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1. Introduction 

Trinidad is a small, disadvantaged, coastal community that is located near one of California’s designated 
Areas of Special Biological Significance (ASBS). The City has been proactively working to comply with 
ASBS discharge requirements, which is a challenge for a small city with limited funds and high annual 
precipitation. The majority of the City drains directly or indirectly to the ASBS. The City’s single 
stormwater outfall is designated as priority discharge #TR1032 and discharges into the ASBS as shown 
on Figure A1, in Appendix A. The current system is designed to capture and convey runoff to the outfall 
and does not incorporate modern retention, treatment, or infiltration features. The City has completed 
comprehensive planning efforts, working with neighbors and area stakeholders to develop real solutions 
to these issues. Eventual implementation of all planned projects will allow the City to eliminate the 
stormwater outfall at the popular Launcher Beach thereby helping to protect the ASBS. 

Trinidad Bay is one of 34 ASBS ocean areas monitored and maintained for water quality by the State 
Water Resources Control Board. ASBS designated areas cover much of the length of California's coastal 
waters. They support an unusual variety of aquatic life and often host unique individual species. Trinidad 
Bay was designated as an ASBS in part because of the fluctuating presence of bull kelp (Nereocystis 
luetkeana), which are considered biologically significant in providing an ecological base for fish and 
invertebrate habitats by supplying food and shelter. All ASBS designated areas may be adversely 
affected by polluted stormwater discharges, which could damage their unique ecosystems. 

Currently the City's aging stormwater infrastructure still discharges untreated runoff into the ASBS at 
Launcher Beach. The current system is decades old with some sections not functioning as designed due 
to catch basins and pipes filled with sediment. There are several areas in the City where stormwater 
runoff is not collected in several areas and instead flows to open areas or in streets and gutters. The 
stormwater runoff then either infiltrates into the sandy soils or flows as overland surface flow, eventually 
reaching the ocean. The situation exacerbates erosion and transports sediment and potentially other 
contaminants into the ASBS. The approach to remedy this situation is focused on capturing stormwater 
runoff, conveying flow away from sensitive areas, treating it for constituents of concern, and then 
infiltrating the stormwater. This approach has already been implemented with two phases, including LID 
features on Trinity Street, Ocean Avenue, East Street, and Hector Street. 

Factors to consider when instituting stormwater infiltration are groundwater interactions with septic 
disposal fields within the City and location of infiltration systems with respect to potential influences on 
bluff stability. The focus of the City’s stormwater infiltration design is to capture water that would be 
directly or indirectly discharged to the ASBS. The captured stormwater is then conveyed away from 
sensitive areas where it is treated, stored, and infiltrated so that changes to the groundwater levels in 
sensitive areas is minimized. 

Gov. Jerry Brown declared a state of emergency for 50 California counties including Humboldt County 
that were drenched by December 2016 and January 2017 winter storms. The federal government 
declared a state of emergency for the same storm event helping California with support from FEMA. In 
Trinidad, the bluff adjacent to the Trinidad Memorial Lighthouse was affected by the storms and 
exhibited visual signs of slope instability with a fresh escarpment with fissures and slumping of the bluff 
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in the previously dormant landslide (per SHN’s March 24, 2017 report titled: “Preliminary Assessment of 
Current Slope Stability Conditions, Trinidad Memorial Lighthouse, Edwards Street, Trinidad’). As part of 
the City’s response, the City directed GHD to collect groundwater data from the City’s existing 
groundwater monitoring wells and use the new 2017 groundwater data to update the groundwater model 
with the goal of checking the model to see if the post-construction performance of the features 
implemented on Trinity and Ocean Avenue were performing as previously expected. The updated model 
would also provide the City with an updated existing conditions model for use in modeling future 
scenarios. As an outcome of this exercise, the City decided to not build one planned small LID feature on 
West Street as the model could not verify that the infiltrated stormwater from that project site would not 
end up at or near the slope instability adjacent to the Trinidad Memorial Lighthouse. The West Street LID 
project component was small and not a critical component of the overall stormwater project. The updated 
model indicated the two previous features implemented on Trinity and Ocean Avenue were performing 
as previously expected. 

The updated existing conditions model was then used to model the City’s remaining planned LID 
stormwater projects. The modifications to the model are described in detail in Section 4.2.3. 

As part of this overall stormwater management effort, the City plans to establish rules, zoning, or other 
guidance that encourages private property owners to create LID systems on their property that support 
the City’s overall stormwater objectives. LID systems capture, treat and slowly discharge stormwater 
runoff. LID features can either retain the stormwater and discharge to another disposal system (Bio 
Retention) or they can retain and infiltrate (Bio Infiltration) stormwater. The City wanted to determine 
locations within the City where Bio Retention is appropriate and where Bio Infiltration is appropriate. 

With the full implementation of the City’s planned LID stormwater projects modelled, the City next 
wanted to use the model to look to the future and model private implementation of LID systems. Working 
with the City Planner, potential future development based on current zoning was explored and input into 
the model. The modification to the model are described in detail in Section 4.2.4. 

The long-term goal of the Project implementation is to help protect the ASBS by making improvements to 
the stormwater drainage system, including implementation of Low Impact Development Best 
Management Practices (LID/BMPs). LID and BMPs will capture, treat, and infiltrate stormwater runoff 
from rainfall events, thereby minimizing stormwater pollutants that enter the ASBS. This addendum 
builds upon the Groundwater Model Technical Report (GHD 2013) completed as part of the City’s ASBS 
Stormwater Improvement Project. The objective of this document is to present and discuss additional 
groundwater modeling efforts that evaluated the proposed projects and different infiltration scenarios, 
share the model output and analysis, and convey how these modeled scenarios were used for the 
project.  

2. Approach  

The primary driving objective of the City’s stormwater improvements is to eliminate potential pollutants 
from entering the ASBS via the existing stormwater runoff. The City explored multiple options for 
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stormwater treatment, storage and disposal. With limited area available for storage and streams also 
discharging to the ASBS, the capture, treatment, and infiltration of stormwater runoff was selected.  

Prior to the implementation of the stormwater capture, treatment and infiltration projects, stormwater 
would either: 

• flow in a partially functioning collection system which directly discharged to the ASBS,  

• runoff impervious areas (roofs, streets, paved areas) and collect in puddles that directly 
infiltrated untreated runoff to groundwater, or  

• runoff impervious areas and flow as surface runoff over the bluffs and discharge to streams, 
ocean and the bay. 

To address these issues, the City’s infrastructure improvements have focused on capturing stormwater 
runoff from streets and paved areas, diverting existing stormwater system flows from ocean discharge, 
and route that stormwater to treatment and infiltration facilities. The design of the these systems focused 
on capturing runoff that was either infiltrating near or surface flowing over the bluffs and routing that 
water to treatment and infiltration areas further away from the bluffs. Additionally, the infiltration system is 
designed to capture and store stormwater runoff from high intensity rainfall and slowly allow the 
infiltration of that stormwater to minimize the impacts on groundwater levels that otherwise could affect 
bluff stability.  

When developing an approach to design treatment and infiltration options there are several constraints 
that need to be considered: required space for treatment and infiltration systems, groundwater influences 
on bluff stability, and infiltrated stormwater interacting with existing septic systems.  

• Required Space – treatment, storage and infiltration systems need to be located on City 
property where they can be operated and maintained by City staff. These facilities need to be 
located in regions that have the topologic characteristics that will allow stormwater to flow via 
gravity without the need for pumping as the costs associated with maintenance and operation of 
a pumped system would be prohibitive. This constraint limits the areas of the City’s streets and 
parking lots as potential treatment and infiltration areas. 

• Bluff Stability – the design of the infiltration systems focuses on infiltrating the stormwater at a 
location and at an infiltration rate that minimizes the changes in groundwater elevations in the 
sensitive areas near the bluffs. 

• Septic System Interactions – the infiltration of the treated stormwater may result in localized 
increases in groundwater elevations during and immediately after storm events. The infiltration 
systems must be located such that they do not cause localized groundwater elevations to raise 
to a level that could interact with septic systems. This results in location of infiltration areas 
sufficiently separated from existing septic system so that there are not groundwater interactions. 
These separation distances are consistent with the Humboldt County guidelines for septic 
system offsets and groundwater separation. 
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During the design process of the City’s stormwater system a 3-dimensional groundwater model was 
used to evaluate the various design scenarios with respect the design constraints. The resulting analysis 
and design resulted in the future elimination of the direct ocean discharge and the treatment and capture 
of up to a 50-year storm event. The runoff from privately owned parcels also contributes to the City’s 
total stormwater runoff. In an effort to mitigate and reduce overall stormwater runoff, the City wants to 
encourage private property owners to help do their part to help reduce stormwater runoff. Private 
property efforts to reduce stormwater may include: rain barrels, rain gardens, bio-swales, etc. These 
runoff mitigation efforts are commonly known as Low Impact Development (LID). A more thorough 
discussion of LID features may be found in the Humboldt County LID manual.  

In general, LID features capture stormwater runoff, allow for passive treatment, and either increase 
infiltration or store stormwater and slowly release it. LID features that treat and slowly release 
stormwater are referred to as Bioretention and features the treat and infiltrate to groundwater are 
referred to as Bioretention with infiltration. Bioretention with infiltration is described in the Humboldt 
County LID Stormwater Manual under “Runoff Reduction Measures” and “Site Design Measures”.  While 
the description in the LID Manual include features that infiltrate and those that retain but don’t infiltrate, 
this report segregates LID features into two categories: those that encourage infiltration and those that 
do not. These two types of LID features are discussed in more detail in Section 3 and in the Humboldt 
County LID manual (Appendix 3 Site Design Measures and Appendix 4 Bioretention). 

To help support the current projects and plan for the future, the City would like to develop policies that 
promote Bioretention and Bioretention with infiltration (discussed in Section 3) that are consistent with 
the stormwater system design constraints. To do this, areas within the City where Bioretention and 
Bioretention with infiltration need to be established as a Zoning map. The development of the LID Zoning 
Map incorporated information from the geotechnical study, modeled and observed (monitored) 
groundwater conditions, and input from City Staff.  

Once the LID Zoning map was drafted, the effects of the type of LID on the groundwater in each area 
was evaluated to demonstrate that it is consistent with the design constraints previously discussed. To 
demonstrate that the stormwater systems constraints are satisfied, the groundwater model is used to 
evaluate the potential effects LID features may have on groundwater and subsurface systems such as 
septic systems. Groundwater elevations under existing conditions were compared to different infiltrator 
configurations to determine the effects of infiltrating stormwater runoff. The groundwater model 
previously developed, calibrated, and verified was modified to evaluate the potential effects of future LID 
infiltrators. The hydrologic analysis and groundwater model development can be found in Sections 3 and 
4. In general, the intent of the groundwater modeling is to support the planning and design process by 
showing the effects of the proposed features on the groundwater system to minimize impacts that could 
affect bluff stability. 

The implementation of the upgrades to the City’s stormwater system is occurring in discrete phases. The 
first phases of construction occurred in 2016 and 2018. These phases of construction resulted in the 
construction of several LID, treatment and infiltration facilities. A further phase of design and construction 
will complete the City’s stormwater system and eliminate the direct discharge to the ocean for events up 
to the 50-year storm. The evaluation of the potential effects of these projects on the design constraints, 
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using the groundwater model, are described in Section 4 (see Section 4 for scenario description). 
Additionally, an evaluation of the potential effects from the future development of currently undeveloped 
lots and all possible LID features installed in the proposed Zoning map are simulated in Scenario 4 (see 
Section 4 for scenario description). 

The evaluation of the potential effects on bluff stability uses the changes in groundwater elevations near 
the bluff, as simulated in the groundwater model, with the slope stability analyses using the GeoStudio 
2012 software, version 8.15.3. Spencer’s Method of Slices was used, which satisfies force and moment 
equilibrium. 

The analysis of the bluff stability first evaluated the base conditions as of 2016 (Scenario 1), with the 
subsurface info at the bluff then translating it horizontally landward with conservative properties derived 
from the available boring logs. The subsequent cases include the ground surface, bedrock, and max 
groundwater levels from the recent groundwater modeling efforts.  The bluff stability model was then run 
under two conditions to compare the base condition in 2016 (Scenario 1) to the worst case condition of 
Full Buildout (Scenario 4). Slope stability analyses uses factors of safety (FS) to evaluate the potential 
instability of a slope.  The components of a FS the driving forces and moments versus the resisting 
forces and moments.  The moments are determined using the surface geometry, subsurface 
stratigraphy, soil strength, and groundwater levels. 

𝐹𝐹𝐹𝐹 =
∑𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
∑𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 

 

When the driving moments equal the resisting moments, the factor of safety is unity.  Unity is considered 
a metastable condition, where the slope is balanced between stability and movement.  A FS less than 
unity would imply an unstable slope and an FS over unity would imply a stable slope.   

The effect of the proposed LID projects on bluff stability is evaluated by comparing the change in the 
factor of safety between the proposed project and the base condition. A thorough summary of the Slope 
Stability analysis is presented in the Slope Stability Analysis Memorandum in Appendix E. 

3. LID Zoning  

Two of the primary objectives of LID implementation are to provide water quality treatment and to mimic 
natural hydrologic conditions in developed areas. For the purposes of distinguishing suitable LID types 
within the project area, features herein are classified into two categories: bioretention and bioretention 
with infiltration. Typical LID features are categorized in Table 1. These two categories correspond with 
zoning areas within the City that specify for property owners where various LID types are suitable 
(discussed in Section 3.3). Brief descriptions of select LID features are discussed below. Excerpts from 
the Humboldt LID Stormwater Manual and the City of Santa Rosa LID Technical Design Manual are 
provided in Appendix F.  



 
 
 

Trinidad OPC LID Project Groundwater Modeling  7 

Table 1. Applicable category for typical LID features.   

LID Category Tree 
Planters 

Vegetated 
Swales 

Rain 
Gardens 

Infiltration 
Trenches 

Rain 
Barrels 

Green 
Roofs 

Bioretention x* x* x*   x x 
Bioretention with Infiltration x x x x     

*Suitable for bioretention only if an impermeable layer that prevents infiltration is installed   

3.1 Bioretention 

Bioretention features are LID elements that reduce peak runoff, but do not allow infiltration into native 
soils. Although tree planters, vegetated swales, and rain gardens are often designed to include 
infiltration, they can also incorporate a liner or compacted clay soils and other soil types that prevent 
infiltration. Some bioretention features, such as lined tree planters and green roofs, can also provide 
pollutant removal (Figure 1).  

 

Figure 1. Examples of installed (a) tree planters and (b) green roof. 
 

Tree planters include grates that allow for stormwater runoff to enter the planter, which facilitates 
filtration through soil. In some instances, tree planters can be connected to each other, or to an existing 
storm drain system. If implemented within the Bioretention Only Zone, tree planters would need to be 
designed to prevent infiltration with an impermeable layer on the bottom and side walls. Green roofs are 
often composed of several layers that capture rainfall within the growth medium. Water gets released 
slowly via evaporation, transpiration, and discharge to roof drains. Other bioretention features, such as 
rain barrels, do not provide water quality treatment, but allow for capture and use at a later time. Rain 
barrels are typically designed to capture runoff from roofs or other impervious surfaces, where it is stored 
until rainfall subsides.   

3.2 Bioretention with Infiltration  

Tree planters, vegetated swales, and rain gardens are common LID features used to retain and infiltrate 
stormwater runoff. Vegetated swales, or bioswales, are gently-sloped channels lined with vegetation. 

a b 
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The vegetation slows the runoff, and provides pollutant removal, while also conveying runoff to the storm 
drain system. Rain gardens are typically composed of three basic layers: top soil, an amended soil layer, 
and a gravel storage layer. These LID features can be designed to provide retention, water quality 
treatment, and infiltration. Unlike rain gardens, infiltration galleries and trenches do not include growth 
media to facilitate water quality treatment. Instead, rock is placed in the gallery or trench. The void space 
provides storage for stormwater before it infiltrates into native soils.  

3.3 Proposed Zoning Map 

Prior to establishing the different LID zones within the City, the City’s infrastructure that was designed to 
eliminate stormwater discharge to Trinidad Bay (designated as an ASBS) was developed. These 
stormwater infrastructure features are required for the City to comply with State Water Resources 
Control Board regulations. After the planning and modeling of these features was complete, the LID 
Zoning Areas for private parcels within the City was developed. These areas, shown in Figure A3 
(Appendix A) were determined taking into consideration the City’s infrastructure, groundwater monitoring 
data, groundwater modeling results, geotechnical analyses, and City staff input.  

4. Model Development 

This section of the report describes the modifications made to the original groundwater model that was 
created, calibrated, and independently-validated in 2013 for the first phase of this project. The 
groundwater model was first modified to reflect existing 2016 conditions that include the stormwater 
system modifications and infiltrators constructed in 2014.  

The results of this modified model for a 50-year storm event was used as the “base” scenario, which 
provides a basis from which to compare the groundwater level effects of potential future LID features 
being considered. Several scenarios that reflect various configurations of LID features, whether installed 
on City or private property were evaluated. Areas of particular interest of the evaluation are potential 
effects of the horizontal extents of the areas influenced by the LID infiltration, vertical interactions with 
existing septic systems, and the interaction at boundary conditions specifically relating to bluff stability.  
A total of four model runs, or scenarios, were developed for this groundwater analysis:  

1. 2016 Conditions  

2. 2018 Conditions  

3. Full Storm Water System  

4. Buildout  

The first three scenarios represent different phases of LID development within City right-of-way. The 
different features that were included for each of the scenarios are shown in Figure A2 of Appendix A. 
Note that the LID features are additive (e.g., LID features in Scenario 1 are included in all subsequent 
scenarios). The fourth scenario builds upon Scenario 3, but includes potential development on private 
property.  
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Infiltrators are included in the groundwater model using the Well Package within the groundwater 
modeling software. Injection rather than extraction wells were used to simulate the flux into the model at 
the location of each infiltrator. The number of wells that is used to represent a single LID infiltrator is 
proportional to the footprint of the actual infiltrator. The runoff volume that enters an infiltrator is assumed 
to be evenly distributed across the infiltrator. From a groundwater modeling perspective, only LID 
features that infiltrate, rather than detain or convey, stormwater runoff are of interest and reflected in the 
groundwater model. The detention of stormwater is accounted for in the creation of the input files. 
Because the infiltrators are generally less than ten to fifteen feet below ground surface (BGS), the wells 
are included in Layer 1 of the model. 

To determine the amount of water that enters the groundwater model via the infiltrators, a hydrologic 
analysis external to the groundwater model was performed. To complete this hydrologic analysis, results 
from the previous phase of work were used. The previously-delineated sub-watersheds (Figure 2 in 
Appendix A) and their runoff hydrographs developed in the Army Corp’s HEC-HMS software were used 
to develop hydrographs for each infiltrator. A detailed description of the HEC-HMS model is provided in 
Section 3 Groundwater Model Technical Report, September 2013. 

4.1 Groundwater Level Monitoring 

The model results were verified with the collection of groundwater elevation data from the nine existing 
groundwater monitoring wells.  Once the model was updated, the results of the model were compared 
with actual observed groundwater levels. Groundwater level data was collected from before and after the 
2018 LID construction project. The direction from the City to initiate groundwater occurred in the fall but 
after early storms. The first significant storm event monitored was in January 2018.  Monitoring wells 
down-gradient of the 2018 construction effort include: MW-1; MW-2; MW-5; and MW-9. The groundwater 
elevation in these four wells were compared by evaluating the change in water level during similar 
intensity storms at a similar time of year. The pre-construction comparison period is from January 16, 
2018 through January 27, 2018. A 1.69” maximum amount of precipitation occurred on January 24th of 
that period. The post-construction period is from January 9, 2019 to January 20, 2019. A 2.26” maximum 
amount of precipitation was recorded on January 20th of the post-construction period of comparison. 

Groundwater elevation in response to similar pre-construction and post-construction storms at MW-1 are 
shown in Figure D-11 and Figure D-12, respectively. The water level during the period of pre-
construction goes from an elevation of 8.5 to 9.9 ft, showing a 1.4 ft increase in response to the 
precipitation event.  

Groundwater elevation in response to similar pre-construction and post-construction storms at MW-2 are 
shown in Figure D-13 and Figure D-14, respectively. The water level during the period of pre-
construction goes from an elevation of 61.1 to 61.3 ft, showing a 0.2 ft increase in response to the 
precipitation event. The water level during the period of post-construction goes from an elevation of 60.6 
to 60.6 ft, showing no change in response to the precipitation event. 

Groundwater elevation in response to similar pre-construction and post-construction storms at MW-5 are 
shown in Figure D-15 and Figure D-16, respectively. The water level during the period of pre-
construction goes from an elevation of 131.0 to 131.2 ft, showing a 0.2 ft increase in response to the 
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precipitation event. The water level during the period of post-construction goes from an elevation of 
130.2 to 130.3 ft, showing a 0.1 ft increase in response to the precipitation event.  

Groundwater elevation in response to similar pre-construction and post-construction storms at MW-9 are 
shown in Figure D-17 and Figure D-18, respectively. The water level during the period of pre-
construction goes from an elevation of 113.9 to 113.9 ft, showing no response to the precipitation event. 
The water level during the period of post-construction goes from an elevation of 114.4 to 114.4 ft, again 
showing no response to the precipitation event. 

While the observed storm events were much smaller than the 50-year event simulated, the groundwater 
monitoring data indicate that the new LID infiltration features are functioning appropriately and changes 
in groundwater elevation in the vicinity of the LID features has not appreciably changed from before and 
after the construction. No two storm events are the same in intensity and duration but the groundwater 
response to the recent storm events is consistent with previous storm events that were monitored in the 
years prior to construction. 

4.2 Infiltrator Hydrographs  

For each infiltrator and scenario, an infiltration hydrograph was developed. To determine each infiltration 
hydrograph, the amount of runoff for each sub-watershed that is conveyed to each infiltrator was 
determined. One foot contours were used to delineate the percent area of each sub-watershed that 
contributes to each infiltrator. These percentages were used to assign to each infiltrator portions of the 
HEC-HMS output hydrographs. The resulting hydrograph quantified the runoff that reaches each 
infiltrator. The actual runoff and infiltration rate of stormwater infiltrated into the model at each infiltrator 
was determined using the Green-Ampt Method (Gupta 2008), which determines that amount of water 
that infiltrates soil based on soil moisture conditions and static head. Table 2 shows the Green-Ampt 
Model parameters used. Parameters were determined based on the 2012 geotechnical analysis report.  

Table 2. Green-Ampt model parameter values from indicated sources. 
Parameter Value Units Source 
Initial uniform water content 0.12 - Gupta 2008 
Porosity 0.3 - Gupta 2008 
Suction head at wetting front  0.0151 ft Gupta 2008 
Effective hydraulic conductivity  0.04 ft/min GHD 2012 
Depth to bedrock 50 ft GHD 2012 

In addition to soil parameters, the volume of infiltration is a function of the depth of water and the surface 
area over which water can infiltrate. It was conservatively assumed that all runoff that reaches the 
infiltrators is immediately stored in the infiltrators. In reality, the treatment chambers attenuate runoff and 
the LID system provides more storage than accounted for in the Green-Ampt calculations. For scenarios 
in which all stormwater runoff was not infiltrated, a bypass volume was calculated and assumed to be 
surface flow to the Trinidad ASBS outfall.  
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4.3 Model Runs 

Table 3 provides a description for the four model runs, or scenarios, completed. Scenario 1 and 2 reflect 
conditions as of 2016 and 2018, respectively. Scenario 3 reflects the maximum LID construction within 
City right-of-way. Scenario reflects maximum buildout on both public and private property.  

Table 3. Scenarios modeled. 
Scenario  Infiltrators Included* 
1: Base 2016 Trinity and Ocean 
2: Base 2018 Trinity, Ocean, East, Rain Garden, Hector 
3: Full storm system Trinity, Ocean, East, Rain Garden, Hector, Underwood, HSU, Parking Lot 
4: Buildout  Trinity, Ocean, East, Rain Garden, Hector, Underwood, HSU, Parking Lot 

*Infiltrator names correspond with those shown in Figure A2 in Appendix A.  

4.3.1 Scenario 1: Base 2016 

Scenario 1 reflects conditions in 2016. Since the original groundwater model was developed, two 
infiltrators (Trinity and Ocean shown in Figure A2 in Appendix A) were constructed. Table 4 shows the 
percent of sub-watershed area, and therefore percent of sub-watershed hydrograph, that contributes to 
each of the two infiltrators. The ‘Not Captured’ percentage of each sub-watershed hydrograph flows to 
ASBS outfall (Figure A1 in Appendix A) and is not included in the groundwater model. It is assumed that 
the water not captured flows overland, down streets and ultimately discharges to non-point surface 
discharges. Results from the Green-Ampt model are shown in Figures 1 and 2 of Appendix B. The 
‘Runoff Rate’ is the stormwater runoff that reaches the infiltrator, ‘Infiltration Rate’ is the amount of runoff 
that is infiltrated, ‘Bypass Rate’ is the amount of water that reaches the infiltrator but cannot be infiltrated 
or stored, and ‘Storage Volume’ is the amount of water stored in the infiltrator.  

Table 4. Percent area of sub-watersheds captured by indicated infiltrators for 
Scenario 1. 

Sub-
Watershed Trinity  Ocean  Not Captured 

CT1 30% 65% 5% 
CT2 20% 0% 80% 
CT3 85% 0% 15% 

4.3.2 Scenario 2: Base 2018 

Scenario 2 is representative of the components constructed in 2016 and 2018. This includes the addition 
of three infiltrators (Rain Garden, Hector, and East shown in Figure A2 in Appendix A). Table 5 shows 
the percent of sub-watershed area, and therefore percent of sub-watershed hydrograph, that contributes 
to each of the infiltrators. Similar to Scenario 1, the ‘Not Captured’ percentage of each sub-watershed 
hydrograph flows to ASBS outfall (Figure A1 in Appendix A) and is not included in the groundwater 
model. Results from the Green-Ampt model are shown in Figures 3 through 8 of Appendix B. 
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Table 5. Percent area of sub-watersheds captured by indicated infiltrators for 
Scenario 2. 

Sub-
Watershed Trinity  Ocean East 

Rain 
Garden Hector 

Not 
Captured 

CT1 30% 65% 5% 0% 0% 0% 
CT2 20% 0% 10% 0% 0% 70% 
CT3 85% 0% 0% 0% 0% 15% 
CT4 0% 0% 0% 15% 20% 65% 

4.3.3 Scenario 3: Full Storm Water System   

Scenario 3 includes all infiltrators shown in Figure 2 in Appendix A. Table 6 shows the percent of sub-
watershed area, and therefore percent of sub-watershed hydrograph, that contributes to each of the 
infiltrators. Note that there is not an infiltrator in CT9, which eliminates the need for a change from the 
original model. The Parking Lot infiltrator is assumed to capture all runoff not captured by the remaining 
infiltrators. While Scenario 1 and 2 infiltrators were designed in the previous phase of this project, the 
infiltrators unique to Scenario 3 (Underwood, HSU, and lower Parking Lot) were sized to capture all of 
the runoff flow from their associated sub-watersheds and any flow not captured by the previously 
installed infiltration features, thus, eliminating any bypass flow. Results from the Green-Ampt model are 
shown in Figures 9 through 17 of Appendix B. 

Table 6. Percent area of sub-watersheds captured by indicated infiltrators for 
Scenario 3. 

Sub-
Watershed Trinity  Ocean  East Rain 

Garden Hector Under-
wood HSU Edwards Parking 

Lot 

CT1 30% 65% 5% 0% 0% 0% 0% 0% 0% 
CT2 20% 0% 10% 0% 0% 0% 0% 70% 0% 
CT3 85% 0% 0% 0% 0% 0% 0% 15% 0% 
CT4 0% 0% 0% 15% 20% 0% 0% 65% 0% 
CT5 0% 0% 0% 0% 0% 50% 50% 0% 0% 
CT6 0% 0% 0% 0% 0% 20% 0% 80% 0% 
CT7 0% 0% 0% 0% 0% 10% 15% 75% 0% 
CT8 0% 0% 0% 0% 0% 0% 0% 5% 95% 

CT10 0% 0% 0% 0% 0% 0% 0% 0% 100% 

4.3.4 Scenario 4: Full Buildout  

In addition to the same infiltrators that were included in the Full Storm Water System, the Full Buildout 
scenario includes septic systems and LID infiltrators that may be constructed on private property that is 
not yet developed. Potential development was analyzed with the City Planner for the number of dwelling 
units per parcel. Parcels that were identified as areas for potential development are shown in Figure 3 of 
Appendix A. For Scenario 4, septic systems were added to all parcels identified for development. LID 
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infiltrators were added to the parcels located within the LID Zone area (shown in Figure 3 of Appendix 
A).   

Septic Systems 

A discussion of how septic loading rates were determined based on water use data can be found in the 
Groundwater Model Technical Report, September 2013. Septic loading data from the original 
groundwater model provided a basis for estimating potential future development loading rates. Excluding 
anomalous data points that did not accurately represent residential units (e.g., restaurants), the average 
septic loading rate per parcel was applied to the estimated number of potential dwelling units. The 
number of potential dwelling units was estimated based on the allowable density of the zone (e.g., one 
dwelling unit per 8,000 SF for Urban Residential areas).  For the available data, the average loading per 
resident was 15.5 cubic feet per day. This value represents the loading rate for an entire parcel, which 
may have more than a single dwelling rate. Applying the average loading rate of 15.5 CF/day provides a 
conservative estimate for each new parcel’s loading rate. 

In the original groundwater model, the required area for a septic system was determined based on the 
number of bedrooms per building, which was estimated using aerial imagery. Because dwelling units are 
not defined by a number of bedrooms, a different approach was developed for determining the required 
area for a given septic system. Consistent with the original groundwater model, a percolation rate of 4 
inches/hour was used. With this percolation rate, the maximum loading rate was conservatively assumed 
to be 0.4 gal/ft2/day. The required area for a septic system was then determined using the maximum 
loading rate and the previously-discussed septic loading rate. Aerial imagery and topography data were 
used to determine potential septic system locations. It should be noted that at exact location of individual 
septic systems were not available and the representation in the model do not indicate actual septic 
locations. A qualitative evaluation of each parcel was made and the likely location a septic leach line was 
approximated for representation in the model. With size and resolution of the groundwater model any 
discrepancy between the true location and approximated location would have a negligible effect on the 
model results. The more critical factor is the septic loading rate applied to each parcel.  The septic 
loading or flow rates, as described above is appropriate for the size of the facilities or dwelling and is 
consistent with County guidelines for determining septic loading rates.  

LID Infiltrators  

An LID Zone area (Figure A3 of Appendix A) was determined based on the known bedrock and 
geological features in the vicinity. These characteristics are discussed in the main report, and depicted in 
Figures E-1 and E-4 of the main report appendix. The LID Zone area is intended to provide placement 
guidance for features that infiltrate runoff. LID features may be constructed beyond the extents of the LID 
Zone, but it is recommended other LID features, such as those intended to retain or store runoff, be 
considered for these areas.  

Rather than the 50-yr storm event applied to the LID infiltrators within the City’s right-of-way, the more 
typical 2-year storm event was used for these infiltrator hydrographs. Consistent with the Phase II 
Municipal Separate Storm Water Sewer System (MS4) Permit, the Humboldt County LID Design manual 
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requires that LID features be designed for different storm events dependent upon the project type. The 
largest storm event (2-year, 24-hour) for LID design was applied to the potential LID infiltrators.  

Runoff was assigned to infiltrate over the same area as the septic systems, thereby providing a 
conservative scenario in which groundwater levels would increase the most. Hydrographs generated 
during the original groundwater modeling efforts (discussed in the main report) for the 2-year storm event 
were used to determine the amount of runoff to apply to the infiltrators. A percentage, based on 
contributing area, of the subwatershed hydrographs was uniformly-distributed over the 24-hour storm to 
an infiltrator based on the contributing area. A uniform distribution of the runoff was considered more 
representative of these infiltrators, which attenuate peak flows.   

5. Model Results 

The calibrated groundwater model was first used to calculate a base condition that represents the 
subsurface hydrogeologic conditions during a rainy/wet period as the stormwater system exists today. 
The groundwater model output results from this scenario were used to compare potential future LID 
scenarios. Results are presented and discussed in the following sections.  

5.1 Scenario 1  

The groundwater elevation results for Scenario 1 suggest that maximum groundwater elevations for the 
Trinity and Ocean infiltrators is approximately 170 ft and 175 ft, respectively. These elevations occur in 
the center of the infiltrators (Figure C1 in Appendix C). Groundwater levels appear to be largely 
unaffected by the infiltrators approximately 30 feet away from the infiltrators, where groundwater 
elevations are approximately 150 ft. The results of this scenario are consistent with the design and 
previous modeling expectations and are now part of the base conditions.  

5.2 Scenario 2  

Negligible differences were observed between Scenario 1 and Scenario 2 for groundwater elevations 
around the Trinity and Ocean infiltrators (Figures C2 and C3 in Appendix C). This result was anticipated 
because infiltrator hydrographs for the two scenarios were approximately the same. Among the four new 
infiltrators, the East infiltrator showed the greatest increase in groundwater elevations. At the center of 
the infiltrator, the maximum change in groundwater elevation was 19 feet. Groundwater elevations 
increased from 152 ft to 171 ft. It should be noted that this increase only occurs directly below the 
infiltrator and the effect of increased groundwater elevations quickly dissipates with horizontal distance 
away from the infiltration.  At approximately 22 feet from the infiltrator, groundwater elevations returned 
to those of the base scenario. This result is consistent with previously modeled infiltrators. The locations 
of predicted increase in groundwater levels are evaluated for potential conflicts with potential septic 
systems. There were no septic system conflicts found.  Results for all four infiltrators introduced for 
Scenario 2 are shown in Table 7.  
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Table 7. Summary of groundwater model results for Scenario 2 compared to 
Scenario 1. 

Infiltrator  

Maximum 
Groundwater 
Elevation (ft) 

Maximum Change 
in Groundwater 

Elevation (ft) 

Distance to 
No Change 

(ft) 
East 171 19 22 
Rain Garden 168 15 20 
Hector 165 11 23 

Because the primary point of interest is groundwater elevations with respect to septic systems for this 
analysis, only infiltrators that result in a change in groundwater elevation near a septic system are 
evaluated for potential septic-groundwater interaction. The East infiltrator is the only infiltrator that meets 
this criterion for Scenario 2 (Figure 2). Figure 2 shows only the East infiltrator (solid blue rectangle) and 
surrounding septic systems (black polygons). Surrounding the infiltrator, the blue lines represent the 10-ft 
contour lines of groundwater elevation. Although the contour lines overlap with the septic system (shown 
by the black lines) the infiltrator contours do not interact with the septic contours.  

 

Figure 2. East infiltrator results in the groundwater model graphical user interface.  

The minimum difference in elevation between the groundwater level and surface is approximately 18 feet 
where the septic system and change in groundwater elevation overlap. Typical septic system trenches 
are installed around three to four feet deep below grade surface (bgs), and the county requires a 
minimum three-foot separation between septic systems and groundwater elevation. Thus, a minimum 
difference of seven feet is assumed a sufficient difference in elevation between the groundwater 
elevation and a septic system and we have approximately 11 feet of separation.  

5.3 Scenario 3  

As anticipated, results for the infiltrators introduced in the previous scenarios remained approximately 
the same as those of the previous results. Results for the infiltrators introduced in Scenario 3 are shown 

Infiltrator 

Septic Contours 
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in Figures 4 and 5 of Appendix C and summarized in Table 8. No changes in groundwater elevations 
were observed near a septic system.  

Table 8. Summary of groundwater model results for Scenario 3 compared to 
Scenario 1. 

Infiltrator  

Maximum 
Groundwater 
Elevation (ft) 

Maximum Change 
in Groundwater 

Elevation (ft) 
Distance to No 

Change (ft) 
Underwood  168 14 23 
HSU 102 12 24 
Parking Lot 34 12 140 

5.4 Scenario 4 

Although additional LID features and septic systems were included within each of the Parcels with 
Potential for Development (shown in Figure A3 of Appendix A), a difference was only observed in a 
single area (shown in Figure C7 of Appendix C). This location is an undeveloped parcel on in the Mill 
Creek drainage, near Stagecoach Dr. The increase in groundwater level is due to the assumed septic 
loading applied to the parcel. Due to the large parcel size and the potential to develop more dwelling 
units, septic loading rates were greater for this area. Changes in groundwater levels did not exceed four 
feet, which occurs in the center of the septic system. The septic leach field location within the parcel was 
assumed and any future development would need to follow City and County guidelines for siting the 
leach field. The position of the leach field in this analysis does not imply that septic sizing and location 
procedures are necessarily appropriate for future development. No other changes in groundwater levels 
were observed for the new buildout features. These results were anticipated because the new buildout 
features were designed to accommodate septic loading rates and the two-year storm event, rather than 
the 50-year storm event that the City infiltrators were designed to capture.  

5.5 Maximum Recharge 

In addition to the above four scenarios, an additional model run was evaluated. As discussed in the 
Groundwater Model Technical Report, September 2013, recharge is applied to all model cells to 
represent infiltration in any permeable areas. The purpose of the additional model run was to explore the 
worst-case scenario in the context of groundwater levels. That is, the scenario in which the maximum 
stormwater runoff is infiltrated into the groundwater model thus increasing groundwater levels and 
decreasing the vertical distance between groundwater levels and septic systems. Essentially we wanted 
to confirm that the model could show there is a limit to how much stormwater should be infiltrated. 
Numerous scenarios could be explored for determining the maximum groundwater levels. For this 
evaluation, the worst-case scenario was assumed to be the scenario in which all precipitation that did not 
enter the groundwater model via infiltrators was distributed and infiltrated across the pervious areas of 
the model. This volume of water was captured in the model recharge. The recharge volume was 
determined on a sub-watershed scale and proportionally distributed based on the recharge zones shown 
in Figure E-4 of the Trinidad ASBS Stormwater Project Groundwater Model Technical Report (GHD 
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2013). .For the area north of Van Wycke St. in CT9, all precipitation was conservatively assumed to be 
converted to recharge.  

As expected, applying the maximum recharge to the model resulted in groundwater levels that exceeded 
the ground surface, which suggests that the subsurface is fully saturated. Saturation was anticipated 
because this scenario assumes that all rainfall that lands within the watershed is captured and infiltrated. 
Because saturation was reached, the model was not able to infiltrate all of the rainfall runoff. For the first 
three scenarios, the storm event lasted approximately 36 hours. For maximum recharge scenario the 
model could not proceed after approximately five hours. The results of this simulation indicate that it is 
not feasible or desirable to capture and infiltrate all stormwater. It also reinforces our understanding that 
future LID design features should include detention elements.  

6. Conclusions 

The results of this groundwater model analysis and a geotechnical analysis of slope stability indicate that 
the proposed LID features included in Scenarios 2 and 3 will not result in groundwater levels that exceed 
proximity requirements with respect to septic systems and that the groundwater elevations near the 
bluffs are not changed. The minimum vertical distance between groundwater and a septic system is 18 
feet, sufficiently greater than the minimum requirement of seven feet. When the maximum possible 
modeled recharge is included in the model the model failed to run to completion because the simulated 
groundwater elevations exceed the ground surface. It should be noted that the maximum possible 
recharge included 100% of all precipitation falling within a watershed, with no runoff. These results show 
that infiltrating all stormwater runoff is not feasible or desirable with the current capacity of existing 
stormwater detention systems.  

The evaluation of the future full buildout of all parcels (Scenario 4) indicate that groundwater levels do 
not exceed proximity requirements with respect to septic systems and that the groundwater elevations 
near the bluffs are essentially not changed.  The groundwater model has proved a useful tool to 
understand the impacts on the groundwater system from specific proposed LID/BMPs.  
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Appendix A: Project Maps 

  



T r i n i d a dT r i n i d a d
H a r b o rH a r b o r

TR1032 Outfall

FIGURE A1

0 500 1,000 1,500

Feet

Project No.
Revision No. -

11136537
Date 01/22/2019

City of TrinidadASBS Stormwater Improvement Project

Map Projection: Lambert Conformal Conic
Horizontal Datum:  North American 1983

Grid: NAD 1983 StatePlane California I FIPS 0401 Feet

Paper Size ANSI A

o
Data source:  Humboldt County creeks; StreetMapUSA, Boundaries, 2010; Sources: Esri, USGS, NOAA.  Created by: jclark2N:\US\Eureka\Projects\111\11136537 Trinidad-OPC Citywide LID Assist\08-

GIS\Maps\Deliverables\FinalReport\11136537_A1_Vicinity.mxd
Print date: 22 Jan 2019 - 09:40

Legend
Project Area
Trinidad City
Limits
Creeks

Vicinity

£¤101

Willow Creek

Garberville

Eureka

Trinidad

UV299

H U M B O L D T  C O U N T Y



Parking Lot

HSU

Rain
Garden

Ocean

Trinity

Underwood

East

Hector

EdwardsEdwardsEdwards

CT-5

CT-7
CT-6 CT-4

CT-1

CT-8

CT-9

CT-3

CT-2

CT-10

FIGURE A2

0 100 200 300 400

Feet

Project No.
Revision No. -

11136537
Date 01/22/2019

City of TrinidadASBS Stormwater Improvement Project

Map Projection: Lambert Conformal Conic
Horizontal Datum:  North American 1983

Grid: NAD 1983 StatePlane California I FIPS 0401 Feet

Paper Size ANSI A

o
Data source:  GHD: LID features locations, watershed boundaries;  Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community.

Created by: jclark2
N:\US\Eureka\Projects\111\11136537 Trinidad-OPC Citywide LID Assist\08-
GIS\Maps\Deliverables\FinalReport\11136537_A2_ProjectComponents_RevC.mxd
Print date: 22 Jan 2019 - 09:29

Legend
LID Features
(Scenario 3)

LID Features
(Scenario 2)
LID Features
(Scenario 1)
City Watershed
Sub-basins

Project Components



FIGURE A3

0 210 420 630 840

Feet

Project No.
Revision No. -

11136537
Date 01/22/2019

City of TrinidadASBS Stormwater Improvement Project

Map Projection: Lambert Conformal Conic
Horizontal Datum:  North American 1983

Grid: NAD 1983 StatePlane California I FIPS 0401 Feet

Paper Size ANSI A

o
Data source: GHD: LID zone area; County of Humboldt parcels, 2019;  Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community.

Created by: jclark2
N:\US\Eureka\Projects\111\11136537 Trinidad-OPC Citywide LID Assist\08-
GIS\Maps\Deliverables\FinalReport\11136537_A3_ProjectComponents_RevC.mxd
Print date: 22 Jan 2019 - 09:35

Legend
Trinidad City
Limits
Parcels with
Potential for
Development
Parcel
Boundaries

Bioretention
with Infiltration
LID Zone
Bioretention
Only LID Zone

LID Zones and Potential Development



 
 
 

Trinidad OPC LID Project Groundwater Modeling  19 

Appendix B: Infiltrator Hydrographs Developed using Green-Ampt 

  



 

Figure 1. Scenario 1, Trinity Infiltrator. 

 

Figure 2. Scenario 1, Ocean Infiltrator. 
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Figure 3. Scenario 2, Trinity Infiltrator.  

 

Figure 4. Scenario 2, Ocean Infiltrator. 
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Figure 5. Scenario 2, East Infiltrator. 

 

Figure 6. Scenario 2, Hector Infiltrator. 
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Figure 7. Scenario 2, Rain Garden Infiltrator. 

 

Figure 8. Scenario 3, Trinity Infiltrator. 
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Figure 9. Scenario 3, Ocean Infiltrator. 

 

Figure 10. Scenario 3, East Infiltrator. 
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Figure 11. Scenario 3, Hector Infiltrator. 

 

Figure 12. Scenario 3, Rain Garden Infiltrator. 
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Figure 13. Scenario 3, Underwood Infiltrator. 

 

Figure 14. Scenario 3, Ewing Infiltrator. 
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Figure 15. Scenario 3, Edward 1 Infiltrator. 

 

Figure 16. Scenario 3, Edward 2 Infiltrator. 
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Figure 17. Scenario 3, Parking Lot Infiltrator. 
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Appendix C: Groundwater Modelling Results  
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Appendix D: Groundwater Monitoring Data 
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Figure D-1 Combined Groundwater Monitoring Results with Rainfall 

Figure D-2 MW-1 Groundwater Monitoring Results with Rainfall 



 
FigureD-3 MW-2 Groundwater Monitoring Results with Rainfall 
 

 
Figure D-4 MW-3 Groundwater Monitoring Results with Rainfall 



 
Figure D-5. MW-4 Groundwater Monitoring Results with Rainfall 
 

 
Figure D-6. MW-5 Groundwater Monitoring Results with Rainfall 



 
Figure D-7. MW-6 Groundwater Monitoring Results with Rainfall 
 

 
Figure D-8. MW-7 Groundwater Monitoring Results with Rainfall 



 
Figure D-9. MW-8 Groundwater Monitoring Results with Rainfall 

 
Figure D-10. MW-9 Groundwater Monitoring Results with Rainfall 



 
Figure D-11. Groundwater levels during pre-construction precipitation event (1/16/18-

1/27/18) at MW-1. 

 
Figure 12. Groundwater levels during post-construction precipitation event (1/9/19-

1/20/19) at MW-1. 



 
Figure D-13. Groundwater levels during pre-construction precipitation event (1/16/18-

1/27/18) at MW-2. 

 
Figure D-14. Groundwater levels during post-construction precipitation event (1/9/19-

1/20/19) at MW-2. 



 
Figure D-15. Groundwater levels during pre-construction precipitation event (1/16/18-

1/27/18) at MW-5. 

 
Figure D-16. Groundwater levels during post-construction precipitation event (1/9/19-

1/20/19) at MW-5. 



 
Figure D-17. Groundwater levels during pre-construction precipitation event (1/16/18-

1/27/18) at MW-9. 

 
Figure D-18. Groundwater levels during post-construction precipitation event (1/9/19-

1/20/19) at MW-9. 
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 Appendix E: Slope Stability Analysis Memorandum 

  



 

GHD 
4080 Plaza Goldorado Circle Suite B Cameron Park California 95682 USA 
T 530 677 5515  W www.ghd.com 

January 23, 2019 

To: Patrick Sullivan, PE Ref. No.: 11136537 
    

From: Chris Trumbull, PE, GE, D.GE Tel: 530-387-5683 

CC: Steve Allen, PE   

Subject: Trinidad ASBS Stormwater Project – Slope Stability Analysis 

1. Introduction 

This slope stability analysis was performed to evaluate if the change in groundwater surface due to the 
implementation of the proposed LID features would adversely affect the bluff stability in the project area. 

Slope stability analyses uses factors of safety (FS) to evaluate the potential instability of a slope.  The 
components of a FS the driving forces and moments versus the resisting forces and moments.  The 
moments are determined using the surface geometry, subsurface stratigraphy, soil strength, and 
groundwater levels. 

𝐹𝐹𝐹𝐹 =
∑𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
∑𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 

 

When the driving moments equal the resisting moments, the factor of safety is unity.  Unity is considered a 
metastable condition, where the slope is balanced between stability and movement.  A FS less than unity 
would imply an unstable slope and an FS over unity would imply a stable slope.   

2. Available Field Investigations 

The available field data included: 

• Drilling and geophysical data from GHD 

• Borings logs from SHN at the lighthouse 

3. Site and Subsurface Conditions 

The site generally consists of marine terrace deposits overlying weathered Franciscan formation siltstone.  
The terrace deposits consist of sand, silty sand and some gravel.  The results of the groundwater modeling 
effort by GHD were considered.  

http://www.ghd.com/


 
 
 

Trinidad Stability.docx 2 

4. Stability Analysis 

4.1 Approach 

Since the bluff at the lighthouse, denoted at Section G-G’, was the steepest in the groundwater modeling 
effort and the stability of this slope has been recently investigated, the topography here was used as the 
critical ground surface.  In addition, the stratigraphy model from Section G-G’ from the groundwater modeling 
effort was used. The FS for the long-term buildout groundwater levels was also determined for comparison to 
the existing condition. 

Slope stability analyses were performed using the GeoStudio 2012 software, version 8.15.3. Spencer’s 
Method of Slices was used, which satisfies force and moment equilibrium. The entry-exit search routing was 
used. 

4.2 Material Parameters 
Table 4.1 Soil Parameters for Stability Analysis 
Material γT (pcf) φ (deg) c (psf) 
Terrace Deposits 115 32 200 
Bedrock 120 38 200 

4.3 Phreatic Surface 

The groundwater surface from the results of the GHD groundwater modeling effort were used for existing 
and buildout conditions. 

4.4 Stability Analysis Results 

The results of the slope stability analysis for existing conditions indicated that the FS was 1.03.  When 
introducing the increased groundwater surface after full LID buildout, the FS was 1.02.  A graphical 
representation of the results of the existing conditions is presented below; the green hatched area represents 
the critical failure surface.  For sensitivity, the material parameters were increased along with the comparison 
to existing versus buildout, and a change in FS of -0.01 was also realized.   



 
 
 

Trinidad Stability.docx 3 

 

5. Closing 

Comparing the existing groundwater level to the buildout resulted in a reduction in FS of 0.01.  That 
difference is small; so small that it would be considered no change.  Therefore, the rise in the groundwater 
levels from TR-Base to Buildout do not adversely affect the slope stability of the bluff at Section G-G’.  Since 
G-G’ is expected to be the worst case, the other sections/slopes likely have a similar result.   
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Appendix F: Excerpts from the Humboldt LID Stormwater Manual and 
the City of Santa Rosa LID Technical Design Manual 
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�B��@eBfB>Ah��Ge�ceB�@A�



���������	�
�� ��
�����������
������������
��������
��������������	���� !" #$%&'�()$*+,#%,*-)�.'/*&'"�0�.#1�2'++"3�4%++'#*'"�%)5�6#-7#*',%#1��1",'8"

�9�����:9;�����:�����<���:�

=>?@�A@BC?�CD�E@FEDGFH�?IJ?�JKDLGAMFC@K�H@N@H�IE�JK@FC@K�C?FG�O�P@@CQ�R@FELK@A�PKDR�C?@�SDCCDR�DPC?@�CK@GT?U�VP�JKDLGAMFC@K�A@BC?�IE�PDLGA�CD�S@�H@EE�C?FG�O�P@@CW�F�RDLGAIGJ�FGFHXEIE�MIHH�S@�K@YLIK@AU�ZKDLGAMFC@K�H@N@H�A@C@KRIGFCIDG�E?FHH�S@�RFA@�LEIGJ�R@C?DAE�[\]̂_̀a\[�̀b�cdeafg[h�ifdbhjk]l�m\h�n@FC?@K�>@ECIGJ�DP�oDIHEQ�LEIGJ�@IC?@K�EDIH�RDCCHIGJ�DK�AIK@TC�DSE@KNFCIDG�C@T?GIYL@EU�=pD�FAN@KE@�IRBFTC�CD�FAqFT@GC�BKDB@KCX=pD�TDGCFRIGFC@A�EDIHE�E?FHH�S@�DG�EIC@=rN@KPHDMs�ELSELKPFT@�IGPIHCKFCIDG�PFTIHICI@E�E?FHH�S@�A@EIJG@A�CD�DB@KFC@�DPPHIG@Q�ELT?�C?FC�DGHX�A@EIJGPHDME�FK@�AIN@KC@A�CD�C?@�PFTIHICX�FGA�C?@�K@RFIGA@K�IE�SXBFEE@A�tuvwxyz{yw|u�}{y~�}~��wz~�~uy��VGPIHCKFCIDG�KFC@E�DP�C?@�EDIHE�LGA@KHXIGJ�C?@�BKDBDE@A�IGPIHCKFCIDG�EXEC@R�RLEC�S@�ADTLR@GC@A��C?@�PDHHDMIGJ�DLCHIG@E�C?@�R@C?DA�PDK�A@C@KRIGIGJ�IGPIHCKFCIDG�KFC@�TDRBHIFGT@U�oDIH�JKFIG�FGFHXEIE�LEIGJ��o>��������Q�����������������������������������������������������������E?FHH�S@�B@KPDKR@A�MIC?IG�C?@�SDLGAFKI@E�DP�C?@�BKDBDE@A�IGPIHCKFCIDG�PFTIHICX�FGA�FC�C?@�SDCCDR�@H@NFCIDG�TLC� IGPIHCKFCIDG�ELKPFT@¡�DP�C?@�BKDBDE@A�IGPIHCKFCIDG�PFTIHICXU�=¢?@T£�SD¤�IP�BFKCITH@�EI¥@�FGFHXEIE�K@ELHCE�IG�H@EE�C?FG� ¦¡�O§̈ �PIG@EU�©y|ª�«�¢DRBHIFGT@�?FE�S@@GR@CU�=¢?@T£�SD¤�IP�BFKCITH@�EI¥@�FGFHXEIE�K@ELHCE�IG�JK@FC@K�C?FG� ¬¡�O§̈ �PIG@EU��¢DRBHIFGT@�?FE�GDC�S@@GR@CU�­H@FE@Q�BKDTT@A�CD�B@KTDHFCIDG�C@ECIGJ�K@YLIK@R@GCEQ�S@HDMU�®�̄\_̂fg°h̀fb�h\]h�°̂ f̂_[̀b±�hf�h²\�cdeafg[h�ifdbhj�³b́ _̀fbe\bh°g�c\°gh²k]�µ���µ�������������¶�����������RLEC�S@�B@KPDKR@A�IP�BFKCITH@�EI¥@�FGFHXEIE�TDRBHIFGT@�?FE�GDC�S@@G�R@CU��=­@KTDHFCIDG�IE�@YLFH�CD�DK�JK@FC@K�C?FG� ·¡�̧«IGT?�B@K�?DLKU�©y|ª�«�¢DRBHIFGT@�?FE�S@@G�R@CU­H@FE@�IGTHLA@�FHH�C@ECIGJ�K@ELHCE�MIC?�ELSRIEEIDGU�=­@KTDHFCIDG�IE�H@EE�C?FG�̧«IGT?�B@K�?DLK�¹�¢DRBHIFGT@�?FE�GDC�S@@G�R@CU�­H@FE@�R@@C�MIC?qLKIEAITCIDGFH�FLC?DKICX�PDK�FHC@KGFCIN@�TDRBHIFGT@�K@YLIK@R@GCEU��@@CIGJ�FHH�DP�C?@�TKIC@KIF�DG�C?IE�MDK£E?@@C�AD@E�GDC�JLFKFGC@@�FBBKDNFH�DP�C?@E@�A@NIT@EU�VGPIHCKFCIDG�PFTIHICI@E�BKDBDE@A�IG�FK@FE�MIC?�?IJ?�JKDLGAMFC@K�FGA�IG�THDE@�BKD¤IRICX�CD�MFC@KSDAI@E�IRBFIK@A�PDK�BFC?DJ@GE�RFX�GDC�S@�FBBKDN@A�K@JFKAH@EE�DP�R@@CIGJ�C?@�FSDN@�K@YLIK@R@GCEU���HC@KGFCIN@HXQ�FK@FE�C?FC�RFX�GDC�R@@C�C?@�FSDN@�K@YLIK@R@GCE�?FN@�C?@�DBBDKCLGICX�CD�K@YL@EC�F�MFIN@KU�ºDM@N@KQ�IC�RLEC�S@�A@RDGECKFC@A�C?FC�JKDLGAMFC@K�ELKPFTIGJ�FGA�IRBFTCE�CD�ECKLTCLK@E�MIHH�GDC�K@ELHC�PKDR�C?@�BHFT@R@GC�DP�C?@�PFTIHICXU��­H@FE@�TDGELHC�MIC?�XDLK�qLKIEAITCIDGFH�B@KRICCIGJ�FLC?DKICX�PDK�FAAICIDGFH�K@YLIK@R@GCE�FGA�TDGEIA@KFCIDGEU�



���������	�
�� �� ��
�����������
������������
��������
��������������	����� !" #$%&'�()$*+,#%,*-)�.'/*&'"�0�.#1�2'++"3�4%++'#*'"�%)5�6#-7#*',%#1��1",'8"�

�9�����:9;�����:�����<���:�

=>�?>@?ABCDB?E>�BCF>GH�BHDB�?I�BE�JF�KFI?L>FK�BE�DKKCFII�A?M?BDB?E>I�?>�BHF�KEN>�IBCFDM�GE>OFPD>GF�IPIBFM�MDP�JF�CFQR?CFK�BE�IRJM?B�SFCGEADB?E>�D>K�LCER>KNDBFC�FAFODB?E>�BFIB?>L�CFSECBI�BE�BHF�TRC?IK?GB?E>DA�SFCM?BB?>L�DRBHEC?BP�@EC�DSSCEODAU�V�=>�ESFCDB?E>�D>K�MD?>BF>D>GF�SAD>�MRIB�DGGEMSD>P�SFCM?B�IRJM?II?E>�WKEFI�>EB�>FFK�BE�JF�CFGECKFK��DLD?>IB�BHF�KFFKXU�YSFCDB?E>�D>K�ZD?>BF>D>GF�[AD>I�BHDB�DCF�ISFG?@?G�BE�SCESC?FBDCP�R>?BI�D>K�DCF�SCEKRGFK�JP�MD>R@DGBRCFC�DCF�DGGFSBDJAFU�\R>E@@�CFKRGB?E>�GCFK?BI�N?AA�JF�SCESECB?E>DA�BE�BHF�OEARMF�E@�DOD?ADJAF�IBECDLF�?>�?>@?ABCDB?E>�KFO?GFU��]̂_̀ abc�defc̀ _ghe�

�icjckclecm�nopq�rs�tpuovspwxpryz�{xyzr|�}x~yvrwxpr����xr��xyr|xv��x�rop��s���soz����������������������������������������������������� ¡¢�£��¤¥¦§� �����̈���¤�¦�©�������£��¤¥¦�ª���¢¤�¤��§�«��¤��§�������¤��§�����¬�¤������¥���ª����¤��� ����������¡���������¢¦�����§�­����®̄§�°±®°���� ��������������¥��¥�����������²¤����������������������¥������²���¤¥¦���ª�



���

������	
��
����������������������������������������



����������	�
��
�

��
�����������
�������
�����
��������
�������

�������	���

�� �
�



����������	�
��
�

��
�����������
�������
�����
��������
�������

�������	���

�



����������	
��
������������������
��
	����������
�

��
�������
������������� !�� � "�#$%&'(�)%*�+#,-.(�/�0�&%,#��(�1(%2#*-(�2�3-��-&�0�4��

�

�� 567869:�9;<==�>?�<�@?==AB?C67869?BD�9:<>=?D�@??BAEF??�6FG<HIC�7<::?F�96JFC?�B?FIK?B�EF67�@<9:?�7<:?FI<=9�IHC=JBIHG�L<FB�B?>FI9D�@66B�@<9:?9�6F�6:;?F�6FG<HIC�7<:?FI<=9�H6:�IHC=JBIHG�7<HJF?�6F�>I696=IB9D�<HB�9;<==�7??:�:;?�9:<HB<FB9�B?K?=68?B�>L�:;?�MN�567869:IHG�56JHCI=�OMN55PQ�R;?�8F6BJC:�9;<==�>?�C?F:IEI?B�:;F6JG;�:;?�MN55�N?<=�6E�R?9:IHG�S99JF<HC?�ONRSP�TF6GF<7�O<�C67869:�:?9:IHG�<HB�IHE6F7<:I6H�BI9C=69JF?�8F6GF<7PQ��UVWXVYZ�[\]̂_Z̀�ab]̂ Ỳ_Yc��d?E6F?�B?=IK?FL�6E�:;?�96I=D�:;?�9J88=I?F�9;<==�9J>7I:�<�C68L�6E�:;?�=<>�<H<=L9I9�8?FE6F7?B�>L�<�=<>6F<:6FL�:;<:�I9�?HF6==?B�IH�:;?�MN55e9�567869:�SH<=L9I9�TF6EICI?HCL�O5STP�8F6GF<7�<HB�J9IHG�<88F6K?B�R?9:�f?:;6B9�E6F�:;?�gK<=J<:I6H�6E�567869:IHG�<HB�567869:�ORfg55PQ�R;?�=<>�F?86F:�9;<==�K?FIEL�:;<:�:;?�C67869:�8<F<7?:?F9�<F?�@I:;IH�:;?�=I7I:9�98?CIEI?B�>?=6@Q��h]i]WjZji� k]blj� kjXViZjm�]Y�n\b_ZYo�pFG<HIC�f<::?F�56H:?H:� qrAsr� tD�BFL�@?IG;:�><9I9�5<F>6H�:6�uI:F6G?H�v<:I6� wrxw�:6�yrxw� F<:I6�f<:JFI:L�ON??B�g7?FG?HC?�<HB�N??B=IHG�zIG6FP� �{|}� �<K?F<G?�t�6E�C6H:F6=�N:<>I=I:L�O5p~�gK6=J:I6H�v<:?P� �|� 7G�5}~A5�G�JHI:�pf�B<L�N6=J>=?�N<=:9�ON<=IHI:LP� ��Q}� 77;69�C7��8�� �Qr�A�|Q}�f<L�K<FL�@I:;�8=<H:�98?CI?9� �JHI:9���?<KL�f?:<=9�56H:?H:� �TSNN� TSNN��S��x�MN�gTS�5=<99�S�9:<HB<FBD��}�5�v���r}qQwqD�:<>=?9�w�<HB�qQ�h]Z�VljbY�� �?C<=�C6=IE6F7� �TSNN� TSNN��S��x�MN�gTS�5=<99�S�9:<HB<FBD��}�5�v���r}qQqyO<P�=?K?=9�� N<=76H?==<� �TSNN� TSNN��S��x�MN�gTS�5=<99�S�9:<HB<FBD��}�5�v���r}qQqyO<P�=?K?=9��\Zi_jbZ�UVbZjbZ�nXiV�_mj�]b]̂̀ Y_Y��_b�̂\m_bloc�R6:<=�uI:F6G?H�OuP� ��Q�� t�d6F6H�OR6:<=�dP� �|}� 887�5<=CIJ7�O5<P� �6F�IHE6F7<:I6H�6H=L� t�N6BIJ7�Ou<P� �6F�IHE6F7<:I6H�6H=L� t�f<GH?9IJ7�OfGP� �6F�IHE6F7<:I6H�6H=L� t�NJ=EJF�ONP� �6F�IHE6F7<:I6H�6H=L� t�



����������	
��
������������������
��
	����������
�

��
�������
������������� !�� � "�#$%&'(�)%*�+#,-.(�/�0�&%,#��(�1(%2#*-(�2�3-��-&�0�4��

�
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