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RESTORATION AND FLOOD RESILIENCY PROJECT PHASE I 
 
This Supplement forms a part of and modifies the Request for Proposals dated June 10, 2020. 
 
Modified text is indicated as follows:  Double-underline designates text to be inserted; strikeout 
designates text to be deleted.   

1. INTRODUCTION 

1.1. No changes. 

2. PASS/FAIL REQUIREMENTS 

2.1. No changes. 

3. FUNDING 

3.1. No changes. 



  

4. BACKGROUND 

4.1. Modify Paragraph 4.1 as follows:   

The site is located on Green Valley Creek upstream of the confluence with 
Atascadero Creek, approximately one mile northwest of Graton, California, in a 
reach that is subject to frequent and extensive sediment deposition and 
flooding.  The activity area includes approximately 3,850 linear feet of Green 
Valley Creek, extending roughly 2,750 linear feet north and 1,100 linear feet 
south of the Green Valley Road bridge.  

The activity area includes approximately 2,700 linear feet of Green Valley Creek, 
extending roughly 1,500 linear feet north and 1,200 linear feet south of the 
Green Valley Road bridge.  See Attachment 4, Project Boundaries Map. 

The following tasks provide an example of the anticipated scope of work: 
1. Project Kickoff meeting, 
2. Review Background Studies and Data 
3. Perform Field Studies and Data Collection 

3.1. Topographic surveys 
3.2. Ecological and biological data  
3.3. Geomorphic assessment 
3.4. Hydraulics 
3.5. Geotechnical 

4. Develop Concepts for 3 Project Alternatives 
4.1. Description 
4.2. Drawings 
4.3. Benefits 
4.4. Permitting and mitigation requirements 
4.5. Costs 

5. Develop Conceptual Design Plans and Design Memo for Preferred 
Alternative 

6. Pre-Application meeting with permitting agencies 
7. Develop 30%, 60%, 90%, 99%, Final design Submittals 

7.1. Design Basis Memo/Report 
7.2. Engineering design plans and specifications 
7.3. Construction and long-term cost estimates 
7.4. Right-of-Way needs 
7.5. Design Review Meetings 

8. Preparation and submission of permit applications and CEQA documents 
9. Project Management 



  

10. Participate in up to 4 meetings with stakeholders to answer technical 
questions related to design 

5. MINIMUM QUALIFICATIONS 

5.1. Delete Paragraph 5.2 in its entirety. 

5.2. Modify Paragraph 5.3 as follows: 

Firms or project teams that do not meet the minimum qualifications will not 
have their proposal evaluated under Section 9, Evaluation, below. 

6. PREVAILING WAGES 

6.1. No changes. 

7. LIVING WAGE 

7.1. No changes. 

8. SUBMITTAL OF PROPOSALS 

8.1. Modify Paragraph 8.3 as follows: 
a. A statement of qualifications and a list of personnel to be assigned to the 

work, including a resume for each, listing education, experience, and 
expertise in this type of work including, but not limited to, history of three or 
more projects demonstrating experience or expertise in: 
i. Stream and river restoration design  
ii. Fish habitat enhancement 
iii. Fluvial geomorphology 
iv. Hydrologic and hydraulic modeling  
v. Sediment transport analysis 
vi. Development of construction documents and cost estimates 
vii. CEQA document preparation 
viii. Environmental permitting 

8.2. Modify Paragraph 8.3 as follows: 

Submit an electronic copy of the proposal to Sonoma Water at 
Submissions@scwa.ca.gov by 2:00 p.m., Wednesday, July 15 22, 2020.  Please 
reference TW 19/20-114 in the subject line of the email.  A confirmation email 
will be generated in response to each submission to this email address.  If a 
confirmation email is not received, please check spam and junk mail folders. 

mailto:Submissions@scwa.ca.gov


  

9. EVALUATION 

9.1. No changes. 

10. CONTACTS 

10.1. No changes. 

11. QUESTION(S)/ANSWER(S) 

Sonoma Water responses to questions are for the purposes of interpretation and clarification 
of the Request for Proposals and shall not be construed as changing, superseding, or 
contradicting any express term in the Request for Proposals.  Questions received are listed 
below. 

1. Question:  Section 4.1 Background, describes the project site as being “upstream of the 
confluence with Atascadero Creek,” and “extending roughly 2,750 linear feet north… of the 
Green Valley Road Bridge.”  It seems like that distance north, downstream of the bridge, 
extends beyond the confluence.  Does the project site include the confluence with 
Atascadero Creek, and the area below it? Does the project include assessment and potential 
improvements in Atascadero Creek?  

 Answer:  Answered in this Supplement, above. 

2. Question:  Does the PM/lead of this project need to possess a PE license as listed in Section 
5.1? 
Answer:  The PM does not have to be a licensed professional engineer, but a licensed 
engineer must lead the design team and stamp the plans and specifications. 

3. Question:  Regarding the pass/fail requirement 2.1 b (referring to Section 5.2), is this a 
requirement of the “team” (prime and subs), or just the prime?    
Answer:  Answered in this Supplement, above. 

4. Question:  Could you provide more information on the objectives of the Green Valley Creek 
restoration and flood resiliency project?  
Answer: This is in the RFP.  Please submit per the RFP.   

5. Question:  Could you provide more information about the project boundaries (map)?  
Answer:  See Attachment 4, Project Boundaries Map.  

6. Could you provide any background reports that describe existing conditions and known 
opportunities and constraints that will impact the work?  
Answer:  Existing conditions and prior alternatives considered are described in Attachment 
5, Green Valley Road Flood Mitigation Alternatives, DRAFT May 2016 
Sediment load information is available in Attachment 6, Upper Green Valley Creek Sediment 
Source Assessment. 

7. Question:  What is the current flood risk at the site and how much are you expecting to 
reduce that through this project?  



  

Answer:  Flood information is described in Attachment 7, Summary Analysis-Flooding and 
Mitigation Alternatives.  The target reduction in risk has not been determined.  Prior 
alternatives considered have increased capacity up to the 5-year recurrence interval flow.   

8. Question:  Is there an existing hydraulic model used for Green Valley Creek or does the RFP 
anticipate that being created from scratch?  
Answer:  There is an existing hydraulic model described in Attachment 7, Summary Analysis-
Flooding and Mitigation Alternatives.  Sonoma Water cannot verify its accuracy or 
representation of current conditions, or that the model format is usable.  Project modeling 
should be performed in HEC-RAS 2d. 

9. Question:  Is there existing hydrologic data for use in a hydraulic model or does the RFP 
anticipate that being created from scratch?  
Answer:  Existing hydrologic data is described in Attachment 7, Summary Analysis-Flooding 
and Mitigation Alternatives.  This document is from 2015 and is not comprehensive.  Design 
consultant should plan to exercise due diligence and verify the data, fill data gaps, and 
recalculate estimated flows before using. 

10. Question:  If we have a DBE on our team, do we still need to conduct outreach?  
Answer:  Yes.  Refer to Attachment 1, section 2 in its entirety.   

11. Question:  Also, is there a % DBE participation goal?   
Answer:  No, this federal funding program does not utilize percentage goals for DBEs. 

12. Question:  Is there a way to get on a list as DBE providers or obtain a list of companies that 
this RFP went out to?   
Answer:  Refer to Attachment 1, section 1.G in the RFP package. 

13. Question: What are the existing sediment removal and management regimes you seek to 
reduce?  
Answer:  Removing hundreds or even thousands of cubic yards of sediment from upstream 
and downstream of Green Valley Road bridge and under the bridge yearly, usually after very 
large storm events.  Extensive fish rescue has also been necessary in the vineyard on the 
east side of the project reach. 

14. Question:  Is the project located on private or public property? 

Answer:  Mostly private property but Sonoma Water has maintenance easements 
specifically for stream maintenance activities. 

15. Question:  Is it possible for us to visit the reach before submitting a proposal or is it closed 
to the public?  
Answer:  A portion of the site is adjacent to and visible from Green Valley Road.  The 
majority of the site project area is on private property and should not be accessed without 
property owner permission. 

16. Question:  Can you please elaborate on what is the intended work in reference to item 7.4 
(Right-of-Way needs) of RFP?   Does this include submission of encroachment permit? 
Survey of roadway easement? 



  

Answer:  Sonoma Water needs to know the boundary of the area that will be disturbed or 
used for construction in order to secure the property rights (temporary construction 
easements, permanent maintenance easements) to perform the construction.  This means 
accounting for such items as access routes, excavation and overexcavation limits, any area 
needed for equipment to work in, staging areas, features that must be modified to facilitate 
access.  The consultant would submit for the encroachment permit if one is needed. 

17. Question:  Does the project team have any responsibility for outreach to stakeholders 
(regulatory agencies, local landowners, other community stakeholders, etc.)?  
Answer:  Sonoma Water will do all outreach to landowners and other stakeholders. The 
consultant may participate in some meetings with stakeholders to answer technical 
questions related to design.  The consultant will obtain permits and coordinate pre-
application and design review meetings with permitting agencies.   

18. Question:  Can you please let us know what the funding amount is for this project?   
Answer:  The budget estimated for the full project is approximately $1,434,000.  This will 
cover Sonoma Water expenses, professional services/outside consultants, permitting fees, 
construction, right of way, and any other costs.  The project will occur in two phases, and 
construction will be contracted as part of the 2nd phase which is not covered by the current 
grant. The current grant is for phase one, which includes design, engineering, and 
environmental review/permitting. 

19. Question:  Can you let us know what level of CEQA analysis you anticipate being required 
for this project?  Would an Initial Study-Mitigated Negative Declaration be an appropriate 
level of CEQA documentation or does the Water District anticipate that an EIR would be 
required?  

20. Answer:  Sonoma Water expects that an EIR will be required.   

21. Question:  Does Sonoma Water anticipate that a specific process will be used to select a 
preferred alternative?  
Answer:  Submit per RFP.  

22. Question:  Does Sonoma Water anticipate that all the permits necessary for project 
implementation will be included in the proposed scope of work?   
Answer: Submit per RFP.  

23. Question:  Is there a schedule for selecting the firm and implementing the project?   
Answer: A schedule will be negotiated with the firm selected, if any. The current grant 
deadline for design, engineering, and environmental is December 18, 2021. 

24. Question:  Are there existing baseline information, alternatives, or studies that are 
anticipated to be used as a starting point, or is it expected that the awarded team will 
develop and test new concepts and alternatives? 
Answer:  Background documents are included in this supplement as Attachments 4-7.  
 

 



  

Sincerely, 
 
 
 
James Jasperse, P.E. 
Chief Engineer/Director of Groundwater Management 
 
Encs. 
 
  

c: Greg Guensch 
 Julie Sykes  

Lynne Rosselli  
Joan Hultberg  
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Supplement to RFP (TW 19/20-114) Attachment 1-1 

ATTACHMENT 1 
 

Disadvantaged Business Enterprises (DBE) Procedural Guidelines 

No changes. 
 



Supplement to RFP (TW 19/20-114) Attachment 2-1 

Attachment 2 – Federal Provisions 
 
No changes. 
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Attachment 3 
Supplier Portal Registration Guide 

 
No changes. 
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Attachment 4 
Project Boundaries Map 
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Attachment 5 
Green Valley Road Flood Mitigation Alternatives, DRAFT May 2016 

 
 



 

May 23, 2016 

TO:  Sierra Cantor & John Green 

Gold Ridge Resource Conservation District 

 

FROM:  Matt O’Connor, PhD, CEG #2449 
  Jeremy Kobor, MS, CFM  

Michael Sherwood, PG #8839  
O’Connor Environmental, Inc. 

 

SUBJECT: DRAFT Summary of Mitigation Alternatives for Flooding at Green Valley Road 

 

Introduction 

The objective of this study, initiated and coordinated by the Gold Ridge Resource Conservation District, is 
to evaluate flooding mechanisms and develop feasible alternatives to mitigate the frequency and extent 
of chronic flooding at Green Valley Road about 0.85 miles west of Graton.  In addition to damages to 
private property, flooding frequently makes Green Valley Road impassable and poses a risk to public 
safety.  Continuing and increasingly frequent flooding is damaging Green Valley Road, creating a 
significant road maintenance issue.  Flooding also creates risks to aquatic organisms, including 
endangered coho salmon, steelhead trout and California freshwater shrimp that may become stranded 
or otherwise harmed on the floodplain, particularly in the vineyard east and north of Green Valley Road.   
 
Work on this project began in 2013 and produced several interim products.  The first draft report 
describing site history with respect to flooding and initial potential mitigation alternatives was prepared 
in November 2013.  A sediment source assessment for the watershed area upstream of Green Valley Road 
to estimate the volumes and sources of sediment contributing to aggradation of the streambed in the 
vicinity of Green Valley Road, (a major cause of the current flooding problems) was completed December 
30, 2014.  An updated revised draft report dated January 12, 2015 provided a detailed description of the 
history of riparian and floodplain conditions and flooding of Green Valley Road, the causes of flooding 
under current conditions, development of hydrologic, hydraulic, and sediment transport analyses, and a 
comprehensive evaluation of potential strategies to mitigate the flooding.  Following in this document is 
a summary of flood mitigation alternatives that appear to be most effective with respect to mitigation of 
flooding and compares them to a fourth ‘do nothing’ alternative, the impacts of which, due to observed 
site changes over the past three years, need to be considered.  This summary of potential alternatives is 
intended to inform stakeholders of the advantages and disadvantages of these options for reducing 
flooding and to facilitate selection of a preferred alternative which could be adopted so that project design 
and permitting processes can begin. 
 
For purposes of this analysis, flooding is defined primarily in relation to Green Valley Road.  Flooding 
occurs when Green Valley Creek overflows its channel and spills across Green Valley Road between 
Cemetery Curve and Green Valley Road bridge and flows into the adjacent vineyard.  When this study 
began in autumn 2013, channel conditions were such that simulated Green Valley Creek flow exceeding 
about 420 cfs would cause flooding.  As of April 2016, channel sedimentation reduced the simulated flood 
threshold to about 290 cfs.  The “design flood” that was selected as the desired threshold for flood 
mitigation is about 950 cfs, which is the estimated 2-year recurrence interval flood event defined as a 
peak flow with 50% chance of occurring in any year.   
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Alternative 1 – Do Nothing 
 

Description 
Allow the channel to evolve without any intervention. 
 
Frequency of Flooding 
The original hydraulic modeling for the project was carried out on the basis of a topographic survey 
performed in 2013.  Under 2013 conditions, simulated road flooding initiated at a discharge of about 423 
cfs which is equivalent to about 44% of the peak flow during a design flood (the flood event with an 
estimated 2-yr recurrence interval estimated to be 951 cfs as shown in Figure 1.  The extent and depth of 
flow on the floodplain is shown in blue colors in Figure 1; the yellow-brown area describes the area 
occupied by flow confined within the channel.  At the peak of the design flood (2-yr recurrence interval), 
about 443 cfs flows across Green Valley Road.   
 
Sediment deposition has continued since the 2013 survey.  In April 2016, a topographic survey of limited 
extent showed that the streambed has aggraded by as much as 1.8-ft over a 300 to 400-ft reach adjacent 
to the locus of the road flooding (Figure 2).  The hydraulic simulation model was updated with the 2016 
survey data, and shows that road flooding under current conditions (April 2016) initiates at a discharge of 
about 292 cfs; at the peak of the design flood, about 531 cfs flows across Green Valley Road (Figure 1).  
This represents a 31% decrease in channel capacity over the three year period and is consistent with 
recent observations that road flooding has increased in frequency in recent years and occurs multiple 
times per year even during moderately sized storm events.  Channel capacity at the Green Valley Road 
bridge located just downstream has increased somewhat between 2013 and 2016 (Figure 2c).   
 
Under this alternative the frequency and severity of flooding over Green Valley Road is expected to 
continue to increase as additional sediment is deposited in the flood-prone reach adjacent to the road.  
Currently, at the locus of the road flooding, there is only about 1.7-ft of vertical separation between the 
channel bottom and the road (Figure 2).  Given the very limited channel capacity and the rate of recent 
aggradation it is likely that sustained road flooding and significant streamflow across the road lasting 
weeks may begin to occur within the next few years.       
 
Habitat Considerations 
Ongoing sediment deposition has degraded the habitat quality of Green Valley Creek through the study 
reach in several ways.  It has been reported by teams studying fishery resources that pools have filled in 
to a substantial degree, diminishing the availability of rearing habitat.  Summer streamflows have 
decreased, particularly in the reach downstream of the bridge.  Aggradation of the channel is likely a 
significant factor contributing to the reduction in summer flow as much of the flow that would be 
expressed as streamflow in a deeper channel is now flowing in the shallow subsurface through the 
thousands of yards of recently deposited sand and gravel that is several feet deep.   
 
During flood events, a large proportion of the flow is routed over the road to the vineyard where it flows 
parallel to the vine rows, scouring channels in the vineyard soil, and ponds near the northeast corner of 
the vineyard adjacent to Atascadero Creek.  Salmonids become entrained in the flow over the road and 
depending on flow conditions may make it through the vineyard and back to Atascadero Creek or may 
become stranded in the scour pools adjacent to the vineyard or in the vineyard itself.  The severity of the 
stranding potential is not well known, however California Department of Fish & Wildlife (CDFW) staff 
rescued 68 salmonids from a scour pool (see Figure 2b) that formed following the most recent road 
flooding event in April 2016, suggesting that the problem is significant. 
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Under the Do Nothing alternative, sediment deposition can be expected to continue.  This deposition can 
be expected to further degrade available pool habitat, lead to further reductions in summer streamflow, 
and increase the frequency and severity of road flooding and associated stranding of salmonids.     
 
Landowner and Public Safety Considerations 
Ongoing sedimentation will likely increase the frequency and severity of road flooding.  Worsening 
flooding poses an increasing level of risk to public safety as motorists attempt to drive through dangerous 
flood conditions and in the event that police, fire, or medical emergencies delay emergency personnel 
from reaching residents or residents from reaching emergency services.  The alternative road routes for 
emergency services via Harrison Grade Road or Highway 116 could also be subject to closure during winter 
storm events.  Significant erosion and deposition of sediment occurs within the vineyard during road 
overflow events, which poses a risk of crop losses and increases the level of effort required to remove 
debris and re-grade the vineyard following flood events.  Worsening conditions appear to create potential 
for streamflow into the vineyard during the early growing season.    
 
Costs 
Flooding in winter 2014/2015 resulted in damage to the road surface which required emergency repairs 
to fill scour holes in the road and resurfacing in winter 2016.  The frequency of required road maintenance 
and associated costs can be expected to increase under the Do Nothing alternative.  Costs associated with 
post-flood debris removal and re-grading of the vineyard can also be expected to increase.  The costs 
associated with mitigating the flooding at a later date can be expected to be higher than the costs of 
implementing a mitigation project now as sediment accumulation continues and the required level of 
sediment removal increases.  The available mitigation options can also be expected to decrease in the 
future as further reductions in channel capacity occur. 
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Figure 1: Comparison between existing conditions flooding under 2013 and 2016 channel conditions during a  
2-yr flow event illustrating the effects of recent sediment deposition on the frequency and severity of flooding. 
Discharge across the road at the peak of the design flood is shown.   
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Figure 2: Comparison between 2013 and 2016 channel cross sections in the reach adjacent to the road flooding 
(A).  2016 cross section at the locus of the road flooding illustrating the minimal remaining channel capacity and 
the recently formed scour pool adjacent to the vineyard in which salmonids have been stranded (B).  Channel bed 
elevation in cross section at the upstream edge of Green Valley Road bridge in 2013 and 2016 (C). 
 

 
 

  

 C 
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Alternative 2 – Causeway 
 

Description 
Elevate or modify about 600-ft of Green Valley Road between Cemetery Curve and the bridge approach 
and provide sufficient openings to allow unrestricted flow beneath the roadway and into the existing 
vineyard (Figure 3).  Depending on the potential effects of this alternative on coho salmon and other 
aquatic species (e.g. steelhead trout and California freshwater shrimp), this could also require 
construction of a new mainstem channel of Green Valley Creek through the vineyard connecting to 
Atascadero Creek that would provide in-stream habitat features including pools and large wood structures 
within the new mainstem channel and vegetate the channel banks and side-channel areas with native 
vegetation.  Potential additional elements of habitat mitigation could include constructing one or more 
side-channels to provide off-channel habitat for salmonids and facilitate conveyance of flood flows under 
the road and/or in the channel alignment under the bridge.    Various options exist for the alignment of 
the mainstem channel and the side-channels.  One possible configuration is provided in Figure 3 for 
illustrative purposes.  The length of mainstem channel is approximately 1,900-ft with an additional 1,250-
ft of side channel length.  
 
Frequency of Flooding 
Hydraulic modeling of this alternative was not performed; numerous design assumptions would be 
required for the hydraulic simulation, and the required effort was deemed unwarranted for this 
conceptual plan phase of the project.  Assuming that openings through the road prism are of sufficient 
dimensions to provide unrestricted flow under the road, we estimate that the design would be capable of 
preventing road flooding during the 5-yr event (1,450 cfs) and likely during significantly larger events.   
 
Habitat Considerationsg 
The potential for salmonids to become stranded in the vineyard is expected to be substantially reduced 
provided that channelized flow through the vineyard and to Atascadero Creek is constructed.    The 
construction of one or more side-channels in the vineyard would provide an increase in available off-
channel habitat consistent with the geomorphic setting.  The existing channel alignment under the bridge 
would likely persist as a secondary channel feature providing additional off-channel habitat or an alternate 
channel connecting to Atascadero Creek.  Assuming in-stream habitat features such as pools and large 
wood structures are included in the design of the new mainstem channel, the alternative should result in 
an increase in the quality of in-stream habitat in the lowest reaches of Green Valley Creek. 
 
The vertical separation between the vineyard adjacent to the road and Atascadero Creek near the 
northeast corner of the vineyard is about 7.5-ft.  This indicates that the channel slope in the new mainstem 
channel would be approximately 0.004 which is relatively low but still significantly higher than the slope 
of the existing channel (0.0017 to 0.0033).  The new low-gradient channel would be prone to aggradation 
from ongoing sediment deposition in a similar fashion as the existing channel.  This deposition and the 
dispersion of the flow into multiple channels may lead to the development of fish passage problems 
and/or reductions in summer streamflow.  
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Figure 3: Conceptual design for Alternative 2 – Causeway. 
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Landowner and Public Safety Considerations 
This alternative is expected to result in a major reduction in the frequency and severity of road flooding 
and an associated reduction in the level of risk to public safety.  The farming potential of a large portion 
of the vineyard (depending on a variety of factors) would be lost owing to the space required to construct 
the new mainstem channel, side channels, and riparian setbacks as well as the increase in flooding at the 
site. 
 
Feasibility/Permitting 
This alternative likely requires significant compensation to the vineyard landowner.  Limited work within 
the existing channel would be required which is an advantage in terms of permitting relative to some 
other alternatives, however uncertainty regarding the capacity of the new channel to provide fish passage 
and maintain adequate flow and other habitat elements will present challenges for planning, design and 
permitting.  
 

   

Costs 
Compensation for loss of use for farming on the vineyard property would likely be required.  Costs 
associated with modifying/elevating the roadway with large openings for flow are expected to be 
significant.  Additional costs for constructing the new main channel, side-channels, and in-stream habitat 
features would also be significant.  Assuming the dimensions for the new channel are 40-ft wide by 4-ft 
deep means that construction of the new mainstem channel would require excavation of approximately 
11,300 yards of sediment.        
 
Uncertainty 
There is long-term uncertainty regarding the evolution of Green Valley Creek in this area.  Ongoing 
sedimentation and flooding may affect the degree to which fish habitat (including migration) and 
streamflows can be maintained in the newly created channels.  An adaptive management plan could be 
put in place to address these potential problems. 
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Alternative 3 – Channel Re-establishment and Sediment Management 
 

Description 
Remove approximately 32,000 yards of sediment from a 2,750-ft reach of the mainstem of Green Valley 
Creek extending from 100-ft upstream of the side-channel head above the bridge to a point near the 
downstream edge of the vineyard and from the 1,100-ft reach of side channel upstream of the bridge 
(Figures 4 through 6).  Re-align a 600-ft reach of the existing channel adjacent to the road by relocating 
the channel approximately 75-ft away from the road to the west through what is now an elevated gravel 
bar vegetated primarily with Himalayan blackberry.  The channel profile would be lowered by about 3 to 
4-ft adjacent to the road and would gradually blend in with the existing profile upstream and downstream 
(Figure 5).  Provide in-stream habitat features including pools and large wood structures within the 
mainstem and side-channels and re-vegetate the channel banks and riparian corridor with native 
vegetation.   
 
Establish a 0.3 acre sediment management area at the break in channel slope upstream of the area of 
road flooding by widening the channel along the right bank from 35-ft to 70-ft.  Both the decrease in 
channel slope and increase in channel width are intended to promote localized sediment deposition 
within the sediment management area.  Periodic sediment removal would be performed on an ongoing 
basis within the sediment removal area in order to reduce sediment delivery in the flood-prone reach and 
extend the timeframe over which the larger sediment removal activities would be effective.  The 
alternative also includes constructing a grade control structure at the upstream limit of the sediment 
removal footprint to prevent head-cutting from adversely affecting upstream habitat conditions.   
 
Frequency of Flooding 
Hydraulic modeling of this alternative revealed that the channel would be capable of conveying flows of 
up to 1,450 cfs which is equivalent to an estimated 5-yr recurrence interval flood event.  Comparison 
between existing conditions flooding and Alternative 3 flooding during the 2-yr event reveals that virtually 
all flooding is eliminated with the exception of the northeast portion of the vineyard which backwater 
floods from Atascadero Creek (Figure 7). 
 
Sediment Management 
Sediment transport modeling revealed that the decline in slope and increase in width would be effective 
at concentrating deposition in the vicinity of the sediment management area (Figure 8).  Approximately 
0.5-ft of deposition or 230 yards was predicted to occur within the sediment management area during the 
2-yr flood.   
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Figure 4: Conceptual design for Alternative 3 – Channel Re-establishment and Sediment Management.  

Blue = existing 
Red = re-aligned 
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Figure 5: Longitudinal profile view of the conceptual design for Alternative 3.  
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Figure 6: Cross sectional views of the conceptual design for Alternative 3, see Figure 4 for locations.
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Figure 7: Comparison between existing conditions flooding and Alternative 3 flooding during a 2-yr flow event. 
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Figure 8: Predicted changes in bed elevations under Alternative 3.   

 
Of the estimated 32,000 yards of sediment removed under Alternative 3, about 20,000 yards are removed 
upstream of the bridge.  The Sediment Source Assessment (2014) estimated that an average of 410 yards 
of bed load sediment (sand and gravel) is delivered to the project reach per year.  Assuming that all of the 
sediment is deposited in the reach upstream of the bridge, the 20,000 yards of sediment removed is 
equivalent to about 50 years of deposition.  This comparison provides a crude estimate of the anticipated 
lifespan of the sediment removal in the absence of any sediment management.  The effectiveness of the 
sediment management program is uncertain, however if one assumes that 50% of the sediment is 
captured and removed within the sediment management area, the benefits of the project might be 
expected to persist about 100 years based on the estimated sedimentation rate of 410 yards per year. 
 
Habitat Considerations 
The potential for salmonids to become stranded in the vineyard is expected to be significantly reduced as 
the capacity of the channel would be increased under this alternative such that road overtopping would 
be expected to occur only during flood events estimated to be about 1.450 cfs or greater with a recurrence 
interval of about 5 years or greater (20% probability of occurring in any year).  The removal of the sediment 
plug at the head of the existing side-channel (aka “historic channel”) would allow flows to occupy the side 
channel at much lower stages than under existing conditions which will serve to increase the available off-
channel habitat in this reach.  Assuming in-stream habitat features such as pools and large wood 
structures are included in the design of the reestablished channel, along with significant off-channel 
habitat, the alternative should result in an increase in the quality of aquatic habitat in the lowest reaches 
of Green Valley Creek.  The sediment removal would be expected to result in an increase in summer 
streamflow as more of the water currently flowing through the thick sand and gravel accumulations in the 
shallow subsurface would be intersected by the new lower channel profile. 
 
Negative habitat impacts are likely to occur in the short-term during project construction due to the 
degree of in-stream sediment removal work required under the alternative.  These impacts can be 
minimized by working during the summer low flow season, preserving as much of the existing riparian 
vegetation as possible, and providing temporary fish passage around the work area.  In the long-term, the 
extent and quality of the riparian vegetation would be expected to be improved over existing conditions, 

Regraded Bed 
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however a reduction in riparian cover would be expected during the first few years of vegetation 
reestablishment.  Potential impacts on habitat for freshwater shrimp remain to be assessed.   
 
Landowner and Public Safety Considerations 
This alternative is expected to result in a major reduction in the frequency and severity of road flooding 
and an associated reduction in the level of risk to public safety and the required post-flood debris removal 
and re-grading in the vineyard. 
 
The stream channel is privately owned, so this Alternative would require landowner access and approval. 
 
Feasibility/Permitting 
An extensive amount of work within the existing channel and riparian corridor would be required, and a 
major permitting process would be anticipated.  Permits would also be required on an ongoing basis to 
periodically remove sediment from the sediment management area. 
 
Costs 
Costs for removing 32,000 yards of sediment with appropriate measures to minimize construction impacts 
and maintain fish passage during construction are expected to be substantial.  Additional costs would be 
incurred to construct in-stream habitat features, re-vegetate the riparian corridor, and construct a grade-
control structure near the upstream extent of the project footprint.  Ongoing maintenance costs 
associated with periodically removing sediment from the sediment management area would also be 
required.        
 
Uncertainty 
Uncertainty regarding the duration of the effectiveness of the sediment removal is an important 
consideration as deposition of sand and gravel is expected to continue in this reach.  Although the lifespan 
of the sediment removal is estimated to last 50 to 100-yrs, the degree to which sediment can be captured 
and removed within the sediment management area and thus prevented from moving downstream into 
the flood-prone reach is inherently difficult to predict.  
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Alternative 4 – Floodplain Reconnection 
 
Description 
Remove 360-ft of levee from the left bank upstream of the side channel head to create a bypass channel 
at high flows (1,100 yards).  Remove about 2,600 yards of sediment and re-grade a two-acre area to direct 
bypass flows into the existing pasture and swale on the western floodplain, and construct a new driveway 
crossing (Figure 9).  Replace the existing culvert under Green Valley Road that drains the pasture just 
downstream of the bridge with a larger culvert (Figure 9).  A box culvert 15-ft wide and 3.5-ft high would 
be sufficient to prevent road overtopping at this location during the 2-yr event. 
 
As part of the bypass design, remove about 1,700 additional yards of sediment from the left bank to create 
a 0.4 acre sediment management area by widening the channel along the left bank from 35-ft to 70-ft 
(Figures 9 and 10).  The increase in channel width is intended to promote localized sediment deposition 
within the sediment management area.  Periodic sediment removal would be performed on an ongoing 
basis within the sediment removal area, but outside of the active stream channel, in order to reduce 
sediment delivery in the flood-prone reach and extend the timeframe over which the bypass and 
downstream sediment removal activities would be effective.   
 
Construct a new 575-ft long channel at the same grade as the existing channel through what is currently 
an elevated gravel bar adjacent to the reach of roadway overtopping (Figures 9 and 10).  The new channel 
would create a split-flow condition just upstream of Cemetery Curve and would merge back with the 
existing channel near the confluence of the existing side-channel just upstream of the bridge.   
 
Remove additional sediment from the gravel bar along the left bank of the new channel to create a lower 
terrace between the two channels.  Widen the channel along the left bank over a 150-ft reach between 
the downstream end of the new channel and the bridge.  These activities require removal of about 5,400 
yards of sediment from the reach adjacent to the reach where flood waters overtop the road under 
current conditions.    
 
Remove 850-ft of levee from the right bank downstream of the bridge to reduce backwater conditions 
and increase conveyance within the flood-prone reach upstream of the bridge (3,500 yards).  Remove 
about 4,000 yards of sediment from a 0.7-acre area consisting of an existing natural levee and terrace on 
the left bank downstream of the bridge; construct a 600-ft long high flow channel on the existing left bank 
terrace to convey a portion of the flow from the bypass outfall back to the creek (Figures 9 and 10). 
 
Frequency of Flooding 
Hydraulic modeling of this alternative revealed that the channel would be capable of conveying flows of 
up to 1,175 cfs which is equivalent to between a 2-yr and a 5-yr recurrence interval flood event.  
Comparison between existing conditions flooding and Alternative 4 flooding during the 2-yr event reveals 
that road flooding is eliminated while flooding in the western pasture and overbank flooding of the lower 
portions of the vineyard increase substantially.  The bypass was able to carry about 443 cfs or 47% of the 
2-yr flow (Figure 11).  
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Figure 9: Conceptual design for Alternative 4 – Floodplain Reconnection.    
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Figure 10: Cross sectional views of the conceptual design for Alternative 4, see Figure 9 for locations.  
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Sediment Management 
This alternative involves removing about 7,100 yards of sediment from the floodway upstream of the 
bridge.  The Sediment Source Assessment estimated that about 410 yards of coarse sediment is delivered 
to the project reach per year.  Assuming that all of the sediment is deposited in the reach upstream of the 
bridge, the 7,100 yards of sediment removed is equivalent to about 17 years of deposition.  This 
comparison provides a crude estimate of the anticipated lifespan of the sediment removal in the absence 
of any sediment management.  The effectiveness of the sediment management program is uncertain, 
however if one assumes that 50% of the sediment is captured and removed within the sediment 
management area, the benefits of the sediment removal component of the alternative would be expected 
to persist for about 34 years.  It is important note that the as sediment redeposits in the flood-prone 
reach, the bypass would still be effective at reducing the volume and peak discharges of road overtopping, 
however the frequency of overtopping events would be expected to increase over time. 
  
Habitat Considerations 
The potential for salmonids to become stranded in the vineyard upstream of the bridge is expected to be 
reduced as the capacity of the channel would be increased under this alternative such that road 
overtopping would be expected to occur only during large flood events.  On the other hand, removal of 
the downstream levee would increase overbank flows into the vineyard downstream of the bridge, which 
could potentially create new stranding problems similar to those that are occurring at present when flow 
crosses Green Valley Road into the vineyard.  The bypass and left-bank terracing and high-flow channel 
may provide some increase in the available off-channel habitat in this reach.  Assuming in-stream habitat 
features such as pools and large wood structures are included in the design of the new channel adjacent 
to the road overtopping, the alternative should result in an increase in the quality of in-stream habitat in 
this reach.   
 
Negative habitat impacts are likely to occur in the short-term during project construction due to the 
degree of in-stream sediment removal work required under the alternative.  These impacts can be 
minimized by working during the summer low flow season, preserving as much of the existing riparian as 
possible.  In the long-term, the extent and quality of the riparian vegetation would be expected to be 
improved over existing conditions, however a reduction in riparian cover would be expected during the 
first few years of vegetation reestablishment.  
 
Landowner and Public Safety Considerations 
This alternative is expected to result in a major reduction in the frequency and severity of road flooding 
and an associated reduction in the level of risk to public safety.  The impacts to the farming potential of 
the vineyard are somewhat difficult to predict.  On one hand, the reduced road overtopping should 
decrease post-flood debris removal and grading requirements, however the alternative results in an 
overall increase in the flooded area in the vineyard due to the generation of overbank flows in the reach 
downstream of the bridge.  With respect to impacts on vineyard land use, this alternative probably 
represents improvement to vineyard operability by reducing the potential for flooding in the vineyard 
from Green Valley Creek after bud-break in spring..  The western pasture is an integral part of the bypass 
design and would likely require a conservation-oriented land use designation, and associated 
compensation to the landowner.    
 



Green Valley Road Flood Mitigation Alternatives, DRAFT May 2016 Page 20 of 23 
 

 
Figure 11: Comparison between existing conditions flooding and Alternative 4 flooding during a 2-yr flow event. 
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Feasibility/Permitting 
An extensive amount of work within the existing channel and riparian corridor would be required, and a 
major permitting process would be anticipated.  Permits would also be required on an ongoing basis to 
periodically remove sediment from the sediment management area. 
 
Costs 
Costs for removing 11,100 yards of sediment from the floodway with appropriate measures to minimize 
construction impacts and maintain fish passage during construction are expected to be substantial.  
Compensation may be required to landowners for possible reductions in farming potential of the existing 
vineyard and/or the existing pasture in the proposed flood bypass alignment.  Additional costs would be 
incurred to remove another 7,200 yards of sediment to remove levees and create the bypass channel, 
construct in-stream habitat features, and re-vegetate the riparian corridor.  Ongoing maintenance costs 
associated with periodically removing sediment from the sediment management area would also be 
required.        
 
Uncertainty 
Uncertainty regarding the duration of the effectiveness of the sediment removal is an important 
consideration as deposition of sand and gravel is expected to continue in this reach.  Although the lifespan 
of the sediment removal was estimated to be between 17 and 34 years, the degree to which sediment 
can be captured and removed within the sediment management area and thus prevented from moving 
downstream into the flood-prone reach is inherently difficult to predict.   
 
There is long-term uncertainty regarding the evolution of Green Valley Creek in this area.  Ongoing 
sedimentation and flooding may affect the degree to which fish habitat (including migration) and 
streamflows can be maintained in the newly created channels.  An adaptive management plan could be 
put in place to address these potential problems. 
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Comparison Tables 
The following tables compare the various alternatives described above; these summary tables are 
intended to help clarify the relative advantages and disadvantages associated with each alternative.  Table 
1 compares the level of flood protection provided by each alternative. Table 2 compares the volumes of 
sediment removal associated with each alternative as an index of costs and the degree of difficulty of 
obtaining permits.  Table 3 provides an overall summary comparison of the alternatives from the various 
perspectives discussed in the report.  
 
 
Table 1: Comparison of the flow above which road flooding initiates for the various alternatives. 

 

 
 
 
Table 2: Comparison of the volumes of sediment removal associated with the various alternatives. 
 

 
 

2013 Conditions 423 <1-yr

Alternative 1 <292 <1-yr

Alternative 2 >1,450 >5-yr

Alternative 3 1,450 5-yr

Alternative 4 1,175 >2-yr

Discharge (cfs)
Recurrance 

Interval

Inside 

Floodway

Outside 

Floodway
Total

Alternative 2 - 11,300 11,300

Alternative 3 32,000 - 32,000

Alternative 4 11,100 7,200 18,300

Sediment Volume (yards)
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Table 3: Summary comparison of the alternatives from a variety of perspectives. 

 

Allow the channel to evolve without 

intervention

Construct a new elevated road profile between 

Cemetery Curve and the bridge

Remove sediment to restore channel capacity 

over 0.5-mile reach centered on the bridge

Remove portion of west bank levee to activate 

bypass and construct driveway bridge for 

landowner access

Include sufficient openings to allow flow to the 

east and beneath the road 
Re-align main channel farther from the road

Upgrade existing Green Valley Road culvert west 

of bridge to facilitate bypass outflows

Description
Construct channel to convey flow and provide 

fish passage back to Atascadero Creek
Re-activate historic side channel

Enlarge floodway and construct a new high flow 

channel on west bank and remove levee on east 

bank below bridge

Construct new in-stream and off-channel habitat 

features in existing vineyard

Construct grade-control structure at upstream 

end of reach

Construct a new channel and remove sediment 

to increase channel capacity adjacent to the road

Construct new in-stream habitat features in 

restored channel alignment

Construct new in-stream and off-channel habitat 

features in restored channel alignment

Establish sediment management program above 

Cemetery Curve

Establish sediment management program at 

bypass head

Typical Frequency of Road Flooding Many times per year
Less than 20% chance each year (>5 year 

recurrence interval) 

Approximately 20% chance each year (5 year 

recurrence interval) 

Approximately 40% chance each year (>2 year 

recurrence interval) 

Potential for fish stranding in the vineyard Reduced stranding potential Reduced stranding potential Reduced stranding potential

Continued loss of summer stream flow due to 

depth  of sand and gravel and dispersion of flow 

to multiple channels

Continued loss of summer stream flow due to 

depth  of sand and gravel and dispersion of flow 

to multiple channels

Short-term negative impacts during construction 

and vegetation re-establishment over large area

Continued loss of summer stream flow due to 

depth  of sand and gravel and dispersion of flow 

to multiple channels

Habitat Benefits/Impacts
Poor in-stream habitat in the vineyard channels 

during periods of flow into the vineyard

Increased off-channel habitat and improved in-

stream habitat (assumes habitat restoration in 

existing vineyard)

Increased off-channel habitat and improved in-

stream habitat (assumes habitat restoration in 

existing vineyard)

Short-term negative impacts during construction 

and vegetation re-establishment over smaller 

area

Potential development of fish passage problems Potential development of fish passage problems Likely increase in summer stream flow Increased off-channel habitat

Increasing frequency and duration of road 

closures

Major reduction in frequency and duration of 

road closures

Major reduction in frequency and duration of 

road closures

Major reduction in frequency and duration of 

road closures

Landowner &  Public Safety 

Benefits/Impacts

Increasing frequency and severity of vineyard 

impacts

Loss of farming potential for a large portion of 

vineyard

Major reduction in frequency and severity of 

vineyard impacts
Likely ongoing vineyard impacts

Increasing risk to public safey Major reduction in public safey risk Major reduction in public safey risk Major reduction in public safey risk 

Requires cooperation from vineyard landowner
Difficult to permit in-channel work; EIR probably 

required and significant permitting.

Requires landowner cooperation from multiple 

landowners

Feasibility/Permitting EIR probably required and significant permitting. Requires annual permit for sediment removal
Difficult to permit in-channel work; EIR probably 

required and significant permitting.

EIR probably required and significant permitting. Requires annual permit for sediment removal

Increasing road maintainance costs Acquisition of a large portion of the vineyard Large sediment removal costs Modest sediment removal costs

Increasing vineyard clean-up costs Large road and causeway construction costs Grade-control structure costs

Conservation easement for bypass on private 

land and possibly compensation for loss of 

vineyard famring potential

Costs Increased future costs for mitigation
Channel and off-channel habitat feature 

construction costs
Ongoing costs associated with sediment removal

Bypass, bridge, and culvert upgrade construction 

costs

Potential cost of "take"
Channel and off-channel habitat feature 

construction costs
Levee removal and terrace construction costs

Ongoing costs associated with sediment removal

Uncertainty

Long-term uncertainty regarding fish passage to 

and from Upper Green Valley Creek

Long-term uncertainty regarding fish passage to 

and from Upper Green Valley Creek

Uncertainty regarding sediment management 

program cost and effectiveness

Uncertainty regarding sediment management 

program cost and effectiveness

Long-term uncertainty regarding continuity of 

baseflows

Long-term uncertainty regarding channel 

behavior and flooding due to sedimentation 

processes

Long term uncertainty regarding channel 

behavior and flooding due to sedimentation 

processes

Long-term uncertainty regarding fish passage to 

and from Upper Green Valley Creek

Alternative 1 - Do Nothing 2 - Causeway and Natural Channel Evolution
3 - Channel Re-establishment and Sediment 

Management 

4 - Floodplain Reconnection and Sediment 

Management
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FROM:  ___________________________ 

  Matthew O’Connor, PhD, CEG #2449 

  President, O’Connor Environmental, Inc. 

 

SUBJECT: SEDIMENT SOURCE ASSESSMENT FOR UPPER GREEN VALLEY CREEK 

 

Introduction 
This memorandum summarizes our quantitative assessment of sediment sources in upper Green Valley 

Creek beginning at the confluence of Green Valley Creek and Atascadero Creek.  This sediment source 

assessment includes Purrington Creek, and excludes Atascadero Creek.   

 

The primary purpose of this assessment is to estimate sediment supply to the vicinity of Green Valley 

Road where sedimentation has caused aggradation of the stream bed at the Green Valley Road Bridge of 

about 9 ft since 1968 (~0.2 ft/yr).  Sedimentation of Green Valley Creek near Green Valley Road has 

contributed significantly to increased frequency of flooding on Green Valley Road just east of the bridge 

and the adjacent vineyard.  As described in a companion memorandum describing site history and 

hydrologic and hydraulic analyses, flooding in this area is also caused by dense riparian vegetation 

growth throughout the area, including the confluence with Atascadero Creek, beginning c. 1960, and the 

hydraulic effects of levees upstream and downstream of the bridge.   

 

This sediment source assessment also complements watershed management plans and geomorphic 

analyses of fish habitat conditions (Gold Ridge RCD, Green Valley Creek Watershed Management Plan, 

March 2013 and Upper Green Valley Creek Watershed Management Plan, 2010).  In particular, the 

sediment source assessment provides perspective on the relative abundance of gravel sources and 

potential spawning habitat in the watershed.  Finally, this sediment source assessment provides a 

watershed-scale estimate of erosion from stream banks and native-surface roads.  Estimates of erosion 

from roads were accomplished by extrapolating the results of a prior field investigation of road erosion 

conducted by Pacific Watershed Associates (2008).   

 

This sediment source assessment provides quantitative estimates of annual sediment delivery to stream 

channels from native surface roads and stream banks.  Sediment delivery is apportioned between the 

Purrington Creek and upper Green Valley Creek watersheds, and is estimated in size classes relevant for 

sediment transport analysis and fish habitat: gravel (> 2 mm diameter), sand (>0.05 mm and < 2 mm), 

and silt & clay (< 0.05 mm).  
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Methods 
 

Overview 

The methods employed in this sediment source assessment are comparable to those used for Clean 

Water Act TMDL studies of erosion used throughout northern California.  It is comprised of three 

sediment sources thought to represent most of the principal erosion processes in the watershed: road 

erosion, small-scale bank erosion of tributary streams, and large-scale bank erosion along the incised 

mainstem valleys of Purrington Creek and upper Green Valley Creek.  

 

The scope of sediment sources evaluated in this study is limited in that erosion associated with large-

scale landslides is excluded.  Although this source is typically a significant erosion process in Coast Range 

watersheds, review of available historic aerial photographs of the watershed early in the project 

timeline did not reveal evidence of landslides.  Gold Ridge RCD staff has alerted us to two locations 

where landslides have occurred in upper Purrington Creek.  

 

At the outset of this analysis, it was anticipated that we would only have limited access for field surveys 

and would rely on available maps and aerial photography to assess the extent of roads, streams and 

landslides.  In addition, observations of LiDAR-derived DEM’s that became available early in 2014 have 

revealed further evidence of landslides, mostly deep-seated rockslides and earthflows, but also including 

a few shallow debris slides.  However, available resources for this project did not permit systematic 

mapping of landslides from the LiDAR DEM’s.   

 

Geographic Information System software (ESRI ArcEditor) was used to map and quantify roads and 

streams and to overlay these with soils data obtained from USDA.  Roads were mapped from the 

existing Sonoma County GIS data set, from aerial photographs, and finally, using the Sonoma County 

LiDAR Digital Elevation Model (DEM) that became available in early 2014 from the Agricultural 

Preservation and Open Space District.  This latter source enabled identification of 49% of the 127.4 miles 

of roads we mapped in the watershed.  Many of the LiDAR-identified roads appeared to be historic and 

likely unmaintained roads built for logging c. 1950 in upper Green Valley Creek.   

 

The County LiDAR was also used to develop a map of the stream channel network in the watershed.  We 

used the TOPAZ tool in the WMS software package to synthesize the channel network using a threshold 

drainage area to establish a stream channel of 5 acres.  This produced 80.0 miles of stream channel in 

the watershed; the drainage density is 8.25 miles per square mile.  Even with this density of channels, 

inspection of LiDAR DEM’s suggest that substantial additional length of ephemeral channels likely to 

exist on the ground were not included in our calculations. Excluding mainstem reaches discussed below, 

erosion from this portion of the channel network is estimated by applying a “standard” bank erosion 

rate.  

 

Field surveys of the mainstem valley reaches of Purrington Creek and upper Green Valley Creek 

conducted by OEI from 2010 through 2012 revealed extensive stream incision and bank erosion.  
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Vertical elevation differences between the channel bottom and the valley floor are about 25 to 30 ft in 

Purrington Creek and about 12 to 15 ft in upper Green Valley Creek.  A custom LiDAR flight of these 

mainstem channels was conducted to facilitate a watershed hydrologic/hydraulic modeling project, and 

the LiDAR DEM was sufficiently detailed to permit measurement of the geometry of erosion scarps.  We 

limited the use of this method to the portions of Purrington and upper Green Valley Creek that we had 

surveyed for our prior geomorphic assessment of channel conditions.   

 

Finally, the County LiDAR DEM’s allowed us to locate on-stream reservoirs in the watershed that would 

be expected to prevent delivery of sediment downstream.  These reservoirs were generally evident in 

aerial photography and were documented in the State Water Rights data base (eWRMIS). Using GIS 

tools, we were able to exclude roads and streams located in the upstream drainage areas of these 

reservoirs from the set of roads and streams that deliver sediment to streams in this assessment.  

 

Road Erosion Estimates 

Surveys of 27.9 miles of roads conducted by PWA in 2008 covered roughly twenty percent of the 

watershed.  The PWA survey protocol focuses on potential future sediment delivery based on 

observation of existing erosion processes, and the volume of erosion expected to occur over a ten-year 

period was calculated (PWA 2008, Table 2, p.14).  We assumed that their survey was a representative 

sample of road conditions and erosion processes in the watershed.  These field-based erosion estimates 

allowed us to calculate an erosion rate estimate per unit length of hydrologically-connected road.  PWA 

found that 39% of the road length surveyed was hydrologically-connected and could therefore deliver 

sediment to streams and we assumed that proportion of the road network was hydrologically-

connected throughout the watershed.   

 

The annual delivery rate of sediment from roads that we applied was 136.8 cubic yards per mile.  Of this 

total, 87.4 cubic yards per mile (63.9%) was attributed to surface erosion of the road prism.  The 

character of this erosion process--rainsplash and sheetflow--is not expected to transport gravel-size 

sediment (> 2 mm diameter) in significant quantity, hence an adjustment was made when separating 

road erosion into size-classes based on sediment size distributions of the soils to exclude gravel 

production from this road erosion process.  Sand, silt and clay from road surface erosion was included in 

the estimate of sediment delivered to streams from roads.  

 

These estimates were extrapolated to all the native-surface (i.e. dirt and/or gravel) roads identified in 

the watershed.  Paved roads were excluded, even though erosion of cut-slopes and drainage ditches 

along paved roads undoubtedly deliver some sediment to streams.   

 

Watershed Stream Bank Erosion 

Stream banks are recognized as an important source of sediment because they are typically steep, 

because they are frequently disturbed by stream erosion, and because they deliver soil material directly 

to stream channels.  It is difficult to directly measure this process in the absence of detailed field surveys 

and/or monitoring.  For many purposes, this process is estimated by applying a representative bank 
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erosion rate extrapolated from a comparable watershed where data exist; in some cases the bank 

erosion rate is equated with a downslope soil creep rate.   

 

Buffleben (2009) reviewed various methods and estimates for bank erosion rates, and conducted a field 

study to measure soil voids in stream banks in the forested Elk River watershed (Humboldt County) in 

the Coast Range.  In his field study, he estimated bank erosion rates of about 5 mm/yr (0.016 ft/yr) with 

an average bank height of about 2 ft.  Washington Department of Natural Resources (1997) for 

watershed analysis recommend using a bank erosion rate of 2 mm/yr when adjacent slopes are >30%.   

 

We applied a rate of 2 mm/yr and selected 3 ft as the typical bank height in the watershed based on 

field observations.  The erosion rate of 5 mm/yr might be reasonable for this watershed based on 

overall similarity of terrain and geology, however, the mean annual rainfall at the Elk River watershed is 

about fifty percent greater, and is subject to a greater degree of landslide activity, both which would be 

expected to elevate observed bank erosion.  A rate of 1.6 mm/yr was used by the North Coast Regional 

Water Quality Board for the Gualala River Watershed TMDL (2001) and by the California Geological 

Survey (Fuller and Custis, 2002) for streams not located in landslide terrain for an analysis of erosion 

rates in the Gualala River.  

 

Mainstem Stream Bank Erosion       

High quality LiDAR DEM’s were used to measure the volume of soil eroded from stream banks in 

discreet locations where streamside scarps from soil slumps and debris slides were identified.  This 

technique requires interpretation of the geometry of stream bank features, and was conducted by Dr. 

Matt O’Connor, CEG #2449, who conducted field surveys of these mainstem reaches and has expertise 

in geomorphology.  In many cases, eroded scarps had been directly observed in the field, thus providing 

a significant degree of confirmation regarding identification of these erosion features.   

 

The LiDAR DEM, projected in a hillshade view in GIS, was used to identify features from their geometry 

and position along the stream.  The volume of eroded material was determined using GIS tools to 

measure the dimensions of the feature.  The GIS 3-d Analyst tool was used, along with channel cross-

sections cut from the DEM at 10 ft intervals, to determine the length parallel to the stream, the width of 

the feature normal to the stream, and the average depth of the feature normal to the scarp surface.  

The product of these three dimensions was the estimate of soil eroded from the feature.   

 

While the volume of eroded soil was estimated with relatively high accuracy, determination of the age 

of individual erosion features was beyond the scope of this assessment.  Consequently, we assumed that 

all of the observed erosion occurred within a 50-year period based primarily on the approximate age of 

mature trees on the banks.  This interval is expected to be conservative; much of the erosion likely 

occurred more recently based on evidence of management efforts to control bank retreat and the age 

of vegetation on scarps relative to adjacent vegetated stream banks.   
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Sediment Size Distribution of Eroded Sediment 

The foregoing describes how we estimated the volumetric rate of erosion in the watershed.  To gain 

perspective on downstream sedimentation rates, however, it was necessary to estimate the quantity of 

eroded sediment large enough to be temporarily retained in the stream channel.  Sediment size 

distribution of sediment in upper Green Valley Creek between the Purrington Creek confluence and 

Green Valley Road was determined from five samples collected in 2013.  About seventy percent of the 

bed material was coarser than 2 mm diameter (i.e. gravel), and all but about one to two percent of the 

remainder was sand-size (coarser than 0.05 mm).   

 

Soil Survey data available from the USDA includes representative sediment size distributions for each 

soil type mapped in the watershed.  The volume of soil eroded from roads and stream banks within each 

soil type as represented in the GIS was determined.  We represented the sediment size distribution of 

soil eroded within each soil type as the depth-integrated size distribution.  The Soil Survey data gives 

size distribution for each soil horizon in the soil, so it was necessary to determine the depth-integrated 

size distribution.  We did not attempt to adjust the estimates for overall soil depth, and assumed that 

erosion in each soil type occurred evenly through the whole profile.  This approximation is satisfactory 

for purposes of this assessment; a more detailed representation is beyond the scope of this assessment.  

Furthermore, soil types that represent less than one percent of the length of streams or roads 

contributing sediment to downstream reaches were grouped together and a representative size 

distribution was applied.  Sediment size distributions for depth-integrated soil profiles are summarized 

in Table 1.  

 

Table 1.  Depth-integrated sediment size distribution for soils in the watershed.  

Soil Name Soil Map Symbols % Gravel 
(> 2mm) 

% Sand 
(< 2mm, > 0.05 mm) 

% Silt & Clay 
(< 0.05 mm) 

Arbuckle AkC 25 28 47 

Blucher BhA, BhB, BlB 0 33 67 

Goldridge 
GdC, GdD, GdD2, GdE, 
GdE2, GdF, GdF2 

2 59 39 

Henneke HgG2 38 19 43 

Hugo HkF, HkG, HlG 30 32 38 

Huse HyG 23 16 60 

Josephine JoE, JoF, JoF2, JoG 15 38 47 

Montara MoE, MoG 34 23 43 

Suther StF 23 22 55 

Others HnG, McF, ShF, RaE 5 35 60 
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Results 
The attached maps show the distribution of roads, watershed streams, mainstem stream erosion scarps, 

and soils discussed above.  The Road Map distinguishes three road types for purposes of this 

assessment: paved roads, native surface roads from County GIS sources and aerial photos, and native 

surface roads mapped by interpretation of LiDAR DEM’s.  Also shown on this map are envelopes within 

which PWA conducted road surveys and sub-drainages that drain to reservoirs.  Within these sub-

drainages, road length was excluded from erosion calculations.   

 

The Stream Map distinguishes mainstem reaches in which we measured erosion using LiDAR DEM’s and 

GIS tools from the watershed tributary streams in which erosion was estimated using a uniform rate 

estimate and a uniform bank height.  Also shown on this map are sub-basins that drain to reservoirs; 

streams in these sub-basins were excluded from erosion calculations. Close inspection of the LiDAR 

hillshade on this map reveals a substantial number of small valleys that probably contain stream 

channels that were not captured in the routine used to generate the stream channel network.  

 

The Mainstem Erosion Map (four panels) shows polygons identifying erosion scarps along Purrington 

Creek and upper Green Valley Creek.  It should be noted that the volume of erosion estimated in each 

watershed was about equal, despite the fact that the Purrington Creek reach is half the length of the 

upper Green Valley Creek reach.  This is attributed to both the greater bank height and greater severity 

of stream incision in Purrington Creek.   For reference, the mean bank erosion rate for both channels 

was about 6 mm/yr.   

 

The Soils Map shows the distribution of soils listed in Table 1.  Note that the Hugo soil, among the 

common forest soils of the Coast Range, is widely distributed in upper Green Valley Creek but absent in 

Purrington Creek.  The Hugo soil contributes over 90% of the gravel calculated to be delivered from the 

watershed.  Other soils that contribute substantial quantities of gravel include the Josephine, Huse, 

Arbuckle and Henneke.      

 

The quantitative results of the erosion rate assessment are summarized by sediment sources (roads, 

watershed streams and mainstem streams) and by grain size (gravel, sand and silt & clay) in three graphs 

on the following page.  The first graphs shows erosion rates for the entire study area; the two 

subsequent graphs show upper Green Valley Creek and Purrington Creek separately.   

 

The estimated annual production of gravel (> 2mm) that comprises about 70% of the bed material in the 

channel of Green Valley Creek near Green Valley Road is 410 cubic yards per year (about 8% of the 

total). Gravel moves relatively slowly and is likely retained in the watershed for decades before it is 

transported through the watershed.  Sand-size bed material < 2 mm and > 0.05 mm that comprises 

about 28% of the bed material near Green Valley Road is eroded from the watershed at a rate of about 

2,250 cubic yards per year (about 42% of the total).  It moves both in suspension and as bed load, and 

probably moves through the watershed over a period of several years.  Silt & clay is transported in 
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suspension and is expected to move through the watershed in one year or less; about 2,610 cubic yards 

of silt and clay (about 50% of the total) are eroded annually in the watershed.   

 

Discussion 
The erosion rate for the watershed is equivalent to about 800 tons per square mile per year using a soil 

bulk density of 1.48 tons per cubic yard.  This is a relatively high erosion rate considering that it does not 

include much of the landslide erosion that likely exists in the watershed.  As noted earlier, we believe 

that landslide rates in this watershed are lower than that found in many other Coast Range watersheds, 

however, they would probably be comparable to or greater than watershed stream bank erosion.  In our 

experience the PWA survey protocol probably overestimates erosion rates, so that may also contribute 

to the somewhat high erosion rates estimated exclusive of most landslides.  The PWA protocol included 

landslides associated with surveyed roads, but this accounted for only about 8% of their estimated 

erosion rate.  PWA road erosion estimates of this type are included in most sediment source 

assessments in the northern California Coast Range. 

 

In other respects, this sediment source assessment is expected to underestimate erosion rates in the 

watershed. In addition to the absence of direct sediment delivery by landslides in this assessment, 

accelerated bank erosion rates along stream channels in the upper watershed associated with 

earthflows and rockslides are excluded.  In addition, erosion of cut slopes and along drainage ditches 

adjacent to paved roads are excluded.  The watershed stream channel network developed from the 

LiDAR DEM underestimates the extent of stream channels, reducing erosion estimates from this source.  

Finally, mainstem bank erosion was estimated to have occurred over a fifty year period; this is a 

conservative estimate and probably underestimates mainstem bank erosion rates.  Each of these 

sources could be better quantified in a more detailed analysis.   

 

Overall, the calculated erosion rate is reasonably consistent with that found in other North Coast 

watersheds.  For example, the Gualala River TMDL (NCRWQCB, 2001) found erosion rates of about 1,220 

tons per square mile per year.  The Bolinas Lagoon TMDL (TetraTech, Inc., 2001) found erosion rates of 

about 780 tons per square mile per year.  Erosion rates in a sub-watershed of Lagunitas Creek, San 

Geronimo Creek (drainage area 9.2 sq. mi.) were estimated to be about 1,280 tons per square mile per 

year in the Lagunitas Creek TMDL sediment source analysis (SFBRWQCB 2014).     

       

Watershed erosion rates of coarse sediment that comprises most of the bed material stored in the 

channel of Green Valley Creek near Green Valley Road are about 410 cubic yards per year.  The 

estimated rate of deposition in the 1,000 ft reach of Green Valley Creek extending upstream from 

Atascadero Creek beyond the Green Valley Road Bridge since 1968 is about 220 cubic yards per year 

(1,000 ft long x 30 ft wide x 0.2 ft/yr).  Bedload transport rates in the reach of Green Valley Creek near 

Green Valley Road calculated from hydraulic data are spatially variable, and also vary considerably 

depending on the transport equation used, but are in the range of values given by estimated annual 

gravel inputs and estimated annual sedimentation.  Taken together, these findings suggest that 

watershed supplies of coarse sediment contributing to sedimentation above Green Valley Road and 
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finer sediment contributing to floodplain sedimentation in lower Green Valley Creek are abundant and 

unlikely to abate in the foreseeable future.   
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SUBJECT: Summary of Analysis of Flooding at Green Valley Road and Mitigation Alternatives 

 

Overview 

The objective of this study, initiated and coordinated by the Gold Ridge Resource Conservation District, 
is to evaluate flooding mechanisms and develop feasible alternatives to mitigating the frequency and 
extent of flooding at Green Valley Road.  In addition to damages to private property, flooding 
periodically makes Green Valley Road impassable and a risk to public safety.  Continuing and increasingly 
frequent flooding is damaging Green Valley Road, creating a significant road maintenance issue.  
Flooding also creates risks to endangered coho salmon that may become stranded or otherwise harmed 
on the floodplain, particularly in the vineyard east and north of Green Valley Road.   
 
This summary document seeks to inform stakeholders regarding:  

 the history of riparian and floodplain conditions and flooding of Green Valley Road by Green 
Valley Creek,  

 causes of flooding under current conditions, and  

 alternative strategies to mitigate flooding.  
Our analysis of flooding is based on review of publicly available County and State documents, historic 
aerial photography, topographic data from an aerial LiDAR survey in October 2012 and field surveys in 
January/February 2013, assessment of geomorphic conditions, a quantitative sediment source 
assessment of the contributing watersheds of upper Green Valley Creek and Purrington Creek, sediment 
transport analysis, and hydrologic and hydraulic modeling of flood flows under existing conditions and a 
variety of scenarios simulating flood mitigation alternatives.   
 
Geomorphic Setting 
The portion of Green Valley Road (GVR) that is frequently flooded by Green Valley Creek (GVC) is about 
300 ft long and runs parallel to GVC as it approaches the bridge crossing of GVC (Figure 1).  The 
confluence of Green Valley Creek (drainage area 6.1 sq. mi.) and Purrington Creek (drainage area 3.7 sq. 
mi.) is located about 0.6 miles upstream of the bridge.  About 0.3 miles downstream of the bridge, 
Green Valley Creek joins Atascadero Creek.   
 
The slope gradient of Green Valley Creek declines substantially as it emerges from the more confined 
valleys of Green Valley Creek and Purrington Creek as it approaches Green Valley Road.  The typical 
slope in the lower portion of Purrington Creek and in Green Valley Creek upstream of the confluence of 
Purrington Creek is about 0.006 (0.6%).  Below the confluence with Purrington Creek, the overall slope 
declines significantly to about 0.0017 (0.17%), including a reach about 600 ft (200 m) long where the 
gradient is near zero and where a high flow channel has historically diverged from the primary channel.  
The channel gradient gradually steepens downstream from this point to the bridge (0.0023), and 
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steepens downstream of the bridge to 0.0033 (Figure 2).  The average channel gradients noted above 
are indicative of reach-scale changes in channel gradient; the change in gradient is gradual. 
 
Channel banks are high (about 10 ft or more under current conditions) and confine stream flow until a 
point about 0.3 miles upstream of the Green Valley Road Bridge, where channel confinement by high 
banks declines.  At this location, a floodplain channel appears to have historically diverged from Green 
Valley Creek and flowed along the base of the low hill occupied by the Green Valley Cemetery (Figure 3).  
The location of this point of flow divergence corresponds to the near-zero gradient reach (Figure 2), and 
is also the point in Green Valley Creek where an historic and active floodplain begins. 
 
During periods of peak stream flow, at the point of flow divergence, lower bank height allowed for 
lateral spread of flow into a historic swale-like floodplain channel.  At present, this historic floodplain 
channel remains active; however, the historic primary channel has been abandoned and a new 
(“modern”) primary channel has become established (Figure 3).   
 
Downstream from the point of flow divergence, flow depth and velocity declines relative to that in the 
more confined channel upstream, reducing sediment transport capacity over a distance of about 0.1 
mile where the channel reaches the sharp bend in Green Valley Road adjacent to the Green Valley 
Cemetery (“Cemetery Curve”).  Channel capacity in the modern primary channel near Cemetery Curve in 
2014 is believed to be around 100 cfs, and excess flow spills across Green Valley Road (Figure 2).  
Ground elevation in the vineyard field lying to the east of Green Valley Road is about 2 to 8 ft lower than 
channel elevations above Green Valley Road (Figure 4), consequently, much of the peak flow of Green 
Valley Creek is routed across the vineyard toward the northeast where water drains into Atascadero 
Creek above its confluence with Green Valley Creek (this is discussed in greater detail below).  Deposits 
of sediment three feet thick or more have closed the upper end of the historic primary channel of Green 
Valley Creek except during periods of flood flow.  The lower portion of this channel nearer to the bridge 
has been less affected by sedimentation and can be described as a backwater slough, and likely provides 
velocity refugia for over-wintering salmonids.  The modern primary channel has reportedly been used by 
steelhead for spawning. 
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Figure 1. Vicinity map, Green Valley Road at Green Valley Creek. Lower left photo of flooding over Green Valley 

Road, December 2012 (photo courtesy of John Green) 

 

Figure 2.  Long profile of Green Valley Creek above Atascadero Creek (note length units in meters).  
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Figure 3.  Channels of Green Valley Creek near Green Valley Road Bridge.   

 
Erosion and Sedimentation 
Our field investigation of reach of Green Valley Creek extending from the confluence of Purrington Creek 
to just beyond the bridge found that most of the sediment in the channel is gravel.  Five samples of the 
bed material indicate that 70% of sediment is gravel or larger (> 2 mm diameter), and 90% is coarse sand 
or larger (> 0.5 mm).  Furthermore, 95% of the sediment in less than about 25 mm (1 inch) in diameter.  
Consequently, to the extent that channel sedimentation contributes to flooding, it is gravel-size 
sediment eroded from the watershed that is of primary concern. 
 
Watershed erosion processes contribute to sedimentation and flooding in the vicinity of Green Valley 
Road.  The most evident sources of sediment in the lower watershed is mass wasting of soil from stream 
bank erosion and landslides on stream banks in the valleys formed by Purrington Creek and Green Valley 
Creek, however, these sources contain relatively little gravel.  Bank erosion and streamside landslides in 
steeper tributary streams have a greater potential for contributing gravel to stream channels.  Erosion 
from roads, cultivated fields and drainage systems may be substantial, but coarse sand and gravel from 
these sources is not as effectively delivered to mainstem channels that carry this bed load sediment 
downstream.   
 
Our sediment source assessment of Upper Green Valley Creek and Purrington Creek completed 
December 2014 indicates that gravel in these watersheds originates primarily in the Green Valley Creek 
watershed, with minor contributions from Purrington Creek.  The estimated rate of delivery of gravel to 
the vicinity of Green Valley Road is about 410 cubic yards per year, of which 277 cubic yards is attributed 
to erosion associated with roads.  Bank erosion and small streamside landslides account for the 
remainder, with 71 cubic yards per year estimated to originate from tributary streams and 62 cubic 
yards from the mainstems of Purrington and Green Valley Creek.  Road erosion rates were extrapolated 
from surveys of roads to quantify sediment savings that could be realized by road improvements; we 
believe these data tend to over-estimate actual erosion.  Consequently, the sediment assessment 
suggests minimum annual gravel erosion rates in the watershed of about 133 cubic yards, ranging up to 
410 cubic yards depending on the actual quantity delivered from roads.  Large scale landslides are not 
included in this estimate, and could be significant.   
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Figure 4.  Topographic map of Green Valley Creek and Atascadero Creek study area. 

Note: Elevations contours < 94 ft are not generally labeled except for the 92 ft contour in the northeast corner of 

the vineyard adjacent to the reservoir and Atascadero Creek.  
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The estimated annual rate of sand-sized sediment delivery to stream channels is about 2,200 cubic 
yards; this size material comprises up to about 30% of the bed material, and is found in increasing 
proportions in deposits on stream banks and the floodplain.  Sand is transported in suspension and as 
bed load, and appears to be the size of material most significant for floodplain sedimentation. 
 
In both Purrington Creek and upper Green Valley Creek, there is abundant evidence of stream bank 
erosion and channel incision.  In Purrington Creek channel incision is ongoing in part because the 
underlying sandstone bedrock of the Wilson Grove Formation is weak and vulnerable to erosion in the 
stream bed.  Based on a channel spanning tree root of a large Douglas-fir observed in Purrington Creek, 
the rate of channel incision was estimated to be about 0.1 ft/year over about the past 50 years.  In 
Green Valley Creek, the bedrock is resistant to erosion and the extent of incision is therefore limited.  
Nevertheless, it is evident that long-term channel incision and resultant bank erosion has occurred over 
a period of decades or longer, and is likely to continue.  Historic channel incision in the watershed may 
be related to the processes of sedimentation and floodplain expansion that appear to be occurring at 
present in the vicinity of the confluence of Green Valley Creek and Atascadero Creek, and near Green 
Valley Road.   
 
There are widespread indications of channel bed aggradation in lower Purrington Creek and in Green 
Valley Creek above the Purrington Creek confluence.  Numerous mature alder trees, both living and 
dead, that initially grew from lower bank or bar elevations are now below the water surface at their 
roots.   There are also gravel and sand bars that have buried the base of established trees to depths of 2 
to 3 ft in some locations.  These indicators of channel bed aggradation extend down Green Valley Creek 
to Atascadero Creek.   
 
Sediment diameter distributions in Green Valley Creek and Purrington Creek also suggest, as described 
below, that sedimentation is occurring in Green Valley Creek in the vicinity of Green Valley Road where 
the stream channel gradient and confinement declines.  OEI geomorphic assessments of Purrington 
Creek (2010) and Upper Green Valley Creek (2013) characterized typical channel surface sediment size 
(diameter) distributions.  In Purrington Creek, median surface sediment sizes range between about 12 
and 23 mm; in Upper Green Valley Creek, the median ranges between about 14 and 39 mm.  Within a 
few hundred feet downstream of the confluence with Purrington Creek, the median surface sediment 
size was about 15 mm in 2013, and declined to 10 mm or less beginning at the flow divergence.   
 
Sub-surface sediment size distributions are  representative of the bed load moving through the channel.  
Sub-surface sediment was sampled at five locations in 2013 in the reach between the Purrington Creek 
confluence and a point just downstream of Green Valley Road; one such sample was collected in lower 
Purrington Creek in 2010.  The two upstream-most of these six samples (including the 2010 sample from 
Purrington Creek) had median diameters of 6 and 7 mm (average 6.5 mm), while the four more 
downstream samples had median diameters of 3, 4, 5 and 6 mm (average of 4.5 mm).  This apparent 
decline of 2 mm (about 30%) in the median diameter of the sub-surface sediment size distribution can 
be interpreted to indicate a decline in the size of sediment transported and implies a regime of sediment 
deposition.     
 
Systematic decline in sediment size on streambeds as described above is typically correlated with 
declining slope, and where this occurs over relatively short distances, net sediment deposition 
(sedimentation) typically occurs.  The available data for channel slope and sediment size, along with 
observations of buried mature riparian trees, strongly indicate ongoing sedimentation and channel 
aggradation in the lower reaches of Green Valley Creek above Atascadero Creek.  
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We estimated bed load (i.e. gravel and sand) sediment transport rates in the reach we analyzed with an 
numerical hydraulic model (discussed below).  Bed load transport is a complex process, and numerous 
equations have been developed to estimate bed load transport rates.  Using hydraulic data from our 
model of stream flow, we estimated that during the design flood of 950 cfs bed load transport rates in 
the confined reach upstream of the channel divergence range between about 100 and 200 cubic yards 
and declines to a fraction of that rate where flood flows cross Green Valley Road.  This significant decline 
in estimated bed load transport rate is another strong indication of sediment deposition.   
 
Historical data regarding stream bed elevation at the Green Valley Road Bridge provides documented 
evidence of long-term sedimentation.  County of Sonoma Department of Transportation and Public 
Works provided as-built diagrams for the Green Valley Creek Road Bridge over Green Valley Creek.  In 
1968, the channel bed at its deepest point was about 14 ft below the top of the bridge deck at its 
upstream edge.  Observations by fisheries researchers working in Green Valley Creek report that a 
person could walk under the bridge upright around the year 2000, indicating that the elevation 
difference between the channel and the bridge deck was about 7.5 ft at that time.  In spring of 2013, the 
elevation difference between the low point of the stream bed and the bridge deck was 5 ft.   These data 
allow estimates of the channel aggradation rate: for the period 1968-2000, mean annual aggradation 
was about 0.20 ft.  For the period 2000-2013, the rate was about 0.19 ft/yr.  The channel bed aggraded 
about 9 ft at the Green Valley Road Bridge since 1968, a mean rate of 0.2 ft/yr.  Over a 1,000 ft reach 
centered on the bridge that appears prone to sedimentation and using an estimate of the mean channel  
bed width of 22 ft, this aggradation rate suggests about 160 cubic yards per year of sediment deposition,  
of which sand likely comprises at least 30% of total sedimentation.   This quantity of sediment 
deposition is plausible given estimated annual inputs of gravel in the watershed in the range of about 
130 to 400 cubic yards.    
 
Sedimentation has also occurred in Atascadero Creek upstream of the confluence with Green Valley 
Creek.  The rate of aggradation in Atascadero Creek is not well-documented at this time,  however, an 
observer familiar with operation of the Graton water treatment facility located about 0.5 miles 
upstream along Atascadero Creek reported about 5 to 6 ft of aggradation since about 1979 at a point 
near the channel of Atascadero Creek.  This suggests a mean aggradation rate of about 0.15 to 0.18 
ft/yr, similar to that documented at the Green Valley Road Bridge.   
 
Causes of sedimentation could include accelerated watershed erosion and increased flow resistance 
caused by the growth of dense riparian vegetation.  Gradual sedimentation reduces channel capacity by 
reducing the cross-sectional area of the channel.  Dense riparian vegetation increases flow resistance, 
particularly during periods of flood, reducing water velocity.  Sediment transport capacity is proportional 
to water velocity, so this tends to increase the rate of sedimentation.  Reduction in water velocity also 
increases flow depth.  Hence, there is significant interaction between the process of sedimentation, 
riparian vegetation condition, and flooding.   
 
The situation in lower Green Valley Creek is further complicated by a similar set of interactions in 
Atascadero Creek and Green Valley Creek below the confluence of Atascadero Creek.  Flows in 
Atascadero Creek encounter a densely vegetated floodplain, and significant sedimentation has occurred.  
These combined effects raise the elevation of flood flows.  During periods of flood, flows descending 
from Green Valley Creek encounter a pool of water on the Atascadero Creek floodplain.  This creates a 
hydraulic backwater effect, causing a greater tendency for high water, flooding and sedimentation in 
Green Valley Creek.  It is likely that this phenomenon has become more pronounced over recent 



DRAFT Summary Analysis-Flooding and Mitigation Alternatives Page 8 of 30 

 

decades, and has probably contributed to aggradation of Green Valley Creek in the vicinity of the Green 
Valley Road Bridge, adding to the effects of sedimentation and increased riparian zone vegetation in 
Green Valley Creek.  Evidence for this assessment from interpretation of historic aerial photography is 
discussed below. 
 
Historic Riparian Zone Conditions and Patterns of Flow 
 
The recent history of channel and floodplain conditions in the vicinity of Green Valley Road and the 
Atascadero/Green Valley Creek confluence was investigated primarily using historic aerial photography, 
supplemented by information from local observers and available State and County records regarding the 
bridge and streambed alterations in the reach upstream of the bridge.  Following is a narrative 
describing our understanding of past changes in channel conditions and the evolution of the channel 
and floodplain in this area as it exists at present.  Significant developments are enumerated and 
discussed below.  The discussion is illustrated by aerial photo interpretation summarized in Figure 5a & 
5b.  
 
1. Growth and expansion of riparian vegetation in the Atascadero/Green Valley Creek channel and 
floodplain.  There has been significant growth of riparian zone vegetation along Green Valley Creek and 
Atascadero Creek, as can be seen in the series of aerial photographs spanning the period 1942 to 2006 
(Figure 5a & 5b).  In 1942, much of the area currently occupied by dense riparian woodland and 
wetlands had either grass cover or shrubs and trees at much lower density.  The extent of dense riparian 
shrubs and trees along Atascadero and Green Valley Creeks can be seen to expand substantially from 
1942 to 1961 to 1980.   
 
This gradual change in vegetation could have resulted from changes in management of floodplain 
vegetation (i.e. cessation of agricultural activity), but is also consistent with gradual sedimentation and 
channel aggradation, widening floodplain and a higher water table.  It is likely that agricultural practices 
in the late 1800’s and early 1900’s included active drainage of riparian wetlands with grazing and 
planting in these areas.  This appears to have been the case in Atascadero Creek based on conditions 
revealed in 1942 aerial photography.   We believe that it is likely that agricultural practices c. 1900 or 
earlier cleared riparian areas and provided for accelerated drainage.   
 
2. Gradual shift in the pattern of flow in Green Valley Creek near the Green Valley Road Bridge. As 
shown in Figure 5a, the change in flow pattern is believed to have occurred as a result of  the 
colonization of riparian areas by dense native and exotic vegetation and gradual sedimentation in 
Atascadero Creek and Green Valley Creek at their confluence beginning  between 1942 and 1961.   This 
initiates gradual sedimentation in Green Valley Creek above the confluence of Atascadero Creek.    
 
In 1942 and 1961, Green Valley Creek occupies its historic primary channel, and a historic floodplain 
channel diverges from the main channel and flows along the base of the hill occupied by Green Valley 
Cemetery.  The historic floodplain channel appears to be routed across or under Green Valley Road at 
Cemetery Curve in a ditch on the east side of Green Valley Road, rejoining Green Valley Creek 
downstream of the bridge.   
 
In 1980, the vegetation in this ditch has grown, and there is a subtle indication of flow to the northeast 
into the field north and east of Cemetery Curve (Fig. 5a).  Sedimentation of Green Valley Creek has 
presumably begun to affect channel capacity by this time.   
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In 1987, one year after a historic flood on the Russian River, there appear to have been significant 
changes in flow patterns (Fig. 5b).  Distinct channels and substantially expanded stands of riparian 
vegetation are present in the field east of Green Valley Road.  The strip of land between Green Valley 
Creek and Green Valley Road (a farm field or pasture through 1980) shows signs of overbank flow from 
Green Valley Creek from west to east downstream of the point of flow divergence.   
 
In 1999, a new path of stream flow of Green Valley Creek appears in the alignment of the modern 
primary channel (Fig. 5b). The evolution of the channel in this area was influenced by efforts by the 
landowner to repair stream bank damage and to harvest accumulated silt, sand and gravel by 
agreement with California Department of Fish & Game (CDFG).  The field east of Green Valley Road in 
1999 is under cultivation as a vineyard (this change occurred prior to 1993), and evidence of flood flows 
across Green Valley Road and the vineyard to the northeast is readily apparent.   
 
3. Sedimentation of Green Valley Creek and establishment of a modern primary channel alignment.  As 
previously discussed, observers reported that there was sufficient space under the bridge to walk under 
it upright around the year 2000, indicating about 6 ft of clearance between the channel bed and the 
bottom of the bridge deck.    At that point in time (c. 1999, Fig. 5b), about 6.5 ft of sedimentation had 
occurred since 1968.  In 2004, CDFG issued a Streambed Alteration Agreement (SAA) with the property 
owner to excavate about 500 cubic yards of sediment from the floodplain west of Green Valley Road 
about 300 ft upstream of the bridge and west of what is describe in the SAA as the “overflow channel”, 
which corresponds to the location of the modern primary channel as it nears the bridge.  In addition, the 
SAA permitted thinning of willows and pruning low branches along 400 ft of “overflow channel” to 
reduce flow resistance, removal of down woody debris, and enlargement of the “overflow channel“ 
approaching the bridge using hand tools.   
 
Following regional flooding that occurred Dec. 31, 2005, it is clear in the 2006 photograph (Fig. 5), that 
Green Valley Creek’s flood flows were routed through the modern primary channel, across Green Valley 
Road, and across the vineyard to the northeast toward the topographic low point near a reservoir at the 
edge of Atascadero Creek.  It is likely that sedimentation during this event contributed to the in-fill and 
abandonment of the historic channel of Green Valley Creek.  Riparian vegetation has begun to grow in 
the former farm field adjacent to and west of Green Valley Road between Cemetery Curve and the 
bridge.    The 2006 photo reasonably represents current conditions, however, the extent and density of 
riparian vegetation in and near the new channel of Green Valley Creek has significantly increased since 
that time.  Flooding of Green Valley Road has become more frequent; a local property owner observes 
that as of 2012, one inch of rain in a 24-hour period produces enough runoff to overtop Green Valley 
Road.    
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Figure 5a.  Summary interpretation of historic aerial photography, 1942-1980. 
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Figure 5b.  Summary interpretation of historic aerial photography, 1987-2006.  
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Hydrologic and Hydraulic Analysis for Green Valley Creek at Green Valley Road 

 

To evaluate flooding mechanisms and identify feasible flood mitigation strategies, it was necessary to 
develop a hydrologic model to simulate design storms and a hydraulic model to simulate stream flow 
through the reach of Green Valley Creek that is prone to frequent flooding.  There are many techniques 
and models that could be utilized for these purposes.  For this study, we synthesized rainstorms to use 
as in input to a watershed model simulating runoff process.  The watershed model produces simulated 
hydrographs for Green Valley Creek.  A related hydraulic model was used to simulate flow routing in the 
channel and on the floodplain, as well as to evaluate alternatives for flood mitigation.  
 
Ideally, a flood mitigation study utilizes stream flow records from long-term gauging stations monitoring 
the river or stream of interest.  Although short-term gauging records for Green Valley Creek have 
recently become available from monitoring studies conducted by the Center for Ecosystem 
Management and Restoration (CEMAR) under the auspices of the Russian River Coho Partnership, the 
available data are insufficient for estimating flood magnitude and frequency.   
 
One available alternative is to estimate flood magnitude and frequency using regional flood frequency 
equations developed by the US Geological Survey (USGS) based on data from stream gauges with 
lengthy periods of record in the region of interest.  The USGS computer program National Streamflow 
Statistics V6.0 (NSS) estimates flood magnitude and frequency based on drainage area, mean annual 
rainfall, and watershed elevation.  The NSS prediction method utilizes a multiple regression equation, 
and NSS output provides a mean estimated discharge as well as an estimate of the error range of the 
estimate (Table 1).  The predicted magnitude of flow for any given recurrence interval has a relatively 
wide prediction interval.  Consequently, the peak flow estimates from the USGS NSS method given in 
Table 1 have limited value for this study; these estimates were used to constrain and loosely calibrate a 
watershed model as described below. 
 
Table 1.  Flood frequency and magnitude estimates for Green Valley Creek near Green Valley Road.   
 

Recurrence 
Interval 

Mean 
Prediction 

Low Range 
Prediction 

High Range 
Prediction 

(yrs) (cfs) 

2 645 265 1570 
5 1220 585 2550 

10 1630 812 3290 
25 2180 1120 4240 
50 2590 1330 5050 

100 3020 1510 6030 
200 3420 1710 6860 
500 3960 1930 8130 

 
  



Preliminary Summary Analysis-Flooding and Mitigation Alternatives Page 13 of 30 
 

 

Design Storm Rainfall 
 
To estimate flood magnitude and frequency, we determined characteristics of design rainstorms using 
techniques from NOAA Atlas 14 (Volume 6, Version 2.0) 1 and modeled watershed runoff processes.  OEI 
previously developed a physically-based, spatially-distributed model of Purrington Creek (OEI 2010) 
utilizing the model code MIKE SHE2 and is developing a model for the entire Green Valley Creek 
watershed to its confluence with the Russian River including Atascadero Creek.  The hydrologic model 
for upper Green Valley Creek to its confluence with Atascadero Creek was available, so we elected to 
use it to simulate stream flow hydrographs for this flood mitigation study.   
 
The watershed hydrologic model simulates runoff processes and stream flow from rainfall inputs to the 
model and produces a corresponding stream flow hydrograph.  To simulate peak stream flow events we 
obtained rainfall depths distributed over the watershed for the 24-hour storm durations for 2-, 10-, and 
100-year recurrence intervals, and then synthesized design rainstorms using a balanced rainfall 
distribution over 10-minute intervals.  The normalized cumulative precipitation curve (Figure 6) 
describes the distribution of rainfall as a proportion of total rainfall for 24-hour design storms.  Based on 
experience from a recent analysis in the region3, we found that this rainfall distribution produced 
simulated hydrographs that closely matched observed runoff hydrographs for a small coastal watershed.  
   

 
 

Figure 6. Normalized cumulative precipitation curve for 24-hour design storms for input to hydrologic model. 

 
Maximum accumulated 24-hour rainfall depths for the 2-, 10- and 100-yr storms were 120, 200 and 280 
mm, respectively.  These values are equivalent to about 4.7, 7.9 and 11.0 inches of rainfall.  

                                                           
1 Perica, Sanja et al.  NOAA Atlas 14:  Precipitation-Frequency Atlas of the United States, Volume 6 Version 2.0 

California.  U.S. Department of Commerce, National Oceanic and Atmospheric Administration, National Weather 

Service, 2011. 
2
 DHI (www.dhigroup.com)  

3
 OEI (2013). Easkoot Creek Hydrology and Hydraulics Study.  Prepared for Marin County Flood Control and Water 

Conservation District.  
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Design Storm Hydrographs 
 
The watershed hydrologic model produced a simulated flow hydrograph (Figure 7) based on the 
synthesized rainstorm inputs shown in Figure 6.   The 2-year rainstorm produced peak stream flow of 
about 951 cfs; compared to USGS predictions (Table 1), this is about 50% higher than the mean estimate 
for a 2-year recurrence interval flow, but well within the range of prediction.  Observations from two 
recent storms on 2/9/2014 and 12/11/2014 provide a means of qualitatively evaluating the accuracy of 
the flow estimate.  The flood extent and degree of road overflow predicted with the hydraulic model for 
the 951 cfs flow was greater than what was observed during the February 2014 storm and somewhat 
less than what was observed during the December 2014 storm.  Rainfall totals (24-hr) at the CIMIS Santa 
Rosa gauge located east of Sebastopol (the nearest hourly gauge) for these two events were 4.3 and 4.2 
inches respectively.  These rainfall totals are close to the 2-yr estimate of 4.7 inches and the qualitative 
comparison of simulated flood extents and the observations from the two recent events suggest that 
the model estimate of the 2-yr flow is reasonably accurate.   
 
 

 
 

Figure 7.  Green Valley Creek simulated hydrographs for the 2-year synthesized rainstorm. 
 

During the alternatives analysis it became apparent that the severity of the flooding conditions and site 
constraints were such that it would not be feasible to provide flood protection for events much larger 
than the 2-yr event.  Thus the focus of the analysis became finding a solution that would substantially 
reduce high frequency flooding of Green Valley Road; the 2-yr event was selected as the most 
appropriate  flow magnitude for our assessment of flood mechanisms and mitigation strategies.        
 
Hydraulic Model  
 
The model MIKE FLOOD4 was used to simulate flow routing through the channel and floodplain of Green 
Valley Creek from a point just below its confluence with Purrington Creek to a point just downstream of 
its confluence with Atascadero Creek (Figure 1).  MIKE FLOOD combines a one-dimensional model for 

                                                           
4
 DHI - (www.dhigroup.com) 
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channelized flow (MIKE 11, similar to HEC-RAS) with a two-dimensional model for flow on the floodplain 
(MIKE 21). 
 
The hydraulic model requires topographic information: a series of channel cross-sections for the one-
dimensional channel flow model and a digital terrain model (DTM) for the two-dimensional floodplain 
flow model.  In the autumn of 2012, OEI obtained grant funding from California Department of Fish and 
Wildlife for a LiDAR-based topographic mapping project for the channel and floodplain areas of Green 
Valley Creek and its principal tributaries.  The LiDAR data produced a 1-ft contour interval map of the 
floodplain and channel.  These data were supplemented with field surveys of topography in the vicinity 
of Green Valley Road early in 2013 using a total station survey instrument.  The field survey data were 
used to evaluate the accuracy of the LiDAR DTM, particularly in the channel and riparian zone where 
dense vegetation canopy and the water surface of Green Valley Creek were likely to interfere with the 
LiDAR data.  A report summarizing this evaluation of the LiDAR data was produced by OEI in February of 
2013. 
 
Using the LiDAR DTM, with a few adjustments based on field topographic data, the MIKE FLOOD model 
was constructed.  In addition to topographic information, the model requires that flow resistance 
(roughness) values be assigned for the model area; these were assigned using a combination of 
roughness values from scientific literature and experience from other similar projects.  The hydraulic 
model was calibrated by evaluating locations where flooding has/has not been observed or reported by 
local property owners.  This calibration included limited adjustments to roughness values used in the 
one-dimensional channel model as well as refinements to topographic representations of the boundary 
between one-dimensional channel flow and two-dimensional floodplain flow, primarily along the 
eastern channel margin upstream of Cemetery Curve. The hydraulic model calibration was based on the 
2-year stream flow under current conditions.   
 
The simulated distribution and maximum depth of flow on the floodplain under existing conditions for 
the 2-year event is shown in Figure 8.  At maximum, approximately 443 cfs (47% of the total flow) exits 
the channel on the right bank and flows over Green Valley Road and into the vineyard along the reach 
upstream of the bridge.  The bridge itself does not overtop, however maximum water surface elevations 
are above the bridge soffit.  The vineyard floods both from the road overtopping and, along its northern 
edge, from backwater flooding caused by high water surfaces in Atascadero Creek.  Portions of the 
pasture on the left (west) bank floodplain become inundated due to backwater flooding through the 
culvert located just west of the bridge.  The patterns of flooding depicted in Figure 8 (peak discharge of 
about 951 cfs) are consistent with that observed during the two recent events in February and 
December of 2014.  In particular, the extent of submergence over Green Valley Road, the location and 
extent of flow to the northeast across the vineyard, and the ponding of water in the northeast corner of 
the vineyard in the Atascadero Creek floodplain were observed during both events.    
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Figure 8.  Baseline Flood, 2-year Recurrence Interval 
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Alternatives to Mitigate Flooding  

The primary objectives of this study are to evaluate flooding mechanisms and develop and evaluate 
feasible actions that could reduce the frequency and extent of flooding across Green Valley Road.  In 
addition to damages to private property, flooding periodically makes Green Valley Road impassable, and 
continuing flooding across Green Valley Road may prove a risk to the integrity of the road grade itself. 
As of late December 2014 local residents have engaged county officials in response to the most recent 
flooding events which have degraded the road surface and required emergency repairs.  Moreover, 
flooding across the road and the vineyard creates risks to endangered coho salmon.  It is generally 
assumed that efforts to prevent flooding across Green Valley Road will simultaneously address existing 
flood impacts to downstream property, Green Valley Road, and coho salmon.  Consideration is also 
given to potential flooding impacts to property west of Green Valley Creek and upstream of the Green 
Valley Road Bridge, as well as habitat conditions for coho salmon during periods of peak flow for which 
mitigation alternatives are developed. 
 
The hydraulic model, MIKE FLOOD, provides model outputs that can be evaluated in great detail with 
respect to the spatial distribution, depth, velocity and direction of flow in the floodplain (two-
dimensional model domain) and the depth and velocity in the channel (one-dimensional model domain).  
This level of detail may be useful in evaluating the effects of a smaller set of alternatives on fish habitat 
conditions and for design and engineering.  Such detailed model output data are not presented here.  
 
The approach to evaluating alternative flood mitigation strategies was developed in consultation with 
Gold Ridge RCD.  This process involved conceptualizing alternatives, devising a means to represent them 
in the hydraulic model, running the model for each alternative scenario, and evaluating the alternative’s 
effectiveness.  The primary means to evaluate effectiveness of flood mitigation was by comparing model 
results for water surface elevations and maximum extent and depth of flooding to that for existing 
conditions as shown in Figure 8.   
 
Dredging of the active wetted stream channel was not considered in this analysis owing to the potential 
impacts on coho salmon and steelhead trout that are believed to inhabit this reach throughout the year.  
In addition, given the pattern of sedimentation observed, dredging would likely need to extend below 
the Green Valley Road Bridge to maintain a gradual downstream channel grade.  Given the estimated 
sedimentation rate of 0.2 feet per year since 1968, and other evidence of sedimentation, further 
evaluation of potential future sedimentation impacts on flood mitigation alternatives may be required. 
Potential methods to manage sedimentation without causing undue harm or risk to salmonids would 
need to be considered in developing a feasible sediment management strategy.       
 
A summary of the six most effective alternatives is provided in Table 2, including an assessment of the 
efficacy of each alternative mitigation strategy.   The principal strategies considered to form flood 
mitigation alternatives were: 
 

A) raising the elevation of Green Valley Road where it is susceptible to flooding,  
B) increasing the channel capacity in the reach upstream of the bridge including:  

 re-opening the historic primary channel of Green Valley Creek (Fig. 3), 

 skimming accumulated sediment upstream of the bridge without channel dredging,  

 modifying the west bank of Green Valley Creek just upstream of the bridge  
C) installation of a flood bypass channel(s) for Green Valley Creek to convey flows past the flood-
prone reach of Green Valley Road to various locations downstream,  
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D) replacing the existing bridge with a higher span, and  
E) re-positioning or removing the levee along the east bank of Green Valley Creek downstream of 
Green Valley Road.   
 

A total of thirteen flood mitigation scenarios comprised of one or more of these five general strategies 
were modeled; each strategy is described below along with a discussion of the effectiveness of the 
strategy.  The most effective strategies or combinations of strategies were used to develop six 
alternatives as summarized in Table 2.  Flood extent and depth maps and water surface profiles for 
representative effective flood mitigation alternatives are also provided (Figures 9 through 16). 
 
Strategy A - Elevating Green Valley Road 
 
Green Valley Road was elevated uniformly by ~3-feet by modifying the model topography from the 
eastern side of the bridge through Cemetery Curve (a distance of ~900-ft).  This proved to be effective at 
eliminating road flooding during the 2-yr event along the reach upstream of the bridge, however the 
roadway was instead flooded at the bridge itself.  This result shows that under existing conditions, flow 
restriction at the bridge is not the principle cause of flooding, however when the road is elevated, more 
flow is conveyed to the bridge and the bridge becomes the limiting factor.  It also suggests that in order 
for this strategy to be effective the bridge would need to be replaced in addition to the re-grading of the 
road profile (Figure 9).  Alternatively (as discussed in more detail for Strategy E), removing the 
downstream levee relieves the constriction at the bridge enough such that bridge replacement may be 
unnecessary (Figure 10).   
 
Maximum water surface elevations increase (relative to existing conditions) by 0.5 to 1.0-ft upstream of 
the bridge and 1.0 to 1.5-ft downstream of the bridge (Figure 11).  The cessation of road overtopping 
results in a significant reduction in flooding in the southern portion of the vineyard, however significant 
flooding still occurs in the northern portion of the vineyard owing to backwater flooding from 
Atascadero Creek (Figure 9).  In the western pasture significant increases in flood depths and flood 
extent occur as a result of the higher road grade.  This phenomenon results from the combined effects 
of less water overtopping the road and the inability of the system to convey this water to the reach 
below the bridge caused by the backwater at the confluence with Atascadero Creek and the limited 
conveyance at the bridge which results in increased overbank flow along the left bank.  
 
Strategy B - Increasing Conveyance Above the Bridge 
 
Several actions are possible for increasing channel conveyance in the reach upstream of the bridge.  
These include re-activating the historic main channel by removing the plug of sediment that has been 
deposited at the channel head, skimming the bar deposit that has formed between the historic and 
present main channels, and widening the flow-restricting cross section on the left bank immediately 
upstream of the bridge by removing the large tree growing there as well as reshaping the left bank. 
 
All three of these actions were implemented in the model and simulated in combination.  Maximum 
water surface elevations decrease by as much as 1.0-ft in the vicinity of the historic main channel 
restored to allow flow, however elevation changes are relatively minor along the flood-prone reach 
upstream of the bridge (Figure 11).  Road overtopping and vineyard inundation is reduced somewhat 
(Figure 16), but significant road overtopping still occurs (~23% reduction in maximum overtopping flow).  
The relatively minor improvements resulting from increasing conveyance above the bridge can be 
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attributed to the fact that flow is unable to move downstream effectively because of the constriction at 
the bridge which is exacerbated by the high backwater from Atascadero Creek.    
 
Strategy C - High Flow Bypass 
 
Two bypass configurations were explored; a western bypass that involves removing ~280-ft of the levee 
located along the left-bank upstream of the side-channel head and bypassing flows through the western 
pasture and back to Green Valley Creek below the bridge, and an eastern bypass that involves 
constructing four 100-ft long by 10-ft wide by 1.5-ft high box culvert along the right bank at the bend in 
the road (Cemetery Curve) and routing flows through a 34-ft wide by 4.5-ft deep channel through the 
vineyard and into Atascadero Creek (Figures 13 through 15).  Initial simulations of the western bypass 
revealed that the capacity of the existing culvert that drains the western pasture back to Green Valley 
Creek just west of the bridge would be insufficient to handle the bypass flows.  Thus the western bypass 
alternative also includes enlarging this culvert to a 16-ft wide by 3.3-ft high box culvert in order to avoid 
road overtopping at this location.   

A maximum discharge of 454 cfs (48% of the total flow) entered the western bypass over the lowered 
levee.  Some attenuation of the flow occurred within the western pasture and the peak outflow through 
the culvert west of the bridge was 368 cfs which is below but near the threshold discharge where road 
flooding would begin to occur at this location.  The bypass was successful at partially mitigating the 2-yr 
road overflow and the peak overflow was reduced to 208 cfs (a reduction of 53% over existing 
conditions) (Figure 15).  Peak water levels decreased by up to 0.5-ft relative to existing conditions in the 
flood-prone reach upstream of the bridge (Figure 12) and increased by ~0.6-ft below the bridge (the 
result of more flow reaching the downstream reach relative to existing conditions).   

A maximum discharge of 429 cfs (45% of the total flow) entered the eastern bypass through the lateral 
box culverts.  The bypass channel had sufficient capacity to handle this flow over most of its length.  
High backwater conditions from Atascadero Creek result in overtopping of the bypass channel at the 
downstream end.  This overtopping does not increase vineyard inundation beyond that experienced 
under existing conditions because this area becomes inundated from backwater flooding regardless.  
The bypass was successful at partially mitigating the 2-yr road overflow and the peak overflow was 
reduced to 79 cfs (a reduction of 82% over existing conditions) (Figure 14).  Peak water levels decreased 
by 0.4 - 0.7-ft relative to existing conditions throughout the flood-prone reach upstream of the bridge.  
Small reductions in water level (~0.2-ft) also occurred downstream of the bridge (Figure 12).     

Combining the two bypasses effectively mitigates the road flooding for the 2-yr event (Figure 13).  The 
western bypass carries a maximum of 373 cfs and the eastern bypass carries a maximum of 340 cfs, 
leaving only 238 cfs in the channel through the bridge section (note that channel changes since 2012 
appear to have reduced channel capacity in the reach downstream of the eastern bypass; the model is 
based on 2012 topography).  The double bypass configuration would provide a level of flood protection 
beyond the 2-yr event and could likely prevent road overflows for discharges up to 1,120 cfs (118% of 
the 2-yr flow).  Peak water levels decreased by 0.6 to 1.7-ft relative to existing conditions in the flood-
prone reach upstream of the bridge (Figure 12). 

Strategy D - Bridge Improvements 

This strategy involves replacing or elevating the existing bridge over Green Valley Creek.  It was modeled 
by simply removing the bridge as a means of representing a best case re-design of the crossing whereby 
flow does not interact with the bridge deck at all.  As a stand-alone action, replacing the bridge has 
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almost no effect on the road flooding.  This is due to the fact that the limited channel capacity along the 
reach upstream of the bridge is the primary cause of the road flooding not the constriction at the bridge.  
When, however, the road overtopping is prevented by elevating the roadway as discussed for Strategy 
A, the bridge capacity becomes the limiting factor and bridge replacement would be beneficial.    

Strategy E - Levee Removal 
 
This strategy involves removing or setting back the existing levee along the right bank in the reach below 
the bridge.  Removing the downstream levee has a significant effect on the maximum water surface 
elevations, reducing water levels by ~0.6-ft above and below the bridge and by 2.0 to 2.5-ft in the reach 
below the bridge (Figure 11).  In the reach upstream of the bridge, however, the water surface 
elevations are not changed significantly, and thus as a stand-alone action the levee removal does not 
help solve the road flooding problems.  That being said, the significant reduction in backwater effects at 
and below the bridge is very beneficial when considered in conjunction with the other strategies.  
Specifically, removing the levee effectively increases the capacity of the bridge possibly making bridge 
replacement unnecessary were Strategy A to be pursued (Figure 10).  Similarly the reduced backwater 
improves the function of the western bypass discussed under Strategy C by allowing water to drain from 
the western pasture more effectively.   

As a stand-alone action the levee removal results in increased vineyard inundation and completely 
eliminates the backwater flooding in the western pasture.  This result serves to illustrate how the 
existing levee configuration amplifies the backwater effects propagating upstream from Atascadero 
Creek.  We also investigated removing only a portion of the levee or setting-back the level some 30-ft 
into the vineyard.  In both cases, the reduced backwater effects were significantly less than with the full 
levee removal though still large enough to make the levee modifications worth considering. 

Summary and Recommended Next Steps 
 
There are three alternatives that result in full mitigation of road flooding during the 2-yr flood event.  
Alternative 1 which combines elevating the road with replacement of the bridge, Alternative 2 which 
combines elevating the road with removal of the downstream levee, and Alternative 3 which combines 
the western and eastern bypasses (Table 2).   

Three additional alternatives provide partial mitigation of the road flooding during the 2-yr event.  
Alternative 4 is the eastern bypass which reduced the peak 2-yr road overflows by about 82%.  
Alternative 5 is the western bypass which reduced the peak 2-yr road overflow by about 53%, and 
Alternative 6 are the three actions designed to increase conveyance through the flood-prone reach 
described as Strategy B above.  This alternative decreases peak 2-yr road overflows by about 23% (Table 
2).     

Elevating the roadway results in significant increases in flooding of the western pasture upstream of the 
bridge including flooding of the driveway adjacent to the pasture.  The driveway flooding could likely be 
eliminated by elevating the driveway, however it would be necessary to provide sufficient drainage 
beneath the driveway.  If this is not accomplished, much of the benefit of the roadway elevation would 
likely be eliminated.  If the roadway elevation strategy is to be pursued further, additional model runs 
are recommended to optimize the design of the road and driveway and associated drainage features.   

Removing or laying-back the downstream levee is the only action that serves to reduce the backwater 
effect in lower Green Valley Creek.  As such, modification or removal of the levee has the potential to 
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increase the effectiveness of most all of the other strategies.  From a fisheries perspective, the various 
bypass options present both a challenge and an opportunity.  If designed appropriately, both bypasses 
have the potential to create off-channel habitat for salmonids provided that passage and stranding 
issues can be avoided.  The bypass and levee removal options may be more resilient to ongoing 
sedimentation compared to elevating the roadway in that they represent re-connection of historical 
floodplain areas and associated storage/sediment retention processes.   

The eastern bypass includes a box culvert of limited height (1.5-ft) which is necessary because of the 
limited clearance between the streambed and the road surface and the need to avoid diverting lower 
flows.  This limited height would make the operation of the bypass structure sensitive to debris clogging 
and changes in bed level.  Optionally, the road grade could be increased in the vicinity of the structure to 
allow for greater flexibility in the structure design.  In contrast, the western bypass does not rely on an 
inlet structure and would be expected to be less sensitive to debris clogging and changes in bed level.   

Under any alternative to mitigate flooding, sedimentation is expected to continue, and ongoing 

sediment management will likely be required to maintain improved conditions that reduce flooding.  

Sediment management strategies have not yet been evaluated in detail.   
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Alternative Description Results 

1 
Elevate Green Valley 

Road and Replace Bridge 

- Elevate Green Valley Road by 3-feet 
from a point ~300-ft west of the bridge 
to a point ~900-ft east of the bridge 
(Cemetery Curve)  
- Replace the existing bridge with a 
higher span  
 

-Eliminates road flooding for the 
2-yr event 
- Increases flooding in western 
pasture 
- Eliminates flooding in southern 
portion of the vineyard 

2 
Elevate Green Valley 

Road and Remove 
Downstream Levee  

 

- Elevate Green Valley Road by 3-feet 
from a point ~300-ft west of the bridge 
to a point ~900-ft east of the bridge 
(Cemetery Curve)  
- Remove the levee on the right bank 
downstream of the bridge  
 

-Eliminates road flooding for the 
2-yr event 
- Decreases flooding in western 
pasture  
- Increases flooding in western 
portion of vineyard and 
eliminates flooding in southern 
portion 
 

3 
Western and Eastern 

Bypasses 

- Divert high flows through the western 
pasture by partially removing the left 
bank levee upstream of the side-
channel head and upsize culvert outfall 
back to Green Valley Creek 
- Divert high flows through a bypass 
channel through the vineyard and to 
Atascadero Creek  
 

- Eliminates road flooding for the 
2-yr event 
- Increases flooding in western 
pasture  
- Eliminates flooding in southern 
portion of the vineyard 

4 
Eastern Bypass 

- Divert high flows through a bypass 
channel through the vineyard and to 
Atascadero Creek  
 

- Reduces road flooding by 82% 
for the 2-yr event 
- Reduces flooding in western 
pasture 
- Reduces flooding in southern 
portion of the vineyard 
 

5 
Western Bypass 

- Divert high flows through the western 
pasture by partially removing the left 
bank levee upstream of the side-
channel head and upsize culvert outfall 
back to Green Valley Creek 
 

-Reduces road flooding by 53% 
for the 2-yr event                            
- Increases flooding in western 
pasture 
- Reduces flooding in southern 
portion of the vineyard 
 

6 
Conveyance 

Improvements 

- Remove sediment plug at head of 
historic main channel 
- Skim bar between present and 
historical main channels 
- Widen channel and remove tree 
upstream of the bridge   

- Reduces road flooding by 23% 
for the 2-yr event 
- Increases flooding in western 
pasture 
- Reduces flooding in southern 
portion of the vineyard 
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Figure 9.  Comparison of Existing Conditions Flooding and Alternative 1 Flooding, 2-year Flow Event 
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Figure 10.  Comparison of Existing Conditions Flooding and Alternative 2 Flooding, 2-year Flow Event 
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Figure 11.  Comparison of Existing Conditions Water Surface Profiles and Water Surface Profiles for Various Alternatives Including Elevating 
Green Valley Road, Removing the Downstream Levee, and Conveyance Improvements, 2-year Flow Event 
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Figure 12.  Comparison of Existing Conditions Water Surface Profiles and Water Surface Profiles for the Various Bypass Alternatives, 2-year 
Flow Event 
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Figure 13.  Comparison of Existing Conditions Flooding and Alternative 3 Flooding, 2-year Flow Event 
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Figure 14.  Comparison of Existing Conditions Flooding and Alternative 4 Flooding, 2-year Flow Event 
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Figure 15.  Comparison of Existing Conditions Flooding and Alternative 5 Flooding, 2-year Flow Event 
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Figure 16.  Comparison of Existing Conditions Flooding and Alternative 6 Flooding, 2-year Flow Event 
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