these slopes by the Project Engineering Geologist or 
Geotechnical Engineer following the removals to evaluate the geologic conditions and stability of the exposed 
materials.  If the removals expose bedrock, stability of the slopes should be adequate.  However, if the cut leaves 
significant thicknesses of overburden in place, potential localized slope instability may be encountered.  Golder 
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recommends that Lehigh and Waterways have contingency plans in place to design and implement remedial 
measures such as:  

 Additional localized removals of loose or unstable materials 

 Slope laybacks and benching 

 Engineered drainage controls 

 Buttresses or slope sections comprised of compacted rockfill 

7.6 Travertine Deposits 
The deposition of travertine between clasts in step-pools and dam-like structures, as well as deposited sediment 
that is accessed by the channel flow is likely to have increased the apparent strength of localized areas of alluvial 
materials along the channel.  This cementation may make the removal of this material more difficult than 
anticipated and may play a role in long term channel stability.  Golder recommends that this cemented material be 
left in place wherever possible to augment the restoration design. 

 

Golder Associates Inc. 
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(FILL; ML) gravelly SANDY SILT, subangular to subrounded sand and gravel, low
plastic fines; brown; moist.

(NATIVE possible pond sediment; CH) gravelly CLAY, medium to high plastic fines,
fine subangular gravel, some coarse sand; dark brownish-gray; mosit.

gravel decreases with depth

at 25 feet: driller notice material is a little harder

(NATIVE; CL) gravelly CLAY, angular to subangular gravel, some FeOx staining,
weathered Franciscan clasts; dark gray; moist.

(NATIVE; GM) SILTY GRAVEL, angular to subangular, low to medium plastic fines,
weathered Franciscan bedrock; dark gray; moist to wet.

Bottom of borehole at 35.0 feet.

SS 18/18

12/18

ML

CH

CL

GM

DRILLING METHOD HSA

DRILLING COMPANY Gregg Drilling
REMARKS Borehole 1101 is located on road (furthest east location). Estimated depth of bedrock with seismic line is about 25 feet.

GROUND ELEVATION

TOP OF CASING ----

LOGGED BY LF

CASING TYPE/DIAMETER ----LOCATION Cupertino, CA

SCREEN TYPE/SLOT ----

GRAVEL PACK TYPE ----

GROUT TYPE/QUANTITY ----

REMARKS CONTINUED Possible pond sediment at ~7 feet and weathered bedrock at ~25 feet.
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(FILL; SM) gravelly SILTY SAND, fine sand, subangular to subrounded gravel; brown;
dry to moist.

at 10-15 feet: increase in gravel, fine to coarse angular to subangular gravel;
whitish-brown.

at 19 feet: driller noticed softer material; attempted a drive sample (no recovery)

(FILL; CL) gravelly SILTY CLAY, fine subangular to subrounded gravel, some coarse
sand; grayish-brown; moist.
(FILL; GM) SILTY GRAVEL, angular to subangular gravel, some sand; wet.

(NATIVE; CH) CLAY, possible channel sediment, medium to high plastic fines.

(NATIVE; GM) sandy SILTY GRAVEL,  possible channel sediment.

(NATIVE; ML) sandy gravelly SILT, low to medium plastic fines, weathered Franciscan
bedrock; brownish-gray.

Bottom of borehole at 45.0 feet.

0/18

18/18

SM

CL

GM

CH

GM

ML

DRILLING METHOD HSA

DRILLING COMPANY Gregg Drilling
REMARKS Borehole 1102 is located on road above 1101. Drilled through fill and hit clay at ~19 feet and possibly weathered Franciscan at ~41 feet.

GROUND ELEVATION

TOP OF CASING ----

LOGGED BY LF

CASING TYPE/DIAMETER ----LOCATION Cupertino, CA

SCREEN TYPE/SLOT ----

GRAVEL PACK TYPE ----

GROUT TYPE/QUANTITY ----

REMARKS CONTINUED
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(FILL; ML) gravelly SILT, low plastic fines, subangular to subrounded gravel, some fine
sand; dark grayish-brown; moist.

(FILL; SM) gravelly SILTY SAND, fine sand, low plastic fines, subangular to
subrounded gravel; brown; moist.

(FILL; ML) gravelly sandy SILT, low to medium plastic fines; dark brown; moist.

(FILL; GM) SILTY GRAVEL and COBBLES, angular to subangular; whitish-brown.

unable to drill past 18 feet; possibly stuck on a boulder

Bottom of borehole at 18.0 feet.

ML

SM

ML

GM

DRILLING METHOD HSA

DRILLING COMPANY Gregg Drilling
REMARKS Borehole 1103 is located on road. Hit cobbles at 18 feet and unable to drill past.

GROUND ELEVATION

TOP OF CASING ----

LOGGED BY LF

CASING TYPE/DIAMETER ----LOCATION Cupertino, CA

SCREEN TYPE/SLOT ----

GRAVEL PACK TYPE ----

GROUT TYPE/QUANTITY ----

REMARKS CONTINUED
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(FILL; ML) gravelly SILT, low plastic fines, subangular to subrounded gravel, some fine
sand; light brown to brown; moist.

(FILL; SM) gravelly SILTY SAND, fine sand, low to medium plastic fines, subangular to
subrounded gravel; brown to dark brown; moist.

(FILL, ML) gravelly sandy SILT, angular to subangular gravel, weathered Franciscan
clasts; brown.

(NATIVE; CL-ML) gravelly SILT to gravelly CLAY, angular to subangular gravel,
weathered Franciscan bedrock; reddish-orangish-brownish-gray; moist to wet.

Bottom of borehole at 30.0 feet.

ML

SM

ML

CL-
ML

DRILLING METHOD HSA

DRILLING COMPANY Gregg Drilling
REMARKS Borehole 1103R is 3 feet east of 1103. Hit weathered Franciscan bedrock at ~25-30 feet.

GROUND ELEVATION

TOP OF CASING ----

LOGGED BY LF

CASING TYPE/DIAMETER ----LOCATION Cupertino, CA

SCREEN TYPE/SLOT ----

GRAVEL PACK TYPE ----

GROUT TYPE/QUANTITY ----

REMARKS CONTINUED
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(FILL; ML) gravelly sandy SILT, low to medium plastic fines, subangular to subrounded
gravel; gray; moist.

color change to light grayish-brown

color change to light brown

(FILL; ML-CL) gravelly SILT to gravelly CLAY, medium plastic fines, subangular to
subrounded gravel, trace coarse sand; brown; moist.

(FILL; GM-ML) SILTY GRAVEL to gravelly SILT, low plastic fines, angular gravel,
some coarse angular sand; tannish-whitish-brown; moist.

at 26 feet: driller noticed material became more stiff

(FILL; ML-CL) gravelly CLAY to gravelly SILT, medium plastic fines, fine subangular to
subrounded gravel, some fine sand, weathered; dark brownish-gray; moist.

at 32 feet: hard material; unable to drill any further.

Bottom of borehole at 33.0 feet.

18/18

3/12

ML

CL-
ML

GM

CL-
ML

DRILLING METHOD HSA

DRILLING COMPANY Gregg Drilling
REMARKS Borehole 1104 is located on rockpile. Hit cobbles at 32 feet and unable to drill past.

GROUND ELEVATION

TOP OF CASING ----

LOGGED BY LF

CASING TYPE/DIAMETER ----LOCATION Cupertino, CA

SCREEN TYPE/SLOT ----

GRAVEL PACK TYPE ----

GROUT TYPE/QUANTITY ----

REMARKS CONTINUED
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(FILL; ML) gravelly sandy SILT, low plastic fines, angular to subangular gravel;
grayish-brown; moist.

at 9 ' color changes to light brown

(FILL; ML-CL) gravelly SILT to gravelly CLAY, low to medium plastic fines; brown;
moist.

(FILL; GM-ML) SILTY GRAVEL to gravelly SILT, low plastic fines, angular gravel;
tanish-brown; moist.

(FILL: ML-CL) gravelly SILT to gravelly CLAY, subangular to subrounded gravel; brown
to reddish-brown; moist.

at 35' color changes to reddish-brown

ML

CL-
ML

GM

CL-
ML

DRILLING METHOD HSA

DRILLING COMPANY Gregg Drilling
REMARKS Borehole 1104R is 3 feet east of 1104. Possibly hit weathered Franciscan bedrock at about 67 feet.

GROUND ELEVATION

TOP OF CASING ----

LOGGED BY LF

CASING TYPE/DIAMETER ----LOCATION Cupertino, CA

SCREEN TYPE/SLOT ----

GRAVEL PACK TYPE ----

GROUT TYPE/QUANTITY ----

REMARKS CONTINUED
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(FILL: ML-CL) gravelly SILT to gravelly CLAY, subangular to subrounded gravel; brown
to reddish-brown; moist. (continued)

(FILL; ML) gravelly SILT, low plastic fines, coarse subangular to angular gravel; brown;
moist.

(FILL; ML-CL) gravelly SILT to gravelly CLAY, low to medium plastic fines, angular to
subangular gravel; brown; moist.

(FILL; GM) SILTY GRAVEL, low plastic fines, fine subangular gravel; light
tanish-brown; moist.

at 67 feet: driller notices a change in drilling

(NATIVE; GM-SM) sandy GRAVEL to gravely SAND, low plastic fines, weathered
Franciscan clasts; brownish-gray to greenish-gray; moist to wet.

(NATIVE; CL) CLAY, slightly weathered Franciscan; dark gray; moist to wet.

Bottom of borehole at 75.0 feet.

CL-
ML

ML

CL-
ML

GM

GM

CL

D
E

P
T

H
(f

t.
 B

G
L)

DATE STARTED 2/12/15

DATE COMPLETED 2/12/15

PROJECT NUMBER 1302968-01

Golder Associates, Inc.

Telephone:

LITHOLOGIC DESCRIPTION

L o g o

BORING NUMBER 1104R
PAGE  2  OF  2

45

50

55

60

65

70

75

PROJECT NAME Lehigh Rockpile Drill

G
R

A
P

H
IC

LO
G

R
ec

ov
er

y
(f

t)

S
A

M
P

LI
N

G
 M

E
T

H
O

D

U
S

C
S

LE
H

IG
H

 R
O

C
K

P
IL

E
 T

E
M

P
LA

T
E

  G
IN

T
 S

T
D

 U
S

 L
A

B
_L

E
H

IG
H

R
O

C
K

P
IL

E
D

R
IL

L.
G

P
J 

 L
O

G
 A

 E
W

N
N

01
.G

D
T

  3
/2

0
/1

5

L o g o



(FILL, GM) SILTY GRAVEL, angular to subangular; light to dark gray.

(FILL; CL-ML) gravelly sandy CLAY to sandy SILT, medium plastic fines, medium to
coarse sand, subangular gravel; dark gray; moist.

(FILL; ML) gravelly SILT, low plastic fines, fine to coarse subangular gravel, some
coarse sand; brown; moist.

(FILL, GM) SILTY GRAVEL, fine to coarse angular to subangular gravel, low plastic
fines; whitish-brown; moist.

(FILL; ML) gravelly SILT, low to medium plastic fines, subangular gravel; brown; moist.

(FILL; ML) gravelly SILT, low plastic fines, angular to subangular gravel, some coarse
angular to subangular sand, slightly weathered Franciscan clasts;
reddish-orangish-brown; moist.

at 35 feet: driller noticed material became more stiff; drill bit became hot and started
smoking.

GM

CL-
ML

ML

GM

ML

ML

DRILLING METHOD HSA

DRILLING COMPANY Gregg Drilling
REMARKS Borehole 1105 is located on rockpile (most North on Figure). Hit clay at ~63 feet, unable to drill past 66 feet.

GROUND ELEVATION

TOP OF CASING ----

LOGGED BY LF

CASING TYPE/DIAMETER ----LOCATION Cupertino, CA

SCREEN TYPE/SLOT ----

GRAVEL PACK TYPE ----

GROUT TYPE/QUANTITY ----

REMARKS CONTINUED
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(FILL; ML) gravelly SILT, low plastic fines, angular to subangular gravel, some coarse
angular to subangular sand, slightly weathered Franciscan clasts;
reddish-orangish-brown; moist. (continued)

(FILL; ML) gravelly SILT, low plastic fines, anuglar to subangular gravel; brown; moist.

(FILL; ML-SM) gravelly sandy SILT, low plastic fines, fine to coarse sand, subangular
to subrounded gravel; brown; moist.

(NATIVE; CH) gravelly CLAY, possible pond sediment, medium to high plastic fines,
subangular to subrounded gravel, some coarse subangular sand; brown to dark
brownish-gray to black; moist.

(NATIVE; ML-CL) CLAYEY SILT to SILTY CLAY, possible pond sediment, low plastic
fines, some fine sand, trace coarse subangular sand; light brownish-gray mottled dark
gray.

Bottom of borehole at 66.0 feet.
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(FILL; GM) sandy SILTY GRAVEL, angular to subangular gravel, low plastic fines, fine
to coarse sand; brown; moist.

(FILL; GP) poorly graded GRAVEL, coarse subangular gravel, some silt; brown; moist.

(FILL; GM-GC) SILTY GRAVEL to CLAYEY GRAVEL, low plastic fines, subangular
gravel; brown; moist.

(FILL; SM) SILTY SAND, fine sand, low plastic fines, some medium to coarse
subangular sand, some fine to coarse subangular gravel; brown; moist.

(FILL/COLLUVIUM (?); ML-CL) gravelly SILT to gravelly CLAY, low to medium plastic
fines, fine to coarse subangular gravel; brown; moist.

GM

GP

GM

SM

CL-
ML

DRILLING METHOD HSA

DRILLING COMPANY Gregg Drilling
REMARKS Borehole 1106A location is downslope on rockpile (east of previous boreholes). Driller notes gravel at ~18 feet.

GROUND ELEVATION

TOP OF CASING ----

LOGGED BY LF

CASING TYPE/DIAMETER ----LOCATION Cupertino, CA

SCREEN TYPE/SLOT ----

GRAVEL PACK TYPE ----

GROUT TYPE/QUANTITY ----

REMARKS CONTINUED Possible pond sediment at ~25 feet. Possibly hit weathered Franciscan bedrock at ~66 feet.
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(FILL/COLLUVIUM (?); ML) gravelly SILT, low plastic fines, fine subangular gravel;
brown; moist.

(FILL/COLLUVIUM (?); ML) gravelly SILT, low palstic fines, fine subangular gravel,
some fine to coarse subangular sand; brown; moist.

(FILL/COLLUVIUM (?); GM) SILTY GRAVEL, fine angular to subangular gravel, low
plastic fines, some coarse subangular gravel; brown; moist.

(FILL/COLLUVIUM (?); ML) gravelly SILT, low plastic fines, fine to coarse subangular
gravel, some coarse subangular sand; brown; moist

(NATIVE; SM/GP) SILTY SAND and GRAVEL, heavily weathered; wet.

(NATIVE; ML-CL) gravelly SILT to gravelly CLAY, heavily weathered, possibly
Franciscan bedrock; wet.
(NATIVE; GM) sandy SILTY GRAVEL, fine to coarse angular to subangular gravel,
possibly Franciscan bedrock; brown and dark green; wet.

(NATIVE; SM) gravelly SILTY SAND, fine to coarse sand, low plastic fines, angular to
subangular gravel, weathered, possibly Franciscan bedrock; reddish-brown mottled
brown; wet.

Bottom of borehole at 80.0 feet.

SS

SS

SS

SS

12/18

6/18

12/18

3/80

ML

ML

GM

ML

SM

CL-
ML

GM

SM

D
E

P
T

H
(f

t.
 B

G
L)

DATE STARTED 2/13/15

DATE COMPLETED 2/13/15

PROJECT NUMBER 1302968-01

Golder Associates, Inc.

Telephone:

LITHOLOGIC DESCRIPTION

L o g o

BORING NUMBER 1106A
PAGE  2  OF  2

45

50

55

60

65

70

75

80

PROJECT NAME Lehigh Rockpile Drill

G
R

A
P

H
IC

LO
G

R
ec

ov
er

y
(f

t)

S
A

M
P

LI
N

G
 M

E
T

H
O

D

U
S

C
S

LE
H

IG
H

 R
O

C
K

P
IL

E
 T

E
M

P
LA

T
E

  G
IN

T
 S

T
D

 U
S

 L
A

B
_L

E
H

IG
H

R
O

C
K

P
IL

E
D

R
IL

L.
G

P
J 

 L
O

G
 A

 E
W

N
N

01
.G

D
T

  3
/2

0
/1

5

L o g o



(FILL; ML-GM) gravelly SILT to SILTY GRAVEL, low plastic fines, fine to coarse
angular to subangular gravel, some coarse angular to subangular sand; dark gray;
moist.

at 7 feet: hit retaining well; can't drill futher.

Bottom of borehole at 7.0 feet.

GM

DRILLING METHOD HSA

DRILLING COMPANY Gregg Drilling
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(FILL; GM) SILTY GRAVEL, coarse subangular gravel; dark gray; moist.

at 10 feet: stuck on cobble; can't drill further.

Bottom of borehole at 10.0 feet.

GM

DRILLING METHOD HSA

DRILLING COMPANY Gregg Drilling
REMARKS Borehole 1107R is 3 feet east of 1107. Hit cobbles 10 feet and unable to drill past.

GROUND ELEVATION

TOP OF CASING ----

LOGGED BY LF

CASING TYPE/DIAMETER ----LOCATION Cupertino, CA

SCREEN TYPE/SLOT ----

GRAVEL PACK TYPE ----
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REMARKS CONTINUED
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Golder and the G logo are trademarks of Golder Associates Corporation golder.com 

 

Ms. Guerra, 

Golder Associates Inc. (Golder) is submitting this technical memorandum to Lehigh Southwest Cement Company 
and Hanson Permanente Cement, Inc. (Lehigh) to present the results of our slope stability analyses of the 
proposed Rock Pile and mining overburden removal to the design finished grade related to Permanente Creek 
Restoration Plan, herein referred to as the Restoration Plan (Waterways, 2018)1, at the Permanente Quarry in 
Cupertino, California. This work was performed in support of our response to comments dated June 25, 2021 
compiled by ESA and submitted to the County of Santa Clara regarding the Permanente Creek Restoration Plan 
(PCRP).   

The following sections provide a brief description of the analyses that were performed, the results and 
conclusions, and relevant slope stability analyses model outputs are provided as Attachment 1. 

1.0 MODEL DEVELOPMENT 
Golder analyzed cross-section C-C’, shown on Sheets 19 and 21 of the Restoration Plan, 90% design submittal 
(Waterways, 2019). This cross-section location is considered critical for slope stability because it consists of, 
nominally, the greatest height of the rockpile overburden material (250 feet measured from toe to crest) and 
captures the steepest inclinations of both the existing rockpile (approximately 1.1H to 1.2H:1V) and underlying 
native metabasalt (aka greenstone) (approximately 1H: 1V). The geometry of the existing site conditions is based 
on topographic data per a survey collected by Lehigh in May 2011. The Restoration Plan provides additional 
information regarding the interpretation of the depth to the underlying native bedrock. The topographic data 
provided to Golder was truncated at the existing haul road on the north side of the creek at approximately 
elevation 1070 feet (El. 1070), therefore, model geometry north of the haul road was estimated based on 
measurements from Google Earth.  

In lieu of piezometer data along cross-section C-C’, Golder assumed a phreatic surface based on our 
understanding of the general subsurface water conditions along the south rim of the quarry as informed by long 

 
1 Waterways Consulting, Inc. 2019. Permanente Creek Restoration Plan Grading Plan 90% Design. Santa Clara County Grading             

Permit Submittal, October 31, 2019.  
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term installation and data collection from vibrating wire piezometers installed between the quarry and Permanente 
Creek.  The analyses performed here assumed the depth to water is approximately 75 feet below the existing haul 
road and declines through the native bedrock to a depth of approximately 20 feet below the existing culvert in the 
creek (near original creek thalweg elevation). 

2.0 ANALYSES 
Golder performed 2-dimensional, limit equilibrium slope stability analysis along cross-section C-C’ using Slide2 
Modeler, Version 9.0122. The analyses presented here used Spencer’s method of analysis because it satisfies 
static horizontal and vertical equilibrium as well as moment equilibrium. These analyses evaluated circular failures 
only because the interpretation of the subsurface conditions indicate a block type failure is unlikely (i.e., no weak 
horizontal stratum). Critical slip surfaces and corresponding FOS were evaluated for local failures through upper 
and lower portions of the respective slopes as well as global failures that span from the ultimate crest to ultimate 
toe of the final slope configuration.  

Golder analyzed the following four cases for slope stability: 

1. The existing rockpile overburden given existing conditions. 
2. The interpreted native bedrock following excavation and removal of the rockpile overburden and 

underlying thin surficial deposits. 
3. The interpreted native bedrock surface in the creek bottom following excavation to the expected upper 

limit of the design finished subgrade of the creek per the Restoration Plan. 
4. The interpreted native bedrock surface in the creek bottom following excavation to the expected lower 

limit of the design finished subgrade of the creek per the Restoration Plan. 

As a limited sensitivity analysis, Golder evaluated each of the above four cases considering the assume phreatic 
surface described in Section 1 as well as under dry conditions to bracket the range of factors of safety (FOS). 

3.0 GEOTECHNICAL PARAMETERS 
The geotechnical parameters used in slope stability analyses are summarized in Table 1 and described below.  

Table 1: Summary of Geotechnical Parameters 

Material Unit Weight 
(pcf) 

Cohesion 
(psf) 

Effective Friction Angle 
(degrees) 

Rockpile Overburden 125 0 40 

Metabasalt/Greenstone 165 6,480 30 
Notes: pcf = pounds per cubic foot 
  psf = pounds per square foot 
 

 

 
2 Rocscience Inc. 2020. Slide 2 Modeler, 2D Limit Equilibrium Analysis for Slopes. Build Version 9.012. Build date December 11, 2020. 
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Golder assumed the rockpile overburden has a unit weight of 125 pounds per cubic foot (pcf) with 0 cohesion and 
an effective friction angle (Φ’) of 40 degrees. Its assumed friction angle corresponds to the rockpile’s angle of 
repose and these assumed shear strength parameters yield a minimum static FOS of 1.0 which is reasonable 
considering the rockpile has performed well and appears stable since its placement.  

Numerous previous analyses were performed by Golder3 to back calculate, test, and develop shear strength 
parameters for the native greenstone at the site. These investigations and analyses determined the 
characteristics of the greenstone vary across the site with poorer quality greenstone generally observed in the 
northern portion of the quarry and better-quality rock located along the southern and southeastern portions of the 
site.  The best geologic analog for the Rock Pile area is the nearby southern quarry rim which is located about 
1500 feet west-northwest of the Rock Pile.  The two areas are on trend with respect to the structural fabric of the 
quarry, and it is our opinion that they likely are underlain by the same general package of Franciscan bedrock 
comprised of a mixture of metabasalt and graywacke with associated interlayered limestone blocks.  

Golder performed a detailed investigation and analyses of the south quarry area for the purpose of final pitslope 
design in 2008.   The results of this work are included as Chapter 9 of our geotechnical report published in 
support of the updated 2011 Reclamation Plan.  Four coreholes were installed in the south quarry rim and 
approximately 1500 feet of core were recovered and analyzed.  Rock mass properties used for the pitslope design 
were developed from geotechnical core logging, point load testing, and laboratory testing of the core. Mohr-
Coulomb strengths for the rock units were estimated from Hoek-Brown strengths using the computer program 
RocData, by Rocscience.  Based on this previous work, Golder assumed the metabasalt/greenstone unit has a 
unit weight of 165 pounds per cubic foot (pcf) with 45 psi cohesion and an effective friction angle (Φ’) of 30 
degrees. 

4.0 RESULTS 
The results of slope stability analyses are summarized in Table 2 and relevant model outputs are provided as 
Attachment 1.  

 

 

 

 

 

 

 
3 Golder Associates Inc. 2011.  Geotechnical Evaluations and Design Recommendations (Revised), Permanente Quarry Reclamation Plan 

Update, Santa Clara County, California.  December 2011. 
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Table 2: Summary of Slope Stability Analyses 

Case Failure Mode FOS 

Hypothetical Dry Conditions Assumed Phreatic Surface 

1 – Existing 
Conditions 

Upper Slope 1.13 1.13 

Lower Slope 1.15 1.15 

Global 1.37 1.37 

2 – Excavate 
Rockpile 

Local (Upper Slope) 2.09 1.98 

Global 2.32 2.05 

3 – Excavate to 
Upper Limit of 
Finished Grade 

Local (Upper Slope) 2.09 1.97 

Lower Slope 5.58 5.13 

Global 2.14 1.87 

4 – Excavation to 
Lower Limit of 
Finished Grade 

Local (Upper Slope) 2.09 1.98 

Lower Slope 4.92 4.37 

Global 2.13 1.83 

 

5.0 CONCLUSIONS AND CONSIDERATIONS 
The results of the analyses presented here indicate the proposed excavation of the existing rockpile as well as 
excavation to both the upper and lower limits of the finished subgrade of the creek per the Restoration Plan will 
exceed a static FOS of 1.8. These conclusions are based on the interpreted extent of the native 
metabasalt/greenstone beneath the rockpile as described in the Restoration Plan, the condition (and 
corresponding geotechnical parameters) of the native metabasalt/greenstone Golder assumed for the analyses, 
and the phreatic surface Golder assumed for the analyses. 

As outlined in our response to comments, and our previous documents published in support of the Permanente 
Creek Restoration Plan, a qualified professional engineer or geologist is required to inspect and map the native 
bedrock that is exposed beneath the rockpile overburden to confirm, or modify, the assumptions made to perform 
these analyses.  If the observed conditions are different than those assumed here, additional analyses may be 
required.  
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6.0 CLOSING 
Please contact the undersigned if you have questions or require clarifications regarding the information provided 
in this memorandum. 

Golder Associates Inc. 

 

                                       
Robert Paul C. Erickson, PE William L. Fowler, PG, CEG 
Senior Consultant  Principal Engineering Geologist 
RPCE/WLF/rpce 

 
 
Attachments: Attachment 1 – Slope Stability Analyses Model Outputs 
 
 
https://golderassociates.sharepoint.com/sites/0637109940-lehighpermgwmonitoring-ca/shared documents/creek restoration/lehigh permanente creek restoration slope stability memo - 
20210722.docx 
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Geometry approximated based on Google Earth measurements.
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Approximate limit of topo data provided to Golder.
Geometry approximated based on Google Earth measurements.
Needs to be confirmed. 
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1.3691.3691.3691.369

Approximate limit of topo data provided to Golder.
Geometry approximated based on Google Earth measurem
Needs to be confirmed. 
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Geometry approximated based on Google Earth measurements.
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Approximate limit of topo data provided to Golder.
Geometry approximated based on Google Earth measurements.
Needs to be confirmed. 
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Approximate limit of topo data provided to Golder.
Geometry approximated based on Google Earth measurements.
Needs to be confirmed. 
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2.0902.0902.0902.090

Approximate limit of topo data provided to Golder.
Geometry approximated based on Google Earth measurements.
Needs to be confirmed. 
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Approximate limit of topo data provided to Golder.
Geometry approximated based on Google Earth measurements.
Needs to be confirmed. 
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Approximate limit of topo data provided to Golder.
Geometry approximated based on Google Earth measurements.
Needs to be confirmed. 
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Approximate limit of topo data provided to Golder.
Geometry approximated based on Google Earth measurements.
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Approximate limit of topo data provided to Golder.
Geometry approximated based on Google Earth measurements.
Needs to be confirmed. 
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2.1402.1402.1402.140

Approximate limit of topo data provided to Golder.
Geometry approximated based on Google Earth measurements
Needs to be confirmed. 
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Geometry approximated based on Google Earth measurements.
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Approximate limit of topo data provided to Golder.
Geometry approximated based on Google Earth measurements.
Needs to be confirmed. 
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Approximate limit of topo data provided to Golder.
Geometry approximated based on Google Earth measurements.
Needs to be confirmed. 

Water 
Surface

Phi 
(deg)

Cohesion 
(psf)Strength TypeUnit Weight (lbs/

ft3)ColorMaterial Name

None400Mohr-
Coulomb125Rock Pile 

Overburden

12
00

10
00

80
0

60
0

0 100 200 300 400 500 600 700 800 900 1000 1100 120

Analysis Description

CompanyScale 1:1444Drawn By

File Name Section C-C'_20210715.slmdDate 7/9/2021, 4:25:49 PM

Project

SLIDE - An Interactive Slope Stability Program

SLIDEINTERPRET 9.012



4.9234.9234.9234.923

Approximate limit of topo data provided to Golder.
Geometry approximated based on Google Earth measurements.
Needs to be confirmed. 
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2.1332.1332.1332.133

Approximate limit of topo data provided to Golder.
Geometry approximated based on Google Earth measurements.
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Description:  
Soil and sediment material that is generated from maintenance projects conducted at the Lehigh Permanente 
Facility (Site) will be sampled, analyzed, and managed according to this standard operating procedure (SOP). 
This document is intended to provide instructions to adequately manage soil and sediment from maintenance 
operations by specifying screening guidelines, testing requirements, and placement to conform to applicable 
Federal, State and Local regulations. 
 
Regulatory Framework:  
The San Francisco Bay Regional Water Quality Control Board (Water Board) issued Waste Discharge 
Requirements, Order No. R2-2018-0028, (WDRs) to Lehigh for the Permanente Facility. The WDR regulates 
discharges to land and governs wastes and activities that generate waste at the site that have the potential to 
impact groundwater and hydrogeologically connected surface waters. Operations and maintenance of Waste 
Management Units (WMUs) at the Facility, including the Eastern Material Storage Area (EMSA) and Western 
Material Storage Area (WMSA), must be conducted in accordance to California Code of Regulations (CCR) 27 
(Title 27), section 13263 of the California Water Code (CWC) and the approved plans required by Waste 
Discharge Requirement Order No. R2-2018-0028. The purpose of the procedures set forth herein is to ensure 
that material placement resulting from soil and sediment removal from maintenance operations is consistent 
with the requirements established by the WDRs. 
   

• Responsibility— Environmental Department  
• Applicability— Sampling and sediment of creek sediment originated from culvert cleanout activities  
• Affected Area— Culverts in Permanente Creek  
• Frequency— As needed 
• Attachments— Attachment A – Environmental Screening Levels 
• Safety—Basic Plant mandated PPE is required  

Procedure: 
Soil or sediment samples will be collected by Lehigh personnel and sent to laboratory for analysis. Samples will 
be analyzed for parameters listed on Table 1 and results compared against the most recent, applicable Water 
Board’s Tier 1 Environmental Screening Levels (ESLs) for soils and groundwater as modified (Attachment A 
contains the 2019 ESLs for metals, the primary constituents of concern), as described below.  
 
The documentation required includes: 

1. Reports of removed material volume, date of removal, and location  
2. Field data sheets and testing results 
3. Temporary storage location, including survey coordinates, if needed  
4. Final placement location, including survey coordinates 
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5. Report with December Self-Monitoring Report.  
 

Sampling Guidelines:  

Samples will be collected and analyzed in a manner sufficient to characterize the material. Sampling and 
laboratory analysis will be conducted in compliance with the following requirements: 
 

1. All analysis will be performed in accordance with EPA and California approved methods 
2. Analysis of samples will be completed and reported by an analytical laboratory accredited by the 

California State Environmental Laboratory Accreditation Program and the National Environmental 
Laboratory Accreditation Program; 

3. The laboratory detection limits for Modified Waste Extraction Test (WET) results must be below the 
applicable Tier 1 ESLs for groundwater; 

4. The laboratory reporting limits will be reported on a dry-weight basis; and 
5. The results of the laboratory analysis will be reported in a standard laboratory data package, including a 

summary of the quality control and quality assurance sample results and chain of custody 
documentation. 

Discrete soil samples will be collected unless regulatory approval is obtained for collection of composite 
samples for a specific project or if the project is greater than acres (Table 2). Samples will be collected with 
dedicated sampling equipment (e.g., plastic scoops) when possible.  Any non-dedicated sampling equipment 
will be decontaminated between sampling locations. Field data sheets documenting sampling collection date, 
time, location, personnel, weather conditions, and sample identification will be completed. Each sample will be 
logged on a chain-of-custody record, which will accompany the samples through collection and delivery to the 
analytical laboratory. Table 1 includes the analytical parameters and sampling schedule.  

Table 1: Laboratory Analytical Parameters 

Analysis EPA Analytical Method Frequency 

 
California Title 22 Metals 

(TTLC) 

 
USEPA 6010B, 
6020B, and/or 7471A 

 

All 

Modified WET California 
Title 22 Metals with DI Water 

USEPA 6010B, 6020B, 
1631E and/or 7471A 

 

As necessary per TTLC 
results; minimum 1 out of 

4 samples 

VOCs USEPA 82600/624  
1 of 10 samples; minimum 

1 sample per project 
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Analysis EPA Analytical Method Frequency 

SVOCs USEPA 8270/625/SIM 
1 of 10 samples; minimum 

1 sample per project 

PCBs and Pesticides (surface 
water only)  

USEPA 8080/8081/608 
1 of 10 samples; minimum 

1 sample per project 

TPH as diesel, motor oil, and 
gasoline 

EPA 8015 
1 of 10 samples; minimum 

1 sample per project 

Cyanide EPA 335.4/10-204-00 
1 of 10 samples; minimum 

1 sample per project 

 

All samples will be analyzed for total metals via TTLC and a subset for leachability per the modified WET 
procedure. The WET results will be used to determine if metal concentrations in the soil or sediment have the 
potential to leach to groundwater. The WET results will be compared to the modified Tier 1 ESLs for 
groundwater.  An additional subset of samples will be analyzed for other potential constituents of concern.  
These parameters, as well as the TTLC metal results, will be compared to the Tier 1 ESLs for soil.  

The sampling schedule varies depending on the volume of soil or sediment to be displaced as part of the 
maintenance project. The frequency is listed on Table 2 and is based on the California Environmental Protection 
Agency, Department of Toxic Substances Control (DTSC) Information Advisory Clean Imported Fill Material 
Fact Sheet (https://dtsc.ca.gov/information-advisory-clean-imported-fill-material-fact-sheet). 

Table 2: Sampling Frequency for Evaluation of Material 

Area of Individual Area Sampling Requirements per Area 

2 acres or less Minimum of 4 samples 

2 to 4 acres Minimum of 1 sample every ½ acre 

Greater than 10 acres Minimum of 8 samples with 4 subsamples per location 

Volume of Stockpiled Material Samples per Volume 

Up to 1,000 cubic yards 1 sample per 250 cubic yards 

1,000 to 5,000 cubic yards 4 samples for first 1000 cubic yards +1 sample per each 
additional 500 cubic yards 
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Greater than 5,000 cubic yards 12 samples for first 5,000 cubic yards + 1 sample per 
each additional 1,000 cubic yards 

 

Results Evaluation and Material Placement: 

The sampling results will be tabulated and reviewed. Based on the findings, the following scenarios will be 
followed. 

1. If the results are below applicable Tier 1 ESLs, the removed soil and sediment material may be 
considered for backfill or cover material on site with regulatory notification and approval.  

2. If the metal concentrations do not meet the applicable Tier 1 ESLs, but are below TTLC and/or STLC 
thresholds, additional characterization may be completed to determine the appropriate placement based 
on the following: 

a. If the material is determined to be a Group B mining waste similar to the material already present 
in the WMUs, the material will be placed and managed within a WMU (e.g., WMSA) in 
accordance with the Operations, Maintenance, and Contingency (OM&C) Plan.   

b. If the material is characteristically distinct from the Group B waste present in the WMUs, 
contains concentrations above applicable Tier 1 ESLs, and concentrations below TTLC and/or 
STLC thresholds, Lehigh will consult with the Water Board regarding the management and 
potential on and offsite disposal of these materials.  

3. While not anticipated, if the results are above TTLC and/or STLC thresholds, the WATER BOARD will 
be notified and additional characterization will be completed to confirm the results and aid in 
determining appropriate management and disposal options. Upon completion of the additional 
characterization, Lehigh will seek the Water Board’s concurrence on the management and disposal of 
these materials.  

Dewatering Analysis and Placement Requirements: 

1. Dewatering – If dewatering is conducted, additional characterization of the material may be conducted 
after dewatering has been implemented and soil is no longer saturated. 

2. The water from the dewatering operations will be collected and sent to the on-site water treatment 
system(s) via the reclaim water system.  

3. The soil or sediment will be moved to a selected dewatering location if necessary. Once the material is 
dewatered and characterized, the material will be managed and disposed of as appropriate based on this 
SOP.   
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Attachment A: Screening Values 
 
 

Metal CAS No. Tier 1 ESL Soil 
(mg/kg) 

TTLC 
(mg/kg) 

Tier 1 ESL 
Groundwater 

(µg/L)* 

STLC 
(µg/L) 

  Total Metal WET Results 

Antimony 7440-36-0 11 500 6.0 1500 
Arsenic 7440-38-2 0.067**** 50 10**** 500 
Barium 7440-39-3 390 10000 1000 100000 
Beryllium 7440-41-7 5.0 75 2.7 75 
Cadmium 7440-43-9 1.9 100 0.25 1000 
Chromium  7440-47-3 160 2500 50.0 5000*** 
Cobalt 7440-48-4 23 8000 3.0 80000 
Copper 7440-50-8 180 2500 3.1 25000 
Lead 7439-92-1 32 1000 2.5 5000 
Mercury 7439-97-6 13 20 0.025 200 
Molybdenum 7439-98-7 6.9 3500 100 350000 
Nickel 7440-02-0 86 2000 8.2 20000 
Selenium 7782-49-2 2.4 100 5.0** 1000 
Silver 7440-22-4 25 500 0.19 5000 
Thallium 7440-28-0 0.78 700 2.0 7000 
Vanadium 7440-62-2 18 2400 19 24000 
Zinc 7440-66-6 340 5000 81 250000 

 
Notes: 
 
ESLs based on January 2019 (Rev. 1) Water Board ESL Workbook Tier 1 values for soil and groundwater unless 
otherwise noted. 
* DI WET results to be compared to Tier 1 GW ESL. 
** Freshwater Ecotox used instead of Saltwater Ecotox for the Aquatic Habitat Goal that comprises the GW Tier 1 ESL 

for selenium. 
*** If the soluble chromium as determined by the TCLP is less than 5mg/L, and the soluble chromium as determined by 

the STLC test equals or exceeds 560mg/L, and the waste is not otherwise identified as a RCRA hazardous waste, 
then the waste is a non-RCRA hazardous waste. 

**** Arsenic background levels are known to be above these screening levels.  
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1.1 Background 
The Permanente Site is located in Santa Clara County, California, west of the City of Cupertino.  In response to 
a Cleanup and Abatement Order issued by the Water Board (Order No. 99-018) and as a result of a 2016 
Amended Consent Decree entered into by Lehigh and the Sierra Club, Lehigh has committed to undertake the 
PCRP.  Details regarding the scope of the PCRP are set forth in 2016 Amended Consent Decree and the 90% 
design documents prepared by Lehigh’s consultant, Waterways, which were recently updated to incorporate 
regulatory agency and Santa Clara County comments to date, and submitted to the County on August 26, 2022 
(90% Design drawings). The portion of Permanente Creek involved in the PCRP is located south/southeast of 
the Permanente Site, and the project involves, among other activities, removing material/sediment from 
Permanente Creek, laying back slopes, widening reaches, and ensuring stream bank stability and 
ecological/geomorphic function. 

TECHNICAL MEMORANDUM 
 DATE  August 26, 2022 Project No. 31405507 

 TO Carolina Addison 
Lehigh Hanson, Inc. 

 FROM  George Wegmann, PG, CHg; 
Bill Fowler, PG, CEG 

EMAIL  gwegmann@wsp.com 

WATER QUALITY EVALUATION, PERMANENTE CREEK RESTORATION PROJECT, LEHIGH 
SOUTHWEST CEMENT COMPANY AND HANSON PERMANENTE CEMENT, INC., PERMANENTE 
QUARRY, CUPERTINO, CALIFORNIA 

1.0 INTRODUCTION 
Golder Associates USA Inc. (Golder), a member of WSP, prepared this memorandum for Lehigh Southwest 
Cement Company and Hanson Permanente Cement, Inc. (Lehigh) to present the results of our assessment 
regarding the significance of potential water related impacts associated with specific elements of the 
proposed Permanente Creek Restoration Project (PCRP) adjacent to the Permanente Cement Plant and 
North Quarry (Permanente Site). The specific elements include: 

 The type of onsite material(s) used for backfill or other restoration-related activities where those materials
that may come in contact with the Permanente Creek watercourse, and recommendations related thereto;

 Expected geology of the restored creek channel that will come in contact with the Permanente Creek
watercourse.

This evaluation is based on available geochemical characterization data and the conceptual site geochemical 
model prepared in accordance with applicable permits for the Permanente Site (e.g., San Francisco Regional 
Water Quality Control Board (Water Board) Order No. R2-2018-002 (WDRs), and additional information or 
studies prepared in response to Water Code section 13267 Orders or as part of, site operations and 
reclamation-related activities. The scope of work for this evaluation included (1) a desktop data review of 
previous studies, (2) summarizing more recent rock unit characterization and creek sediment sampling, and 
(3) completing a site reconnaissance of the project area to evaluate the geologic conditions in conjunction
with the proposed restoration design.
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The headwaters of Permanente Creek are located approximately 2 miles west/southwest of the Permanente 
Site. Approximately 4.2 miles of Permanente Creek are adjacent or traverse through Lehigh’s Permanente Site 
in a south/south-eastern/eastern “L” shaped direction, portions of which are included in the PCRP, including 
stretches of the Creek upstream of the Cement Plant that have been re-aligned into an open culverted channel 
or placed in underground culverts, or are subject to dam infrastructure (Pond 13). Flow in Permanente Creek 
continues in an eastern direction as it leaves the Permanente Site, flowing through the highly urbanized area 
Cities of Los Altos and Mountain View and into Mountain View Slough or Stevens Creek through the Stevens 
Creek Diversion Channel operated by the Santa Clara Valley Water District, which ultimately can reach the San 
Francisco Bay. The downstream hydrology of the Permanente Creek watershed has been substantially altered 
for flood protection purposes. 

The Cement Plant and North Quarry at the Permanente Site have been operational since 1939 and has been a 
major source of cement for Santa Clara County. The facility contains two mining waste rock (also called 
“overburden”) storage areas, the East Material Storage Area (EMSA) and West Material Storage Area (WMSA), 
largely comprised of soil and rocks excavated from the North Quarry, some of which may be accessed for onsite 
use as part of the PCRP as backfill. The North Quarry sits between the two storage areas, while the Cement 
Plant is located southwest of the EMSA (Attachment A, Figure 1).  

1.2 Regional Geologic Setting 
Most of the Site is underlain by complexly deformed and faulted rocks of the Franciscan Assemblage. The 
eastern portion of the Site, including portions of the Cement Plant and the EMSA, are underlain by Plio-
Pleistocene rocks of the Santa Clara Formation, which in turn overlie the Franciscan bedrock. Overlying the 
bedrock are modern alluvial deposits associated with Permanente Creek, and relatively shallow surficial 
deposits comprised of soil and colluvium. The Miocene-age Monterey Formation lies just east of the Site in fault 
contact with the Franciscan basement rocks along the Monte Vista Fault System.   

1.2.1 Bedrock Geologic Units 
The bedrock materials exposed in the North Quarry are part of the Permanente Terrane of the Franciscan 
Assemblage. The Franciscan Assemblage is comprised of highly deformed and variably metamorphosed, 
marine sedimentary rocks with submarine basalt (greenstone) and limestone and, to a lesser extent, graywacke. 
The Franciscan is considered a tectonic mélange that was formed in the subduction zone between the Pacific 
tectonic plate and the North American plate. This plate boundary is now a transform, strike-slip plate boundary 
defined by the San Andreas Fault zone located about two miles southwest of the North Quarry. The Franciscan 
Complex contains complexly deformed marine sedimentary rocks and basalt, which were metamorphosed and 
altered during subduction and subsequent thrust faulting. The Santa Clara Formation, a late Tertiary-
Pleistocene assemblage of conglomerate, sandstone, siltstone, and claystone sits unconformably on the 
Franciscan Complex in the eastern portion of the site. Surficial deposits of unconsolidated alluvial deposits, fill 
material, colluvium, landslide deposits, and surface soils overlie the bedrock units.  

The geology of the Permanente Creek Basin is shown on Figure 2 (Attachment A) based on our site 
reconnaissance and two main geologic map sources: Cupertino and Mindego Hills quadrangles (Dibblee and 
Minch 2007a and b); and the San Francisco Bay Landslide Mapping Team (USGS 1997). Previous researchers 
have also mapped the basin (Brabb 1970, Pulver 1979a and b). 

1.2.2 Surficial Geologic Units 
Some of the south-facing slopes that flank Permanente Creek are mantled with varying thicknesses of 
overburden, which is a heterogeneous mixture of fines, sand, gravel and cobble-sized fragments (i.e., 
greenstone, graywacke, and soil materials) but with small percentages of limestone.  This same overburden 
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comprises most of the WMSA and EMSA. Regarding the south-facing slopes, they are generally described as 
side-cast fills that mantle existing canyon slopes and fill small drainages and swales that formerly reported to 
Permanente Creek. The overburden deposits are of highly variable thickness and exist adjacent to the Rock 
Pile Area1 (see 90% Design drawings at Sheet C19) and Material Removal Area (see 90% Design drawings at 
Sheets C23 & C24); this material will be removed and relocated as part of the PCRP.  

Modern unconsolidated alluvial deposits are present along the active stream channel of Permanente Creek. 
These deposits are comprised of a poorly sorted mixture of cobbles, gravels, sand, silt and clay. Deposits range 
from a few inches thick in the upper reaches of the watershed where erosion has cut the channel down into 
bedrock over thousands of years, to tens of feet thick where the channel widens and deepens as it approaches 
the flatter terrain of the Santa Clara Valley.  

Colluvial and slope wash deposits are common throughout the steep terrain of the Santa Cruz Mountains. In 
general, the natural slopes in the region are overlain with approximately one to two feet of soil and colluvial 
materials, which thicken to several feet or more in the larger natural swales in the region. Colluvium is generally 
described as predominantly clayey sand with gravel to clayey gravel, with some gravelly clay. The alluvial and 
colluvial deposits contain a mixture of fines, sand, gravel and cobble-sized fragments (i.e., greenstone, 
graywacke, and soil materials) but with small percentages of limestone. 

1.2.3 Creek Bed Geology Summary 
Most of the PCRP area is underlain by complexly deformed and faulted rocks of the Franciscan Assemblage as 
depicted on Figure 2 (Attachment A). The eastern portion of the project area, including portions by the Cement 
Plant and the EMSA, are underlain by Plio-Pleistocene rocks of the Santa Clara Formation. Overlying the 
bedrock are modern alluvial deposits associated with Permanente Creek (restricted to the eastern portion of the 
property), and relatively shallow surficial deposits comprised of soil and colluvium. 

Figure 3 (Attachment A) depicts the profile of Permanente Creek, which can broadly be classified into 
depositional reaches and bedrock reaches (delineated as Reach A, Reach B, etc.). The processes that define 
these reaches are the rate that sediment is supplied to the channel and the rate at which the channel can convey 
the supplied sediment. The rate of sediment supply is controlled by hillslope processes and the rate that 
sediment is delivered to the channel. The rate of sediment transport is controlled by the channel geometry and 
the hydraulic characteristics of the reach.  

The furthest upstream portion of Permanente Creek, upstream of the PCRP area, is characterized by alluvium 
in the form of travertine reinforced step pool morphology that partially covers a bedrock channel that is 
comprised of greenstone and limestone. The sediment supplied here is likely to come from natural processes 
and is partially supplied from an alluvial fan originating from Wild Violet Creek. Carbonate-rich water percolates 
from the south bank of the channel in this reach, indicating that the source of the carbonate-rich spring is likely 
within the Wild Violet drainage. Geologic maps (Dibblee and Minch) indicate that the limestone unit of the 
Franciscan complex outcrops within the Wild Violet drainage. The debris from this alluvial fan is being 
transported downstream and has deposited small terraces along both valley walls. These terraces are possibly 
abandoned by the modern hydraulic regime of the Creek and may be coupled to the debris flows originating 
from Wild Violet Creek. 

Travertine is a form of limestone precipitate that forms when calcium carbonate-rich water undergoes changes 
that cause the mineral to transition from solution to a solid state. This transition is largely controlled by physical 

1 The Rock Pile area is comprised of stockpiled material for aggregate production, which is ongoing. The character of the Rock Pile is variable but generally
consists of fine to coarse-grained gravel to angular cobble-sized rock fragments of limestone.  
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processes, such as changes in pressure, temperature, or pH, but it can be influenced by biological processes 
and hydraulic variability as well (Fuller, et al. 2010). Golder observed two types of travertine formation in 
Permanente Creek. One in which stalactites grew out of the southern stream bank downstream of the 
confluence with Wild Violet Creek, and the other along large portions of the channel where naturally formed 
step-pools were reinforced by travertine deposition to form travertine dams (Attachment A, Figure 3). These 
dams display a history of repeated formation and breaching, as evidenced by the clasts of travertine 
conglomerate from older dams being incorporated into modern dams, as well as the relict abutments of older 
travertine dams remaining on the channel margins. This natural process has been taking place throughout 
geologic time along Permanente Creek.  

The primary geologic units within the PCRP area are mainly greenstone (including shear zones) and the Santa 
Clara Formation. Greenstone bedrock is present at Reaches 10-17 and 20-22 and Santa Clara Formation 
bedrock along reaches 1-9 (Attachment A, Figure 3). Limestone bedrock is present along Reaches 18 and 19, 
including south of the creek, and comprises less than 15% of the bedrock present along the PCRP area. 
Importantly, with regard to the material removal activities planned to occur in Reach 18, the bedrock surface 
within the creek channel has been unaltered by historical site activities (i.e., no mining activities have occurred 
in the creek), and the PCRP activities will follow the contours of natural bedrock, and will not alter or change the 
bedrock surface or its profile as part of restoration construction activities (see 90% Design drawings at Sheet 
C23). The focus of the Project along the limestone bedrock reaches will be to remove loose material mantled 
on top of the bedrock.   

2.0 DATA SUMMARY 
2.1 Material Characterization 
Historical mining activities have contributed surficial materials to Permanente Creek in addition to deposition 
from naturally occurring geologic and geomorphic processes. As part of site operations, regulatory efforts, and 
reclamation-related activities, a geochemical dataset has been compiled since 2008 to characterize the 
predominate Permanente Quarry rock types. The data includes work completed as part of the development of  
National Pollutant Discharge Elimination System (NPDES) permitting2 and WDRs3,4 as follows: (1) analysis on 
acid rock drainage (ARD) potential by acid base accounting (ABA) testing methods, (2) chemical and 
mineralogical composition by quantitative X-Ray Diffraction (XRD) and, (3) Total Threshold Limit Concentration 
(TTLC) and leaching potential via the California modified waste extraction test (WET) with deionized water and 
wall washing samples. The results have been previously summarized in several reports, including the 
Permanente Site’s Conceptual Site Model (CSM) Update prepared in accordance with the WDRs,5 and are 
discussed below along with supplemental information.   

Golder previously completed sampling and testing of the following major units: limestone, greenstone, 
graywacke, Santa Clara Formation, and undisturbed soil/colluvium as summarized in the CSM Update.6 In 
summary: 

 
2 NPDES No. CA0030210, Regional Water Board Order No. R2-2019-0024, previously Order No. R2-2014-0010, as amended by Order No. R2-2017-0030. 

3 SLR, 2014, EMSA and WMSA Material Characterization, Permanente Quarry, Santa Clara, California. 
4 Golder Associates, August 2014, WMSA and EMSA Runoff and Seep Investigation Report, Lehigh Southwest Cement Company and Quarry, 24001 Stevens 

Creek Boulevard, Cupertino, CA  
5 Golder Associates, 2020, CSM Update and Proposed SMP, Lehigh Southwest Cement Company and Quarry, 24001 Stevens Creek Boulevard, Cupertino, 

CA. June 2020. 
6 Golder Associates, 2020 CSM Update and SMP, Lehigh Permanente. December 2020. 
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 No acid rock drainage potential was identified in the tested samples as would be expected based on the 
carbonate nature of the rock.  

 The leachate testing indicates that greenstone and graywacke are not a significant source of metals.  

 Greenstone samples reported higher leachate nickel concentrations as compared to limestone; however, 
the concentrations are below the San Francisco Bay Regional Water Quality Control Board Environmental 
Screening Levels (ESLs) based on the California primary maximum contaminant for Freshwater Aquatic 
levels.  

 Molybdenum and selenium leachate concentrations were generally greater in limestone samples compared 
to the other samples from greenstone and graywacke. Selenium leachate from the limestone has been 
detected above the Freshwater Aquatic ESL of 5 μg/L consistent with limestone wall washing results.7  

 The selenium data supports the premise that the oxidation of sulfides in the limestone is the primary 
mechanism of generating leachable selenium.8,9   

2.1.1 Sequential Leach Testing via Modified WET Method 
In 2020, rock samples were analyzed using the modified WET method and were then subjected to four additional 
cycles of sequential leaching repeating the same method for a total of five leaching cycles to aid in evaluating 
long-term leachability. Limestone and greenstone, the predominate rock units, were selected for this analysis. 
The test results were compared to STLC thresholds and ESLs. Full tabulated leaching results are included as 
Table 1, Attachment B and time-series plots of the sequential leachate concentrations of the different materials 
is included as Attachment C. The results of the sequential leach testing are summarized as follows:  

Limestone Samples  
 STLC limits were not exceeded for any of the samples. 

 Limestone leachate concentrations decreased over the leaching sequence for the following constituents:  
sulfate, chloride, total alkalinity, bicarbonate, antimony, calcium, magnesium, molybdenum, selenium, 
and vanadium.  

 Limestone leachate concentrations were stable or at detection limits over the leaching sequence for the 
following constituents: carbonate, hydroxide, arsenic, beryllium, cadmium, chromium, cobalt, copper, 
iron, lead, manganese, mercury, potassium, silver, sodium, thallium, and zinc. 

 Sulfate, calcium, and magnesium concentrations were elevated in leachates from the medium-grade 
non-weathered limestone sample during leaches 1-3 compared to the other limestone samples. 

 Barium leachate concentrations gradually increased for all limestone samples over the leaching period. 

Greenstone Samples  
 STLC limits were not exceeded for any of the samples. 

 Greenstone leachate concentrations decreased over the leaching sequence for the following 
constituents: total alkalinity, bicarbonate, antimony, magnesium, potassium, selenium, and sodium. 

 
7 Golder Associates, 2011 Hydrogeologic Investigation, Lehigh Permanente. 2011. 

8 Diener, A., Neuman, T., Kramar, U., Schild, D. 2012. Structure of Selenium Incorporated in Pyrite and Machinawite as Determined by XAFS Analysis. Journal 
of Contaminant Hydrology: 133 (30-39). 
9 Presser, T. S. 1994. Geologic Origin and Pathways of Selenium from the California Coast Ranges to the West-Central San Joaquin Valley. Selenium in the 
Environment. 
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 Greenstone leachate concentrations were stable or at detection limits over the leaching sequence for the 
following constituents: chloride, sulfate, carbonate, hydroxide, arsenic, barium, beryllium, cadmium, 
calcium, chromium, cobalt, copper, iron, lead, manganese, mercury, molybdenum, nickel, silver, thallium, 
vanadium, and zinc. 

 Total alkalinity, bicarbonate, arsenic, barium, magnesium, potassium, and sodium concentrations were 
higher in the non-weathered greenstone sample leachate compared to the weathered greenstone 
sample. 

 The vanadium concentration was higher in the weathered greenstone leachate compared to the non-
weathered greenstone sample across all leaching cycles. 

 Aluminum concentrations in the weathered greenstone sample leachate increased between leaches 1-4 
and plateaued after leach 4. 

Overall, concentrations generally decrease with each leaching cycle, indicating that readily leachable 
parameters are depleted within a few flushing cycles and that the short-term metal leaching potential for the 
materials is low, and below regulatory thresholds. Furthermore, the greenstone samples exhibited less 
leachable concentrations than the limestone samples.  

2.1.2 Material Characterization Summary 
The leachate results indicate that greenstone and graywacke are not a significant source of metals to water.  
Limestone material is a potential source of selenium, though the potential is lesser in combined quantities and 
in a dynamic environment of a moving stream/creek. Specific observations include: 

 Greenstone samples reported higher leachate nickel concentrations compared to limestone; however, 
the concentrations are below ESLs.  

 Molybdenum and selenium leachate concentrations were predominantly greater in limestone samples as 
compared to the samples from greenstone and graywacke.   

 Selenium leachate from the limestone was detected several times slightly above the Freshwater Aquatic 
ESL of 5 μg/L. The generation of leachable selenium decreases with subsequent leach tests.   

The data supports the premise that the oxidation of sulfides in the limestone is the primary mechanism of 
generating leachable selenium—the primary constituent of concern. Following sulfide oxidation, water flow 
and/or infiltration is the primary transport mechanism for selenium transport. Greenstone and graywacke do not 
generate leachable materials at levels that would negatively affect groundwater or surface waters. Sampling 
and geochemical analysis of the greenstone and graywacke indicates a low potential to leach selenium and 
other metals at levels above surface or ground water quality standards, and that it is suitable to be used as fill 
material consistent with Water Board/WDR standards.  

2.2 Background Water Samples and Bedrock Influence on Creek Water 
Quality 

Water quality from the upstream headwaters has been monitored as part of the National Pollutant Discharge 
Elimination System (NPDES) permit sampling program. The upstream surface water results for selenium are 
consistently less than 1 ug/L. As noted in Section 1.2, bedrock limestone and associated travertine deposits are 
present in these areas. The results further support the premise that selenium production from oxidized limestone 
already present in the creek channel is finite. For this reason, we expect that the PCRP as designed, which 
proposes to remove material and follow the existing bedrock contours for the restored creek channel grade and 
elevation, will not contribute to increased in-stream concentrations of constituents of concern.  
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3.0 DISCUSSION AND RECOMMENDATIONS 
For areas of the project where fill material is needed, it is recommended that onsite material comprised 
predominantly of greenstone or graywacke be used where needed for backfill, as both exhibit a low metals 
leaching potential under natural site conditions. Furthermore, greenstone is the prevalent native material at the 
Site and already encompasses the majority of the Permanente Creek basin. Based on the available data, we 
do not expect detrimental water quality impacts from the creek restoration activities (causing exceedance of 
applicable water quality standards) provided on-site materials adhere to the recommendations herein.  

Further, the predominant areas where limestone is to naturally remain, e.g., Reach 18, will consist of non-
disturbed bedrock, which, as demonstrated by upstream conditions, is not expected to contribute metals to the 
water column. Therefore, significant changes in the natural system will not occur and new source material will 
not be exposed to potentially undergo oxidation and mobilization of selenium based on the limestone bedrock 
present. As noted in Section 2.3, the water quality upstream of the PCRP is not impaired even though limestone 
bedrock and travertine deposits are present. As the bedrock surface in Reach 18 is inferred to have been 
exposed and undisturbed for a similar timeframe as the reaches upstream of the PCRP, impairment to water 
quality is not expected from the limestone bedrock section. Furthermore, as noted above, the production rate of 
leachable selenium from limestone decreases as the mobile fraction of selenium is depleted from the system. 
This process will be further expedited by removing potential sources (e.g., limestone material) via the PCRP, 
and the PCRP is not expected to interfere with those gains.  

Attachments A: Figures 1-3 
B: Data Summary Table 1 
C: Time-Series Graphs 

PCRP_Golder_creek_memo_fnl 
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Figure 3: Permanente Creek Profile with geomorphic and geologic delineations. Stationing from Waterways (2019). 



ATTACHMENT B 

Data Summary Table 1 



STLC
Analyte Units Regulatory

Limit
ESL Leach Initial Leach 1 Leach 2 Leach 3 Leach 4 Leach 1 Leach 2 Leach 3 Leach 4 Leach Initial Leach 1 Leach 2 Leach 3 Leach 4

Antimony mg/l 15 0.006 0.0042 0.0025 0.0018 B 0.00123 B 0.0012 B 0.0040 0.0032 0.0026 0.0027 0.013 0.0078 0.0052 0.0052 0.0040
Arsenic mg/l 5 0.01 0.00022 B 0.00047 B 0.0003 B 0.00029 B <0.001 0.00088 B 0.00073 B 0.00091 B 0.00080 B 0.0013 0.0011 0.00065 B 0.00073 B 0.00062 B
Barium mg/l 100 1 0.41 0.70 0.42 0.70 0.96 0.11 0.13 0.27 0.45 0.15 0.29 0.17 0.32 0.45
Beryllium mg/l 0.75 0.0027 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025
Cadmium mg/l 1 0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 0.00011 B <0.00025 <0.00025 <0.00025 <0.00025
Chromium mg/l 5 0.05 <0.002 0.00157 B 0.0007 B 0.00079 B 0.00079 B 0.0031 0.00062 B 0.00077 B 0.0017 B <0.002 0.0028 0.00059 B 0.00138 B 0.00121 B
Cobalt mg/l 80 0.003 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 0.000062 B <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025
Copper mg/l 25 0.009 0.0012 B <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.0011 B <0.002 <0.002 <0.002 <0.002
Lead mg/l 5 0.0025 <0.0005 <0.0005 <0.0005 <0.0005 0.00028 B <0.0005 <0.0005 <0.0005 0.0001 B <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
Mercury mg/l 0.2 0.000025 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Molybdenum mg/l 350 0.1 0.14 0.024 B 0.020 B <0.1 <0.1 0.070 B 0.048 B 0.026 B 0.021 B 1.1 0.21 0.10 0.038 B <0.1
Nickel mg/l 20 0.052* <0.001 <0.001 <0.001 <0.001 <0.001 0.00042 B <0.001 <0.001 <0.001 0.00099 B 0.00069 B <0.001 <0.001 <0.001
Selenium mg/l 1 0.005* 0.0017 0.0019 0.0011 0.00086 0.00080 0.0051 0.0044 0.0049 0.0044 0.0085 0.0051 0.0043 0.0039 0.0033
Silver mg/l 5 0.00019 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
Thallium mg/l 7 0.002 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
Vanadium mg/l 24 0.019 0.041 0.016 0.0098 0.0097 0.0098 0.012 0.014 0.019 0.019 0.37 0.13 0.083 0.083 0.076
Zinc mg/l 250 0.081 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015

Chloride mg/l 1.4 B 2.5 0.77 B 0.58 B 0.85 B 0.53 0.56 B <2 <2 2.3 3.6 <2 <2 0.78 B
Sulfate mg/l 9.0 5.9 7.9 4.4 B 3.3 B 31 26 9.2 7.9 22 12 16 9.1 4.8 B
Total Alkalinity mg/l 14 B 17 B 15 B 14 B 14 B 24 20 16 B 17 B 18 B 23 18 B 18 B 17 B
Bicarbonate (CaCO3) mg/l 14 B 17 B 15 B 14 B 14 B 24 20 16 B 17 B 18 B 23 18 B 18 B 17 B
Carbonate as CaCO3 mg/l <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20
Hydroxide as CaCO3 mg/l <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20

* = the ESL and surface water quality objective (California Toxics Rule, 40 CFR section 131.38) are the same.

<0.015
Wet Chemistry 

B = estimated value, below laboratory reporting limit; mg/l = milligrams per Liter

Notes:
Soluble Threshold Limit Concentrations (STLC) as per California Code of Regulations Title 22, Section 66261.24(2)(A) ESL listed is lower of freshwater aquatic or primary MCL; 
As is based on background level.

<20
<20
16 B
16 B
212
<2

0.00011 B
0.0092

0.0062
<0.0005

0.27
0.0017

<0.0005
<0.001

0.000209 B
<0.002

<0.00025
<0.002

0.0288 B
<0.00025

0.00066 B
0.0057

Dissolved Metals

Leach Initial

Table 1: Sequential WET Extraction Chemistry

B-1: High-Grade Limestone, Non-Weathered B-2: Medium-Grade Limestone, Non-Weathered B-3: Low-Grade, Limestone Non-Weathered



STLC
Analyte Units Regulatory

Limit
ESL Leach Initial Leach 1 Leach 2 Leach 3 Leach 4 Leach Initial Leach 1 Leach 2 Leach 3 Leach 4 Leach Initial Leach 1 Leach 2 Leach 3 Leach 4

Antimony mg/l 15 0.006 0.0030 0.0018 B 0.0014 B 0.0012 B 0.0011 B 0.0065 0.0038 0.0025 0.0026 0.0021 0.0030 0.00128 B 0.00085 B 0.00054 B 0.00043 B
Arsenic mg/l 5 0.01 0.0002 B 0.00031 B <0.001 0.00023 B <0.001 0.00047 B 0.00069 B 0.00039 B 0.00054 B 0.00046 B 0.0026 0.0029 0.0021 0.0021 0.0017
Barium mg/l 100 1 0.13 0.40 0.26 0.44 0.60 0.20 0.38 0.21 0.39 0.63 0.11 0.11 0.099 0.11 0.10
Beryllium mg/l 0.75 0.0027 0.000082 B <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025
Cadmium mg/l 1 0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025
Chromium mg/l 5 0.05 <0.002 0.0007 B <0.002 <0.002 <0.002 <0.002 0.0026 <0.002 0.00111 B 0.00108 B <0.002 <0.002 <0.002 0.00114 B <0.002
Cobalt mg/l 80 0.003 <0.00025 0.00005 B 0.000092 B <0.00025 <0.00025 0.000057 B <0.00025 <0.00025 <0.00025 0.000059 B <0.00025 0.000051 B 0.000063 B 0.00027 0.000066 B
Copper mg/l 25 0.009 <0.002 0.0017 B <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
Lead mg/l 5 0.0025 <0.0005 <0.0005 0.00086 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 0.00015 B <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
Mercury mg/l 0.2 0.000025 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Molybdenum mg/l 350 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.23 0.067 B 0.044 B <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Nickel mg/l 20 0.052* <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.00071 B <0.001 <0.001 0.0012 <0.001
Selenium mg/l 1 0.005* 0.0013 0.0011 0.00092 0.00082 0.00077 0.0040 0.0035 0.0029 0.0028 0.0027 0.00054 0.00017 B 0.00018 B <0.00025 <0.00025
Silver mg/l 5 0.00019 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
Thallium mg/l 7 0.002 0.00011 B <0.0005 0.0005 B <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
Vanadium mg/l 24 0.019 0.0046 0.00161 B 0.0022 0.0022 0.0023 0.036 0.016 0.012 0.014 0.015 0.013 0.012 0.0095 0.0095 0.0090
Zinc mg/l 250 0.081 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015

Chloride mg/l 2.1 3.5 0.88 B 1.1 B 1.1 B 1.35 B 2.8 <2 <2 0.84 B <2 <2 <2 <2 <2
Sulfate mg/l 25 9.3 12 7.4 5.2 16 9.0 13 7.8 4.4 B 12 6.6 4.9 B 2.7 B 1.7 B
Total Alkalinity mg/l 15 B 22 16 B 16 B 16 B 17 B 22 17 B 16 B 17 B 27 22 21 18 B 17 B
Bicarbonate (CaCO3) mg/l 15 B 22 16 B 16 B 16 B 17 B 22 17 B 16 B 17 B 27 22 21 18 B 17 B
Carbonate as CaCO3 mg/l <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20
Hydroxide as CaCO3 mg/l <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20

* = the ESL and surface water quality objective (California Toxics Rule, 40 CFR section 131.38) are the same.

Wet Chemistry `

Notes:
Soluble Threshold Limit Concentrations (STLC) as per California Code of Regulations Title 22, Section 66261.24(2)(A) ESL listed is lower of freshwater aquatic or primary MCL; As is based on 
background level.

B = estimated value, below laboratory reporting limit; mg/l = milligrams per Liter

Dissolved Metals

Table 1: Sequential WET Extraction Chemistry

B-4:  Non-Cement Grade Limestone, Non-Weathered B-5-9: High-Grade Limestone, Weathered B-6: Greenstone, Non-Weathered



STLC
Analyte Units Regulatory

Limit
ESL Leach Initial Leach 1 Leach 2 Leach 3 Leach 4

Antimony mg/l 15 0.006 0.00065 B <0.002 <0.002 <0.002 <0.002
Arsenic mg/l 5 0.01 <0.001 <0.001 <0.001 <0.001 <0.001
Barium mg/l 100 1 0.029 B 0.0247 B 0.028 B 0.026 B 0.0226 B
Beryllium mg/l 0.75 0.0027 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025
Cadmium mg/l 1 0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.00025
Chromium mg/l 5 0.05 <0.002 <0.002 <0.002 0.00058 B <0.002
Cobalt mg/l 80 0.003 <0.00025 0.000067 B 0.000051 B 0.00011 B 0.000087 B
Copper mg/l 25 0.009 0.00133 B <0.002 <0.002 0.0013 B <0.002
Lead mg/l 5 0.0025 <0.0005 <0.0005 <0.0005 <0.0005 0.00018 B
Mercury mg/l 0.2 0.000025 <0.001 <0.001 <0.001 <0.001 <0.001
Molybdenum mg/l 350 0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Nickel mg/l 20 0.052* <0.001 <0.001 <0.001 <0.001 <0.001
Selenium mg/l 1 0.005* 0.00021 B 0.00013 B <0.00025 <0.00025 0.00014 B
Silver mg/l 5 0.00019 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
Thallium mg/l 7 0.002 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
Vanadium mg/l 24 0.019 0.016 0.019 0.013 0.014 0.013
Zinc mg/l 250 0.081 <0.015 <0.015 <0.015 <0.015 <0.015

Chloride mg/l <2 <2 <2 <2 <2
Sulfate mg/l 4.8 B 1.4 B 1.3 B <5 <5
Total Alkalinity mg/l 24 22 22 21 20
Bicarbonate (CaCO3) mg/l 22 20 B 21 18 B 18 B
Carbonate as CaCO3 mg/l 2.3 B 2.5 B <20 2.4 B 2.2 B
Hydroxide as CaCO3 mg/l <20 <20 <20 <20 <20

* = the ESL and surface water quality objective (California Toxics Rule, 40 CFR section 131.38) are the same.
B = estimated value, below laboratory reporting limit; mg/l = milligrams per Liter

Notes:
Soluble Threshold Limit Concentrations (STLC) as per California Code of Regulations Title 22, Section 
66261.24(2)(A) ESL listed is lower of freshwater aquatic or primary MCL; As is based on background level.

Wet Chemistry 

Dissolved Metals

Table 1: Sequential WET Extraction Chemistry

B-7-10: Greenstone, Weathered
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Sequential Modified WET- Chloride
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Sequential Modified WET- Sulfate
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Total Alkalinity
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Bicarbonate as CaCO3
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Carbonate as CaCO3
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Hydroxide as CaCO3
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Aluminum
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Antimony
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Arsenic
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Barium
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Beryllium
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Cadmium
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Calcium
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Chromium
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Cobalt
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Copper
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Iron
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Lead
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Magnesium
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Manganese
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Mercury
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Molybdenum
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Nickel
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Potassium
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Selenium

31405507

C-25Lehigh Permanente 8/4/2022

0.0001

0.001

0.01

0.1

1

1 2 3 4 5

C
o

n
ce

n
tr

at
io

n
 (

m
g/

L)

Leach #
B-1 (High-Grade Limestone, Non-Weathered) B-5-9 (High-Grade Limestone, Weathered)

B-2 (Medium-Grade Limestone, Non-Weathered) B-6 (Greenstone, Non-Weathered)

B-3 (Low-Grade Limestone, Non-Weathered) B-7-10 (Greenstone, Weathered)

B-4 (Non-Cement Grade Limestone, Non-Weathered) STLC Regulatory Limit

Title

Project Name

Client Name

Project No.

Date

FIGURE

*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Silver
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Sodium
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Thallium
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*Open symbols denote values at or below the method detection limit



Sequential Modified WET- Vanadium
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*Open symbols denote values at or below the method detection limit
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  1825597v1 

Memo

To: Carolina Addison
Lehigh Permanente

From: Paul Kos
Denver

Project/File: 233001622 Date: August 26, 2022

Reference: PCRP Stability Analysis- DRAFT

INTRODUCTION

Lehigh Southwest Cement Company (Lehigh), a subsidiary of Lehigh Hanson, Inc., engaged Stantec 
Consulting Services Inc. (Stantec) to provide professional engineering services for geotechnical analysis 
related to proposed grading associated with the Permanente Creek Restoration Project (PCRP) at the 
Permanente Facility in Cupertino, California. An element of the PCRP involves removing material from the 
creek corridor and adjacent slopes. The PCRP design and grading plans are presented in the associated 
report prepared by Waterways (90% Designs, dated August 26, 2022). The grading plans were provided to 
Stantec by Waterways, and Stantec performed geotechnical analyses of the proposed slopes in support of 
the environmental review and subsequent permit applications. 

This PCRP Stability Analysis has been prepared to assist Lehigh with upcoming environmental review and 
subsequent permit applications to relevant regulatory agencies. This report documents the results of static 
and pseudo-static slope stability analyses of the reclamation surface. The report does not contain the creek 
restoration design details and shall be reviewed in conjunction with Waterways’ 90% Designs.

BACKGROUND

The Permanente Facility is a limestone and aggregate mining operation, active since the late 1930’s, in the 
unincorporated foothills of western Santa Clara County, approximately two miles west of the City of 
Cupertino, California. The Quarry occupies a portion of a 3,510-acre property (Permanente Property) 
owned by Hanson Permanente Cement, Inc. and operated by Lehigh.

The Permanente Property is situated in the rugged foothills along the eastern side of the Santa Cruz 
Mountains segment of the California Coast Ranges. This area of the Coast Ranges is characterized by 
moderately to steeply sloping hillsides ranging from approximately 500 to 2,000 feet (ft) above mean sea 
level (AMSL). The eastern side of the range is incised with eastern flowing drainages, including the 
Permanente Creek Drainage Basin, which flows through the central part of the Permanente Property, and 
flows through the Cities of Los Altos and Mountain View and into Mountain View Slough or Stevens Creek 
through the Stevens Creek Diversion Channel operated by the Santa Clara Valley Water District, which 
ultimately can reach the San Francisco Bay.  

GEOLOGIC SETTING

The geology in the project area is complex due to the faulting and deformation associated with the 
Franciscan Complex. This geologic unit consists of faulted limestone and metabasalts (greenstone) and 
also contains basalt, diorite, shale, sandstone, chert, greywacke, and schist. Structure in the area includes 
numerous low- and high-angle faults. Low-angle faults separate limestone units from greenstone units and 
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tend to follow the limestone bedding planes and typically dip to the southeast at 10° to 40°. High-angle 
faults, including the regional Berrocal Fault, are typically oriented in the northwest-southeast direction and 
dip at greater than 60°. The geology has been mapped several times by different geologists, and numerous 
drilling programs have been conducted. The results of these previous studies on the geologic units, 
structure, and interpretation were included in previous submittals (Golder 2011 and Foruria 2004). 

PREVIOUS GEOTECHNICAL EVALUATIONS

The geologic and geotechnical properties of the rocks present at the Permanente Quarry have been 
evaluated several times by several companies. Each investigation included drilling, laboratory testing, 
assessment of strength parameters for the various rock types encountered, and slope stability calculations. 
The rock strength parameters were based on laboratory data, rock mass rating (RMR) calculations, and 
back-analysis of landslide areas. The strength parameters for soil, greenstone overburden, and limestone 
have been consistent through multiple geotechnical analyses performed by multiple consultants, and these 
values are listed in Table 1. The strength parameters for greenstone vary significantly depending on the 
condition of the bedrock and particularly, the amount of weathering and shearing, and lower-bound values 
have historically been used for design purposes to be conservative. These lower-bound values are based 
on back-analysis of the Main Slide in the North Quarry. Laboratory data suggest the in-place greenstone 
may have significantly higher strength, particularly at depths greater than approximately 50 feet, where the 
bedrock has not been weathered. Site observations also suggest that greenstone strengths are often 
under-reported as several areas of the highwall are constructed in weathered greenstone, and these areas 
have maintained their integrity with 50-foot high benches with face angles of 60° to 70° (Golder 2011).

Table 1: Historic Rock Strength Summary

Material Unit Weight (pcf) Cohesion
(psf)

Ф’
(°)

Limestone 165 12,500 30

Greenstone 155-165 1,400-1,880 19-23
Fault 155 0 20
Slide Debris 135 0-700 20-23

Greenstone Overburden 125 0 35

Soil 120 200 30

GEOTECHNICAL STABILITY EVALUATION

The slope stability analyses were modeled using the software Slide2 Modeler version 9 by rocscience, 
released in 2020. The software used limit equilibrium on slices of potential failure surface to calculate factor 
of safety (FoS). The models were evaluated under static and pseudo‐static conditions, with horizontal 
ground acceleration, for the designed ramp configuration provided by the site using the Spencer method. 
The minimum FoS for each model evaluation is included in this report. The two types of analysis have been 
summarized in Table 2. The minimum acceptable factors of safety for the analyses are 1.3 for static 
conditions and 1.0 for pseudo-static conditions based on mining industry standards. For the pseudo-static 
model conditions, a horizontal seismic coefficient of 0.15 times the force of gravity (g) was applied to the 
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static condition models to be consistent with previous studies and to follow recommendations for 
earthquakes with magnitudes up to 8.25 (Golder 2011).  To evaluate the slope stabilities, cross-sections 
were analyzed for the reclamation surface. 

Table 2: Stability Analyses

Analysis Type Description
Minimum 

Acceptable 
Factor of 

Safety

Static Analysis

A limit equilibrium method of analysis which satisfies moment 
and force equilibrium to solve a slope stability problem. The 
output is a single FoS for the potential failure surface with the 
lowest FoS.

1.3

Pseudo-static 
Analysis

A limit equilibrium method of analysis which represents the 
effects of earthquake shaking by accelerations that create 
inertial forces. This is the simplest way to analyze the 
dynamic effects of earthquake loading of a soil or slope. The 
output is a single FoS for the potential failure surface with the 
lowest FoS.

1.0

Site specific geotechnical information is available for each rock type on the property, and strength 
parameters for the material have been established in previous geotechnical analyses (Golder 2011). These 
strength parameters are based on laboratory testing, back-calculation, and published values for soil 
properties. These strength parameters are listed in Table 3. 

Table 3: Geotechnical Strength Parameters

Material Unit Weight (pcf) Cohesion (psf) Phi’ 
(Degrees)

Greenstone (Weathered) 165 1,800 27
Greenstone (Unweathered) 165 12,500 30
Limestone 165 12,500 30

As previously discussed, the greenstone strengths can vary significantly depending on the degree of 
weathering, and Stantec focused on evaluating the greenstone strengths as part of this geotechnical 
investigation. The greenstone strengths were re-evaluated based on RMR classifications. The historic 
greenstone strength (ф’=27° and cohesion=1,800 pounds per square foot [psf]) is suitable for areas that 
have been weathered and are near the surface. A stronger strength for greenstone is expected for bedrock 
at depths greater than 50 feet from the surface, which is “beyond” the surficial weathered zone. While this 
transition to competent bedrock has been demonstrated by drilling, Stantec has used the weathered 
greenstone strength values for all depths to be conservative. Similarly, there are likely areas with limestone 
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that would exhibit greater strengths, and these have also not been included in the geotechnical analyses to 
be conservative.  

Stability analyses are focused on areas with greater excavation volumes, particularly the rock pile removal 
area (Section A) and the 1250 Pond area (Sections C and E); the cross-sections modeled align with 
Waterway’s sections and Waterway’s naming conventions have been retained for clarity between the 
reports. Stantec modelled multiple cross-sections in the Pond 1250 area to evaluate the stability under 
different slope configurations and excavation depths. The cross-sections extend to the top of the 
surrounding slopes to evaluate any impacts that the grading may have on the global stability. Stantec 
adjusted the limits of the analyses to evaluate both the global slope stability and the stability in the area 
immediately adjacent to the PCRP grading.

The configurations modeled as part of this analysis exceed the minimum acceptable factor of safety, as 
defined in Table 3. Generally, the elevated geotechnical stability results are from the shallow cut slopes 
associated with the PCRP grading plan. Results from the stability analyses are shown in Table 4. Printouts 
of the slope stability sections are attached.

Table 4: Geotechnical Stability Analyses Results

Analysis Area Analysis 
method Section A Section C Section E

Static 1.8 3.0 2.3
Cut Slope

Pseudo-Static 1.7 2.8 2.2

Static 1.5 2.8 1.5
Global Slope

Pseudo-Static 1.5 2.7 1.4

CLOSURE

This report provides the analysis and supporting information needed to demonstrate that Lehigh Southwest 
Cement Company’s plan for the PCRP meets design and performance requirements under static and 
seismic conditions. The PCRP will be excavated so that stable slopes remain. As mutual protection to 
Lehigh, the public, and Stantec, this report was submitted for exclusive use by Lehigh Southwest Cement 
Company. Our report and recommendations should not be reproduced in whole or in part without the 
supporting Waterways 90% Design report and our express written permission, other than as required in 
relation to agency review and submittals. A draft of this report was reviewed by personnel from Lehigh 
Southwest Cement Company.

Regards,

STANTEC CONSULTING SERVICES INC.
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Paul Kos P.E.
Senior Geological Engineer
Mobile: 303-570-9163
paul.kos@stantec.com
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SECTION A (Rock Pile Removal Area)
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SECTION C (Pond 1250 Area)



1825597v1 



1825597v1 

SECTION E (Pond 1250 Area)
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