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Presenter
Presentation Notes
Start with brief overview of Ph 1 investigation key findings and current schedule statusMain topic is groundwater modeling ( and key findings/surprises)Start with “30,000 ft level” review of groundwater models themselves and scenario development process.  (This material was covered in more detail last time)Briefly describe the scenarios developed and simulated thus farProvide more detailed review of results for scenarios representing the ‘76-’77 drought conditionsProvide update on status of WSAC Performance Metrics/MeasuresDescribe near-term next steps in ASR investigationQ & A afterward  



Phase 1 Technical Feasibility Investigation 
Primary Purposes 
 Validate (and refine) WSAC ASR Recon-Study 

Findings: 
1. Per-well injection capacities 
2. Geochemical interaction potential 
3. Aquifer storage capacities 
4. Aquifer hydraulic losses 

 Develop information needed to scope and budget 
Phase 2 ASR Pilot Testing 
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Presenter
Presentation Notes
Primary purpose is to validate and/or refine as necessary the findings developed from the Recon-Study that affect project feasibility, i.e., will it work or notThese are the 4 key hydrogeologic issues that affect project feasibilityPer well injection rates affect the number of ASR wells required to achieve the needed total injection capacity, i.e., the lower the per-well injection capacities are, the more ASR well sites that would be needed to be acquired by the City.  The WSAC assumed per-well injection rates of approximately 0.5 mgd (350 gpm) based on the Recon-Study results. Adverse geochemical reactions resulting from the mixing of the injected surface water with the native groundwater can either cause well plugging or the release of undesirable constituents from the aquifer materials, e.g., As  The aquifers that the City wants to store surface water in need to have sufficient storage capacity for the volume of water needed by the City during droughts.  The WSAC assumed about 3 bg of aquifer storage capacity was available between the two basins combined.Aquifers are not perfect storage vessels, and “leak” to some extent.  As the City increases storage volumes in the aquifers, it causes increases in the amount of losses/leakage due to increased water levels and head pressures in the aquifers.  Too much loss may render the project infeasible or not cost effective.  The WSAC assumed aquifer losses at 20%, i.e., the City will need to recharge 20% more water than it needs back during recovery.The findings develop from Phase 1 will be used to plan, scope and budget Phase 2 of the investigation, which consists of performing field demonstration Pilot ASR tests in each basin.  



Phase 1 Technical Feasibility Investigation 
Current Status 
 Technical Feasibility Analysis Tasks: 

1. ID Existing Wells for ASR Pilot Testing - COMPLETE 
2. Site-Specific Injection Capacity Analyses - COMPLETE 
3. Geochemical Interaction Evaluation - COMPLETE 
4. Phase 2 ASR Pilot Test Work Plans – PARTIALY COMPLETE 

 Groundwater Modeling Tasks 
1. New ASR Well Siting Studies – COMPLETE 
2. Groundwater Modeling – PARTIALY COMPLETE 
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Presenter
Presentation Notes
The Phase 1 Investigations consists of a variety of tasks aimed at answering these questions about project feasibility utilizing the best available tools and analyses, short of going out into the field and actually doing ASR.The first task consisted of evaluating all of the existing municipal production wells operated by the City, SqCWD and SVWD and identifying suitable wells for Phase 2 pilot testing.  That task identified at least one suitable well in each service area and the scope was completed.Those wells identified in Task 1 were then thoroughly analyzed in Task 2 for a variety of site-specific parameters that affect injection capacity using analytic methods that went beyond the 1st approximation methods used in the Recon-Study.  The results of these analysis confirmed per-well injection rates of at least 350 gpm for the two wells in the MCGB owned by the City and SqCWD, but the injection capacity for the SVWD well in the SMGB was about 250 gpm.  This means more wells would be required in SMGB to achieve the same total injection capacity.  The scope for this task has been completed.The geochemical interaction evaluation consisted of 3-component geochemical modeling of the mixing of the GHWTP product water with native groundwater from the 3 wells.  No adverse geochemical interactions were ancticipated as long as the pH of the GHWTP water is kept below 7.6.  If it exceeds 7.6, there is a potential for calcite precipitation, which can cause well plugging.  The scope for this task has also been completed.Task 4 consists of developing detailed Work Plans for Phase 2 ASR pilot tests at three existing wells located in each service area.  We have completed the Work Plan for the City’s Beltz 12 well; however, both SqCWD and SVWD have declined to allow the City to use their wells for pilot testing.  As a result, we have working with staff for the past several months to identify a site in the SMBG where the City could install a Test Well.  We’ve evaluated about a half dozen sites to varying degrees, and a suitable site has yet to be secured; however,  there is currently a promising site that Staff are currently in discussions with the land owner about.  This is ongoing.  I have listed this task as paritally complete because the originally intended scope can’t be completed until a test site in the SMGB has been identified.   For the GW modeling tasks, we have completed well siting studies in each basin and service area and successfully identified sufficient numbers of sites in each basin meeting the basic well construction and hydrogeologic requirements to simulate a full scale project in the groundwater modeling scenarios.  It’s important to note that our study was limited to identifying sites that met the technical requirements, but it did not consider how the City would acquire the sites.  That is something that needs to be undertaken by others with expertise in property acquisition by public agencies.Groundwater modeling is currently underway and the original scope has been partially completed, and the main subject of my presentation tonight and I will speak in more detail about that work shortly.  



Phase 1 Technical Feasibility Investigation 
Current Schedule 
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Presenter
Presentation Notes
This is the current Phase 1 Investigation project schedule.It shows the various tasks I just spoke about and reflects their relative completenessNote that there has not been work done on Task 4 since about the end of April because we don’t have a site in the SMGB to develop a Work Plan forAlso, there has not been more work done on the GW modeling scope since about the end of July because there has been a change in the City’s climate change scenario for the HCP, which has rendered the WSAC climate change scenario inoperative for City water supply planning.  The City is currently in the process of evaluating the appropriate climate scenario (or scenarios) to use moving forward.Overall, the Phase 1 project is about a year behind the original schedule, due largely to the 6 – 12 month delay in the development and calibration of the MCGB model, in addition to the issues I just mentioned about the Work Plan for the SMGB and the issue with the climate change scenario.However, we are proceeding with the Phase 2 ASR Pilot Test at Beltz 12 this upcoming winter/spring, which is consistent with the original WSAC schedule.  So we are on track with that part of the overall implementation plan.  



Groundwater Modeling 
Study Area Map 
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Presenter
Presentation Notes
So I’m now going dive down to the groundwater modeling in some additional detail.To refresh everyone, this map shows the geographic context for this project.The City’s service area is shown in the Red boundary, with the SLR, Tait Diversion and GHWTP shown.The two groundwater basins are also shown.The MCGB Purisima  Aquifer is shown in shaded blue, and the SMGB is shown in shaded yellow.The “Winter Harvest” concept is to take excess flows from the SLR and the City’s related infrastructure and convey that to the two groundwater basins.As you can see, however, the City’s service area only overlies the western margin of the Purisima aquifer and the other two Districts overlie the basins that the City wants to store water.This situation provided opportunities in the form of the potential for an In-Lieu recharge project with those other two DistrictsHowever, it also presents challenges in moving forward with Phase 2 ASR pilot testing because the City doesn’t have any control over these areas of the basins and agreements with these other two District’s to participate in the City;s project have not been established.



Groundwater Modeling 
 Overview 

 Two independent models: 

 Santa Margarita Groundwater Basin (SMGB) 

 Santa Cruz Mid-County Groundwater Basin (MGB) 

 Both utilize USGS MODFLOW code 

 Calibrated against historical based periods of 1985 – 2015 
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Presenter
Presentation Notes
When I was last here, I provided a relatively detailed description of the two groundwater models in terms of the model domains and structures, which I’m not going to repeat tonight.But brief reminders that there are two independent models of each basin.They are both MODFLOW based models, which is a USGS modeling code and is the most widely accepted modeling code.  It is also in the public domain, so there is nothing proprietary or “hidden” about the code.   They have also both been calibrated to the same base periods of 1985 – 2015, which provides some synchronicity in terms of the conditions which the models were calibrated to.



Groundwater Modeling 
 Primary Purpose – Validate WSAC 

Assumptions regarding feasibility of ASR 

 GW Basin Storage Capacities (3 bg combined) 

 Storage Losses (20%) 

 Per-Well Injection Rates (0.3 - 0.5 mgd avg) 
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Presenter
Presentation Notes
The primary purposes of the GW modeling are to validate and/or refine these WSAC assumptions that were developed from the ASR Recon-Study:Storage capacities of the GW basins, which were assumed to total at least 3 bg combined.  This estimate was based on the volumes of historical storage depletion in each basin.Hydraulic losses of 20%.  I would note that the WSAC assumed a 40% loss factor for In-Lieu scenarios, assuming that 20% would be left in the basins for the benefit of the other Districts; however, the physical losses were assumed to be 20% based on losses for similar ASR projects in Coastal CA.Per well injection rates of 0.5 mgd on average.  This estimate was based on estimates utilizing 1st approximation-level methodologies.  Note that based on the findings from Task 2 site-specific injection capacity analyes, we have downgraded (or refined if you will) the estimate average injection capacity of wells in the SMGB to 0.3 mgd (250 gpm) as I mentioned previously.



Model Scenario Development 
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Presenter
Presentation Notes
When I was here last year, Gary Fiske and I both presented information on the modeling process, which I’m not going to repear tonight.As a reminder however, the overall modeling process is driven by the Confluence Model, which simulates the various sources of City supply and demand under various hydrologic and climatic conditions.  The eventual HCP will affect the City’s supply availability under differing hydrologic conditions, which in turn affects the City’s water supply “Gap” that this project would need to fill, because among other things, the HCP drives the “Rules of the River” for the SLR and when and how much water is available to serve demands and the availability of excess flow for recharge, as well as the supply shortfalls or water supply “Gap” that needs to be filled by the project. The overall modeling process is iterative, with findings developed from initial simulations informing the structure of subsequent scenarios.For example, if the initial groundwater modeling scenarios indicate that hydraulic losses would be greater than 20%, then Confluence would need to be rerun with the new loss factor, which affects the infrastructurual capacity needed to meet thee City water supply “Gap”.In this process, Pueblo take the gross output from Confluence provided by Gary in terms of the total monthly recharge and recovery volumes needed to solve the City’s problem.Pueblo then creates basin- and well-specific scenarios to HydroMetrics who is running the groundwater models     



 

 

 

 

 
Source: Table 8, Fiske Technical Memorandum dated 3/8/17  
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Confluence Modeling Results: 
Infrastructure Requirements 

Presenter
Presentation Notes
After the WSAC completed its work, staff worked with Gary to revise the various water system operational rules assumed by the Confluence Model. Those changes resulted in refinements in both the magnitudes of the City’s water-supply “Gaps” and the infrastructural capacities required to fill those “Gaps”As shown, under historical climatic conditions, the worst two-year drought shortage is about 1.9 bg, and that 5.5 mgd of recharge capacity and 4.0 mgd of recovery capacity is needed to eliminate those shortages.These values differ somewhat, but are generally consistent with the WSAC assumptions.



Simulated ASR/Recovery Wells 
SMGB 
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Presenter
Presentation Notes
This map shows the simulated well infrastructure in the SMGB.  The red squares show the locations of 9 potential ASR well sites identified as part of the Well Siting StudyNote that all of these wells are within or proximate to the SVWD service area, shown by the yellow boundary line.As this investigation has progressed, and the City hasn’t been able to secure a pilot test site, the potential well siting area has been expanding to areas more distant from SVWD service area, and we believe there are potentially many more sites in the SMBG for ASR wells than the 9 shown here.



Simulated ASR/Recovery Wells 
SMGB 
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Target

Well ID Aquifer (gpm) (mgd) (gpm) (mgd)
SV-1 Tlo 150 0.22 750 1.0
SV-2 Tlo 205 0.30 750 1.0
SV-3 Tlo 200 0.29 750 1.0
SV-4 Tlo 435 0.63 750 1.0
SV-5 Tlo 250 0.36 750 1.0
SV-6 Tlo 195 0.28 750 1.0
SV-7 Tlo 205 0.30 750 1.0
SV-8 Tlo 230 0.33 750 1.0
SV-9 Tlo 210 0.30 750 1.0

Subtotals 2080 3.00 6750 9.0

Estimated Capacities
Injection Production

Presenter
Presentation Notes
This table summarizes the initially estimated injection and recovery capacities of those 9 ASR well sites in the SMGBAs shown, the per-well injection rates range between about 0.2 to 0.6 mgd, totaling 3 mgd, which is half of the needed injection capacity 



Simulated ASR/Recovery Wells 
MCGB 
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Presenter
Presentation Notes
This is a similar map showing the locations of simulated ASR wells in the MCGBThere are 6 well sites simulated 3 in the City service area3 in SqCWD’s service areaAs a reminder, many additional sites were identified by the Well Siting StudyThese are the ones selected for the initial GW modeling scenarios 



Simulated ASR/Recovery Wells 
MCGB 
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Target

Well ID Aquifer (gpm) (mgd) (gpm) (mgd)
HB5 A/AA/Tu 340 0.49 750 1.0
SC2 AA/Tu 245 0.35 750 1.0
SC4 A/AA/Tu 375 0.54 750 1.0
SQ4 AA/Tu 375 0.54 580 0.8
SQ7 A/AA 375 0.54 750 1.0

SQ10 A/AA 375 0.54 750 1.0
Subtotals 2085 3.00 4330 5.8

Estimated Capacities
Injection Production

Presenter
Presentation Notes
This table summarizes the individual well capacitiesAs shown, the estimated per-well injection capacities range between about 0.35 to 0.55 mgd totaling 3 mgd, which equates to an average of 0.5 mgd per well 



Model Scenario Descriptions 
 Scenarios 1 – 3: Historical Hydrology of 1985 – 2015 

 In-Lieu Only (Scenario 1) 
 ASR Only (Scenario 2) 
 In-Lieu plus ASR (Scenario 3) 

 Scenarios 4 – 6: Historical Hydrology of 1973 - 1984  
 In-Lieu Only (Scenario 4) 
 ASR Only (Scenario 5) 
 In-Lieu plus ASR (Scenario 6) 

  Scenarios 7 – 9: Climate Change Hydrology of 2020 – 2070 
 In-Lieu Only (Scenario 7) 
 ASR Only (Scenario 8) 
 In-Lieu plus ASR (Scenario 9) 
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Presenter
Presentation Notes
We have simulated those wells operating under 3 different climatic periods and corresponding hydrologic conditionsThere are three basic project types being simulated:In-Lieu only, which does not fully eliminate all shortages because the recharge capacities are limited by the demands of the other DistrictsASR only, which would eliminate all shortages, andIn-Lieu supplemented with a little ASR to eliminate all shortages The initial 3 three scenarios were simulated under the model calibration periods of 1985 – 2015. Although these hydrologic conditions do not represent a period of supply shortfall that the City is designing it’s project around, we ran these scenarios because the hydrologies already existed in the models and we could readily simulate the project early in the modeling process and learn some things that might inform subsequent scenarios.The next 3 scenarios 4 – 7 are simulated under the hydrologic conditions represented by the historical period of 1973 – 1984, which includes the 1976 – 1977 drought period that largely defines the water supply “Gap” that the project is being designed to fulfillThe last 3 scenarios we’ve performed thus far are under future climate change conditions of 2020 – 2070 as represented by the climate change scenario used by the WSAC; however, as I mentioned previously, this climate change scenario is no longer being used by the City for the HCP and water-supply planning, which occurred after the scenarios had already been done.  



Model Scenarios 4 - 6 
 Basic Parameters 

 Historical Climate of 1973 – 1984  
(includes the 1976 – 1977 drought conditions) 

 Distribution of Project Flows Between Basins: 
 Scenario 4 - In-Lieu Only: Flows distributed proportionally 

between basins based on relative In-Lieu demands of each 
District (SqCWD, SVWD and SLVWD) 

 Scenario 5 - ASR Only: 50/50 split distribution of flows between 
basins 

 Scenario 6 - In-Lieu plus ASR: In-Lieu flows distributed 
proportionally, ASR flows 50/50 split distribution 
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Presenter
Presentation Notes
So I’m going to provide a deeper dive into the modeling scenarios and results for Scenarios 4 – 6.I’m limiting my discussion tonight to those scenario both in the interest of time, but also because the other scenarios and climate periods are not representative of conditions that are driving the City’s problem that this project is trying to solve.Again, these 3 scenarios were run under the hydrologic conditions that include the 1976 – 1977 drought periodThe gross recharge and recovery flows provided by Gary Fiske were split between the basins by Pueblo as follows:For In-Lieu Only – Scenario 4, the flows were distributed proportionally according to the demands of the other Districts, which as I will show in a moment are not equalFor ASR Only – Scenario 5 the flows were split 50/50 between the two basinsAnd for In-Lieu plus ASR the flows were split in a hybrid fashion, with In-Lieu flows proportional to the District demands and the remaining supplemental ASR being split 50/50 



Scenario 4 – In-Lieu Only Results 
Recharge – Recovery Flows 
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Presenter
Presentation Notes
This plot shows several things about the scenario inputsThe x-axis is time, starting with the hydrologic conditions of 1973 and going through 1984The center bar chart shows the monthly recharge and recovery flows from the Confluence Model output, with the positive blue bars representing recharge and the negative red bars representing recovery pumping.As you can see, for the 1st three years of this simulation, there is only recharge.Then we get to 1976 – 1977 conditions and recovery that previously recharged water to supply the City and fill the water-supply “Gap”.After the drought ends, we resume recharge and replenishing the water bankAlso note that Confluence is showing that there are some years during the 1980’s conditions when the City would need to perform some more limited recovery to avoid shortfalls that occur during those periods.The think blue line shows the cumulative change in total project recharge.Again, you can see the cumulative recharge volume build up before the drought, then be drawn down during the drought, and then built back up again,The thinner lines show the cumulative recharge volumes for the MCGB and SMGB based on the splits in flows I described earlier.  You can see that there is slight more water going into the MCGB than SMGB, because the demands being offset of SqCWD are slightly greater than the demands of SVWD and SLVWD.       



Scenario 4 – In-Lieu Only 
Simulated Recovery Wells - SMGB 
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Presenter
Presentation Notes
For In-Lieu Only – Scenario 4, there are only two wells in the SMGB being simulated because the City only needs recovery pumping wells for In-Lieu only.We selected the wells circled here, SV-4 and SV-7



Scenario 4 – In-Lieu Only 
Simulated Recovery Wells - MCGB 

19 

Presenter
Presentation Notes
For Scenario 4 – In-Lieu Only in the MCGB we simulated two recovery pumping wells purposely located within the City’s service area.The idea is that if the City’s recovery  wells can be kept within its service area, it would simplify both site acquisitions and well and conveyance operations versus placing wells in SqCWD’s service area.This well configuration has implications on project performance, which I will discuss in a bit.



Scenario 5 – ASR Only 
Recharge – Recovery Flows 
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Presenter
Presentation Notes
Here’s a similar Recharge – Recovery flows and cumulative recharge plot, but for ASR onlyYou see a similar pattern of recharge and recovery flows as In-Lieu Only, but the monthly and cumulative volumes are a slightly greater.Also, the cumulatively recharge volumes for both MCGB and SMGB are equal because the flows are split 50/50 and the lines plot on top of each other.



Scenario 5 – ASR Only 
Simulated ASR Wells - SMGB 
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Presenter
Presentation Notes
For Scenario 5 – ASR Only all 9 ASR wells in the SMGB are needed and simulated



Scenario 5 – ASR Only 
Simulated ASR Wells - MCGB 
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Presenter
Presentation Notes
Same goes for the MCGB, with all 6 of the ASR wells being simulated



Scenario 6 – In-Lieu plus ASR 
Recharge – Recovery Flows 
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Presenter
Presentation Notes
This is the Recharge – Recovery flow plot for In-Lieu plus ASRAgain, similar to the other scenarios, but representing a hybrid.The total volumes are similar to ASR-Only – Scenario 5, but the distribution of flows between the two basins is more similar to Scenario 4 due to the differences in District demands being offset.



Scenario 6 – In-Lieu plus ASR 
Simulated ASR Wells - SMGB 
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Presenter
Presentation Notes
For Scenario 6 in the SMGB, only 3 wells are needed to meet the ASR injection and recovery pumping requirementsWe simulated the same two wells used in Scenario 4, SV-4 and SV-7, but added a third at SV-2



Scenario 6 – In-Lieu plus ASR 
Simulated ASR Wells - MCGB 
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Presenter
Presentation Notes
For  Scenario 6 in the MCGB, the same two wells simulated in Scenario 4 are used for both ASR injection and recovery pumping



Groundwater Modeling 
Interpretation of Results 
 Aquifer Storage Capacities – Water Budget Results 

 Maximum volumes of storage achieved 

 Hydraulic Losses – Water Budget Results 
 Increases in outflow 
 Decreases in inflow 

 Sustainable Injection Rates – Water Level Responses 
 Water levels remain below ground surface 

 Basin Impacts – Water Budget & Water Levels 
 Net storage depletion 
 Depressed water levels 

 Other pumping wells 
 Coastal MWs 
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Presenter
Presentation Notes
So that was a high-level description of how the scenarios were set upAfter the were run in the GW models, we get a variety of model result outputs that are interpreted to try to answer the questions being asked about project performance.For the question of Aquifer Storage capacities, were are mainly interested in the model water budget results and the maximum amounts of storage achieved in any given scenario.  We also look at the water level responses to corroborate the water balance resultsFor Hydraulic Losses, were are again primarily interested in the water balance results and the changes in the volumes of basin inflows and outflows as a result of project operationsFor sustainable injection rates, were are looking primarily at water level responses.  Specifically, we want to keep water levels below ground surface in order to avoid overpressurizing the aquifer system, which could result in the “daylighting” of water at the ground surface.For assessing the potential impacts to the basin, either negative or positive, we are looking at both water budget and water level results.For example, we don’t want the project to result in a net depletion of the amount of groundwater storageWe also don’t want water levels to decline during recovery pumping too much such that the other basin pumping wells are unable to maintain their capacities and/or result in coastal water levels that might increase the potential for seawater intrusion in the MCGB     



Scenarios 4 – 6 Results 
Cumulative Storage Changes - MCGB 
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~1.5 bg 

~1 bg 

Presenter
Presentation Notes
Here’s a similar plot for the MCGBThe In-Lieu plus ASR scenario achieves the greatest accumulation of storage, again maxing out at about 1.5 bg.The reason for this is that, as you may recall from my discussion of how these scenarios are set up, more water is being sent to the MCGB than the SMGB in the In-Lieu scenarios because of the greater District demands being offset.  



Scenarios 4 – 6 Results 
Cumulative Storage Losses - MCGB 

 

28 

 
 
 
 

 

20% 

Presenter
Presentation Notes
This is a similar plot for the MCBDAs shown, losses range between about 25 to 30 percent during the initial pre-drought recharge period, ending at about 20 percent at the end of the simulation.There are slightly more losses associated with In-Lieu as compared to ASR.Again, this is due to the spatial “disconnect” between where the water is being recharged and recovered in these In-Lieu scenarios as compared to ASR. 



Scenarios 4 – 6 Results 
Sources of Storage Losses - MCGB 

Presenter
Presentation Notes
This is a similar plot for the MCGBAs shown, the vast majority of losses are associated with increase flows across the boundary with the ocean.Again, while not good from a water-supply project efficiency standpoint, increase flows to the ocean has a beneficial effect by helping to repelling seawater intrusion into the basin.



Scenarios 4 – 6 Results 
ASR Well Water Levels - MCGB 

Presenter
Presentation Notes
Moving on to the MCGB, these are two plots of the simulated water levels at the two ASR wells located in the City’s service area.As shown, water levels are maintained below ground surface, indicating that the simulated injection rates are sustainable.



Scenarios 4 – 6 Results 
ASR Well Water Levels - MCGB 

Presenter
Presentation Notes
These are plots of the other 4 ASR wells simulated in the MCGB, and we see similar results indicating sustainable per-well injection rates.



Scenarios 4 – 6 Results 
Production Well Water Levels - MCGB 

Presenter
Presentation Notes
These are a couple of select plots of SqCWD wells in the MCGB that are closest to the City’s service area.The O’Neill Ranch well is shown on the top panelSimilar to what we saw in the SMGB, overall water levels are higher than they would otherwise have been, represented by the yellow line showing baseline conditionsDuring recovery pumping however, we do see water levels up to 50 feet lower than baseline conditions, but pumping water levels are maintained above the top of screen.In addition, it’s only in the In-Lieu scenarios where water levels go below baseline, whereas for the ASR only scenario, water levels only reach baseline levels.Again, this is due to the more efficient capture associated with ASR in these scenarios.The impacts at the Garnet Well are no lower than baseline, and generally higher on a net basis.



Scenarios 4 – 6 Results 
Coastal MW Water Levels - MCGB 

Presenter
Presentation Notes
The other potential negative impact in the MCGB is the potential to exacerbate the potential for seawater intrusion by lowering water levels below the Protective Elevations that have been established for coastal monitoring wells.These are plots of select monitoring wells at Soquel and Pleasure Points.The top two panels are for Layer 7 in the model, which represents the A Aquifer and for which Protective Elevations have been established and are shown by the black dotted lines.As shown, water levels are maintained above the Protective ElevationsThe lower two panels show Layer 8 in the model, which represents the AA Aquifer and for which Protective Elevations have not yet been established.As shown, at the Pleasure Pt monitoring well, water levels during the recovery pumping period are a foot or so lower than baseline, but in the absence of established Protective Elevations it is unclear whether this is a significant problem or not.The same is true for Layer 9 in the model, which represents the so-called Tu Aquifer.Accordingly, one of the recommendations based on these initial modeling results is to establish Protective Elevations for the AA and Tu Aquifers, which should be a collaborative effort between the City and SqCWD. 



Groundwater Modeling 
Summary of Key Findings from Scenarios 4-6 
1. Aquifer Storage Capacities 

 SMGB ~1.5 bg 
 MCGB ~1.5 bg 
 Combined ~3.0 bg 

2. Hydraulic Losses 
 SMGB ~15% – 20% 
 MCGB ~25% - 30% 
 Greater losses for In-Lieu vs ASR 
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Presenter
Presentation Notes
To summarize the key finding developed from the GW modeling performed thus farThe maximum additional storage volumes achieved in each basin is on the order of 1.5 bg, or 3.0 bg combined, which is consistent the WSAC assumptionsHydraulic losses in the SMGB were up to about 20 percent, which is consistent with the WSAC assumptionsLosses in the MCGB were slightly greater during the pre-drought recharge period ranging between 25 to 30 percent, which is greater than assumed by the WSAC.The main reason for this difference is that the MCGB’s southern boundary is the Pacific Ocean, and there are no physical barriers like there are in the SMGBAlso, losses associated with In-Lieu were generally greater than for ASR only.  Again, this is due to the spatial disconnect between where the recharge and recovery are occurring in these scenarios



Groundwater Modeling 
Summary of Key Findings from Scenarios 4 – 6 (con’t) 
3. Sustainable Well Injection Rates 

 SMGB ~0.35 mgd per well avg (3.0 mgd total) 
 MCGB ~0.50 mgd per well avg (3.0 mgd total) 
 Combined total for both basins ~6.0 mgd 

4. Basin Impacts 
 Beneficial in both basins on Net Basis 
 Potential for negative impacts at nearest prod. wells 

during City recovery pumping in both basins 
 Potential for coastal water levels to transiently exceed 

Protective Elevations 
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Presenter
Presentation Notes
Sustainable injection rates in the SMGB generally averaged 0.35 mgd, with the exception of some wells such as SV-8 that I discussed; however, we believe other wells sites with 0.35 mgd capacities are available in the basinThe injection rates in the MCGB were sustainable at an average of 0.5 mgdAll wells combined in both basins appear to be able to sustain the required total 6.0 mgd capacityImpacts to the basins on a net basis are positive with water levels generally higher than they would otherwise have been There does appear to be limited potential for transiently negative impacts during recovery pumping, with lower water levels at some of the other District production wells in both basins, and coastal monitoring wells in the MCGBAt this time, we don’t believe these impacts should be considered “Fatal Flaws”, but additional analyses should be performed to examine these impacts more carefully.   



Groundwater Modeling 
Potential Future Scenarios 
 Additional In-Lieu Recovery Wells 
 ASR Only on City-Owned Properties 
 Longer “Fill Period” Assumption (e.g. 7 yrs) 
 Additional Recharge Volumes Beyond City Needs 
 ASR plus Pure Water Soquel 
 Additional modeling using different Climate Change 

scenario 
 Others?  

 

36 

Presenter
Presentation Notes
Based on the results of the initial groundwater modeling, we have recommended several potential future scenarios simulating project variationsFor example, additional recovery wells could be simulated closer to the other District’s wells that are being idled in the In-Lieu scenarios to improve capture efficiency and limit hydraulic losses.If the City is unable to reach agreements with the other Districts, the City may have to “go it alone”, and we could simulate an ASR only scenario with wells located at properties outside their service area boundaries.A longer “fill period” prior to the drought than the 3 years assumed by Gary in the Confluence Model thus far.  For example, if we assumed the City had 7 years to fill the aquifers, the required infrastructural capacities for recharge could likely be significantly reduced from what has been assumed to date.We could also simulate the recharge of additional water, say another 20 percent, to leave in the basins as a benefit to the other Districts and perhaps to incentivize their willingnesss to enter into cooperative agreements with the City.At some point, a Cummulative Impacts scenario in the MCGB simulating the simultaneous operation of SqCWD’s proposed Pure Water recharge project and the City’s project likely needs to be done at some point.Another Climate Change scenario will also likely need to simulated, once the City has decided which new climate change scenario (or scenarios) it plans to use for the HCP and water-supply planning moving forward 



WSAC ASR Performance Measures 
Phase 1 Status 
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Task 
Potential Performance 

Measures Findings To Date 

1.1 - Existing Wells Screening 
Suitable Existing Wells for 
Pilot Testing in Target 
Aquifers do not exist 

Satisfied 

1.2 - Site-Specific Injection 
Capacity Analysis 

Results show that avg. 
Injection Capacity of 250 gpm 
(+/- 10%) is unrealistic 

Satisfied 
 

1.3 - Geochemical Interaction 
Modeling 

Results show that undesirable 
geochemical interactions are 
likely 

Satisfied 
 

1.5 - Groundwater Modeling 

Results show that target 
aquifers cannot sustain 
needed injection or recovery 
rates or unacceptable 
hydraulic losses occur 

SATISFIED 

Presenter
Presentation Notes
So going back to the WSAC Performance Measures for the Phase 1 Investigation that we have been discussing for the past couple of yearsI have previously presented that the first three performance measures listed in this table have been considered “Satisfied”Tonight I’m reporting that we consider the Performance Measures associated with what we needed to learn from the GW modeling have also been “Satisfied”.  As discussed in some detail tonight, it looks as though the basins have the needed storage and injection capacities, and that the hydraulic losses are within the ranges assumed by the WSAC, i.e., 20 to 40 percent. 



Current Status Summary 
 Phase 1 Investigation is Essentially Complete.  

Ongoing Tasks Include: 
 SMGB Test Well Site Identification – Work Plan 
 Climate Change Evaluation 
 Additional Groundwater Modeling Scenarios/Iterations 

 WSAC Performance Measures for Phase 1 Satisfied 
 No Fatal Flaws Identified 
 Phase 2 is Advancing in the MCGB with Beltz 12 Pilot 

Test 
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Presenter
Presentation Notes
To summarize the overall current status of the Phase 1 InvestigationIt has been essentially completed.The only incomplete tasks include developing Phase 2 ASR Pilot Test work plans for the SMGB and performing additional GW modeling scenario iterations.To complete the Phase 1 tasks, we need to identify and secure a test well site in the SMGB and complete the evaluation of Climate Change scenarios for the City moving forward The WSAC Performance Measures have largely been satiffiedNo Fatal Flaws have been identified thus farPhase 2 is advancing, even though completion of Phase 1 has been delayed somewhat, with an ASR Pilot Test scheduled for this upcoming winter/spring.



Next Steps 
 Beltz 12 ASR Pilot Test (Phase 2) 
 Test Well Site in SMGB (Phase 2) 
 Climate Change Scenario Evaluation 
 Infrastructure Evaluation  
 Additional Modeling 
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Phase 2 ASR Pilot Testing 
Beltz 12 (Tu/AA/A Aquifers of MCBG) 

40 

 



Phase 2 ASR Pilot Testing 
Beltz 12 (Tu/AA/A Aquifers of MCBG) 
 Primary Purposes: 

 Determination of sustainable injection/recovery pumping rates 
 Evaluation of well plugging rates/backflushing requirements 
 Determination of local aquifer response to injection/recovery 

pumping 
 Evaluation of water-quality changes during storage and recovery 

(focus on DBPs and Mn) 
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Phase 2 ASR Pilot Testing 
Beltz 12 (Tu/AA/A Aquifers of MCBG) 
 ASR Cycle Test Program: 

 
 
 
 

 Project Tasks and Schedule: 
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ASR Storage
Cycle Period Rate Radius Period Period Rate Discharge
No. (days) (gpm) (mg) (af) (ft) (days) (days) (gpm) (mg) (af) Location
1 1 400 0.58 1.77 18 2 1 700 1.01 3.09 Storm Drain
2 7 400 4.03 12.4 46 14 6 700 6.05 18.6 Storm Drain
3 30 400 17.3 53.0 96 60 30 400 17.3 53.0 Distribution

Total Duration (days): 151
Total Injection Volume (mg): 21.9
Total Recovery Volume (mg): 24.3

Total Volume Volume
Injection Recovery

Duration
Task / Activity Time Period (months)

CEQA and Permitting Sep 2018 - Nov 2018 3
Site Preparation  Nov 2018 1

ASR Cycles Dec 2018 - May 2019 6
Data Analysis and Reporting Jun 2019 - Jul 2019 2

Total: 12



Questions / Discussion 
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Presenter
Presentation Notes
Thank you very much for listening, and with that, I’d be please to take any questions you may have.



Scenarios 4 – 6 Results 
Annual Storage Changes - SMGB  
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Presenter
Presentation Notes
This is a plot of the annualized cumulative changes in storage relative to baseline conditions in the SMGB.The three panels show the three project variants of In-Lieu only at the top, ASR only in the middle, and In-Lieu plus ASR at the bottom.The blue bars show the amounts of recharge that resulted in additional groundwater in storage and the grey bars show the amounts of recharge that wound up as increased outflows from the basin.The red bars show relative reductions in inflow to the basin due to the increased water levels resulting from recharge.The black line shows the cumulative of these three components, and is the same as the cumulative recharge volumes I showed on the previous plots of Recharge and Recovery Flows.The most important difference between these three results is that Scenario 5 – ASR Only shows more water being retained in storage and less being lost as compared to the In-Lieu scenarios.The main reason for that is that in these scenarios there is a slight disconnect spatially and vertically between where the In-Lieu recharge is occurring and where the recovery pumping is occurring, resulting in less efficient capture of the recharge water, compared to ASR Only where the same wells are used for both recharge and recovery      



Scenarios 4 – 6 Results 
Annual Storage Changes - MCGB 
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Presenter
Presentation Notes
Here’s a similar plot for the MCGB and it shows similar patterns as the SMGB, except that the differences between In-Lieu and ASR are not as significant



Scenarios 4 – 6 Results 
Cumulative Storage Changes - SMGB  
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~1.5 bg 

~1 bg 

Presenter
Presentation Notes
This is a more detailed plot of just the cumulative changes in storage for the SMGB.Again, you can see storage build up prior to being recovered during the drought, and then being replenished after the drought.You can also see the differences between In-Lieu and ASR, with ASR-only resulting in greater cumulative storage accumulation.I’ve also shown that the peak volume of storage achieved was in Scenario 5 with up to 1.5 bg accumulated.This indicates that the basin has a storage capacity of up to 1.5 bg, or about half of the 3.0 bg that’s needed



Scenarios 4 – 6 Results 
Cumulative Storage Losses - SMGB  
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20% 

Presenter
Presentation Notes
This is a plot of the cumulative losses, expressed as a percentage of the cummultative volume of recharge.As you can see, the losses associated with ASR only are less than for the In-Lieu scenarios and range between about 10 to 15 percent, whereas the losses for In-Lieu are slightly greater and right round 20 percent or so.  



Scenarios 4 – 6 Results 
Sources of Storage Losses - SMGB  
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Presenter
Presentation Notes
So where is the lost water going?Further examination of the model water results provides that information.This is a plot of the various components of aquifer losses in the SMGBAs shown, the majority of losses are associated with increased outflow to streams, shown in pink, and springs in the SMGB, shown in light blueWhile losses are not good from a water-supply project standpoint, these results suggest that the losses may have ancillary environmental benefits with more water in the creeks and streams than would otherwise occur  



Scenarios 4 – 6 Results 
ASR Well Water Levels - SMGB 

Presenter
Presentation Notes
For injection capacity evaluations, as I mentioned we are mainly looking at the water level responses at the ASR wells.We want to limit water levels to below ground surface as much as possible.In the interest of time, I’m only going to show you a few examplesThis is a two panel plot of the simulated SV-1 and SV-2 wellsThe blue line is the ASR-only scenario and is most illustrative for these purposes because it involves the most amounts of well injection compared to the In-Lieu scenarios.As shown, water levels are maintained below ground surface throughout the simulations at both wells, indicating that the simulated injection rates are sustainable 



Scenarios 4 – 6 Results 
ASR Well Water Levels - SMGB 

Presenter
Presentation Notes
This is a similar plot for two other wells simulated in the SMGB.The upper panel for SV-7 is similar to the previous two wells, but you can that at SV-8 the water levels are consistently about ground surface, indicating the simulated injection rate for this well is likely not sustainable.Further examination revealed that SV-8 is located at a relatively low ground surface elevation adjacent to Bean Ck. compared to the other simulated ASR well sites.Based on these findings, we recommend that this particular site no longer be pursued and an alternative site be identified and utilized in the future.As I mentioned previously, we think there are numerous other potential sites available now that we are no longer constrained to the SVWD service area. 



Scenarios 4 – 6 Results 
Production Well Water Levels - SMGB 

Presenter
Presentation Notes
Regarding basin impacts, I’m again going to shown select wells for purposes of getting the point across.These are plots of two of SVWD wells.We are really looking at the impacts to these wells during the recovery pumping periodsOverall, the water levels are higher at both wells on a net basis, which would be a beneficial impactAt SVWD Well 10A shown on the lower panel, however, during the two-year drought recovery pumping period, water levels are drawn down 50 to 60 feet or so relative to baseline conditions, shown by the black line.While this is a potentially negative impact, the water levels were maintained above the wells screen and it was also pumping in this scenario, which indicates that it could likely maintain pumping capacity during this period, but with more pumping lift required.
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