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1. Introduction 

1.1 Background 
Avila Beach is a small, unincorporated community in San Luis Obispo County that is situated on San Luis Obispo Bay, 

as shown in Figure 1. The community is prone to flooding, particularly at the intersection of 1st St. and San Francisco 

St. and within the public parking lot north of this intersection, which is a low-lying area (existing ground elevation ±6 ft 

NAVD88). The existing drainage system for this area consists of swales along the parking lot and a gravity storm drain 

system that discharges to the San Luis Obispo (SLO) Creek. The existing storm drain outlet includes a Tideflex 

duckbill check valve to prevent backflow from the creek into existing drainage system. When water surface elevations 

within the creek are high, the duckbill check valve prevents or limits discharge to the creek, leading to flooding at this 

intersection.  

 

Figure 1: Vicinity Map 
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There are several factors that may contribute to flooding in this area, including:  

• San Luis Obispo Creek is tidally influenced in this area, affecting water surface elevations at the existing 

gravity system’s outfall. The mean higher-high water (MHHW) tidal elevation is approximately 5.25 ft, which is 

higher than the invert elevations of the swale along the parking lot. Sea level rise may increase these tidal 

elevations and resulting flooding within the community. 

• San Luis Obispo Creek has a large watershed of approximately 83 square miles, resulting in high water 

surface elevations during storm events. According to the FEMA Flood Insurance Study (FIS), the 10-year and 

100-year water surface elevations within the creek at the existing outfall are approximately 9 ft and 15 ft, 

respectively (FEMA, 2017). These water surface elevations are well above the ground elevation at the 

intersection of 1st St. and San Francisco St. (elevation ±6 ft) and prevent the existing drainage system from 

discharging to the creek. Note that the creek is mapped in Zone AE on the FEMA Flood Insurance Rate Map 

(FIRM), which is an area within the 1% annual chance floodplain where base flood elevations have been 

established based on a detailed study (see Attachment 4). 

• There is a large sand bar at the mouth of San Luis Obispo Creek, which periodically disconnects the creek 

from the ocean, increasing water surface elevations within the creek.  

• High groundwater in the area limits infiltration of ponded stormwater and may contribute to flooding within the 

area. Please refer to Attachment 3 for a groundwater profile developed by England Geosystem, Inc. (2004), 

which displays this high groundwater. 

In 2015, Cannon developed and analyzed conceptual design alternatives to reduce flooding within the public parking 

lot and at the intersection of 1st St. and San Francisco St. These alternatives are presented in their report entitled Avila 

Beach First Street Drainage Conceptual Design Report (Concept Report). In this report, Cannon presents four 

alternatives for flood improvements in the area:  

1. Connect the gravity system to the existing sanitary sewer at 1st St. 

2. Construct a pump station with a force main to discharge flow through a new outfall to the creek. 

3. Install a standpipe above the MHHW tidal elevation on the existing outfall to allow water to discharge into the 

creek when the existing duckbill check valve is closed. 

4. Regrade the existing parking lot and 1st St. to raise the ground elevations. 

The Concept Report recommended Alternative #2, with a pump station in the parking lot, as the preferred alternative 

for addressing flooding issues within the area. 

In 2023, GHD completed a peer review of the Concept Report and provided recommendations for a project to move 

forward with to reduce flooding within the public parking lot and at the intersection of 1st St. and San Francisco St. 

GHD’s report: Peer Review of Conceptual Design Report: Avila Beach First Street Drainage, dated November 2023, 

discusses the peer review and recommended project. This report recommends a stormwater pump station with a 

gravity bypass that discharges to the creek through the existing outfall. Conceptual drawings of the recommended 

alternative were developed as part of this project and are attached to this 2023 report.  

Since the completion of the GHD’s peer review study, the County of San Luis Obispo (County) has identified eight 

alternatives for addressing the flooding at the intersection of 1st St. and San Francisco St., which are discussed in this 

report. Four of the identified alternative feature proposed pump stations and force mains, which are the focus of this 

study. The County has retained GHD to analyze these alternatives, develop concept drawings, and identify factors 

affecting the feasibility of the alternatives, primarily with respect to the constructability and hydraulic performance. 



 

GHD | County of San Luis Obispo | 12596287 | Feasibility Study 3 

 

1.2 Project Goals  
The County has identified the following goals for this project, which are discussed in GHD’s Peer Review of 

Conceptual Design Report (GHD, 2023): 

• Environmental and Permitting Goals: Consideration of a solution that will be feasible to construct and permit 

from the appropriate regulatory agencies and that minimizes soil, beach, and creek disturbance. 

• Operations and Maintenance (O&M) Goals: Consideration of a solution that will minimize operations and 

maintenance demands and trash impacts to the system. 

• Integrated Water Management (IWM) Goals: Consideration of a solution that accounts for potential beneficial 

use of the water and maximum water quality improvement prior to outflow. 

These project goals were taken into consideration when analyzing, designing, and discussing the conceptual 

alternatives. Note, however, that evaluation of environmental permitting is not included in this study; permitting 

requirements are to be determined by the County. 

1.3 Design Criteria 
Several of the considered drainage improvements include pump stations. The pumps were designed to follow the 

drainage pump criteria outlined in Section 5.1.10 of the County of San Luis Obispo 2022 Public Improvement 

Standards and summarized below: 

• Gravity Outfall during Summer: The drainage system should be designed to provide gravity outfall during 

the summer months and periods of low water stages, where possible. Otherwise, a pump with smaller 

capacity may be used to discharge low flow. Drainage alternatives presented in this study were designed to 

allow for gravity outfall during low flow and low water stages at the existing outfall in San Luis Obispo Creek. 

Note that the gravity outfall is dependent on ocean tides and creek water levels and may not always be 

available during the summer months.  

• Standby Equipment: The pump station should be equipped with standby equipment and pumps, with pumps 

having alternating operation characteristics. 

• Floodgates: The outfall should be equipped with floodgates when specified by the County. 

• Design Storm: The design storm shall be specified by the County. 

• Pump Design: Pump shall be designed so that gravity flow does not flow through the wet well. Each pump 

installation, including machinery, electrical system, piping system, housing installation, etc., shall receive 

approval from the County.  

Section 5.1.10 of the County’s Public Improvement Standards does not provide specific guidance on the design storm, 

maximum water surface elevations, or the tailwater to use in the pump station analysis. These criteria were identified 

for the project based on discussions with the County, and are listed below: 

• Design Storm: 25-year, 24-hour storm event. This design storm has a rainfall depth of 4.19 inches (see 

Section 2.2). 

• Flood Inundation Elevation: The maximum water surface elevation within the parking lot is 6.62 ft 

(NAVD88 ft), which is 6 inches below the lowest finished floor elevation of the buildings adjacent to the 

parking lot. This flood elevation minimizes damage to existing structures during the design storm, while 

allowing some ponding and attenuation within the parking lot. Please refer to Attachment 1 for a topographic 

survey that includes finished floor elevations of the three buildings immediately south of the parking lot, 

which range from 7.12 ft to 8.50 ft. 

• Tailwater: The design tailwater elevation at the storm drain system outfall is 15 ft (NAVD88). This is a 

conservative condition, given that the 100-year FEMA Base Flood Elevation within the creek is 
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approximately 14 ft at the existing outfall location and the 100-year FEMA Base Flood Elevation in the ocean 

at the proposed outfalls is 15 ft. In addition, if the water surface in the creek or ocean rises above 

approximately elevation 15 ft, Avila Beach Dr. or Front St., respectively, would be overtopped, leading to 

flooding issues that could not be resolved by the proposed pump station.  

 

Note that the design tailwater elevation of 15 ft is significantly higher than the maximum water surface elevation within 

the parking lot of 6.62 ft, so a pump station will be required to meet the design criteria outlined above. 

1.4 Purpose of this report 
The purpose of this report is to discuss the conceptual design of the alternatives identified by the County to reduce 

flooding at the public parking lot and the intersection of 1st St. and San Francisco St. This report also documents the 

hydrologic analysis of this watershed as well as preliminary hydraulic analyses of the considered alternatives. The 

pros and cons of the alternatives are also described, considering constructability, preliminary hydraulics, utility 

conflicts, and operations and maintenance. 

1.5 Scope and limitations 
GHD’s scope for this project included in the following: 

• Complete a hydrologic analysis of the 1st St. storm drain system that drains the parking lot to determine 

preliminary pump and force main sizes. 

• Develop conceptual plan and profile drawings of Alternatives 3 to 6 identified by the County. 

This report has been prepared by GHD for the County of San Luis Obispo (County) and may only be used and relied 

on by the County of San Luis Obispo for the purpose agreed between GHD and the County of San Luis Obispo as set 

out in section 1.4 of this report. 

GHD otherwise disclaims responsibility to any person other than the County of San Luis Obispo arising in connection 

with this report. GHD also excludes implied warranties and conditions, to the extent legally permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those specifically detailed in 

the report and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions encountered and 

information reviewed at the date of preparation of the report. GHD has no responsibility or obligation to update this 

report to account for events or changes occurring subsequent to the date that the report was prepared. 

The opinions, conclusions and any recommendations in this report are based on assumptions made by GHD 

described in throughout this report. GHD disclaims liability arising from any of the assumptions being incorrect. 

GHD has prepared this report on the basis of information provided by the County of San Luis Obispo and others who 

provided information to GHD (including Government authorities), which GHD has not independently verified or 

checked beyond the agreed scope of work. GHD does not accept liability in connection with such unverified 

information, including errors and omissions in the report which were caused by errors or omissions in that information. 

Accessibility of documents 

If this report is required to be accessible in any other format, this can be provided by GHD upon request and at an 

additional cost if necessary.  
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2. Hydrologic Analysis 

A hydrologic analysis of the area tributary to the existing storm drain outfall to SLO Creek was completed using the 

USACE HEC-HMS software (version 4.12 Beta 2). This hydrologic model was developed to perform preliminary pump 

station sizing, which is discussed in Section 3. This preliminary pump station sizing, and the resulting peak flow rates, 

were then used to analyze the hydraulics of the proposed system, as discussed in Section 6. Additionally, the results 

of this hydrologic analysis can be used for future refinement and analysis of the selected alternative. 

The HEC-HMS model calculated inflow hydrograph to the parking lot along 1st St. during the 10-year, 25-year, 50-

year, and 100-year storm events, using the Soil Conservation Service (SCS) Curve Number method and the SCS Unit 

Hydrograph.  The key components and inputs to the HEC-HMS model are described below.  

The HEC-HMS model was also used to simulate storage within the parking lot along 1st St. and size the pumps for the 

proposed alternatives. Discussion of pump station sizing and parking lot storage is included in Section 3 and Appendix 

D. 

2.1 Watershed  
The watershed tributary to the parking lot was delineated using a combination of survey data received from MBS Land 

Surveys (MBS) and 2018 Federal Emergency Management Agency (FEMA) LiDAR data downloaded from the 

National Oceanic and Atmospheric Administration (NOAA) Data Access Viewer. The MBS topographic survey data is 

included in Attachment 1 and includes topographic contours within the parking lot and along 1st St. to the existing 

storm drain outlet to SLO Creek.  Record Drawings of the existing drainage facilities as well as the Avila Beach 

Community Services District (ABCSD) Storm Drain Atlas were also used to inform the watershed delineation. Please 

see Attachment 2 for the ABCSD Storm Drain Atlas. 

The 26.7-acre watershed is shown in the Drainage Map in Appendix A alongside the 2018 LiDAR topographic 

contours. The delineated watershed is larger than the watershed determined by Cannon and presented in their 

Conceptual Design Report (Cannon, 2015). The Cannon watershed did not include the area near the intersection 

between Avila Beach Dr. and San Miguel St., however, the ABCSD Storm Drain Atlas shows inlets along San Miguel 

St. that are connected to storm drains that convey flow to the existing swale along the parking lot. The Cannon study 

also assumed the northeast half of Avila Beach Dr. drains toward the golf course. The current study included this area 

of Avila Beach Drive in the Parking lot watershed, since the curb along the northeast edge of the road would likely 

prevent flow from draining to the golf course and would direct it to a storm drain inlet that connects to the gravity 

system that drains the parking lot. 

2.2 Rainfall 
Precipitation was applied within the HEC-HMS model using the SCS Type I rainfall pattern, which is a 24-hour rainfall 

distribution curve. The SCS Type I rainfall pattern is the rainfall distribution recommended for San Luis Obispo County 

by US Department of Agriculture (USDA) National Resources Conservation Service (NRCS, 2009). NOAA Atlas 14 

rainfall depths were input into the HEC-HMS model for the 10-year, 25-year, 50-year, and 100-year 24-hour storm 

events (NOAA, 2014). These rainfall depths are included in Table 1. Please refer to Appendix B for NOAA Atlas 14 

point precipitation frequency estimates, which were obtained at the intersection of San Francisco St. and 1st St.  

Table 1: 24-hour rainfall depths 

 10-year 25-year 50-year 100-year 

24-hour Rainfall (in) 3.50 4.19 4.71 5.22 
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2.3 Curve Number 
The SCS Curve Number (CN) method was used by HEC-HMS to determine losses and excess rainfall within the 

watershed. A weighted average composite curve number was calculated based on land use and soil type within the 

watershed. The curve number for each land use was obtained from the NRCS TR-55 Table 2-2a (NRCS, 1986). The 

watershed was divided into the following land use categories based on aerial imagery, as shown in Figure A2 in 

Appendix A:  

1. Low density developed, taken as residential with 1/8-acre lots. 

2. High density developed, taken as urban districts: commercial and business. 

3. Impervious, taken as impervious areas: paved parking lots, roofs, driveways, etc. 

4. Open space, taken as open space: fair condition. 

Soil type data for the watershed was obtained from the NRCS Web Soil Survey, which is included in Appendix B. The 

soil survey data indicates that soils in the east area of the watershed are classified as hydrologic soil group C. The 

hydrologic soil group for a large area of the watershed is not defined and was assumed to be type D for a conservative 

analysis. 

The results of the calculations indicate a composite CN of 94 for the watershed. Please refer to Appendix C for curve 

number calculations. Note that this composite curve number considers the percentage of impervious area and 

therefore the percent impervious was set to 0 in HEC-HMS. 

2.4 SCS Unit Hydrograph 
The SCS Unit Hydrograph model was used by HEC-HMS to transform the excess rainfall to runoff. The standard 

dimensionless SCS unit hydrograph was selected, which was derived by the SCS from gaged rainfall and runoff data 

for small watersheds throughout the US and is described in Chapter 16 of Part 630 of the National Engineering 

Handbook (NRCS, 2007). The time of rise, or lag time, is a required input of the SCS Unit Hydrograph model and is 

taken as 0.6 times the time of concentration (NRCS, 2008). 

The time of concentration for the watershed, the time required for runoff to travel from the most distant point in the 

watershed to the outlet, was calculated based on County of San Luis Obispo Department of Public Works Standard 

Drawings H-2. The standard drawing relates the time of concentration to the length of the longest flow path and 

elevation difference across this flow path. The longest flow path is shown on the Drainage Map in Appendix A and was 

determined based on the topographic contours and as-built drawings of the drainage facilities. The upstream elevation 

of the flow path was obtained from the 2018 LiDAR data, while the downstream elevation was obtained from the MBS 

Survey Data. The resulting time of concentration was approximately 10 minutes, which corresponds with a 6-minute 

lag time. Please refer to Appendix C for time of concentration calculations. 

2.5  Hydrologic Results 
The results of the hydrologic model, including peak flow rate, 24-hour runoff volume, and hydrographs are included in 

Table 2 and Figure 2 for the analyzed storm events.  

Table 2: Summary of hydrologic results 

 10-year 25-year 50-year 100-year 

Peak Flow (cfs) 57 70 79 89 

Runoff Volume (AF) 6.4 7.9 9.0 10.1 
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Figure 2: Avila Beach 1st St. Drainage Hydrographs 

3. Preliminary Pump Station Design 

The various alternatives considered have different locations for the pump station, however, it is anticipated that they 

will all function similarly and have similar hydraulic capacities. It is assumed that all the pump stations will rely on the 

storage capacity in the existing vegetated swale adjacent to the parking lot and the parking lot itself for storage of 

stormwater during large storm events. These areas will provide detention of the stormwater and allow the pump 

station capacity to be lower than the peak inflow to the parking lot. Based on this operation, GHD developed a 

preliminary design for the pump station as part of this study. The analysis performed for the design was based on the 

pump station and outfall location in Alternative 3 and will need to be updated once a preferred alternative is selected, 

but the required discharge and pump size is not expected to change significantly with the other alternatives. 

The preliminary design of the pump station was completed using the HEC-HMS model discussed in Section 2. A 

reservoir was added to the HEC-HMS model to simulate the storage within the swale and the parking lot, with a stage-

discharge curve developed using the 2024 MBS topographic survey (see Attachment 1). This stage-area curve is 

included in Appendix D and includes a small area to account for storage within the wet well. The initial water surface 

elevation within the wet well was assumed to be 4 ft, which represents a maximum ponded depth of approximately 1 ft 

within the swale. An initial water surface elevation of 5.3 ft was also evaluated, which the maximum water surface 

elevation within the swale without overtopping the parking lot. This starting water surface elevation provides a 

conservative estimate initial ponding due to groundwater. Note that inflow from groundwater was not modeled during 

the storm event, as it is expected to be negligible relative to the flow rates from runoff. 

Pumps were connected to the reservoir in the HEC-HMS model and pump curves were obtained from the pump 

manufacturer (based on the preliminary pump selection discussed below) and input to the model. Additionally, 

systems curves were developed, which account for head losses through the force main (including friction and minor 
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losses), and these curves were used to estimate the equipment loss for the pumps in the HEC-HMS model. 12 ft was 

selected as the represented equipment loss, which is approximately the average through the operating range of the 

pump station. Note that HEC-HMS applies a constant equipment loss throughout the simulation, and thus does not 

consider variable flow rates and velocities throughout the storm event. In reality, the equipment loss is dynamic as it is 

a function of the pump discharge, which varies based on the water surface elevations in the wet well and at the force 

main outfall. It is recommended that the analysis be refined to consider time-varying head loss once a preferred 

alternative is selected. 

Preliminary pump and set point selection were completed to meet the design criteria discussed in Section 1.3, 

including a maximum water surface elevation of 6.62 ft within the swale and parking lot (reservoir) during the 25-year 

storm event and a tailwater elevation of 15 ft. The performance of the pumps was also analyzed using a free outfall 

condition, to determine the maximum expected pump flow rates for each storm event and bracket the expected 

operating range for the pump station. 

Output from the system curve development and HEC-HMS model is included in Appendix D. Based on the analysis, a 

pump station discharge of approximately 35 cfs is required to meet the criteria presented in Section 1.3. This flow 

results in a force main diameter of 30 inches to keep the flow velocity below 8 ft/s, which is a typical design guideline 

for force mains. This flow rate of 35 cfs was used to design and analyze the pump station intake structures and storm 

drains, discussed in Section 6. The results of the HEC-HMS model indicated no difference in peak results between the 

4.0 ft and 5.3 ft starting water surface elevations within the swale.  

The pump station has been designed with three equal-sized pumps, two duty pumps (lead and lag) for handling the 

design flow and a standby pump. The pumps preliminarily selected are Xylem (Flygt) N-series model NP 3301 

submersible pumps that are intended for wastewater and stormwater applications. These pumps are 60 hp, 3-phase 

pumps with a 60 Hz frequency. The benefit of having two duty pumps is that smaller pumps can be used and typically 

only one pump will be in operation, resulting in lower energy demands and longer run times, which reduces wear and 

tear on the pumps. The lead pump (Pump #1) will turn on when the water surface elevation in the wet well reaches 

5.50 ft. If the inflow exceeds the capacity of the lead pump and the water level in the wet well reaches elevation 6.0 ft, 

the lag pump (Pump #2) will turn on and the two pumps will operate in parallel. The standby pump (Pump #3) serves 

as a backup in case either of the other two pumps fail, and the pumps will have alternating operation characteristics, 

meeting the County’s design criteria described in Section 1.3. A maximum of 15 starts per hour is acceptable for Flygt 

pumps and the HEC-HMS model output included in Appendix D shows the proposed configuration provides for much 

fewer starts per hour than that. 

The pump station will need an electrical power supply that can power the pumps. In addition, a backup generator will 

be required to supply power to the pumps in the event of an electrical power outage, which often occur during storm 

events. Lastly, a motor control center (MCC) will be required for the pump controls. Both the backup generator and 

MCC will need to be elevated to protect them from damage from flooding, at least 1 ft above the maximum 100-year 

water surface elevation. 

4. Drainage Alternatives 

4.1 Alternatives Overview 
The County has identified eight drainage alternatives for the proposed project, four1 of which were analyzed and 

refined by GHD. Plan and profile drawings were developed for each these studied alternatives are included in 

Appendix E. The following section presents all of the alternatives and provides discussion of advantages and 

 
1 Note that two of the studied alternatives include two possible pump station locations, so Appendix E includes drawings for six design 
configurations. 
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disadvantages of each alternative. A summary of the pros and cons of all of the alternatives is presented at the end of 

this section (see Section 4.10 and Table 3), along with factors considered while developing these pros and cons.  

The first two County alternatives involve no construction, with Alternative 1 consisting of no change, and Alternative 2 

involving implementation of an annual maintenance program for the existing drainage system. These alternatives are 

briefly described below but were not refined or analyzed, since the focus of this study was a new pump station. 

Alternative 8, which involves connecting the existing storm drain to an existing sewer lift station was also not analyzed, 

as the wastewater treatment plant does not have capacity for the additional inflow, based on information received from 

the County. Alternative 7, which involves construction of a detention pond within the Avila Beach Golf Resort was also 

not studied at this time per the direction of the County, as it will require significant coordination with the property 

owners and discussions with the property owners have not yet been initiated. 

The focus of the current study was on Alternatives 3 through 6, which include proposed pump stations that pump 

runoff from the swale and parking lot to SLO Creek or the ocean. Note that Alternative 3 was presented in GHD’s peer 

review study (GHD, 2023), while Alternatives 4-6 are new to the current report. As discussed in Section 3, preliminary 

pump station sizing was performed to maintain water surface elevations 6-inches below the lowest finished floor 

elevation of the buildings adjacent to the parking lot during the 25-year storm event, to meet the project’s design 

criteria (see Section 1.3). This design criterion was also applied when designing and analyzing the proposed intake 

structures, proposed weirs, and/or gravity storm drains to that convey flow to the proposed pump stations (see Section 

6).  

4.2 Alternative 1: No Change 
The first alternative considered by the County involves no changes or alterations to the existing gravity system. This 

alternative was not evaluated as part of this study, but a brief discussion is included for comparison. While this 

alternative requires no funding or construction, there are several limitations of this alternative. The existing gravity 

system features an outlet to San Luis Obispo Creek with a duckbill check valve and is thus dependent on ocean tides 

and water levels within the creek. Therefore, the system does not function well when SLO Creek water levels are high, 

and even small storm events may lead to significant flooding at the intersection of 1st St. and San Francisco St. 

Additionally, this alternative does not address the existing gravity system being heavily silted at the intersection of 

Avila Beach Dr. and 1st St. (per the County) or the large amount of debris observed by GHD at the inlet to the system 

in the vegetated swale. Lastly, this alternative also does not meet the County’s IWM goal for beneficial use of the 

stormwater. 

4.3 Alternative 2: Annual Maintenance Program 
The second alternative involves implementation of maintenance program for the existing gravity system. This 

alternative was not evaluated as part of this study, but a brief discussion is included for comparison. This alternative 

requires minimal funding; however, the benefits of this alternative are limited as well. The annual maintenance 

program could be implemented to reduce silt problems within the gravity drainage system and debris buildup at the 

inlet, improving the condition and capacity of the drainage system. This alternative, however, would not address the 

flooding issues that occur when there are high water levels within SLO Creek. This alternative also does not meet the 

County’s IWM goal for beneficial use of the stormwater. 

4.4 Alternative 3: Pumps with Parallel Force Main 
The third alternative consists of a pump station with a force main parallel to the existing 36” gravity pipe that connects 

to the existing outfall to SLO Creek. This alternative was the recommended design in GHD’s report: Peer Review of 

Conceptual Design Report, dated November 2023. The configuration, shown in Figures E1 and E2 in Appendix E, 

includes a pump station within the parking lot, with an intake from the existing swale. The design of the intake 

structure is discussed in Section 7.1, and includes a 22.5-ft long weir at an elevation of 5.0 ft. This weir crest elevation 

is just under 2 ft above the invert of the swale, and it is estimated that existing swale could convey approximately 13 

cfs in low tailwater conditions without overtopping the weir. A discharge structure is proposed near the existing outfall 
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to the SLO Creek. Both the proposed 30” force main and the existing 36” gravity pipe would outlet to this discharge 

structure, and then outlet to the creek via the existing 36” gravity outlet. A flap gate would be installed within the 

discharge structure on the 36” gravity pipe, preventing flow from the force main or the creek from entering the existing 

storm drain during high tailwater conditions. The existing duckbill check valve on the 36” outfall would be removed. 

This proposed configuration allows for the gravity drainage system to function when the water levels in SLO Creek are 

low, or if the pump fails, meeting the County’s gravity outfall during summer criterion (see Section 1.3) and providing 

redundancy in the design.  

An advantage of this configuration is that it could maintain 25-year water surface elevations below 6.62 ft within the 

parking lot, meeting the project’s design criteria (see Section 1.3). The drainage system could function even when 

water surface elevations within SLO Creek are high. Another advantage of this alternative is that a new outfall is not 

required. Additionally, the proposed force main has fewer grade breaks than some of the other alternatives, improving 

constructability. It should be noted that the locations and elevations of existing utilities need to be verified, which may 

affect the force main profile.  

Disadvantages of Alternative 3 that it eliminates some parking spaces within the parking lot, and it requires relocating 

the existing 36” storm drain within the SLO County underground drainage easement. Another disadvantage is that the 

existing inlet on 1st St. would need to be removed or relocated to allow for construction of the 30” force main. It would 

be difficult to relocate this inlet northwest with the 36” storm drain, since there is an existing driveway at that location, 

so the inlet would likely need to be removed. Stormwater tributary to the existing inlet would instead flow southeast 

along 1st St. to the sidewalk underdrain at the intersection of San Francisco St. This alternative would also require 

relocation of existing cable TV and telecommunication conduits within 1st St. Another consideration of Alternative 3 is 

that the pump station is situated within Port San Luis Harbor District (PSLHD) property, and thus would require 

coordination with PSLHD. This alternative also does not meet the County’s IWM goal for beneficial use of the 

stormwater. 

4.5 Alternative 4: Pumps on Existing System 
The fourth alternative is shown in Figures E3 and E4 in Appendix E and consists of a new pump station near the 

existing outfall to SLO Creek. The pump station would be offline from the existing gravity system; there is a gravity 

bypass so that flow only enters the pump station’s wet well when it exceeds an elevation of 4.25 ft. Flow from the 

pump station would be discharged to a discharge structure that is connected to the existing outfall to SLO Creek as 

well as the existing drainage system upstream. A flap gate to the existing 36” storm drain would prevent flow from 

entering the gravity system during high tailwater, and the existing duckbill check valve at the outfall would be removed. 

This configuration was designed so that the gravity system could still function during smaller storm events and when 

the water levels within SLO Creek are low, meeting the County’s gravity outfall during summer criterion (see Section 

1.3) and providing redundancy.  

The proposed configuration includes replacing a 22.5-ft-long segment of the existing 36” storm drain with a 3-ft wide 

rectangular concrete channel. The concrete channel includes a side weir at an elevation of 4.25 ft that is adjacent to 

the pump station wet well. During low tailwater conditions, the channel would convey flow to a discharge structure, and 

then to the outfall within SLO Creek. During high tailwater conditions, the flap gate on the 36” storm drain that 

discharges to the discharge structure would close to prevent backwater within the existing storm drain and the 3-ft 

wide channel during high tailwater. When this flap gate is closed, the side weir within the 3-ft wide channel would be 

overtopped, conveying flow to the wet well. The pumps would then turn on, discharging flow into the discharge 

structure, through an existing segment of the 36” storm drain, and out the existing outfall. The channel and side weir 

were designed to maintain a 25-year water surface elevation below 6.62 ft within the 1st St. parking lot, meeting the 

project’s design criteria (see Section 1.3). Please refer to Section 7.1 for the hydraulic analysis of Alternative 4.  

Alternative 4 includes several benefits, as discussed in Table 3. One of the primary benefits of Alternative 4 is that it 

requires minimal construction relative to the other proposed alternatives (not including Alternative 1 and 2), since the 

alternative makes use of the existing gravity drainage system. Additionally, while the pumps will ensure adequate 

drainage during the 25-year event in high tailwater conditions, the existing gravity drainage system will be used when 

the water levels in SLO Creek are low. Analysis of the gravity drainage system indicates that the system can convey 
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approximately 29 cfs without overtopping the channel’s side weir, which is higher than the other considered 

alternatives. This configuration provides redundancy and lowers the use and associated wear and maintenance of the 

pump station.  

A disadvantage of Alternative 4 is that the pump station is located within an existing road, which would require 

regrading. Due to space limitations, the pump station would need to be constructed and designed to handle traffic 

loads, so that it could be constructed beneath the access road. Another disadvantage of Alternative 4 is that the pump 

station is located within the Avila Beach Golf Resort property and would require coordination with the property owner 

to construct the pump station. This alternative could be refined to relocate the pump station to the south side of the 

existing 36” storm drain to try to keep the pump station within the County property. Given the size of the proposed 

pump station and the County property, however, it may be difficult to fit the pump station entirely within County 

property. The wet well for Alternative 4 will also likely be deeper than several of the alternatives, since the intake weir 

(el. 4.25 ft) is lower than the configurations with the intake structure along the existing parking lot swale. Additionally, 

the ground elevation at the proposed pump station location is higher than the parking lot, resulting in a deeper pump 

station. This alternative also does not meet the County’s IWM goal for beneficial use of the stormwater. 

4.6 Alternative 5: Front St. Outlet via San Juan St. 
Alternative 5 involves installing a force main in San Juan St. that conveys flow from a new pump station to an existing 

beach outfall, as shown in Figures E5 through E8 in Appendix E. This alternative can effectively maintain water 

surface elevations within the parking lot to below 6.62 ft within the 25-year storm event, meeting the project design 

criteria (see Section 1.3). Like Alternative 4, the pump station would be separate from the existing gravity drainage 

system, which would remain and provide redundancy.   

Alternative 5 consists of two possible pump station locations. The first pump station location, referred to as Alternative 

5A, is within the parking lot, with an intake from the existing swale (see Figures E5 and E6 in Appendix E). The intake 

from the existing swale features a 22.5-ft-long weir with a crest elevation of 5.0 ft (see Section 7.1). It is estimated that 

the existing drainage system could convey approximately 13 cfs (in low tailwater conditions) without starting to fill the 

wet well of the pump station (see Section 7.1), meeting the County’s gravity outfall during summer criterion (see 

Section 1.3). The existing gravity system also provides redundancy in case of pump failure.  

The second considered pump station location, Alternative 5B, is north of the intersection between 1st St. and San Juan 

St. (see Figures E7 and E8 in Appendix E). This alternative consists of a proposed gravity storm drain that diverts flow 

from the manhole northwest of San Juan St. to the pump station. The invert elevations and the slope of the proposed 

gravity storm drain were designed to maintain 25-year water surface elevations within the parking lot of below 6.62 ft, 

as discussed in Section 7.5. 

The pros and cons for Alternatives 5A and 5B are summarized in Table 3 in Section 4.10. A benefit of this Alternative 

5 (both A and B) is that it utilizes an existing outfall, which is currently maintained by County Parks. Note, however, 

that the outfall would require modifications to handle the additional flow from the proposed drainage system. In the 

current outfall configuration, the existing 24” RCP outlets to a concrete structure with a riprap apron and a side outfall 

gate. This configuration forces change in flow direction, dissipating some of the energy. There is not sufficient room 

between the existing 24” RCP and the outfall gate to install the proposed 30” force main outlet, so the existing grate 

would need to be relocated. Additional energy dissipation measures would also be required, so that the discharge 

from the force main does not lead to erosion problems on the beach. The outfall structure may not be tall enough to fit 

the outlet from the 30” force main. The outfall structure may also need to be extended to the north to avoid conflicts 

between the proposed force main and the existing 24” storm drain. A more detailed study would be needed to ensure 

that the outfall structure weirs have adequate capacity to convey the additional flow from the force main without 

causing erosion problems on the beach. Enlarging the weirs and reconstructing the existing ramp may be required. 

Additional challenges associated with Alternative 5 are that it requires relocation of the existing saltwater line along 

San Juan St. that is presumed to supply the nearby aquarium, as well as significant construction along San Juan St., 

necessitating stakeholder involvement. This alternative also does not meet the County’s IWM goal for beneficial use of 

the stormwater. 
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A benefit of Alternative 5A is that its force main profile has fewer grade breaks than some of the other alternatives, 

improving constructability. Note that utility locations will need to be verified prior to final design and construction, which 

may affect the force main profile. Disadvantages of this pump station location include that it eliminates some parking 

spaces within the parking lot, and it requires relocating the existing 36” storm drain within the SLO County 

underground drainage easement. Another disadvantage is that the existing inlet on 1st St. would need to be removed 

or relocated to allow for construction of the 30” force main. It would be difficult to relocate this inlet northwest with the 

36” storm drain, since there is an existing driveway at that location. Stormwater tributary to the existing inlet would 

instead flow southeast long 1st St. to the sidewalk underdrain at the intersection of San Francisco St. Note that like 

Alternative 3, the pump station is located within PSLHD property. 

Advantages of Alternative 5B are that it requires a shorter force main than Alternative 5A, it does not require relocation 

of the existing 36” storm drain, and construction would be limited to County roads, easements and County Parks. A 

disadvantage of Alternative 5B, however, is that the existing 36” drainage system can convey just under 4 cfs without 

diverting flow to the wet well. Therefore, this alternative will require more frequent pumping and maintenance than 

Alternative 5A. Also, the pump station could face constructability complications due to the limited space available and 

the very deep wet well required. The pump station wet well would need to be very deep to maintain a free outfall on 

the proposed 36” storm drain, which is exacerbated by the fact that the site features high ground elevations compared 

to road elevations at the intersection of San Juan St. and 1st St. The proposed pump station leaves little room between 

the edge of the pump station and the property boundary. Therefore, it may not be feasible to excavate for the pump 

station, while ensuring stability of the adjacent ground and building during construction. The proposed site also 

includes two palm trees which would need to be removed to facilitate construction of the pump station. Another major 

disadvantage of Alternative 5B is several utility conflicts as the force main crosses 1st St., including a gas conduit, 

cable TV conduit, 6” water line, and electrical conduits (see Figure E8 in Appendix E). While the size and locations 

(horizontal and vertical) of these utilities need to be verified, it would be difficult to avoid utility conflicts, due to the 

number of utilities at this location. Even if it is possible to avoid utility conflicts, the force main profile would include 

several grade breaks to avoid conflicts, which impacts constructability. 

4.7 Alternative 6: Front St. Outlet via San Francisco St 
Alternative 6 involves installing a force main in San Francisco St. that conveys flow from a new pump station to a new 

beach outfall, as shown in Figures E9 through E12 in Appendix E. This alternative includes construction of a pump 

station within the parking lot, which discharges to a 30” force main along San Francisco St. Similar to Alternative 5, 

two locations were considered for the pump station. The first considered pump station location (Alternative 6A) is 

adjacent to the existing swale (see Figures E9 and E10 in Appendix E). An intake structure with a 22.5-ft long weir at 

elevation 5.0 ft would be constructed along the swale. This configuration would allow the existing drainage system to 

convey approximately 13 cfs during low tailwater conditions without overtopping the weir (see Section 7.1) , meeting 

the County’s gravity outfall during summer criterion (see Section 1.3). Alternative 5A also involves construction of a 

30” force main within the parking lot and along San Francisco St.  

The second pump station location (Alternative 6B) is also within the parking lot, northeast of San Francisco St. This 

configuration includes an intake structure adjacent to the existing swale, which is connected to a proposed 36” storm 

drain that conveys flow from the swale to the proposed pump station. This alternative is shown in Figures E11 and 

E12 in Appendix E. As discussed in Section 7.6, the intake structure and the storm drain were designed to have 

adequate capacity to convey 35 cfs while maintaining water surface elevations within the parking lot below 6.62 ft.  

This configuration would allow the existing drainage system to convey approximately 9 cfs without starting to fill the 

wet well, which lower than Alternative 6A, but the alternative is still expected to meet the County’s gravity outfall during 

summer criterion (see Section 1.3). Additionally, the wet well for Alternative 6B would be lower than Alternative 6A, 

since the intake weir is at a lower elevation and the configuration includes a deep gravity storm drain that conveys flow 

from the intake structure to the proposed wet well.  

An alternate intake location was considered for Alternative 6, off the existing swale adjacent to the parking lot entrance 

on 1st St. This location was determined to be unfeasible, because it is not directly connected to the area of the parking 

lot that experiences ponding during the 25-year storm event. When the pump turns on, stormwater would need to flow 
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from the existing swale along the northwest edge of the parking lot, through the existing 24-inch storm drain (at an 

adverse slope), and into the intake structure. The existing 24-inch storm drain is expected to limit the capacity of the 

proposed drainage system, which could prevent the alternative from meeting the design criteria in the 25-year storm 

event. 

The pros and cons of Alternative 6 are summarized in Table 3 at the end of this Section. Like Alternatives 3-5, this 

alternative can meet the 25-year water surface elevation criterion within the parking lot even during high tailwater (see 

Section 1.3). Additionally, the existing 36” drainage system that outfalls to SLO Creek would remain and provide 

redundancy. A disadvantage of this alternative is that it requires a new outfall structure, which is associated with 

additional costs and maintenance. This outfall structure may also lead to erosion at the beach outlet; further analysis 

and design would be required to investigate this erosion potential. Beach outfalls are also subject to wave- and tide-

driven sand build up and driftwood debris, which have the potential for blockage and increased maintenance. Like 

Alternatives 3 and 5A, the pump station would be located within PSLHD property, which would require coordination 

prior to construction. Additionally, the pump station would eliminate some parking spaces within the parking lot. 

Another disadvantage of this alternative is that the force main profile would likely require several grade breaks to avoid 

utility conflicts. The profile of the force main may be refined once the utility locations are verified. This alternative also 

does not meet the County’s IWM goal for beneficial use of the stormwater. 

4.8 Alternative 7: Creek Outlet via Avila Beach Golf Resort 
Alternative 7 involves installing a pump station with a force main that conveys stormwater from the parking lot along 1st 

St. to a proposed retention basin within the Avila Golf Resort. The proposed basin would include an overflow outlet to 

San Luis Obispo Creek. This alternative has the potential to meet the County’s IWM goal for beneficial use of captured 

stormwater, since the pond could be used for recreation, as a feature of the golf course. While this system could 

improve the flooding within the parking lot, it would involve coordination with the Avila Beach Golf Resort, since the 

proposed basin is located on their property. Analysis of this alternative is not included in the present study, as GHD 

was instructed by the County to wait until coordination with the property owner is initiated, however, discussion is 

included for comparison. 

4.9 Alternative 8: Wastewater Treatment Plant 
Alternative 8 involves connecting the existing gravity drainage system to the existing sanitary sewer system. The 

sanitary sewer system would then convey stormwater to the Avila Beach Community Services District (ABCSD) 

wastewater treatment plant. The benefit of this alternative is that there would be limited construction, since no new 

pump system would need to be constructed. Additionally, the existing gravity system could be used as redundancy. 

This alternative could also meet the County’s IWM goal by allowing for stormwater reuse. However, the sanitary sewer 

conveyance system and wastewater treatment facility do not have the capacity for the additional stormwater. 

Therefore, this alternative was not analyzed as part of the current study, but discussion is included for clarity. 

4.10 Summary of Pros and Cons 
All of the identified drainage alternative are summarized in Table 3, along with their pros and cons. Note that while 

permitting and funding requirements are briefly mentioned in Table 3, it was not included as part of this study, as 

permitting requirements will be determined by the County and cost estimates will be completed in future stages of 

design.  

The pros and cons of each alternative were developed considering:  

• Project design criteria, which is outlined in Section 1.3 and includes: 

o Hydraulic performance of the system during high tailwater conditions (analyzed in Section 6). 

Specifically, these hydraulic analyses were used to determine the alternative’s ability to meet the 

project-specific design storm, tailwater, and flood inundation elevation design criteria. 
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o Hydraulic capacity of the gravity system (without filling the wet well) during low tailwater conditions, 

which was evaluated in Section 6. These analyses were completed to determine each alternative’s 

ability to meet the County’s gravity outfall during the summer criterion, as well as to estimate relative 

use (and wear) of the pump stations. 

• Constructability complications, which could affect project timelines and costs. These complications were 

identified when developing the plan and profile drawings of each alternative and include high groundwater, 

utility conflicts, grade breaks in the force main profiles, traffic over pump stations, deep wet wells, and space 

limitations. 

• The project’s goals, which are outlined in Section 1.2 and discussed in further detail in Section 5.  

• Property limits and stakeholder involvement, identified through discussions with and information received from 

the County, which could affect the project timeline if additional stakeholder involvement, including meetings, 

are required as well as the feasibility of the alternative. Additionally, consideration of the property limits could 

affect property acquisition requirements, which could impact project costs, feasibility, and timelines. 

• Extents of construction and use of existing facilities. 

• Additional information received from the County that affect the feasibility of each alternative. For example, the 

capacity of the wastewater treatment plan for increased flows (relevant to Alternative 8). 

A constructability complication that applies to all studied alternatives is the high groundwater table at the project site. A 

previous study by England Geosystem, Inc. entitled Supplemental Investigation Report: Avila Beach Drive and the 

Rossi Property (England Geosystem Inc., 2004), includes a profile of groundwater levels along Avila Beach Dr., 

between Front St. and San Juan St. This profile is included in Attachment 3 and displays groundwater depths of 

approximately 12 to 13 ft below the ground surface along Avila Beach Dr. The 2018 LiDAR data shows ground 

elevations of approximately 15.5 ft to 16 ft (NAVD88) along this stretch of Avila Beach Dr., suggesting groundwater 

elevations of up to approximately 4 ft. All considered pump station alternatives feature wet wells that extend below 

elevation 4 ft. More detailed groundwater measurements are recommended prior to final design and construction of 

the selected alternative; however, it is highly likely that the groundwater table is higher than the invert elevations of the 

proposed pump stations, as well as sections of the proposed force mains and storm drains. The pump station will thus 

need to be flood-proofed to prevent groundwater intrusion and it, along with the force main, will need to be designed to 

resist buoyant forces from the high groundwater. Additionally, the high groundwater can lead to construction 

complications for the proposed storm drains, force mains, and pump stations, requiring dewatering and disposal of 

pumped groundwater.  
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Table 3: Summary of drainage alternatives pros and cons 

 Alternative 1 Alternative 2 Alternative 35 Alternative 4 Alternative 5A 

Design Concept No change Annual maintenance program Pumps with parallel force main Pumps on existing system Front St. outlet via San Juan St.- pump station in parking lot 

Description No changes to the existing 

gravity storm drain system 

Implement a maintenance 

program for the existing gravity 

system, funded by taxes. 

Install a pump station in the parking with an intake from the 

existing swale and a force main parallel to the existing drainage 

system along 1st St.  

Install a pump station near the existing 36” storm drain outlet to 

SLO Creek. 

Install a pump station within parking lot, with an intake from the 

existing swale and a force main along San Juan St. to the 

existing beach outfall. 

Analyzed in this 

study? 

No No Yes Yes Yes 

Pros No construction or funding 

required 

Minimizes environmental impacts 

No permitting required 

Minimal funding required 

No new construction 

Improves capacity of existing 

storm drain system 

Addresses silt problem 

Minimal environmental impacts 

Existing gravity system can be used when tailwater is low or if 

pump fails. System can convey up to ±13 cfs during low 

tailwater without starting to fill wet well.4  

Drainage system will function during high tailwater 

Meets design criteria (see Section 1.3) 

Few grade breaks required in force main2 

Uses existing outfall, likely reducing environmental impacts 

Sediment/siltation is not expected to be an issue with the 

proposed force main and pump station intake from swale 

Gravity system can be used when tailwater is low or if pump 

fails.  

System can convey up to ±29 cfs during low tailwater without 

starting to fill wet well, which reduces pumping and O&M 

requirements.4 

Drainage system will function during high tailwater 

Meets design criteria (see Section 1.3) when clear of sediment 

and debris 

Minimal construction compared with other alternatives (except 

1 & 2) 

Cooperation with ABCSD and Port San Luis Harbor District 

(PSLHD) 

Existing gravity system can be used when tailwater is low or if 

pump fails. System can convey up to ±13 cfs during low 

tailwater without starting to fill wet well.4 

Drainage system will function during high tailwater 

Meets design criteria (see Section 1.3) 

Few grade breaks required in force main2 

Does not require construction of a new outfall 

Outfall is maintained by County Parks 

Sediment/siltation is not expected to be an issue with the 

proposed force main and pump station intake from swale 

Cons Does not address flooding 

problems. Even minor storm 

events lead to flooding along 1st 

St 

Does not meet design criteria 

(see Section 1.3) 

Does not address silting 

problems at Avila Breach Dr/1st  

St. intersection manhole 

Drainage system does not 

function when water levels within 

SLO Creek are high 

High groundwater does not allow 

infiltration within ponded areas 

Operations and maintenance 

issues affect condition of existing 

system 

Does not meet IWM goal for 

beneficial use of the stormwater 

Does not address flooding 

problems. Even minor storm 

events lead to flooding along 1st 

St 

Does not meet design criteria 

(see Section 1.3) 

Drainage system does not 

function when water levels 

within SLO Creek are high 

High groundwater does not 

allow infiltration within ponded 

areas 

Does not meet IWM goal for 

beneficial use of the stormwater 

Requires funding 

Requires state, local, and/or federal permits1  

Creek outfall may be more difficult from a permitting 

perspective1 

Requires additional operations and maintenance 

Stakeholder involvement (Avila Beach Golf Resort, ABCSD, 

PSLHD, businesses/residents along 1st St., County Parks) 

Requires construction along Avila Beach Dr, 1st St, and parking 

lot 

Existing 36” SD would need to be relocated 

Removal of existing inlet on 1st St 

Existing CaTV conduit and phone conduit would need to be 

relocated 

Eliminates parking spaces 

High groundwater, leading to complications during construction 

Does not meet IWM goal  

Requires funding 

Requires state, local, and/or federal permits1 

Creek outfall may be more difficult from a permitting 

perspective.1 

Requires additional operations and maintenance 

Stakeholder involvement (Avila Beach Golf Resort, ABCSD, 

PSLHD, businesses/residents along 1st St) 

Requires re-grading of existing access road 

Traffic over the pump station  

High groundwater, leading to complications during construction 

Deeper wet well than some of the other alternatives (excluding 

5B and 6B), which increases construction difficulty3 

Does not meet IWM goal 

Relies on gravity pipes upstream of the pump station, which 

are prone to siltation. May not meet design criteria if sediment 

builds up within these pipes. 

Requires funding 

Requires state, local, and/or federal permits1 

Requires additional operations and maintenance 

Stakeholder involvement (ABCSD, PSLHD, 

businesses/residents along 1st St. and San Juan St., County 

Parks) 

Requires construction along 1st St. and San Juan St 

Existing 36” storm drain would need to be relocated 

Removal of existing inlet on 1st St 

Existing 2” saltwater line would need to be relocated 

Eliminates parking spaces 

Beach outfall would need to be modified 

Potential for erosion at beach outlet 

High groundwater, leading to complications during construction 

Does not meet IWM goal 

Notes: 
1. Permitting requirements and feasibility will be completed by others and are not evaluated in this study. 
2. Confirmation of existing utility locations is required to verify this statement.  
3. A more detailed hydraulic study is required to determine required wet well invert elevation.  
4. Meets County’s gravity outfall during summer design criterion. 
5. Alternative presented in GHD’s Peer Review Report (GHD, 2023).   
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Table 2: Summary of drainage alternatives (continued) 

 Alternative 5B Alternative 6A Alternative 6B Alternative 7 Alternative 8 

Design Concept Front St. outlet via San Juan St.- pump station SE of Avila Beach 

Dr & 1st St 

Front St. outlet via San Francisco St.- 

pump station in east corner of parking lot 

Front St. outlet via San Francisco St.- pump station north 

of 1st St. & San Francisco St 

Creek outlet via Avila Beach Golf Resort Gravity Connection to Sanitary 

Sewer 

Description Install a pump station southeast of the intersection between Avila 

Beach Dr & 1st St. with a force along San Juan St. to the existing 

beach outfall.  

Install a pump station within the parking 

lot with an intake from the existing swale 

and a force main through the parking lot 

and along San Francisco St. to a new 

beach outfall.  

Install a pump station near the parking lot entrance off 1st 

St. connected to the existing swale with a gravity storm 

drain and a force main through the parking lot and along 

San Francisco St. to a new beach outfall.  

Install a pump station with a force main 

that conveys flow from the parking lot to a 

retention basin on Avila Golf Resort 

property. The basin will include an 

overflow outlet to SLO Creek.  

Connect gravity storm drain system 

to the sewer lift system directly east 

of 1st St/San Francisco St., 

directing stormwater to ABCSD 

Wastewater Treatment Plant. 

Analyzed in this 

study? 

Yes Yes Yes No No 

Pros Existing gravity system can be used for low flows when tailwater 

is low or if pump fails.4  

Drainage system will function during high tailwater 

Meets design criteria (see Section 1.3) when clear of sediment 

and debris 

Does not require construction of a new outfall 

Outfall is maintained by County Parks 

Construction limited to easements/County Roads/County Parks 

Existing gravity system can be used 

when tailwater is low or if pump fails. 

System can convey up to ±13 cfs during 

low tailwater without starting to fill wet 

well.4 

Drainage system will function during high 

tailwater 

Meets design criteria (see Section 1.3) 

Sediment/siltation is not expected to be 

an issue with the proposed force main 

and pump station intake from swale 

Existing gravity system can be used for low flows when 

tailwater is low or if pump fails 

Drainage system will function during high tailwater. 

System can convey up to ±9 cfs during low tailwater 

without starting to fill wet well.4 

Meets design criteria (see Section 1.3) 

 

Existing gravity system can be used when 

tailwater is low or if pump fails 

Drainage system will function during high 

tailwater 

Potential to meet design criteria (see 

Section 1.3) 

Attenuation within golf course retention 

basin 

Potential for beneficial use of water 

collected in the retention basin (IWM Goal) 

No new pump station required 

Minimal construction compared 

with other alternatives 

Existing gravity system can be 

used as a redundancy 

Potential for stormwater 

reclamation (IWM Goal) 

Potential to meet design criteria 

(see Section 1.3) 

 

Cons Requires funding 

Requires state, local and/or federal permits1 

Requires additional operations and maintenance 

Stakeholder involvement (ABCSD, PSLHD, businesses/residents 

along 1st St. and San Juan St., County Parks) 

Requires removal of palm trees 

Existing 2” SW line would need to be relocated 

Several utility conflicts as the force main crosses 1st St.  

Beach outfall would need to be modified 

Potential for erosion at beach outlet 

Constructability complications: limited space, deep wet well3, and 

high groundwater 

Wet well starts filling at ±4 cfs, leading to increased O&M 

Does not meet IWM goal 

Relies on gravity pipes upstream of the pump station, which are 

prone to siltation. May not meet design criteria if sediment builds 

up within these pipes. 

Requires funding 

Requires state, local and/or federal 

permits1 

Requires additional operations and 

maintenance 

Stakeholder involvement (ABCSD, 

PSLHD, businesses/residents along 1st 

St. and San Francisco St) 

Construction of a new outfall structure 

(increases costs & time) 

Potential for erosion at beach outlet 

Eliminates parking spaces 

High groundwater, leading to 

complications during construction 

Does not meet IWM goal 

Requires funding 

Requires state, local and/or federal permits1 

Requires additional operations and maintenance 

Stakeholder involvement (ABCSD, PSLHD, 

businesses/residents along 1st St. and San Francisco St) 

Construction of a new outfall structure (increases costs & 

time) 

Potential for erosion at beach outlet 

Eliminates parking spaces 

Drainage system has lower capacity without filling wet 

well (9 cfs) compared with several of the other 

alternatives. 

High groundwater, leading to complications during 

construction 

Deeper wet well than Alternative 6A3 

Does not meet IWM goal 

Gravity pipe upstream of pump station may experience 

siltation 

Requires funding 

Requires state, local and/or federal 

permits1 

Construction of a new basin, which can be 

expensive 

Requires significant coordination with 

stakeholders/property owners 

Requires additional operations and 

maintenance 

High groundwater, leading to 

complications during construction 

Requires funding 

Requires state, local and/or federal 

permits1 

Requires additional operations and 

maintenance 

Stakeholder involvement 

WWTP does not have adequate 

capacity for increased flows 

 

Notes: 
1. Permitting requirements and feasibility will be completed by others and are not evaluated in this study. 
2. Confirmation of existing utility locations is required to verify this statement.  
3. A more detailed hydraulic study is required to determine required wet well invert elevation. 
4. Meets County’s gravity outfall during summer design criterion. 
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5. Evaluation of Alternatives with Respect to 
Project Goals 

In addition to analyzing the feasibility of the studied alternatives and determining pros and cons, GHD analyzed each 

alternative’s ability to meet the project goals, which are described in Section 1.2. A summary of each alternative with 

respect to the County goals is included in Table 4. Note that environmental permitting requirements are not evaluated 

as part of this study, so any statements regarding environmental impacts and permitting will need to be verified.  

All of the proposed alternatives would include trash racks to help meet the County’s O&M goal of minimizing trash 

impacts to the system. Trash capture and/or stormwater quality requirements may arise during the permitting process, 

which may affect the design. Permitting requirements, however, are not evaluated as part of this study. Additionally, all 

of the proposed pump station alternatives include a backup generator to reduce required staff response during power 

outage. 

On the other hand, none of the studied pump station alternatives meet the County’s integrated water management 

goal of providing a solution that accounts for beneficial use of the water. As discussed in GHD’s 2023 report, 

underground storage or low impact development (LID) facilities could be incorporated into the selected alternative to 

store and infiltrate runoff, reducing stormwater discharge from the site and improving water quality. The high 

groundwater at the project site, however, may compromise the performance of these LID facilities.  
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Table 4: Summary of drainage alternatives with respect to County Goals 

 Environmental and Permitting Goal1 Operations and Maintenance Goal Integrated Water 
Management 

Alternative 1: No 
Change 

No environmental impacts 

No permitting required 

No additional O&M required 

Trash rack to minimize trash impacts 

Does not meet this 
goal 

Alternative 2: Annual 
Maintenance 
Program 

No environmental impacts 

No permitting anticipated 

No additional O&M required 

Trash rack to minimize trash impacts 

Does not meet this 
goal 

Alternative 3: Pumps 
with Parallel Force 
Main 

Utilizes existing outfall, which is 
expected to reduce environmental 
impacts 

Use of existing outfall may reduce 
permitting requirements1 

Potential impacts to existing swale 
(likely a jurisdictional wetland) for 
relocation of existing inlet and new wet 
well intake 

Existing drainage system can be used as a gravity bypass system (with 
low tailwater and flows <±13 cfs), which reduces pump station O&M 

Backup generator to reduce required staff response during power outage 

Separate intake structure from existing gravity system, which may reduce 
trash/debris load from existing trash rack 

Eliminates duckbill check valve at SLO Creek and replaces it with a flap 
gate in the discharge structure, which is expected to be easier to inspect 
and maintain 

Trash rack to minimize trash impacts 

Minimal siltation is expected within the force main 

Does not meet this 
goal3 

Alternative 4: Pumps 
on Existing System 

Utilizes existing outfall, which is 
expected to reduce environmental 
impacts 

Use of existing outfall may reduce 
permitting requirements 

No construction within existing swale 
(likely a jurisdictional wetland), which is 
expected to reduce environmental 
impacts and permitting requirements 

Existing drainage system can be used as a gravity bypass system, which 
reduces pump station O&M. Existing drainage system can convey up to 
29 cfs during low tailwater without filling wet well, which is higher than the 
other alternatives. 

Backup generator to reduce required staff response during power outage 

Eliminates duckbill check valve at SLO Creek and replaces it with a flap 
gate in the discharge structure, which is expected to be easier to inspect 
and maintain 

Shorter force main than other alternatives, which may reduce O&M 

Trash rack to minimize trash impacts 

Relies on gravity pipe upstream of pump station, which could be prone to 
sediment issues 

Does not meet this 
goal3 

Alternative 5A: Front 
St. Outlet via San 
Juan St. – pump 
station in parking lot 

Utilizes existing outfall, which is 
expected to reduce environmental 
impacts 

Discharges to beach, which may reduce 
environmental impacts and permitting 
requirements relative to the Creek 
outfall  

Potential impacts to existing swale 
(likely a jurisdictional wetland) for 
relocation of existing inlet and new wet 
well intake 

Existing drainage system can be used as a gravity bypass system (with 
low tailwater and flows <±13 cfs), which reduces pump station O&M 

Backup generator to reduce required staff response during power outage 

Existing beach outfall is currently maintained by County Parks 

Trash rack to minimize trash impacts 

Minimal siltation is expected within the force main 

Does not meet this 
goal3 

Alternative 5B: Front 
St. Outlet via San 
Juan St. – pump 
station SE of Avila 
Beach Dr & 1st St 

Utilizes existing outfall, which is 
expected to reduce environmental 
impacts 

Discharges to beach, which may reduce 
environmental impacts and permitting 
requirements relative to the Creek 
outfall  

No construction within existing swale 
(likely a jurisdictional wetland), which is 
expected to reduce environmental 
impacts and permitting requirements 

Existing drainage system can be used as a gravity bypass system, which 
reduces pump station O&M. Note, however, the system can only convey 
<±4 cfs without filling wet well, which is lower than the other proposed 
alternatives 

Backup generator to reduce required staff response during power outage 

Existing beach outfall is currently maintained by County Parks 

Trash rack to minimize trash impacts 

Relies on gravity pipe upstream of pump station, which could be prone to 
sediment issues 

Does not meet this 
goal3 

Alternative 6A: outlet 
via San Francisco 
St.- pump station in 
east corner of 
parking lot 

Discharges to beach, which may reduce 
environmental impacts and permitting 
requirements relative to the Creek 
outfall  

Potential impacts to existing swale 
(likely a jurisdictional wetland) for new 
wet well intake 

Existing drainage system can be used as a gravity bypass system (with 
low tailwater and flows <±13 cfs), which reduces pump station O&M 

Backup generator to reduce required staff response during power outage 

Trash rack to minimize trash impacts 

Minimal siltation is expected within the force main 

Does not meet this 
goal3 

Alternative 6B: Front 
St. outlet via San 
Francisco St.- pump 
station north of 1st St. 
& San Francisco St 

Discharges to beach, which may reduce 
environmental impacts and permitting 
requirements relative to the Creek 
outfall  

Potential impacts to existing swale 
(likely a jurisdictional wetland) for new 
wet well intake 

Existing drainage system can be used as a gravity bypass system (with 
low tailwater and flows <±13 cfs), which reduces pump station O&M 

Backup generator to reduce required staff response during power outage 

Trash rack to minimize trash impacts 

Gravity pipe upstream of pump station may experience siltation 

Does not meet this 
goal3 

Alternative 7: Creek 
outlet via Avila Beach 
Golf Resort2 

Detention basin may reduce outflow 
and thus environmental impacts to the 
Creek 

Potential for naturalized treatment of 
stormwater in proposed basin, reducing 
environmental impacts 

Existing drainage system can be used as a gravity bypass system, which 
reduces pump station O&M. 

Backup generator to reduce required staff response during power outage 

Trash rack to minimize trash impacts 

Potential for 
beneficial use of 
captured stormwater, 
such as by providing 
recreational use (the 
proposed basin can 
be feature of the golf 
course) 

Alternative 8: Gravity 
Connection to 
Sanitary Sewer2 

No new outfall or construction within 
existing swale (likely a jurisdictional 
wetland), which is expected to reduce 
environmental impacts and permitting 
requirements 

Existing drainage system can be used as a gravity bypass system, which 
reduces O&M 

No new pump station, reducing O&M 

Trash rack to minimize trash impacts 

Potential for 
stormwater reuse 

Notes: 

1. Environmental permitting is not included in this study. Any statements regarding environmental impacts and permitting have not been verified. 

2. Alternative was not analyzed as a part of this study. Statements regarding these alternatives need to be verified.  

3. Upstream LID facilities could be incorporated into the design to help meet this goal; however, high groundwater may compromise performance of these systems.  
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6. Qualitative Cost Ranking 

A qualitative cost ranking has been applied to the analyzed alternatives in this study. This ranking is very preliminary 

and approximate, as cost estimates would be required to accurately rank the alternatives. The ranking was completed 

considering the approximate length of proposed pipe, as well as additional cost considerations such as relocation of 

existing utilities, and construction or modification of outfall structures. The ranking does not consider depth of the 

proposed pipes, which will impact the cost. The ranking also assumes a similar pump station cost for each alternative. 

Finally, the cost ranking does not include operations and maintenance costs associated with each alternative.  

Table 5: Qualitative cost ranking of analyzed drainage alternatives 

Alternative Approximate Length of 

Proposed Pipe1 

Additional Cost Considerations Cost 

Ranking2 

Alternative 3: Pumps with 

Parallel Force Main 370 ft 

Relocation of up to 230 ft of existing phone conduit and 

cable TV conduit 

Relocation approximately 90 ft of existing 36” storm drain 

Medium 

Alternative 4: Pumps on 

Existing System 
50 ft3  Lowest 

Alternative 5A: Front St. 

Outlet via San Juan St. – 

pump station in parking lot 730 ft 

Relocation of 90 ft of existing 36” SD and existing trash 

rack 

Modification of existing beach outfall 

Relocation of up to 270 ft of 2” saltwater line 

High 

Alternative 5B: Front St. 

Outlet via San Juan St. – 

pump station SE of Avila 

Beach Dr & 1st St 610 ft 

Modification of existing beach outfall 

Relocation of up to 270 ft of 2” saltwater line 

May require shoring to construct the deep pump station in 

the limited space 

May require relocation of water, gas, electrical and/or TV 

conduits 

Highest 

Alternative 6A: outlet via San 

Francisco St.- pump station 

in east corner of parking lot 

660 ft New beach outfall Medium 

Alternative 6B: Front St. 

outlet via San Francisco St.- 

pump station north of 1st St. 

& San Francisco St 

710 ft New beach outfall Medium 

 

Notes: 

1. Approximate horizontal length, not considering depth/slope of pipe. 

2. Cost ranking is very approximate; cost estimates are required to accurately rank these alternatives. 

3. Includes length of proposed channel. 
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7. Hydraulic Analysis 

7.1 Objectives 
Concept-level hydraulic analyses were completed to preliminarily design and analyze the proposed drainage systems. 

The objectives of the hydraulic analyses are as follows: 

1. Provide preliminary design of intake structures, weirs, channels, and gravity storm drains that convey flow to 

the proposed pump station. These structures were designed so that they would not limit to the flow to the 

pump station (i.e. the structures are able to convey the pump station’s 25-year peak flow rate) while 

maintaining water surface elevation below 6.62 ft within the parking lot, meeting the project’s design criteria 

(see Section 1.3). 

2. Analyze the existing 36” gravity system upstream of the pump station in Alternatives 4 and 5B, to determine if 

it can convey the pump station’s peak 25-year flow rate (±35 cfs) while maintaining a water surface elevation 

in the parking lot below 6.62 ft. This analysis was completed to determine the feasibility of Alternative 4 and 

5B and their ability to meet the project’s design criteria outlined in Section 1.3. 

3. Evaluate the capacity of the existing gravity system during low tailwater conditions in each alternative prior to 

flow entering the pump station’s wet well. This analysis was completed to evaluate whether the proposed 

designs meet the County’s gravity outfall during the summer criterion (see Section 1.3). 

These hydraulic analyses were completed using a StormCAD models, weir calculations, and normal depth 

calculations and are described in the following section. 

7.2 Assumptions and Limitations 
The preliminary hydraulic analyses were completed to evaluate the feasibility of each alternative and are based on 

several assumptions. These assumptions and limitations are discussed throughout the following section, with some of 

the general assumptions described below:  

• The hydraulic analyses are steady state. 

–  The analyses and preliminary designs of the structures upstream of the pump station (objectives 1 and 

2 above) estimate the hydraulic behavior of the proposed drainage system at the peak pumping flow 

rate of 35 cfs (see Section 3), which assumes the pump station and attenuation within the parking lot 

behave similarly in all the alternatives and can be approximated by the pump station and reservoir 

modeled in HEC-HMS (see Section 3). Additionally, these analyses assume that the hydraulic behavior 

at the peak flow governs, and thus can be used to evaluate the alternatives’ ability to meet the project 

design criteria. 

– The evaluation of the capacity of the existing gravity system estimates the maximum steady-state flow 

rate through the system. The actual capacity of the existing gravity system may differ in dynamic 

conditions, since the steady-state models do not account for any attenuation throughout the system. 

• The tailwater conditions in the analysis for the proposed drainage system (objectives 1 and 2 above) was 

assumed to be 15 ft, consistent with the project’s design criteria (see Section 1.3). 

• A free outfall was used to evaluate the capacity of the existing gravity system during low tailwater conditions 

(objective 3 above). Given the low invert elevation at the existing outfall (1.79 ft), a free outfall may not be 

realistic, however, the analysis provides an estimate of the maximum capacity of the system in ideal 

conditions. Analysis of historic water surface elevations within SLO Creek could be used to determine more 

realistic boundary conditions for future hydraulic modeling. 

• The analyses of the existing and proposed drainage systems assume that the structures are maintained and 

that there is no debris or silt reducing the capacity of the systems. While sediment is not expected to be an 
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issue within the proposed force mains, it has been observed within the existing system and would reduce the 

conveyance capacity of gravity pipes. Thus, the capacity calculations for gravity bypass systems indicate the 

maximum capacity in ideal conditions; capacity would be less than these values if sediment accumulates 

within the pipes and they are not appropriately maintained. Additionally, the performance of proposed 

Alternatives 4, 5B, and 6, which rely on gravity systems upstream of the pump station, may be prone to 

sedimentation within the pipes. These potential impacts are discussed in their respective sections of the 

report.  

It is recommended that more detailed hydraulic analyses be completed prior to developing the 30% design of the 

selected alternative. A dynamic model is recommended to more accurately simulate the behavior of the pump, the 

ponding within the parking lot, and hydraulics within the proposed and existing storm drain systems. This dynamic 

model should be used to refine the design of the selected alternative, including the pump station selection, set points, 

intake structures, gravity storm drains, and force mains. Additionally, should an alternative be selected that relies on 

gravity drainage, sediment should be considered in the dynamic model. 

7.3 Alternative 3, 5A, and 6A 

7.3.1 Proposed Intake Weirs 

The intake weirs for Alternatives 3, 5A, and 6A were sized and analyzed to ensure that the weirs have sufficient 

capacity to convey flow from the swale to the pump station (objective 1 above). The capacity of the 22.5-ft-long weir 

openings was analyzed considering water surface elevations of 5.5 ft and 6.0 ft within the swale, which represent the 

elevations at which the first and second pumps turn on, respectively. The capacity of the weirs was calculated using 

the weir equation (in FlowMaster), with a weir coefficient of 2.65 to account for the change in direction of flow due to 

orientation of the weir being perpendicular to the flow direction in the swale. This represents a conservative analysis; 

during high tailwater, flow will be ponded in the swale with minimal flow velocities. The weir flow calculations assumed 

that the tailwater does not restrict the flow over the weir. The weirs were designed with a crest elevation of 5.0 ft, 

resulting in capacities of 21 cfs and 60 cfs at water surface elevations of 5.5 ft and 6.0 ft, respectively. The pump 

station capacity with one and two pumps turned on is approximately 20 cfs and 35 cfs, respectively (see Section 3). 

Therefore, the designed intake weirs are expected to have adequate capacity to convey flow to the pump stations. 

Please refer to Appendix F for FlowMaster output. 

7.3.2 Existing Gravity System Capacity (Low Tailwater) 

The capacity of the existing gravity drainage system prior to overtopping the weir in low tailwater conditions was 

approximated using a StormCAD model, to determine the alternative’s ability to meet the County’s gravity outfall 

during summer criterion (objective 3 above). The StormCAD model was used to simulate the water surface profile 

from the outlet of the existing 36” storm drain to the inlet within the swale. This method assumes that water is ponded 

within the swale and that water surface elevations are controlled by the inlet of the 36” storm drain. Given that the 

swale invert elevation at the location of the pump station inlet is lower than the invert elevation of the 36” storm drain, it 

is likely that the storm drain will control the water surface elevations within the swale. However, a more detailed, 

unsteady analysis of the channel and the storm drain would provide more accurate estimates of the system’s capacity 

without overtopping the weir. 

The StormCAD model consisted of the following elements:  

• Headwall (H-1): The 36” storm drain inlet was modeled as a headwall. The inlet was defined as square edge 

concrete inlet with headwall, which is represented with an entrance loss coefficient of 0.5. 

• Storm Drain (SD-1): The segment of the 36” storm drain that conveys flow from the swale to the junction with 

the inlet east of the intersection of 1st St. and San Juan St. was modeled as a 36” circular conduit with a 

Manning’s roughness of 0.014. This Manning’s roughness coefficient is within the range of the values 

presented by Chow (1959) for concrete closed conduits flowing partly full. The pipe geometry, including invert 

elevations and lengths, were obtained from 2024 survey data from MBS (see Attachment 1). 



 

GHD | County of San Luis Obispo | 12596287 | Feasibility Study 22 

 

• Junction (J-1): The junction connecting the two 36” storm drain segments was modeled with a loss coefficient 

of 0.6, which was selected to represent the bend losses and junction losses associated with the manhole. This 

loss coefficient was selected using StormCAD guidance for junctions with 45-degree bends. 

• SD- 2: The segment of the 36” storm drain that connects the junction on 1st St. to the manhole was modeled 

as a 36” circular conduit with a Manning’s roughness of 0.014. The pipe geometry, including invert elevations 

and lengths, were obtained from the MBS survey data (see Attachment 1). 

• Manhole (MH-1): The manhole northwest of the intersection between 1st St. and San Juan St. was modeled 

with a loss coefficient of 0.5, following StormCAD guidance for a junction with no bend in the trunkline. 

• SD-3: The segment of the 36” storm drain that conveys flow from the manhole to existing outlet to SLO Creek 

was modeled as a 36” circular conduit with a Manning’s roughness of 0.014. Like pipe segments 1 and 2, the 

length and invert elevations were obtained from the MBS Survey data (see Attachment 1). 

• Outfall (O-1): The downstream boundary condition of the StormCAD model was set to a free outfall to simulate 

low tailwater conditions within SLO Creek. This boundary condition represents ideal conditions for the system 

and was used to estimate the maximum capacity within the existing drainage system (prior to flow entering the 

proposed wet well). 

The inflow to the StormCAD model was adjusted until the hydraulic grade upstream of the headwall was less than 5.0 

ft. The results indicate that approximately 13 cfs can be conveyed through the existing storm drain system in low 

tailwater conditions without overtopping the weir into the wet well. Please refer to Appendix G for StormCAD results. 

7.4 Alternative 4 

7.4.1 Proposed Drainage System  

The existing 36” storm drain was analyzed to ensure that it has adequate capacity to convey flow to the proposed 

pump station while maintaining a water surface elevation within the 1st St. parking lot below an elevation of 6.62 ft 

during the 25-year storm event (objective 2 above).  A hydraulic analysis of the proposed concept was completed 

using StormCAD to determine the hydraulic grade line (HGL) along the 36” storm drain that conveys flow from the 1st 

St. parking lot to SLO Creek. A peak flow rate of 35 cfs was selected for the analysis, which is the peak flow rate from 

the pump station analysis described in Section 3. This analysis was also used to design the proposed side weir 

elevation that conveys flow to the pump station’s wet well (objective 1 above). 

The StormCAD model included the following elements: 

• H-1, SD-1, J-1, and SD-2: These elements were modeled as described in Section 7.1. 

• SD-3: The segment of the 36” storm drain that conveys flow from the manhole to the proposed 3-ft wide 

concrete channel was modeled as a 36” circular conduit with a Manning’s roughness of 0.014. Like pipe 

segments 1 and 2, the length and upstream invert elevation was obtained from the MBS Survey data (see 

Attachment 1). The downstream invert elevation was interpolated. 

• Outfall (O-1): The downstream boundary condition of the StormCAD model was set to a constant water 

surface elevation, representing the water surface elevation in the proposed 3-ft channel required to convey 35 

cfs to the wet well. This elevation, 4.95 ft, was set so that the ponded water surface elevation within the 

parking lot remained below 6.62 ft.  

The results of the analysis yielded a water surface elevation of 6.59 ft upstream of the pipe’s inlet, indicating that the 

existing system has adequate capacity to convey 35 cfs to the pump station without exceeding the target water 

surface elevation within the parking lot when the system is clear of debris or sediment. Please refer to Appendix G for 

StormCAD output. 

The water surface elevation in the proposed channel of 4.95 ft was used to calculate the elevation of the 22.5-ft-long 

side weir using the standard weir equation (in FlowMaster). A weir coefficient of 2.65 was selected to represent the 
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side weir, which on the lower end of the range of weir coefficients provided in StormCAD guidance. This weir 

coefficient was selected for a conservative analysis and to consider the change in direction of flow due to the side 

weir. The resulting elevation of the side weir is 4.25 ft. Please refer to Appendix F for FlowMaster output. 

A sensitivity analysis was completed in which the manning’s roughness of the 36” storm drains in the StormCAD 

model was increased to 0.025 to simulate increased roughness due to sediment within the pipes. The results of this 

analysis yielded a water surface elevation within the parking lot that exceeds the design elevation of 6.62 ft, even with 

a free outfall downstream boundary condition. These results indicate that Alternative 4 is sensitive to sediment 

conditions and would require regular maintenance to prevent buildup of sediment within the pipes. 

7.4.2 Existing Drainage System (Low Tailwater) 

A second StormCAD model was created to determine the performance of the system during low tailwater to determine 

the alternative’s ability to meet the County’s gravity outfall during summer criterion (objective 3 above). The StormCAD 

model includes the components defined above. The model was extended to also include the following: 

• Proposed Channel (CHAN): The 22.5-ft long and 3-ft wide proposed rectangular concrete channel was 

modeled as a rectangular conduit with a Manning’s roughness of 0.014. The height of the conduit was set 

sufficiently large to prevent pressurized flow within the conduit. The slope of the channel was set to the same 

slope as pipe segment 2.  

• Discharge Structure (MH-3): The discharge structure was modeled as a manhole with a loss coefficient of 0.5, 

following StormCAD guidance for a manhole with no bend at the junction. 

• SD-4: The existing segment of the pipe that connects the discharge structure to the existing outfall was 

modeled as a 36” circular conduit with a Manning’s roughness of 0.014 and the same slope as pipe segment 

2. 

• Free outfall (O-1): The downstream model boundary was set to a free outfall, assuming low tailwater 

conditions within San Luis Obispo Creek. This boundary condition represents ideal conditions for the system 

and was used to estimate the maximum capacity within the existing drainage system (prior to flow entering the 

proposed wet well). 

The model inflow was adjusted until the water surface elevation within the channel was below the weir elevation (4.25 

ft), to determine the gravity system’s capacity during low tailwater. The results indicate that the system can convey 

approximately 29 cfs without overtopping the weir. StormCAD output for this model is also included in Appendix G. 

7.5 Alternative 5B 

7.5.1 Proposed Drainage System  

The gravity drainage system upstream of the pump station in Alternative 5B was also analyzed in StormCAD, to 

ensure the system has adequate capacity to maintain water surface elevations within the parking lot below 6.62 ft 

(objective 2 above). The model was also used to design the proposed gravity pipe that diverts flow from the existing 

36” pipe to the proposed pump station (objective 1 above). The StormCAD model extends from the existing inlet in the 

parking lot swale to the proposed pump station’s wet well and was modeled with a constant inflow of 35 cfs. The 

model includes the following components: 

• Pipe Inlet, Pipe Segment 1, Junction, Pipe Segment 2: These elements were modeled using the same 

assumptions and geometry as Alternative 4. 

• Diversion Manhole: The manhole northwest of the intersection between San Juan St. and 1st St. was modeled 

as a manhole with a head loss coefficient of 0.8, which was selected to represent the bend losses and junction 

losses associated with the manhole. This loss coefficient was selected using StormCAD guidance for junctions 

with 90-degree bends. 
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• Proposed Pipe: The proposed pipe was modeled as a 36” circular conduit with a roughness of 0.014. The 

upstream invert elevation (3.06 ft) and slope (1%) of the pipe were designed to ensure the ponding within the 

parking lot remains below elevation 6.62 ft. 

• Model Outfall: The downstream boundary condition is located at the pump station’s wet well. The boundary 

condition for the proposed pipe was set to a free outfall condition, which assumes that the pump station 

maintains low water surface elevations within the wet well. 

The results of the analysis yielded a water surface elevation of 6.60 ft within the parking lot, meeting the project’s 

design criteria (see Section 1.3) when free of sediment or debris.  Please refer to Appendix G for StormCAD output. 

Note that ensuring a free outfall on the proposed storm drain would require a deep wet well. A dynamic hydraulic 

model of the drainage system and pump station would be required to determine invert elevations and pump operation 

points to maintain this free outfall. 

A sensitivity analysis was completed by changing the roughness of the gravity pipes to 0.025 to simulate increased 

roughness due sediment within the pipes. The results of the analysis indicated that the upstream gravity system does 

not have adequate capacity to convey 35 cfs while meeting the target water surface elevation within the parking lot, 

even if the proposed pipe is lowered. Thus, this alternative would only meet the design criteria in ideal conditions, 

where the gravity pipes are free of sediment. As siltation is reportedly an issue with the existing storm drains, this 

alternative may not be feasible. 

7.5.2 Existing Gravity System (Low Tailwater) 

Like Alternative 4, the existing gravity system was modeled under low tailwater conditions to determine the capacity of 

the existing system without diverting to the wet well (objective 3 above). The Alternative 5B model, described above, 

was modified by removing the proposed pipe, and instead modelling the existing 36” pipe to the existing outfall 

(assumed to be a free outfall). The head loss coefficient of the diversion manhole was reduced to 0.5, following 

StormCAD guidance for a junction with no bend in the trunkline. The inflow to the model was adjusted until the 

hydraulic grade line within the diversion manhole was below the proposed pipe invert elevation (3.06 ft). The results 

indicate that the system can convey just below 4 cfs before stormwater is diverted to the wet well. StormCAD results 

for this model are also included in Appendix G. 

7.6 Alternative 6B 

7.6.1 Proposed Drainage System 

The proposed intake structure and gravity system for Alternative 6B were designed and analyzed to ensure that they 

would not limit flow to the pump station in the 25-year storm event (objective 1 above). The proposed gravity storm 

drain was designed to ensure the full flow capacity exceeded 35 cfs, which is the peak design flow of the pump station 

(see Section 3). Calculations were complete using Manning’s equation (in FlowMaster) to determine the full flow 

capacity of the proposed 42” storm drain with a 0.2%. The full flow capacity of the 42” storm drain is approximately 42 

cfs, which exceeds the design flow of 35 cfs. Therefore, the 42” storm drains should have adequate capacity to convey 

flow from the existing swale to the parking lot, to maintain water surface elevations within the parking lot of below 6.62 

ft. A dynamic model is recommended to confirm this finding and refine the size of the proposed gravity storm drain. 

Additionally, the effects of siltation on this storm drain should be considered, which may result in a larger pipe. Please 

refer to Appendix F for FlowMaster output. 

The proposed intake structure for Alternative 6B includes two weir openings. The first weir opening is located along 

the side of the existing swale and is 12 ft long, with a crest elevation of 4.7 ft. The capacity of this weir was calculated 

(in FlowMaster) using a conservative weir coefficient of 2.65 to represent the side weir. The capacity of the intake weir 

was calculated with water surface elevations of 5.5 ft and 6.0 ft, which are the elevations at which the first and second 

pumps turn on, respectively. The weir flow rate with water surface elevation of 5.5 ft is 22.8 cfs, which exceeds the first 

pump’s capacity of 20 cfs. The weir flow rate with a water surface elevation of 6.0 ft is 47.1 cfs, which exceeds the 
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pump station’s capacity of 35 cfs with two pumps running. Therefore, the weir openings are not expected to limit the 

flow to the pump station. A second 4-ft-long weir with a crest elevation of 5.0 ft is proposed along the east wall of the 

intake structure, to provide redundancy. Please refer to Appendix F for FlowMaster weir calculations. 

7.6.2 Existing Gravity System (Low Tailwater) 

The capacity of the channel before the stormwater starts overflowing the weirs (objective 3 above) was calculated by 

modifying the inflow to the StormCAD model described in Section 7.1 so that the water surface elevation upstream of 

the 36” inlet did not exceed 4.7 ft. Results of this model indicate that the existing drainage system can convey 

approximately 9 cfs without starting to fill the wet well. Model output is included in Appendix G. 

8. Conclusion 

GHD has analyzed and developed concept designs for four pump station alternatives to address flooding within the 

parking lot and at the intersection of 1st St. and San Francisco St., in Avila Beach, California. Preliminary designs of 

pump stations, intake structures, gravity storm drains, and force mains were developed and analyzed to maintain 25-

year water surface elevations within the parking lot 6 inches below the lowest finished floor elevation of the adjacent 

buildings considering high tailwater conditions at the outfall. The technical feasibility of each alternative is presented, 

including hydraulic performance, constructability, and utility conflicts. This study revealed that some alternatives will 

face significant constructability challenges. For example, Alternative 5B faces several constructability complications, 

such as a very deep wet well, high groundwater, and limited space to construct the proposed pump station, which may 

affect stability of the adjacent residential structures. Additionally, sediment issues may hinder feasibility of alternatives 

that rely on existing gravity pipes upstream of the pump station, including Alternatives 4 and 5B. The preferred 

alternative, however, depends on additional factors not studied as a part of this project, including environmental 

impacts, permitting requirements, property acquisition, stakeholder involvement, and costs. Prior to selecting a 

preferred alternative for 30% design, it is recommended that these factors be evaluated. 

The conceptual designs developed as part of this study are based on preliminary hydraulic analyses described in this 

report, which are based on several assumptions. It is recommended that detailed dynamic models of the drainage 

system be developed as part of the 30% design effort, which can be used to more accurately analyze the performance 

of the existing and proposed drainage systems, determine the set points of the proposed pump station, and refine the 

design of intake structures, pump stations, force mains, and gravity storm drains. Additionally, should an alternative 

with a beach outfall be selected, outfall erosion should be analyzed to provide a design that minimizes impacts to the 

beach. The tailwater condition for the beach outfall should also be reevaluated. 

It is recommended that several data gaps be addressed while refining the design of the selected alternative. 

Geotechnical data and recommendations, including groundwater data, should be obtained to inform the proposed 

design and construction, including any dewatering requirements. Several of the utility sizes and locations were 

assumed while developing the concept drawings, due to limited available utility data. These locations and sizes should 

be verified to refine the design, including the force main location and profile. Finally, the location and capacity of the 

electrical service of the proposed pump station should be identified as the design is refined. 

9. References 

Cannon. 2015. Avila Beach First Street Drainage- Conceptual Design Report.  

Chow, V.T. 1959. Open Channel Hydraulics, McGraw-Hill Book Company, NY. 

County of San Luis Obispo. 2022. Public Improvement Standards. 



 

GHD | County of San Luis Obispo | 12596287 | Feasibility Study 26 

 

GHD. 2023. Peer Review of Conceptual Design Report: Avila Beach First Street Drainage. 

England Geosystem, Inc. 2004. Supplemental Investigation Report, Avila Beach Drive and the Rossi Property. 

FEMA (Federal Emergency Management Agency). 2017. Flood Insurance Study: San Luis Obispo County, California 

and Incorporated Areas. 

NRCS (National Resources Conservation Service). 1986. TR-55: Urban Hydrology for Small Watersheds. 

NRCS (National Resources Conservation Service). 2007. “Chapter 16: Hydrographs.” In National Engineering 

Handbook Part 630: Hydrology.  

NRCS (National Resources Conservation Service). 2008. “Chapter 15: Time of Concentration.” In National 

Engineering Handbook Part 630: Hydrology. 

NRCS (National Resources Conservation Service). 2009. Hydrology – Geographic Boundaries for SCS Rainfall 

Distributions for California. 

NOAA (National Oceanic and Atmospheric Administration). 2014. Point Precipitation-Frequency Estimates: NOAA 

Atlas 14, Volume 6, Version 2. Silver Spring, MD. 

 

 



 

GHD | County of San Luis Obispo | 12596287 | Feasibility Study 27 

 

 

 

Appendices 
  



 

GHD | County of San Luis Obispo | 12596287 | Feasibility Study 28 

 

 

 

Appendix A  
Drainage Maps  

  



EXISTING DRAINAGE FLOW PATH

EXISTING STORM DRAIN OUTLET

DRAINAGE BASIN EXTENTS

1

0 300'150'

SHEET KEYNOTES

1. EXISTING CONTOURS SHOWN HERE WERE GENERATED FROM FEMA 2018 LIDAR
DATA. THIS DATA HAS NOT BEEN VERIFIED.

Date
Project No.

Filename: \\ghdnet\ghd\US\San Luis Obispo\Projects\561\12596287\Digital_Design\ACAD\Figures\12596287-FIG-Drainage Map.dwg
Plot Date: 15 August 2024 9:30 AM

12596287COUNTY OF SAN LUIS OBISPO
AVILA BEACH FIRST STREET DRAINAGE

Data Source

FIGURE A1

8/15/2024

AVILA BEACH DRAINAGE MAP

SHEET LEGEND

DRAINAGE BASIN EXTENTS

EXISTING DRAINAGE FLOW PATH

5' MAJOR EXISTING CONTOURS

1' MINOR EXISTING CONTOURS



DRAINAGE BASIN EXTENTS

1

SOIL TYPE DIVIDING LINE

3

4

Date
Project No.

Filename: \\ghdnet\ghd\US\San Luis Obispo\Projects\561\12596287\Digital_Design\ACAD\Figures\12596287-FIG-Drainage Map.dwg
Plot Date: 15 August 2024 9:32 AM

12596287COUNTY OF SAN LUIS OBISPO
AVILA BEACH FIRST STREET DRAINAGE

Data Source

FIGURE A2

8/15/2024

AVILA BEACH LAND USE MAP0 300'150'

SHEET LEGEND

DRAINAGE BASIN EXTENTS

LOW DENSITY DEVELOPED

HIGH DENSITY DEVELOPED

OPEN SPACE

SHEET KEYNOTES

1. EXISTING CONTOURS SHOWN HERE WERE GENERATED FROM FEMA 2018 LIDAR
DATA. THIS DATA HAS NOT BEEN VERIFIED.

2. AREAS WITHOUT HATCHING ARE ASSUMED TO BE IMPERVIOUS.
3. ASSUMED NRCS SOIL GROUP D
4. NRCS SOIL GROUP C

3



 

GHD | County of San Luis Obispo | 12596287 | Feasibility Study 29 

 

   

 

Appendix B  
Hydrologic Analysis Inputs  

  



 

GHD | County of San Luis Obispo | 12596287 | Feasibility Study 30 

This document is in draft form. The contents, including any opinions, conclusions or recommendations contained in, or which may be implied from, this draft document 
must not be relied upon. GHD reserves the right, at any time, without notice, to modify or retract any part or all of the draft document. To the maximum extent permitted by 
law, GHD disclaims any responsibility or liability arising from or in connection with this draft document. 

 

 

B-1 NOAA Atlas 14 Point Precipitation Frequency 
Estimates 

  



�����������	
���
�������������
����
����
��������������������������
��������� ������!���"#$	%&&'���
�(���!���)	�*$%"
�'+������
�������  ,�-./0123�4567�89:-,,�-./0123�;5<5=�>�?�=@+�>=>?�?>���A@+B�+��C�+�?>D�?+�59EF9�G20H19I�5909J�KH2LMI�5909J�N2HOI�PHQQH9E�NHE20I�R9M/ES/�89HL90H9I�K2T.09J�890LHEI�59EU09G9VQ.VH1I�7-J9EH�6.WI�X90Q�Y0W:9Q/ZI�K9Q2�;E0/JI�[2ESQHE�\9EI�8H1J92Q�\2ZL9I�Y9E�]J9.I�<2.̂̂02W_.EEHEI�K9EH2Q�_02̀ 20I�PHaXJ/9E�XJ2EI�YW2�G90MWT.ZI�b.JE�\901J.9EcdeeI�c9LH.E9Q�f29LJ20�520VH12I�5HQV20�5:0HESI�890WQ9EUG[gL9T/Q90�h�G[gS09:JH19Q�h�89:-gig920H9Q-=A���j����=k�)j���!�l
����l����l�����
�����m����n�����������o����&*p��
���!���������������q���������r	k�����
� �����(����������������������qn����r	 � # 	* �# #* 	** �** #** 	***#)��� *$	�	stuvtwxtuvwty *$	#
stuvzzxtuv{ty *$	&%stuv|txtu}zvy *$�"�stuv~{xtu}|wy *$�%�stu}}~xtuzw}y *$"	"stu}�vxtuz~�y *$"
�stu}|vxtuw�}y *$"�
stu}{~xtu�v�y *$
"�stuzvtxtu�t{y *$
��stuz}zxtu�{�y	*)��� *$	%"stuv�txtu}tvy *$��	stuv~vxtu}�{y *$��"stu}wwxtuzzvy *$""�stu}{wxtuz~zy *$"&&stuz}{xtuw~ty *$

&stuz�txtu���y *$
&&stuz{~xtu�w{y *$##	stuwv�xtu|z{y *$�	&stuwwwxtu{|vy *$�%	stuw�zxtu~{zy	#)��� *$�*&stuv{vxtu}wzy *$��%stu}zvxtuzv}y *$"
�stu}~�xtuwtty *$
*�stuzwwxtuw|�y *$
��stuz~�xtu�~zy *$#
"stuwz�xtu�{�y *$�*
stuw|txtu|{wy *$���stu�t}xtu{~zy *$%
&stu�z{xvut�y *$�	�stu��txvuv~y"*)��� *$�&#stu}��xtuzwzy *$"%%stuz}�xtuwz~y *$
��stuwv�xtu��wy *$#�%stuw{wxtu�|ty *$��*stu��~xtu{z�y *$%��stu�vwxtu~��y *$�#�stu��zxvuvty *$&"&stu|t{xvu}�y 	$*�stu|�{xvuw{y 	$	
stu|~txvu�{y�*)��� *$
�*stuz�wxtuw~ty *$#"%stuw��xtu�}|y *$���stu�~zxtu{t�y *$�*�stu�~vxtu~��y *$&%*stu|~|xvuv~y 	$*&stu{|�xvuz{y 	$�	stu~w�xvu�{y 	$"
svutvxvu{ty 	$#*svut{x}uv}y 	$�"svuvzx}uz~y�)�� *$�
�stu��}xtu|��y *$�	*stu|tvxtu~w�y 	$*	stu{|wxvuv{y 	$	%svuttxvuz{y 	$"%svuvzxvu�~y 	$#�svu}}xvu~}y 	$�%svuztx}uv�y 	$�	svuz�x}uwzy �$**svuwwx}u{vy �$	
svuw|xzuvzy")�� *$��%stu|v|xtu~�wy 	$*"stu{~vxvu}ty 	$��svuvtxvuw~y 	$
%svu}�xvu|zy 	$%	svuwtx}uvty 	$��svu�vx}uz|y �$*#svu�tx}u��y �$��svu�|x}u~|y �$
"svu|wxzuw}y �$#�svu|{xzu|{y�)�� 	$	�svutvxvuz�y 	$
#svu}�xvu�~y 	$%&svu�wx}ut~y �$*
svu|wx}uwvy �$"�svu~wx}u~vy �$#&s}ut{xzu}|y �$�	s}uv~xzu�wy "$*�s}u}|xwutwy "$��s}uz�xwu�}y "$
�s}uwtx�ut~y	�)�� 	$
�svu}{xvu|zy 	$��svu�vx}uv|y �$"�s}uttx}u|}y �$��s}u}~xzuv�y "$	"s}u�|xzu{�y "$
�s}u||xwuz�y "$%%s}u~wxwu{~y 
$*�szut{x�uw|y 
$
�szu}}x�uzty 
$%%szu}~x�u~{y�
)�� 	$�#svu�~x}ut�y �$"
s}uv�x}u�vy �$&&s}u|zxzuzwy "$#*szuv|xzu~wy 
$	&szu�{xwu{|y 
$%	swut�x�u�{y #$��swuwtx�uzwy #$%#swu|vx|uv�y �$
�s�ut~x{uz�y �$&&s�uzzx~uz�y�)!�n �$�#s}ut�x}u�vy �$&*s}u��xzu}zy "$%
szuw}xwuv{y 
$

swut}x�utty #$"�swu|}x�u}�y �$		s�u}�x|u}wy �$�#s�u|�x{uzty %$��s�u}wx~uw{y �$��s�u{zxvvu}y &$
�s|u}zxv}u|y")!�n �$#�s}uz�x}u{|y "$"
szut�xzu|}y 
$"#szu~|xwu{�y #$	�swu�~x�u{zy �$""s�u��x|uz�y %$��s�u}}x{u��y �$	#s�u{�x~u{{y &$		s|uw|xvvuzy 	*$
s{u}zxvzu�y 		$#s{u|�xv�uwy
)!�n �$�*s}u��xzuv}y "$�
szuzzxwut�y 
$%�swuz�x�uz}y #$%*s�uv�x�uw}y �$&&s�uvwx{uvzy �$*	s�u~tx~u�ty &$*%s|u�zxvvuty 	*$�s{uzwxv}u|y 		$%s~u}zxv�u}y 	�$&s~u{|xv|uzy%)!�n "$"*szut}xzu�|y 
$"	szu~wxwu{ty #$�%s�uv{x�uzwy �$��s�uv{x|u�{y �$
"s|uwtx~u{ty &$%	s{uz�xvvu�y 		$	s~uztxvzuwy 	�$#svtu}xv�u�y 	
$#svvuwxv{u|y 	�$	sv}uzx}vu�y	*)!�n "$%�szuwtxwuvwy 
$�%swuw�x�uwzy �$

s�u{|x|uv~y %$%�s|utzx{u|wy &$��s{uw�xvvu}y 		$	s~u�|xvzu}y 	�$%svtu|xv�uwy 	
$
svvu{xv|u~y 	�$%svzu}x}vu�y 	�$�svwu}x}wu~y�*)!�n 
$%�swuz�x�uzty �$�&s�u|�x|ut}y �$"�s|u��x~uz|y 	*$	s~uv~xvvuwy 	�$�svvuvxvwu|y 	
$�sv}u�xv|uwy 	�$�svwuvx}tuzy 	&$*sv�u�x}zu|y ��$�sv|u�x}{u|y �
$�sv{u~xzzuvy"*)!�n #$��s�uzwx�uw{y %$%	s|ut�x{u�ty 	*$"s~uz{xvvu�y 	�$#svvuzxvwuty 	#$#svzu�xv{uty 	�$*sv�u�x}vuzy �*$�sv|uzx}wu~y �"$"sv~uvx}~uty �%$�s}vuwxz�u}y "*$"s}zuvxwtu�y
#)!�n %$*�s�uwwx|u{}y &$�&s{u�txvtuwy 	�$
svvuzxvzu{y 	
$&svzu�xv�u{y 	�$�sv�uzx}vu�y �	$#sv{u�x}�uwy �
$#s}tu�x}~u|y �%$%s}}u|xzwu�y "�$�s}�uwxwvu|y "#$&s}|uwxw{uty�*)!�n �$��s|u�{x~u}}y 	*$&s~u~|xv}uvy 	
$
svzu}xv�uvy 	%$
sv�u|xv~u�y �	$#sv{u~x}�uty �
$�s}vuzx}~uwy ��$�s}zu|xzwu}y "	$�s}�uvxz~u�y "�$&s}~uvxw|u|y 
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Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

107 Beaches 9.3 8.4%

143 Gazos-Lodo clay loams, 
15 to 30 percent 
slopes

C 27.2 24.7%

144 Gazos-Lodo clay loams, 
30 to 50 percent 
slopes

C 1.9 1.7%

155 Lopez very shaly clay 
loam, 9 to 30 percent 
slopes

D 0.1 0.1%

156 Lopez very shaly clay 
loam, 30 to 75 percent 
slopes

D 7.3 6.6%

177 Nacimiento silty clay 
loam, 15 to 30 percent 
slopes

C 0.5 0.4%

221 Xererts-Xerolls-Urban 
land complex, 0 to 15 
percent slopes

35.9 32.6%

223 Xerorthents, escarpment 1.4 1.3%

300 Corducci and Typic 
Xerofluvents, 0 to 5 
percent slopes, 
occasionally flooded, 
MLRA 14

A 19.3 17.6%

Totals for Area of Interest 110.1 100.0%

Hydrologic Soil Group—San Luis Obispo County, California, Coastal Part

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

4/25/2024
Page 3 of 4



Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are 
assigned to one of four groups according to the rate of water infiltration when the 
soils are not protected by vegetation, are thoroughly wet, and receive 
precipitation from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and 
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when 
thoroughly wet. These consist mainly of deep, well drained to excessively 
drained sands or gravelly sands. These soils have a high rate of water 
transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These 
consist chiefly of moderately deep or deep, moderately well drained or well 
drained soils that have moderately fine texture to moderately coarse texture. 
These soils have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist 
chiefly of soils having a layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These soils have a slow rate of 
water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when 
thoroughly wet. These consist chiefly of clays that have a high shrink-swell 
potential, soils that have a high water table, soils that have a claypan or clay 
layer at or near the surface, and soils that are shallow over nearly impervious 
material. These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is 
for drained areas and the second is for undrained areas. Only the soils that in 
their natural condition are in group D are assigned to dual classes.

Rating Options

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher

Hydrologic Soil Group—San Luis Obispo County, California, Coastal Part

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

4/25/2024
Page 4 of 4
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C-1 Curve Number Calculations 
  



Appendix C1: Curve Number Calculations 8/13/2024

Composite Curve Number Calculations
Project: Avila Beach Drainage

Updated: 5/31/2024

Curve Numbers
Hydrologic Soil Curve

Land Cover Group (HSG) Number, CN
C 90 (TR-55, Table 2-2a: Residential 1/8 acre)
D 92 (TR-55, Table 2-2a: Residential 1/8 acre)
C 94 (TR-55, Table 2-2a: Urban districts; commercial and business)
D 95 (TR-55, Table 2-2a: Urban districts; commercial and business)
C 98 (TR-55, Table 2-2a: Impervious areas; paved parking lots, roofs, driveways etc)
D 98 (TR-55, Table 2-2a: Impervious areas; paved parking lots, roofs, driveways etc)
C 79 (TR-55, Table 2-2a: Open space; fair condition)
D 84 (TR-55, Table 2-2a: Open space; fair condition)

Total
Area, A  (ft^2)

1,163,340

Low-density High-density Impervious Open Space Low-density High-density Impervious Open Space
158,444.59 26,366.05 51645.42768 54507.925 142,639.25 235,731.80 464808.849 29195.787

Low-density High-density Impervious Open Space Low-density High-density Impervious Open Space
3.64 0.61 1.19 1.25 3.27 5.41 10.67 0.67

Composite Curve Numbers
Total Total Percent Composite Curve

Sub-basin Area, A  (ac) Area, A  (sq. mi.) Developed Number, CN
Avila 26.71 0.042 92.8% 94.23

References
1. NRCS. 1986. TR-55: Urban Hydrology for Small Watersheds.

HSG D
Area by HSG and Land Cover (ac)

Low Density Developed

Open Space

High Density Developed

Impervious

HSG C

HSG C HSG D
Area by HSG and Land Cover (ft^2)

Calculation Description
Composite curve numbers are calculated by using the Area 
Weighted Average method as follows:

\\ghdnet\ghd\US\San Luis Obispo\Projects\561\12596287\Tech\H&H\Hydrology\12596287-CAL-Hydrology Calcs-SCS Hydrograph Method.xlsx   GHD | County of San Luis Obispo | 12596287 | Feasibility Study          1/1
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Appendix C2: Time of Concentration Calculations 8/13/2024

Time of Concentration Calculation
Project: Avila Beach Drainage

Updated: 6/6/2024

2120.1 *see drainage map
0.4

86.0 *based on LiDAR data
1.8 *based on MBS topo map, invert elevation of outlet

84.2
0.2
9.8
5.9 *Taken as 0.6 times Tc

Time of concentration calculated based on SLO County Department of Public Works 
Standard Drawing H-2. See: \\ghdnet\ghd\US\San Luis 
Obispo\Projects\561\12596287\Tech\H&H\Hydrology\1256287-ToC.pdf

Calculation Description

Length of Flowpath, L (ft)

Upstream Elevation (ft)

Lag time (min)

Downstream Elevation (ft)
H (ft)

Tc (hrs)

Length of Flowpath, L (mi)

Tc (min)

\\ghdnet\ghd\US\San Luis Obispo\Projects\561\12596287\Tech\H&H\Hydrology\12596287-CAL-Hydrology Calcs-SCS Hydrograph Method.xlsx

  GHD | County of San Luis Obispo | 12596287 | Feasibility Study          1/1
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Preliminary Pump Station Design 

Calculations 
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Avila Beach Stom Drain Pump Station
System and Pump Curves

System Curve - 1 Pump
System Curve - 2 Pumps
Pump Curve - 1 Pump
Pump Curve - 2 Pumps
Pump Efficiency

System Curves with
Wet Well WSE = 7.0' (Max. Ponding)
Outlet = 7.25' (center line of pipe)

System Curves with
Wet Well WSE = 3' (Pump Off)
Outlet = 15' (100-yr Max.)



Pump Station Feasibility Study Appendix D 10/23/2024

Parking Lot and Swale Stage-Area Curve

Contour (ft) Area (sf) Source
-3.0 100
4.0 100
4.5 1,025
5.0 3,592
5.5 6,019
6.0 12,234
6.5 38,747
7.0 114,262
7.5 183,901

Small area used to 
represent the wet well

MBS Topo

\\ghdnet\ghd\US\San Luis Obispo\Projects\561\12596287\Tech\H&H\Hydrology\12596287-TBL-Parking Lot Contour 
Areas.xlsx



Pump Station Hydrologic Model Output
10-year Storm with Free Discharge Condition at Outfall



Pump Station Hydrologic Model Output
25-year Storm with Free Discharge Condition at Outfall



Pump Station Hydrologic Model Output
50-year Storm with Free Discharge Condition at Outfall



Pump Station Hydrologic Model Output
100-year Storm with Free Discharge Condition at Outfall



Pump Station Hydrologic Model Output
10-year Storm with Tailwater Elevation of 15.0' at Outfall



Pump Station Hydrologic Model Output
25-year Storm with Tailwater Elevation of 15.0' at Outfall



Pump Station Hydrologic Model Output
50-year Storm with Tailwater Elevation of 15.0' at Outfall



Pump Station Hydrologic Model Output
100-year Storm with Tailwater Elevation of 15.0' at Outfall



10/23/2024 11:26 am10/23/2024 11:10 am

Pump Station Hydrologic Model Output
25-year Storm with Free Discharge Condition at Outfall 
5.5 ft Initial Water Surface Elevation



Pump Station Hydrologic Model Output
25-year Storm with Tailwater Elevation of 15.0' at Outfall 
5.5 ft Initial Water Surface Elevation

10/23/2024 11:10 am



74.0  -  7/1/2024 (Build 136)

Program version Data version

8/9/2024 14:06 A8P8

User group(s)

Xylem: USA - EXT

40 °C

Patented self cleaning semi-open channel impeller, ideal for pumping in
waste water applications. Modular based design with high
adaptation grade.

Head

816 394mm

79.7%

0
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4
6
8
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32
34
36
38
40
42
44
46
48
50
52
[ft]

0 100 200 300 400 500 600 [l/s]

NP 3301 LT 3~ 816

394 mm

Number of blades
2

Technical specification

P - Semi permanent, Wet

Configuration

14 inch

Impeller diameter
394 mm

Discharge diameter
14 inch

Motor number Installation type
N3301.185 35-29-8AA-W
60hp

Inlet diameter

Maximum operating speed
885 rpm

Material

Curves according to:

Pump information

Discharge diameter

350 mm

Impeller diameter

Impeller
Hard-Iron ™

Water, pure [100%],39.2 °F,62.42 lb/ft³,1.6891E-5 ft²/s

Curve: ISO 9906

Max. fluid temperature

Water, pure
 

Nominal (mean) data shown. Under- and over-performance from this data should 
be expected due to standard manufacturing tolerances.
Please consult your local Flygt representative for performance guarantees.

0
Avila Beach SD Pump Station

8/16/2024Last updateCreated on 8/16/2024
Seth StevensCreated byProject

Block



74.0  -  7/1/2024 (Build 136)

Program version Data version

8/9/2024 14:06 A8P8

User group(s)

Xylem: USA - EXT

NP 3301 LT 3~ 816
Technical specification
Motor - General

Frequency Rated voltage

Rated powerRated speed

Rated current

380 V

60 hp885 rpm

99 A

3~N3301.185 35-29-8AA-W
60hp

Phases

Total moment of inertia
34.9 lb ft²

Power factor - 1/1 Load
0.76

0.71

0.59

90.5 %

91.0 %

90.5 %

ATEX approved

60 Hz

Number of poles
8

Stator variant
6

Insulation class
H

Type of Duty

Motor - Technical

Power factor - 3/4 Load

Power factor - 1/2 Load

Motor efficiency - 1/1 Load

Motor efficiency - 3/4 Load

Motor efficiency - 1/2 Load

Starting current, direct starting

Starting current, star-delta

555 A

185 A

S1

Starts per hour max.
30

No

Version code
185

Motor number

0
Avila Beach SD Pump Station

8/16/2024Last updateCreated on 8/16/2024
Seth StevensCreated byProject

Block



74.0  -  7/1/2024 (Build 136)

Program version Data version

8/9/2024 14:06 A8P8

User group(s)

Xylem: USA - EXT

NP 3301 LT 3~ 816
Performance curve
Duty point

20.2 ft458 l/s
HeadFlow

Curves according to:
Head

Overall Efficiency
Efficiency

Power input P1
Shaft power P2

NPSHR-values

816 394mm

79.7%

 20.2 ft

 74.7 %

 68.1 %

 49.7 hp

 20.7 ft

 457.98 l/s

 54.4 hp

816 394mm

 20.2 ft

 74.7 %

 68.1 %

 49.7 hp

 20.7 ft

 457.98 l/s

 54.4 hp

816 394mm

 20.2 ft

 74.7 %

 68.1 %

 49.7 hp

 20.7 ft

 457.98 l/s

 54.4 hp

816 394mm (P2)

 20.2 ft

 74.7 %

 68.1 %

 49.7 hp

 20.7 ft

 457.98 l/s

 54.4 hp

816 394mm (P1)

 20.2 ft

 74.7 %

 68.1 %

 49.7 hp

 20.7 ft

 457.98 l/s

 54.4 hp

816 394mm

 20.2 ft

 74.7 %

 68.1 %

 49.7 hp

 20.7 ft

 457.98 l/s

 54.4 hp

0
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[ft]

0 40 80 120 160 200 240 280 320 360 400 440 480 520 560 600 640 [l/s]

Water, pure [100%],39.2 °F,62.42 lb/ft³,1.6891E-5 ft²/s

Curve: ISO 9906

Water, pure

0
Avila Beach SD Pump Station

8/16/2024Last updateCreated on 8/16/2024
Seth Stevens
8/16/2024

Nominal (mean) data shown. Under- and over-performance from this data should be expected due to standard manufacturing tolerances.
Please consult your local Flygt representative for performance guarantees.



74.0  -  7/1/2024 (Build 136)

Program version Data version

8/9/2024 14:06 A8P8

User group(s)

Xylem: USA - EXT

l/s

Pumps / Flow Head Shaft power Flow Head Shaft power Hydr.eff. Spec. Energy NPSHre
Systems

2  /  1 458 20.2 49.7 916 20.2 99.3 74.7 % 93.2 20.7
1  /  1 526 14.7 47.4 526 14.7 47.4 65.4 % 77.3 22.7

l/s

NP 3301 LT 3~ 816
Duty Analysis

Curves according to: Water, pure [100%] ; 39.2°F; 62.42lb/ft³; 1.6891E-5ft²/s

Head

55 Hz55 Hz

79.7%

50 Hz50 Hz

79.7%

45 Hz45 Hz

79.7%

40 Hz40 Hz

79.7%

816 394mm [Pump 1+2]816 394mm [Pump 1]

79.7%

 20.2 ft

 915.95 l/s
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Operating characteristics

kWh/US MGf t hp l/s f t hp f t

Nominal (mean) data shown. Under- and over-performance from this data should be expected due to standard manufacturing tolerances.
Please consult your local Flygt representative for performance guarantees.

Avila Beach SD Pump Station 8/16/2024Last updateCreated on 8/16/2024
Seth StevensCreated byProject

Block



74.0  -  7/1/2024 (Build 136)

Program version Data version

8/9/2024 14:06 A8P8

User group(s)

Xylem: USA - EXT

Head

Overall Eff iciency
Eff iciency

Pow er input P1
Shaft pow er P2

NPSHR-values

55 Hz55 Hz

79.7%

50 Hz50 Hz

79.7%

45 Hz45 Hz

79.7%

40 Hz40 Hz

79.7%

816 394mm [Pump 1+2]816 394mm [Pump 1]

79.7%

55 Hz55 Hz 50 Hz50 Hz 45 Hz45 Hz 40 Hz40 Hz 816 394mm [Pump 1+2]816 394mm [Pump 1] 55 Hz55 Hz 50 Hz50 Hz 45 Hz45 Hz 40 Hz40 Hz 816 394mm [Pump 1+2]816 394mm [Pump 1]
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816 394mm [Pump 1] (P2)
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NP 3301 LT 3~ 816
VFD Curve

Curves according to: ,39.2 °F,62.42 lb/ft³,1.6891E-5 ft²/s

Curve: ISO 9906

Water, pure

0
Avila Beach SD Pump Station

8/16/2024Last updateCreated on 8/16/2024
Seth StevensCreated byProject

Block

Nominal (mean) data shown. Under- and over-performance from this data should be expected due to standard manufacturing tolerances.
Please consult your local Flygt representative for performance guarantees.



74.0  -  7/1/2024 (Build 136)

Program version Data version

8/9/2024 14:06 A8P8

User group(s)

Xylem: USA - EXT

Head

55 Hz55 Hz

79.7%

50 Hz50 Hz

79.7%

45 Hz45 Hz

79.7%

40 Hz40 Hz

79.7%

816 394mm [Pump 1+2]816 394mm [Pump 1]

79.7%

 20.2 ft

 915.95 l/s

 Specif ic energy
 [kWh/US MG]

 64.9 kWh/US MG

 93.3 kWh/US MG

 41.4 Hz
 463.03 l/s
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1

NP 3301 LT 3~ 816
VFD Analysis

Curves according to: Water, pure [100%] ; 39.2°F; 62.42lb/ft³; 1.6891E-5ft²/s

ft

Pumps / Frequency Flow Head Shaft power Flow Head Shaft power Hydr.eff. Specific energy NPSHre
Systems

2  /  1 60 Hz 458 20.2 49.7 916 20.2 99.3 74.7 % 93.2 20.7
2  /  1 55 Hz 402 18.3 38.6 804 18.3 77.2 76.5 % 82.6 17.8
2  /  1 50 Hz 344 16.6 29.3 689 16.6 58.5 78.3 % 73.6 15.1
2  /  1 45 Hz 283 15.1 21.5 565 15.1 43 79.6 % 67 12.7

ft

Operating Characteristics

kWh/US MGl/s ft hp l/s hp ft

Water, pure [100%] ; 39.2°F; 62.42lb/ft³; 1.6891E-5ft²/s
 

Nominal (mean) data shown. Under- and over-performance from this data should be expected due to standard manufacturing tolerances.
Please consult your local Flygt representative for performance guarantees.

Avila Beach SD Pump Station
8/16/2024Last updateCreated on 8/16/2024

Seth StevensCreated byProject
Block 0



74.0  -  7/1/2024 (Build 136)

Program version Data version

8/9/2024 14:06 A8P8

User group(s)

Xylem: USA - EXT

Head
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50 Hz50 Hz
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816 394mm [Pump 1+2]816 394mm [Pump 1]

79.7%

 20.2 ft

 915.95 l/s

 Specif ic energy
 [kWh/US MG]

 64.9 kWh/US MG

 93.3 kWh/US MG

 41.4 Hz
 463.03 l/s
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1

NP 3301 LT 3~ 816
VFD Analysis

Curves according to: Water, pure [100%] ; 39.2°F; 62.42lb/ft³; 1.6891E-5ft²/s

ft

Pumps / Frequency Flow Head Shaft power Flow Head Shaft power Hydr.eff. Specific energy NPSHre
Systems

2  /  1 40 Hz 209 13.7 15 419 13.7 30 76.8 % 65.4 10.7
1  /  1 60 Hz 526 14.7 47.4 526 14.7 47.4 65.4 % 77.3 22.7
1  /  1 55 Hz 459 14.1 37.2 459 14.1 37.2 69.5 % 69.8 18.9
1  /  1 50 Hz 389 13.5 28.6 389 13.5 28.6 73.7 % 63.7 15.6

ft

Operating Characteristics

kWh/US MGl/s ft hp l/s hp ft

Water, pure [100%] ; 39.2°F; 62.42lb/ft³; 1.6891E-5ft²/s
 

Nominal (mean) data shown. Under- and over-performance from this data should be expected due to standard manufacturing tolerances.
Please consult your local Flygt representative for performance guarantees.

Avila Beach SD Pump Station
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74.0  -  7/1/2024 (Build 136)

Program version Data version

8/9/2024 14:06 A8P8

User group(s)

Xylem: USA - EXT

Head
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1

NP 3301 LT 3~ 816
VFD Analysis

Curves according to: Water, pure [100%] ; 39.2°F; 62.42lb/ft³; 1.6891E-5ft²/s

ft

Pumps / Frequency Flow Head Shaft power Flow Head Shaft power Hydr.eff. Specific energy NPSHre
Systems

1  /  1 45 Hz 318 13 21.3 318 13 21.3 77.7 % 59.1 12.8
1  /  1 40 Hz 238 12.6 15.1 238 12.6 15.1 79.5 % 57.7 10.6

ft

Operating Characteristics

kWh/US MGl/s ft hp l/s hp ft

Water, pure [100%] ; 39.2°F; 62.42lb/ft³; 1.6891E-5ft²/s
 

Nominal (mean) data shown. Under- and over-performance from this data should be expected due to standard manufacturing tolerances.
Please consult your local Flygt representative for performance guarantees.

Avila Beach SD Pump Station
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Program version Data version

8/9/2024 14:06 A8P8

User group(s)

Xylem: USA - EXT

NP 3301 LT 3~ 816
Dimensional drawing
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* Only applicable for intermittent duty.
  Consult the IOM for more info.
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Appendix E  
Concept Plan and Profile Drawings 
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NOTES:
1. ALL ELEVATIONS ARE IN NAVD88 (FT).
2. PARCEL BOUNDARIES PROVIDED BY PARCEL QUEST FOR SLO COUNTY.
3. EXISTING STORM DRAIN ELEVATIONS ARE FROM 2024 MBS SURVEY.
4. UTILITY LOCATIONS APPROXIMATED FROM SLO COUNTY RECORD DRAWINGS AND 2024 MBS SURVEY. THESE LOCATIONS ARE TO BE

POTHOLED FOR AT 60% DESIGN.
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NOTES:
1. ALL ELEVATIONS ARE IN NAVD88 (FT).
2. EXISTING GROUND SURFACE GENERATED FROM 2024 MBS SURVEY.
3. EXISTING STORM DRAIN ELEVATIONS ARE FROM 2024 MBS SURVEY, UNLESS NOTED OTHERWISE.
4. UTILITY LOCATIONS APPROXIMATED FROM SLO COUNTY RECORD DRAWINGS AND 2024 MBS SURVEY. THESE LOCATIONS ARE TO BE

POTHOLED FOR AT 60% DESIGN.

1 PROPOSED FORCE MAIN PROFILE
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NOTES:
1. ALL ELEVATIONS ARE IN NAVD88 (FT).
2. PARCEL BOUNDARIES PROVIDED BY PARCEL QUEST FOR SLO COUNTY.
3. EXISTING STORM DRAIN ELEVATIONS ARE FROM 2024 MBS SURVEY.
4. UTILITY LOCATIONS APPROXIMATED FROM SLO COUNTY RECORD DRAWINGS AND 2024 MBS SURVEY. THESE LOCATIONS ARE TO BE

POTHOLED FOR AT 60% DESIGN.
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1 ALTERED GRAVITY LINE PROFILE
SCALE H: 1" = 40', V: 1" = 5'

2 PROPOSED FORCE MAIN PROFILE
SCALE H: 1" = 40', V: 1" = 5'

NOTES:
1. ALL ELEVATIONS ARE IN NAVD88 (FT).
2. EXISTING GROUND SURFACE GENERATED FROM 2024 MBS SURVEY.
3. EXISTING STORM DRAIN ELEVATIONS ARE FROM 2024 MBS SURVEY, UNLESS NOTED OTHERWISE.
4. UTILITY LOCATIONS APPROXIMATED FROM SLO COUNTY RECORD DRAWINGS AND 2024 MBS SURVEY. THESE LOCATIONS ARE TO BE

POTHOLED FOR AT 60% DESIGN.
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8/15/2024

ALTERNATIVE 5A -
FRONT STREET OUTLET VIA SAN JUAN

STREET CONCEPTUAL PLAN

0 100'50'

N

NOTES:
1. ALL ELEVATIONS ARE IN NAVD88 (FT).
2. PARCEL BOUNDARIES PROVIDED BY PARCEL QUEST FOR SLO COUNTY.
3. EXISTING STORM DRAIN ELEVATIONS ARE FROM 2024 MBS SURVEY, UNLESS NOTED OTHERWISE.
4. UTILITY LOCATIONS APPROXIMATED FROM SLO COUNTY RECORD DRAWINGS AND 2024 MBS SURVEY. THESE LOCATIONS ARE TO BE POTHOLED

FOR AT 60% DESIGN.
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FIGURE E6

8/15/2024

ALTERNATIVE 5A -
FRONT STREET OUTLET VIA SAN JUAN

STREET CONCEPTUAL PROFILE
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SCALE H: 1" = 60', V: 1" = 7.5'

NOTES:
1. ALL ELEVATIONS ARE IN NAVD88 (FT).
2. EXISTING GROUND SURFACE GENERATED FROM 2024 MBS SURVEY UNLESS NOTED OTHERWISE.
3. EXISTING GROUND SURFACE OUTSIDE OF MBS SURVEY EXTENTS GENERATED FROM FEMA 2018 LIDAR DATA. THIS DATA HAS NOT BEEN

VERIFIED.
4. EXISTING STORM DRAIN ELEVATIONS ARE FROM 2024 MBS SURVEY, UNLESS NOTED OTHERWISE.
5. UTILITY LOCATIONS APPROXIMATED FROM SLO COUNTY RECORD DRAWINGS AND 2024 MBS SURVEY. THESE LOCATIONS ARE TO BE

POTHOLED FOR AT 60% DESIGN.
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FIGURE E7
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NOTES:
1. ALL ELEVATIONS ARE IN NAVD88 (FT).
2. PARCEL BOUNDARIES PROVIDED BY PARCEL QUEST FOR SLO COUNTY.
3. STORM DRAIN ELEVATIONS ARE FROM 2024 MBS SURVEY, UNLESS NOTED OTHERWISE.
4. UTILITY LOCATIONS APPROXIMATED FROM SLO COUNTY RECORD DRAWINGS AND 2024 MBS SURVEY. THESE LOCATIONS ARE TO BE

POTHOLED FOR AT 60% DESIGN.
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ALTERNATIVE 5B -
FRONT STREET OUTLET VIA SAN JUAN
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SCALE H: 1" = 60', V: 1" = 7.5'

NOTES:
1. ALL ELEVATIONS ARE IN NAVD88 (FT).
2. EXISTING GROUND SURFACE GENERATED FROM 2024 MBS SURVEY UNLESS NOTED OTHERWISE.
3. EXISTING GROUND SURFACE OUTSIDE OF MBS SURVEY EXTENTS GENERATED FROM FEMA 2018 LIDAR DATA. THIS DATA HAS NOT BEEN

VERIFIED.
4. EXISTING STORM DRAIN ELEVATIONS ARE FROM 2024 MBS SURVEY, UNLESS NOTED OTHERWISE.
5. UTILITY LOCATIONS APPROXIMATED FROM SLO COUNTY RECORD DRAWINGS AND 2024 MBS SURVEY. THESE LOCATIONS ARE TO BE

POTHOLED FOR AT 60% DESIGN.
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FIGURE E9

8/15/2024

ALTERNATIVE 6A -  FRONT STREET
OUTLET VIA SAN FRANCISCO STREET

(NEW OUTLET) CONCEPTUAL PLAN

0 80'40'20'

N

NOTES:
1. ALL ELEVATIONS ARE IN NAVD88 (FT).
2. PARCEL BOUNDARIES PROVIDED BY PARCEL QUEST FOR SLO COUNTY.
3. EXISTING STORM DRAIN ELEVATIONS ARE FROM 2024 MBS SURVEY.
4. UTILITY LOCATIONS APPROXIMATED FROM SLO COUNTY RECORD DRAWINGS AND 2024 MBS SURVEY. THESE LOCATIONS ARE TO BE POTHOLED

FOR AT 60% DESIGN.
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ALTERNATIVE 6A - FRONT STREET
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(NEW OUTLET) CONCEPTUAL PROFILE
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12596287COUNTY OF SAN LUIS OBISPO
AVILA BEACH FIRST STREET DRAINAGE

1 PROPOSED FORCE MAIN PROFILE - PUMP AT PIPE INTAKE
SCALE H: 1" = 50', V: 1" = 6.25'

NOTES:
1. ALL ELEVATIONS ARE IN NAVD88 (FT).
2. EXISTING GROUND SURFACE GENERATED FROM 2024 MBS SURVEY UNLESS NOTED OTHERWISE.
3. EXISTING GROUND SURFACE OUTSIDE OF MBS SURVEY EXTENTS GENERATED FROM FEMA 2018 LIDAR DATA. THIS DATA HAS NOT BEEN

VERIFIED.
4. EXISTING STORM DRAIN ELEVATIONS ARE FROM 2024 MBS SURVEY, UNLESS NOTED OTHERWISE.
5. UTILITY LOCATIONS APPROXIMATED FROM SLO COUNTY RECORD DRAWINGS AND 2024 MBS SURVEY. THESE LOCATIONS ARE TO BE

POTHOLED FOR AT 60% DESIGN.
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FIGURE E11

8/15/2024

ALTERNATIVE 6B - FRONT STREET
OUTLET VIA SAN FRANCISCO STREET

(NEW OUTLET) CONCEPTUAL PLAN
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N

NOTES:
1. ALL ELEVATIONS ARE IN NAVD88 (FT).
2. PARCEL BOUNDARIES PROVIDED BY PARCEL QUEST FOR SLO COUNTY.
3. EXISTING STORM DRAIN ELEVATIONS ARE FROM 2024 MBS SURVEY.
4. UTILITY LOCATIONS APPROXIMATED FROM SLO COUNTY RECORD DRAWINGS AND 2024 MBS SURVEY. THESE LOCATIONS ARE TO BE

POTHOLED FOR AT 60% DESIGN.
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FIGURE E12

12/4/2024

ALTERNATIVE 6B - FRONT STREET
OUTLET VIA SAN FRANCISCO STREET
(NEW OUTLET) CONCEPTUAL PROFILE

0 120'60'

1 PROPOSED FORCE MAIN PROFILE - PUMP IN PARKING LOT
SCALE H: 1" = 50', V: 1" = 7.5'

NOTES:
1. ALL ELEVATIONS ARE IN NAVD88 (FT).
2. EXISTING GROUND SURFACE GENERATED FROM 2024 MBS SURVEY UNLESS NOTED OTHERWISE.
3. EXISTING GROUND SURFACE OUTSIDE OF MBS SURVEY EXTENTS GENERATED FROM FEMA 2018 LIDAR DATA. THIS DATA HAS NOT

BEEN VERIFIED.
4. EXISTING STORM DRAIN ELEVATIONS ARE FROM 2024 MBS SURVEY, UNLESS NOTED OTHERWISE.
5. UTILITY LOCATIONS APPROXIMATED FROM SLO COUNTY RECORD DRAWINGS AND 2024 MBS SURVEY. THESE LOCATIONS ARE TO BE

POTHOLED FOR AT 60% DESIGN.
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Appendix F  

FlowMaster Results 
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F-1 Alternatives 3, 5A, and 6A Intake Weir Calculations 
 



Worksheet for Swale Intake Weir-5.5'
Project Description

DischargeSolve For

Input Data

ft5.50Headwater Elevation
ft5.00Crest Elevation
ft0.00Tailwater Elevation
ft^(1/2)/s2.65Weir Coefficient
ft22.5Crest Length

0Number Of Contractions

Results

cfs21.08Discharge

ft0.50
Headwater Height Above 
Crest

ft-5.00Tailwater Height Above Crest
ft²11.3Flow Area
ft/s1.87Velocity
ft23.5Wetted Perimeter
ft22.50Top Width

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

8/13/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution  
Center12596287-CALC-Hydraulics_MH.fm8

mhowell3
Text Box
*

mhowell3
Text Box
*

mhowell3
Text Box
*assume tailwater does not restrict weir flow



Worksheet for Swale Intake Weir-6.0'
Project Description

DischargeSolve For

Input Data

ft6.00Headwater Elevation
ft5.00Crest Elevation
ft0.00Tailwater Elevation
ft^(1/2)/s2.65Weir Coefficient
ft22.5Crest Length

0Number Of Contractions

Results

cfs59.63Discharge

ft1.00
Headwater Height Above 
Crest

ft-5.00Tailwater Height Above Crest
ft²22.5Flow Area
ft/s2.65Velocity
ft24.5Wetted Perimeter
ft22.50Top Width

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

8/13/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution  
Center12596287-CALC-Hydraulics_MH.fm8

mhowell3
Text Box
*

mhowell3
Text Box
*

mhowell3
Text Box
*assume tailwater does not restrict weir flow



 

GHD | County of San Luis Obispo | 12596287 | Feasibility Study 39 

This document is in draft form. The contents, including any opinions, conclusions or recommendations contained in, or which may be implied from, this draft document 
must not be relied upon. GHD reserves the right, at any time, without notice, to modify or retract any part or all of the draft document. To the maximum extent permitted by 
law, GHD disclaims any responsibility or liability arising from or in connection with this draft document. 

  

 

F-2 Alternative 4 Side Weir Calculations 
  



Worksheet for Alternative 4 Weir
Project Description

DischargeSolve For

Input Data

ft4.95Headwater Elevation
ft4.24Crest Elevation
ft0.00Tailwater Elevation
ft^(1/2)/s2.65Weir Coefficient
ft22.5Crest Length

0Number Of Contractions

Results

cfs35.67Discharge

ft0.71
Headwater Height Above 
Crest

ft-4.24Tailwater Height Above Crest
ft²16.0Flow Area
ft/s2.23Velocity
ft23.9Wetted Perimeter
ft22.50Top Width

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

8/13/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution  
Center12596287-CALC-Hydraulics_MH.fm8

mhowell3
Text Box
*

mhowell3
Text Box
*

mhowell3
Text Box
*assume tailwater does not restrict weir flow
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F-3 Alternative 6B Gravity Storm Drain and Intake Weir 
Calculations 

  



Worksheet for Alternative 6B Proposed Gravity SD
Project Description

Manning 
FormulaFriction Method

Full Flow 
CapacitySolve For

Input Data

0.014Roughness Coefficient
ft/ft0.002Channel Slope
in42.0Normal Depth
in42.0Diameter
cfs41.78Discharge

Results

cfs41.78Discharge
in42.0Normal Depth
ft²9.6Flow Area
ft11.0Wetted Perimeter
in10.5Hydraulic Radius
ft0.00Top Width
in24.1Critical Depth
%100.0Percent Full
ft/ft0.005Critical Slope
ft/s4.34Velocity
ft0.29Velocity Head
ft3.79Specific Energy

(N/A)Froude Number
cfs44.94Maximum Discharge
cfs41.78Discharge Full
ft/ft0.002Slope Full

UndefinedFlow Type

GVF Input Data

in0.0Downstream Depth
ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth
N/AProfile Description

ft0.00Profile Headloss
%0.0Average End Depth Over Rise
%0.0Normal Depth Over Rise
ft/s0.00Downstream Velocity
ft/s0.00Upstream Velocity
in42.0Normal Depth
in24.1Critical Depth
ft/ft0.002Channel Slope
ft/ft0.005Critical Slope

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

8/13/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution  
Center12596287-CALC-Hydraulics_MH.fm8

mhowell3
Rectangle



Worksheet for Alternaitve 6B Weir - 5.5'
Project Description

DischargeSolve For

Input Data

ft6.00Headwater Elevation
ft4.70Crest Elevation
ft0.00Tailwater Elevation
ft^(1/2)/s2.65Weir Coefficient
ft12.0Crest Length

0Number Of Contractions

Results

cfs47.13Discharge

ft1.30
Headwater Height Above 
Crest

ft-4.70Tailwater Height Above Crest
ft²15.6Flow Area
ft/s3.02Velocity
ft14.6Wetted Perimeter
ft12.00Top Width

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

8/13/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution  
Center12596287-CALC-Hydraulics_MH.fm8

mhowell3
Text Box
*

mhowell3
Text Box
*

mhowell3
Text Box
*assume tailwater does not restrict weir flow



Worksheet for Alternaitve 6B Weir - 6.0'
Project Description

DischargeSolve For

Input Data

ft5.50Headwater Elevation
ft4.70Crest Elevation
ft0.00Tailwater Elevation
ft^(1/2)/s2.65Weir Coefficient
ft12.0Crest Length

0Number Of Contractions

Results

cfs22.75Discharge

ft0.80
Headwater Height Above 
Crest

ft-4.70Tailwater Height Above Crest
ft²9.6Flow Area
ft/s2.37Velocity
ft13.6Wetted Perimeter
ft12.00Top Width

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

8/13/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution  
Center12596287-CALC-Hydraulics_MH.fm8

mhowell3
Text Box
*

mhowell3
Text Box
*

mhowell3
Text Box
*assume tailwater does not restrict weir flow
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Appendix G  
StormCAD Results 
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G-1 Alternatives 3, 5A, and 6A Existing Drainage System 
(Low Tailwater) StormCAD Results 



mhowell3
Image

mhowell3
Text Box
Alternative 3, 5A, 6A Existing Gravity System (Low Tailwater) StormCAD Profile

mhowell3
Image



FlexTable: Network Elements Table
Headloss

(ft)
Friction Slope

(ft/ft)
Slope 

(Calculated)
(ft/ft)

Length (Unified)
(ft)

Stop NodeStart NodeFlow
(cfs)

Station 
(Calculated)

(ft)

Label

0.123+19J-1
0.122+34MH-1

O-1
3+94H-1

0.130.0020.00284.8MH-1J-113.00SD-2
0.330.0070.00975.6J-1H-113.00SD-1
0.760.0020.002234.0O-1MH-113.00SD-3

Diameter
(in)

Headloss 
Coefficient 
(Standard)

Hydraulic Grade 
Line (Out)

(ft)

Invert (Stop)
(ft)

Hydraulic Grade 
Line (In)

(ft)

Invert (Start)
(ft)

Velocity
(ft/s)

0.6003.944.06
0.5003.693.81

4.964.96
36.03.812.263.942.433.86
36.04.062.564.393.246.68
36.02.941.793.692.263.86

Page 1 of 176 Watertown Road, Suite 2D  Thomaston, CT 06787  USA  +1-203-
755-1666

8/13/2024

StormCAD
[10.04.00.158]Bentley Systems, Inc.  Haestad Methods Solution Center12596287-CALC-Alternative3,5A,6A_Existing_20240813.stsw

mhowell3
Text Box
Alternative  3, 5A, and 6A Existing Drainage System (Low Tailwater) StormCAD Table



 

GHD | County of San Luis Obispo | 12596287 | Feasibility Study 43 

This document is in draft form. The contents, including any opinions, conclusions or recommendations contained in, or which may be implied from, this draft document 
must not be relied upon. GHD reserves the right, at any time, without notice, to modify or retract any part or all of the draft document. To the maximum extent permitted by 
law, GHD disclaims any responsibility or liability arising from or in connection with this draft document. 

 

 

G-2 Alternative 4 Proposed System (High Tailwater) 
StormCAD Results 



mhowell3
Image

mhowell3
Text Box
Alternative 4 Proposed System StormCAD Profile (High Tailwater)

mhowell3
Image



FlexTable: Network Elements Table
Headloss

(ft)
Friction Slope

(ft/ft)
Slope 

(Calculated)
(ft/ft)

Length (Unified)
(ft)

Stop NodeStart NodeFlow
(cfs)

Station 
(Calculated)

(ft)

Label

0.232+48J-1
0.191+63MH-1

O-1
3+24H-1

0.240.0030.00975.6J-1H-135.00SD-1
0.270.0030.00284.8MH-1J-135.00SD-2
0.520.0030.002163.2O-1MH-135.00SD-3

Diameter
(in)

Headloss 
Coefficient 
(Standard)

Hydraulic Grade 
Line (Out)

(ft)

Invert (Stop)
(ft)

Hydraulic Grade 
Line (In)

(ft)

Invert (Start)
(ft)

Velocity
(ft/s)

0.6005.936.16
0.5005.475.66

6.406.59
36.06.162.566.403.244.95
36.05.662.265.932.434.95
36.04.951.935.472.264.95

Page 1 of 176 Watertown Road, Suite 2D  Thomaston, CT 06787  USA  +1-203-
755-1666

8/13/2024

StormCAD
[10.04.00.158]Bentley Systems, Inc.  Haestad Methods Solution Center12596287-CALC-Alternative4_20240802.stsw

mhowell3
Text Box
Alternative  4 Proposed Drainage System (High Tailwater) StormCAD Table
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G-3 Alternative 4 Existing Drainage System (Low 
Tailwater) StormCAD Results 



mhowell3
Image

mhowell3
Text Box
Alternative 4 Existing Gravity System StormCAD Profile (Low Tailwater)

mhowell3
Image



FlexTable: Network Elements Table
Headloss

(ft)
Friction Slope

(ft/ft)
Slope 

(Calculated)
(ft/ft)

Length (Unified)
(ft)

Stop NodeStart NodeFlow
(cfs)

Station 
(Calculated)

(ft)

Label

0.193+25J-1
0.000+73MH-2
0.230+50MH-3
0.182+40MH-1

O-1
4+00H-1

-0.130.0030.00975.6J-1H-129.00SD-1
0.040.0020.00222.5MH-3MH-229.00CHAN
0.440.0040.00250.4O-1MH-329.00SD-4
0.170.0020.00284.8MH-1J-129.00SD-2
0.420.0020.002167.2MH-2MH-129.00SD-3

Diameter
(in)

Headloss 
Coefficient 
(Standard)

Hydraulic Grade 
Line (Out)

(ft)

Invert (Stop)
(ft)

Hydraulic Grade 
Line (In)

(ft)

Invert (Start)
(ft)

Velocity
(ft/s)

0.6005.025.21
0.0004.254.25
0.5003.984.21
0.5004.674.85

6.066.06
36.05.212.565.083.248.28

4.211.884.251.934.58
36.03.531.793.981.884.10
36.04.852.265.022.434.40
36.04.251.934.672.264.43
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G-4 Alternative 5B Proposed System (High Tailwater) 
StormCAD Results  
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FlexTable: Network Elements Table
Headloss

(ft)
Friction Slope

(ft/ft)
Slope 

(Calculated)
(ft/ft)

Length (Unified)
(ft)

Stop NodeStart NodeFlow
(cfs)

Station 
(Calculated)

(ft)

Label

0.231+20J-1
0.600+36DIV-MH

O-1
1+96H-1

0.270.0030.00284.8DIV-MHJ-135.00SD-2
0.240.0030.00975.6J-1H-135.00SD-1
0.270.0050.00535.5O-1DIV-MH35.00PROP-SD

Diameter
(in)

Headloss 
Coefficient 
(Standard)

Hydraulic Grade 
Line (Out)

(ft)

Invert (Stop)
(ft)

Hydraulic Grade 
Line (In)

(ft)

Invert (Start)
(ft)

Velocity
(ft/s)

0.6005.946.17
0.8005.075.67

6.416.60
36.05.672.265.942.434.95
36.06.172.566.413.244.95
36.04.802.885.073.066.92
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G-5 Alternative 5B Existing Drainage System (Low 
Tailwater) StormCAD Results  
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FlexTable: Network Elements Table
Headloss

(ft)
Friction Slope

(ft/ft)
Slope 

(Calculated)
(ft/ft)

Length (Unified)
(ft)

Stop NodeStart NodeFlow
(cfs)

Station 
(Calculated)

(ft)

Label

0.073+19J-1
0.062+34DIV-MH

O-1
3+94H-1

0.130.0020.00284.8DIV-MHJ-13.75SD-2
0.590.0090.00975.6J-1H-13.75SD-1
0.610.0020.002234.0O-1DIV-MH3.75SD-3

Diameter
(in)

Headloss 
Coefficient 
(Standard)

Hydraulic Grade 
Line (Out)

(ft)

Invert (Stop)
(ft)

Hydraulic Grade 
Line (In)

(ft)

Invert (Start)
(ft)

Velocity
(ft/s)

0.6003.193.26
0.5003.003.06

4.124.12
36.03.062.263.192.432.74
36.03.262.563.843.244.66
36.02.391.793.002.262.74
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G-6 Alternative 6B Existing Drainage System (Low 
Tailwater) StormCAD Results 
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FlexTable: Network Elements Table
Headloss

(ft)
Friction Slope

(ft/ft)
Slope 

(Calculated)
(ft/ft)

Length (Unified)
(ft)

Stop NodeStart NodeFlow
(cfs)

Station 
(Calculated)

(ft)

Label

0.103+19J-1
0.102+34MH-1

O-1
3+94H-1

0.120.0020.00284.8MH-1J-19.00SD-2
0.430.0080.00975.6J-1H-19.00SD-1
0.700.0020.002234.0O-1MH-19.00SD-3

Diameter
(in)

Headloss 
Coefficient 
(Standard)

Hydraulic Grade 
Line (Out)

(ft)

Invert (Stop)
(ft)

Hydraulic Grade 
Line (In)

(ft)

Invert (Start)
(ft)

Velocity
(ft/s)

0.6003.653.76
0.5003.443.53

4.654.65
36.03.532.263.652.433.50
36.03.762.564.193.246.01
36.02.741.793.442.263.51
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Attachment 1  

MBS Land Surveys Topographic Survey  
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Attachment 2  

ABCSD Storm Drain Atlas 
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Attachment 3  

England Geosystem Groundwater Profile 
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Attachment 4  

Effective FIRM and FIS Profile 
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