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Katie DiSimone 

California Regional Water Quality Control Board ‐ Central Coast Region 

&�' Aerovista Place, Suite ��� 

San Luis Obispo, CA �-.�� 

Subject: Time Schedule Order No. R-‐���&‐���� ���� First Quarter Progress Report 

Dear Ms. DiSimone: 

In accordance with Table - (Compliance Schedule) of Time Schedule Order No. R-‐���&‐���� dated June �:, 

���&, the City of Morro Bay (City) is submitting the ���� First Quarter Progress Report. Per Table -, the 

progress report shall include the following: 

"The quarterly progress reports shall detail the Discharger’s actions implemented towards achieving compliance 

with Order No. R�‐ !"#‐!!$!, including but not limited to studies, installation/construction progress, evaluation 

of measures implemented, recommendations for additional measures as necessary to achieve full compliance by 

the final date of this TSO, completion of any required actions, failures to comply with any action required and 

related corrective actions. Quarterly progress reports shall also include as attachments any documentation 

demonstrating compliance, such as RFPs, EIRs, rate studies, contract awards, or hearing agendas. Where such 

materials are publicly available via the Discharger’s website, the Discharger’s quarterly report may instead 

provide web links if approved by Central Coast Water Board staff." 

Background 

The City currently jointly owns and operates a wastewater treatment plant (WWTP) with the Cayucos 

Sanitary District (CSD). The WWTP was ��'. and blends primary‐treated effluent with secondary‐treated 

effluent when flows exceed � million gallons per day (mgd). The City is currently operating under Waste 

Discharge Requirements Order No. R-‐���:‐��'� (Order No. R-‐���:‐��'�), which requires the City to 

discontinue the blending process as part of the planned new water reclamation facility (WRF) project, and all 

flows will meet at least full secondary treatment standards.  

Since ���-, the City has been developing a WRF project through the completion of several key planning 

milestones including completion of the Draft Water Reclamation Facility Master Plan and Draft Master 

Water Reclamation Plan. These planning documents along with City Council‐adopted goals for the project 

have outlined a project that includes the following major components: 

• Onsite tertiary treatment facility with a capacity of approximately � mgd; 

• Onsite full advanced treatment facilities capable of meeting the Division of Drinking Water's 

requirements for potable reuse via groundwater augmentation; 

• Offsite recycled potable reuse facilities including pipelines and injection wells necessary for 

groundwater augmentation in the Morro groundwater basin; and 

• Offsite raw wastewater conveyance facilities including pipelines and pump station(s) to convey raw 

wastewater, tertiary‐treated wastewater, and brine between the existing WWTP site and the City's 

preferred site located at Highway � and South Bay Boulevard. 
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Summary of Recent Activities 

Since delivery of the last quarterly update on January -�, ����, the City has continued to make major strides 

in moving the WRF project towards achieving full compliance with Order No. R-‐���:‐��'� by February �-, 

���-. These milestones include holding a progress update meeting with Harvey Packard and Phil Hammer 

from the Regional Water Quality Control Board (RWQCB), continuing design of the WRF facility with the DB 

team, finishing the Phase � hydrogeological work with GSI, and continuing the design of the conveyance 

facilities. A summary of major milestones, dates of their completion, and critical supporting documentation 

is also identified in the table below. Additional discussion is also provided following the table.  

 

Activity 
Completion 

Date 

Supporting 

Documentation 

Links to WRF  

Website or Attached 

WRF Onsite Design‐Build 

Request for Proposals 
January �., ���& RFP 

http://morrobaywrf.com/reque

st‐proposals‐design‐build‐

services‐wrf‐onsite‐

improvements/  

Release of Public Draft 

Environmental Impact Report 

(EIR) 

March -�, ���& Draft EIR 

http://www.morrobayca.gov/D

ocumentCenter/View/���&./W

RF‐Draft‐EIR‐‐‐All‐Chapters‐

Combined  

City Council Selection of the 

Preferred WRF Onsite Design‐

Build Team 

June �-, ���& Agenda 

http://www.morro‐

bay.ca.us/ArchiveCenter/View

File/Item/.�.&  

Final EIR July �-, ���& Final EIR 

http://www.morrobayca.gov/D

ocumentCenter/View/���&'/W

RF‐Final‐EIR  

Recommendation to Certify 

Final EIR by Planning 

Commission/WRFCAC 

July �-, ���& Agenda 

http://www.morro‐

bay.ca.us/ArchiveCenter/View

File/Item/.�&�  

Draft Financial Plan and Rate 

Analysis 
July �', ���& Draft Report  

http://morrobaywrf.com/site/w

p‐content/uploads/Morro‐Bay‐

WRF‐Financing‐Plan‐Rates‐

Draft‐:‐'‐�&.pdf 

City Council Approval of 

Proposition ��& Notice 
July ��, ���& Agenda 

http://www.morro‐

bay.ca.us/ArchiveCenter/View

File/Item/.�&' 

Submission of the EPA WIFIA 

Application 
July �-, ���& Application  

http://morrobaywrf.com/site/w

p‐content/uploads/WIFIA‐

Loan‐Application‐main‐July‐

���&.pdf  

City Council Certification of 

the Final EIR 
August �., ���& Resolution 

Included as part of Third 

Quarter Progress Report 

(October �', ���&) 
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Activity 
Completion 

Date 

Supporting 

Documentation 

Links to WRF  

Website or Attached 

Adoption of New Rates to 

Support the WRF Program 
September ��, ���& Resolution 

Included as part of Third 

Quarter Progress Report 

(October �', ���&) 

Award Contract for the Next 

Phase of the Hydrogeological 

Work 

September �', ���& 
Staff 

Report 

Included as part of Third 

Quarter Progress Report 

(October �', ���&) 

Award of the WRF Onsite 

Improvements Design‐Build 

Contract 

October �-, ���&  
Staff 

Report 

Included as part of Third 

Quarter Progress Report 

(October �', ���&) 

Progress Update Meeting with 

the Regional Water Quality 

Control Board 

November ��, ���& Presentation 

Included as part of Fourth 

Quarter Progress Report 

(January -�, ����) 

Submit the Notice to Proceed 

to Filanc/Black & Veatch to 

being design of the WRF onsite 

improvements 

November �&, ���& 
Kick‐Off 

Meeting Agenda 

Included as part of Fourth 

Quarter Progress Report 

(January -�, ����) 

Submit the Notice to Proceed 

to GSI to initiate the next 

phase of hydrogeological work 

to finalize injection quantity, 

well location, and well design 

criteria 

December �', ���& 
Kick‐Off 

Meeting Agenda 

Included as part of Fourth 

Quarter Progress Report 

(January -�, ����) 

Submit the Final Clean Water 

State Revolving Fund Program 

Application 

January �:, ���� 

Final Scoring 

Sheet/Score 

Confirmation 

Email 

Included as part of Fourth 

Quarter Progress Report 

(January -�, ����) 

Presentation from the Status 

Update Meeting with H. 

Packard and P. Hammer from 

the RWQCB 

April ��, ���� Presentation Attachment � 

Draft Phase � Hydrogeological 

Study (GSI) 
April ��, ���� 

Draft  

Report 
Attachment � 

Clean Water SRF Status 

The City submitted a complete Clean Water SRF application to the State prior to the December -�, ���& 

deadline. The City received a final score of �. points based on the review by State staff. Under the SWRCB's 

new scoring system, the maximum points available for the WRF project is �. (i.e., while the project is 

providing a water supply benefit, it is being classified as a "recycled water" project). Under the new scoring 

framework, this is the maximum score attainable for this type of project. The State released their Draft 

Intended Use Plan (IUP) on April ��, ����. Based on the Draft IUP, the City will receive I��' million in total 

financing, I' million of which will be grants. 
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Summary of Planned, Near-Term Activities 

In addition to continuing to progress the preliminary design of both the WRF onsite improvements and the 

offsite lift station(s) and pipelines, the City is planning to complete the following major activities before the 

end of the second quarter of ����: 

 

Planned Activity Proposed Date 

Submit a Complete Coastal Development Permit Application to 

the California Coastal Commission 
June ��, ���� 

Plan, Permit, and Drill Pilot Test Wells June -�, ���� 

Coastal Development Permitting Process 

At a meeting with the County of San Luis Obispo (County) on December ., ���&, City, County, and CCC staff 

discussed the anticipated timeline for permitting through the County. Based on those discussions, and given 

the likelihood of appeals to the County Board of Supervisors then the CCC, the City would not likely receive a 

coastal development permit (CDP) from the CCC until October ����. 

In order to minimize project costs, City staff decided to pursue a consolidated permit for the WRF project 

through the CCC. Early receipt of the CDP permit will help reduce the overall impacts of the WRF project on 

the City's ratepayers. At the January ��, ���� City Council meeting, staff was provided direction to pursue a 

consolidated permit for the WRF project through the CCC. After feedback was received from local 

community members, an item was placed on the April �-, ���� agenda for the San Luis Obispo County 

Board of Supervisors regarding support for the consolidated permitting approach. At the meeting, the Board 

members voted .‐� in favor of permit consolidation.  

In order to allow local residents to readily participate at the CCC public hearing, CCC staff has decided to put 

the WRF project permit on their agenda for the July ���� meeting that will be held in San Luis Obispo.   

Conformance with the Compliance Schedule 

Table - in the TSO identifies the final and intermediate required actions that must be satisfied to 

demonstrate full compliance with the TSO. The table below lists the required actions, compliance due dates, 

actual completion dates for those actions already completed, and planned completion dates for those not 

yet completed. 

 

Required Actions Compliance Due Dates Actual Completion Date 
Planned Completion 

Date 

Release of Public 

Draft EIR 
March -�, ���& March -�, ���& March -�, ���& 

Release of Updated 

Rate Study 
June -�, ���& July �', ���& June -�, ���& 

Proposition ��& 

Hearing 
August -�, ���& September ��, ���& September ��, ���& 

Certification of Final 

EIR 
June -�, ���& August �., ���& August �., ���& 
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Award of Contract 

for WRF Onsite 

Improvements 

September -�, ���& October �-, ���& September �', ���& 

Develop, Implement, 

and Submit Pollution 

Prevention Plan 

December ��, ���& 

TBD 

(See additional 

discussion below) 

December ��, ���& 

Award of Contract 

for Construction of 

Lift Station and 

Offsite Pipelines 

November -�, ���� TBD November -�, ���� 

Completion of WRF 

Improvements with 

Completion Report 

December -�, ���� TBD December -�, ���� 

Full Compliance with 

Final Effluent Limits 
February �&, ���- TBD February �&, ���- 

Quarterly Progress 

Reports on TSO 

Compliance 

�st Quarter: May ��, ���& 

�nd Quarter: August ��, ���& 

-rd Quarter: November ��, ���& 

.th Quarter: February ��, ���� 

�st Quarter: May ��, ���� 

NA 

August ��, ���& 

November ��, ���& 

February ��, ���& 

April -�, ���� 

NA 

August ��, ���& 

November ��, ���& 

February ��, ���& 

April -�, ���� 

Pollution Prevention Plan 

The TSO stipulates that the City was to complete a Pollution Prevention Plan (PPP) pursuant to California 

Water Code Section �-��-.- for biochemical oxygen demand (BOD) and total suspended solids (TSS) by 

December ��, ���&. Since the WRF project includes the production of purified water for indirect potable 

reuse (IPR) for Groundwater Replenishment Reuse Projects (GRRPs), the regulations are clearly defined in 

the June ���. revised Title �� regulations. The Title �� regulations include the requirement for an Engineer's 

Report, which will go through extensive regulatory and public review. As part of the Engineer's Report, the 

City will be preparing a mandatory Enhanced Source Control Program (ESCP). The City is requesting that 

that the ESCP be considered acceptable in lieu of the PPP identified in the TSO. The ESCP will address BOD 

and TSS as well as a number of other constituents aimed at protecting the quality of the purified water 

produced by the WRF. The City anticipates that the ESCP will be completed by the end of ����.  

The City will continue to work diligently to come into compliance with Order No. R-‐���:‐��'� by February 

�-, ���- and meet the intermediate actions in Table -. If you have questions about this progress report or 

need assistance accessing any of the supporting documentation, please do not hesitate call or email at your 

earliest convenience.  
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Sincerely, 

 

CAROLLO ENGINEERS, INC. 

 
Eric Casares, P.E. 

WRF Program Manager 

 

ETC:sm 
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Attachment 1 

RWQCB Meeting Presentation 
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Technical Memorandum  
 
To: Eric Casares 

Cc: Rob Livik 

From: Dave O’Rourke, Tim Thompson  

Date: April 19, 2019 

Re: Morro Bay Water Reclamation Facility Groundwater Modeling 

 

Executive Summary 
A series of water quality scenarios were run using the 2017 groundwater model as prepared by GSI 
Water Solutions to assist in the evaluation of installing injection wells in the lower Morro groundwater 
basin as part of an Indirect Potable Reuse (IPR) project.  Key results of the study are: 
 

• Historical data and groundwater modeling indicate that the City’s wells are at risk of seawater 
intrusion if the full permitted pumpage is produced with no injection. 

• The bedrock “ridge” in the area of City wells MB-1 and MB-2 results in separate flow paths 
supplying the High School wells and the Highway 1 wells, and provides a degree of separation in 
the lower portion of the aquifer between the area of the high school wells and the Highway 1 
well field. 

• The model displayed adequate calibration for historically observed nitrate and TDS 
concentrations. 

• Predictive nitrate scenarios indicate that all wells have significantly lower nitrate concentrations 
under either injection well configuration. MB-3 experiences the greatest reduction in nitrates 
using the Narrows Injection Well configuration. The remaining Highway 1 wells experience a 
greater nitrate reduction from the Southside injection well configuration.  

• Predictive scenarios indicate that both the Narrows and the Southside injection well layouts 
eliminate significant sea water intrusion events in predictive scenarios.  

• The Southside well layout results in slightly lower TDS concentrations in the Highway 1 wells 
than the Narrows layout. The Southside well locations lie between the well field and the ocean, 
and so may provide a greater barrier to intrusion events. 
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Introduction 
As part of the Water Reclamation Facility (WRF) project being undertaken by the City of Morro Bay 
(City), a significant effort is being made to understand and model the aquifers in the lower Morro Valley 
Basin to evaluate which of the two areas is preferred for the injection wells needed to implement 
indirect potable reuse (IPR) as part of the WRF project. This Technical Memorandum (TM) documents 
the methods, assumptions, and results of groundwater modeling performed for the City by GSI Water 
Solutions, Inc. (GSI). This work was performed for the City under the scope of work authorized in 
November 2018, and discussed at a kickoff meeting on December 5, 2018. 
 
Objectives 
Three specific issues are identified for analysis using the existing Screening Level Morro Bay 
groundwater model (the model). These are the tasks: 
 

1. An evaluation of the ability of the City to pump their full groundwater allotment of 581 acre-feet 
per year (AFY) without inducing sea water intrusion from the coast. 

2. An evaluation of the impact of injection into the aquifer proposed as part of the IPR project on 
the concentrations of nitrates that migrate from upgradient to the groundwater in City wells. 

3. An evaluation of the impact on the water quality in City wells from the injection into the aquifer 
proposed as part of the IPR project on the concentrations of total dissolved solids (TDS) that 
migrate from the coast. 

 
Groundwater Model Background 
The Screening Level Morro Bay Groundwater Model (the model) was developed by GSI and documented 
in the Report “Lower Morro Valley Basin Screening-Level Groundwater Model for Injection Feasibility 
(GSI, 2017a). Details of the model development may be found in that report, but a brief summary is 
provided here. 
 
The primary aquifer used by the City for water supply production is the alluvium associated with Morro 
Creek. The model represents the area of Morro Valley between the Narrows, an area north of Highway 1 
where the alluvium is pinched to a narrow corridor about 300 feet wide by bedrock constrictions on 
both sides, and the coast (Figure 1). The model is constructed with three layers, in which Layer 1 
represents the ocean, Layer 2 represents finer materials such as silt and clay which are predominant at 
the land surface, and Layer 3 represents coarser materials such as sand and gravel that are present at 
depths ranging from 20 to 60 feet. Model grid cells have a uniform size of 50 feet by 50 feet. Morro 
Creek is simulated at the surface in layer 2, and provides a significant portion of the water budget inflow 
for the model area. The screening model was developed using 552 monthly stress periods simulating the 
historical period from water years 1971 through 2016. 
 
Most or all of the city’s groundwater production is from wells screened in the sand and gravel 
represented in Layer 3. Other significant boundary conditions include subsurface inflow through the 
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Narrows, subsurface inflow/outflow to or from the Pacific Ocean, precipitation-based recharge over the 
model area, and pumping from City wells in the model area.  
 
Task 1. Sea Water Intrusion under Full City Pumpage Allotment  
The first modeling task is an evaluation of the potential for sea water intrusion assuming the City fully 
exercises their permitted groundwater pumping allotment.  
 
The City is currently granted a permitted amount of pumping of 581 acre-feet per year (AFY) from the 
alluvial aquifer downstream of the Narrows. In the past 20 to 30 years, pumpage has been significantly 
reduced from this permitted amount due in part to elevated nitrate concentrations observed in 
groundwater pumped from City wells. The City requested a groundwater modeling analysis using the 
existing model that would assess whether full pumping of the City’s permitted amount could be 
sustained without resulting in the inducement of sea water intrusion from the coast.  
 
Data Review 
The City provided GSI with TDS and pumping data on seven wells located in the model area: the Highway 
1 wells (MB-3, MB-4, MB-14, and MB-15), High School 1, High School 2, and the Flippo’s well. TDS data 
on the Highway 1 wells extends back to the early 1980s. The other three wells’ data only extends back to 
about 2010.  
 
Figure 2 presents the City’s historical municipal pumpage from 1965 through 2018. In the years leading 
up to the 1990s, the City routinely pumped more than 500 AFY. Prior to the 1980s, a significant portion 
of this pumpage was produced from wells MB-1 and MB-2. By 1990, wells MB-1 and MB-2 had been 
removed from service. A field visit revealed that pumps are still installed in the wells. 
 
Figure 3 presents graphs displaying TDS concentrations in the City wells over the available period of 
record. Keeping in mind that annual City pumpage in the 1980’s was greater than 500 AFY, it is evident 
from inspection of these graphs that a limited seawater intrusion event occurred in the early 1990s. TDS 
concentrations during this time increased from approximately 700-800 parts per million (ppm) to 3,000 
ppm in well MB-3. The other Highway 1 wells experienced similar TDS spikes. (The High School wells and 
the Flippo’s well do not have TDS data from that time.) Concentrations decreased to baseline levels by 
the mid-1990s, and have remained in this range since that time. 
 
Modeling Approach 
MODFLOW was used in combination with MODPATH to evaluate the full City pumpage scenario. 
MODFLOW is a publicly available groundwater modeling code developed by the U.S. Geological Survey 
(USGS) to model groundwater flow and water levels, and is considered an industry standard. MODPATH 
is a USGS-developed particle-tracking code that functions in tandem with MODFLOW. MODPATH 
calculates flow velocity and travel times using MODFLOW flow results, porosity, and hydraulic 
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conductivity. Under this approach, full allotted City pumpage is simulated in the City wells, and particles 
originating along the coast are evaluated to determine the travel time and direction. 
 
GSI revised the model simulation period previously developed (552 monthly stress periods representing 
water years 1971 through 2016) to a simulation period with 456 monthly stress periods representing the 
period from water years 1981 to 2018. Monthly transient boundary conditions based on observed 
hydrologic data (rainfall, stream flow, etc.) that were developed for the original model were maintained 
for the period 1981-2016; appropriate monthly boundary conditions were estimated for the 24 monthly 
stress periods of 2016-2018.  
 
The modeling approach for this task is to simulate the City’s full pumpage of 581 AFY for the 38-year 
simulation period using MODFLOW, and perform MODPATH particle tracking to evaluate the movement 
of particles input into the model. 
 
Modeling Results 
 
As discussed previously, the simulation period of the model was shortened from beginning in water year 
1971 to beginning in water year 1981. This was done because water quality data were not available for 
the first 10 years, and because there was concern about excessive computer run times when using 
MT3D for transport modeling when completing Tasks 2 and 3. So the simulation used 456 monthly stress 
periods representing water years 1981-2018. 
 
The 581 AFY of permitted City pumping was divided equally among seven wells (the Highway 1 wells, the 
High School wells, and the Flippo’s well). This results in a year-round average pumping rate of 51 gpm 
for each of the seven wells. A quarterly pumping pattern was assigned with maximum pumping rate 
(1.25 times average) in the summer and minimum pumping rate (0.75 times the average) in the winter. 
Pumping was assigned during all stress periods in the simulation. Other monthly transient boundary 
conditions (i.e., rainfall-based recharge, stream flow, underflow from narrows) were maintained at 
values assigned during the model development. 
 
Under pre-development (i.e., non-pumping) conditions, the natural hydraulic gradient of the 
groundwater surface is southward, from the Narrows to the coast, with groundwater ultimately 
discharging from the aquifer to the overlying ocean (GSI, 2017a). Initial heads for the Task 1 simulation 
range from about 14 ft above mean seal level (MSL) at the narrows to about 8-9 feet MSL at the coast. 
After simulation of 581 AFY of City pumping for the 38-year simulation period, model results were 
evaluated. Figure 4 presents modeled water levels from the final stress period of the Task 1 simulation. 
These water level contours display a cone of depression centered around the Highway 1 wells, with 
water levels lower than 10 feet below MSL. Water levels at the coast are lowered to about -6 feet MSL, 
indicating that the natural coastward gradient has been reversed. At the end of the simulation, 
groundwater flow direction is from the coast toward the Highway 1 well field pumping center. 
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For the MODPATH Task 1 simulation, two lines of ten particles were placed in the model; one line along 
the Embarcadero and another line along the coast north of Morro Rock. It is documented that water 
quality in the City’s sea water intake wells along the Embarcadero is brackish, with TDS ranging from 
about 5,000 ppm to 17,000 ppm (GSI, 2017b). No groundwater quality data is available for the coast 
north of Morro Rock. If it is assumed that water quality there is similar to that along the Embarcadero, 
then particle tracks originating in the locations indicated on Figure 5 will represent the movement of 
brackish water along the coast. 
 
Figure 5 presents the results of the MODPATH particle tracking simulation. Each particle track is 
separated by arrows into line segments indicating two years of travel time. This figure indicates that 
particles originating on the coast travel to the City’s wells within about 5 to 12 years, depending on the 
location. These results indicate that under the full permitted pumping scenario, City wells are 
susceptible to degradation of water quality due to sea water intrusion. 
 
There are two distinct flow fields apparent in Figure 5. The High School wells draw from a different set of 
particles than the Highway 1 wells. While some of this is likely due to physical proximity, there is another 
factor in play. Figure 6 presents the bottom elevation of the alluvial aquifer as represented in the model. 
A prominent “ridge” of the bottom elevation is apparent in the vicinity of wells MB-1 and MB-2. In this 
area the elevation of the Franciscan bedrock underlying the alluvium is higher than the surrounding 
areas. This creates a degree of hydraulic separation between the groundwater “bay” from which the 
high school wells pump, and the area from which Highway 1 well field draws. This aquifer geometry may 
be significant when considering the fate and transport of injected water being considered for the IPR 
project. 
 
Task 2. Nitrate Contamination of Groundwater and Injection Wells  
The second task in the Scope of Work for the City is the modeling evaluation of the impact that 
proposed IPR injection wells may have on nitrate concentrations in the City’s wells.  
 
Much of the land upstream of the narrows has been used for agriculture for decades. However, in the 
1980s, a 120-acre plot of land immediately upgradient from the Narrows was planted in vegetables and 
row crops. Vegetables are generally fertilized at a much higher loading rate than hay or orchard, and 
often farmed for multiple crops per year. A few years after the establishment of the vegetable crop 
fields upgradient, significant concentrations of nitrates began to be detected in the City’s Highway 1 well 
field (MB-3, MB-4, MB-14, and MB-15).The objective of the modeling effort documented in this section 
of the Technical Memo is to evaluate the potential effect that injection of highly-treated recycled water 
from the WRF may have on the observed concentrations of nitrates in the city wells. 
 
Data Review 
The City provided GSI with nitrate concentration data on the Highway 1 wells. No nitrate data was 
available for the High School wells or the Flippo’s well. Nitrate data on the Highway 1 wells extends back 
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to the early 1980s. Graphs displaying historical nitrate concentrations in the Highway 1 wells are 
presented in Figure 7. 
 
Before a model can be made to simulate the transport of nitrates in the aquifer, the nature of the 
transport must be understood. To understand the transport of nitrates in the subsurface, GSI considered 
two alternative conceptual models. In the first conceptual model, the dominant transport process is that 
nitrate-laden surface water flow runs off from the fields, enters Morro Creek, and infiltrates into the 
subsurface during periods of stream flow. In the second conceptual model, the primary transport 
mechanism is vertical percolation of nitrates to the water table followed by entrainment with 
subsurface inflow from the Narrows. 
 
Inspection of the observed nitrate concentrations for the four Highway 1 wells reveals some information 
that helps in understanding of the transport of nitrates in the subsurface. 
 

• The first incidence of elevated nitrates was at MB-3. This is the most distant well from Morro 
Creek. Later elevated nitrate concentrations were observed sequentially in wells MB-4, MB-14, 
and MB-15, indicating that transport of nitrates occurred in a southeasterly direction.  

• The highest nitrate concentrations are at MB-3, with declining concentrations occurring in the 
wells to the southeast. This indicates that the leading edge of the plume first intersects MB-3, 
then MB-4, MB-14, MB-15.  

• The maximum nitrate concentration reported was 186 ppm in MB-3. Maximum nitrate 
concentrations in MB-4, MB-14, and MB-15 were 151 ppm, 118 ppm, and 69ppm, respectively. 
The MCL for nitrate in drinking water is 45 ppm. 

• Wells MB-3 and MB-4 had peak nitrate concentrations in 2014, with declining values since. 
Wells MB-14 and MB-15 had peak nitrate concentrations in 2018. 

 
The breakthrough patterns indicate that in timing and magnitude, MB-3, the northwestern most well, 
exhibited elevated nitrate concentrations first. This pattern then spread to the southeast. This indicates 
that the second conceptual model, in which subsurface flow through the Narrows is the dominant 
transport mechanism, is more valid than the first, in which transport would originate in Morro Creek. 
Additionally, the breakthrough patterns indicate transport of nitrates occurs along a preferential 
pathway that intersects with MB-3 earliest, and spreading to the wells to the southeast over time.  
  
Modeling Approach 
GSI used the 456 monthly stress period version of the model representing the 38 year time period 
representing water years 1981 to 2018. MODFLOW is run in combination with MT3DMS, a groundwater 
transport code that calculates the distribution and concentration of chemical components of 
groundwater. Under this approach, the model is calibrated to observed nitrate concentrations in the 
Highway 1 wells. After an acceptable calibration is achieved, the simulation period will be extended an 
additional 38 years, and three scenarios will be simulated.  
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• Baseline Scenario - Full City production of 581 AFY is simulated for a 38-year simulation period 
with no injection wells. 

• Narrows Injection Scenario - Full City production of 581 AFY is simulated for a 38-year 
simulation period with four injection wells located in the Narrows injecting a total of 800 AFY. 

• Southside Injection Scenario - Full City production of 581 AFY is simulated for a 38-year 
simulation period with four injection wells located in the Southside area injecting a total of 800 
AFY. 

In the first scenario, full permitted pumpage is simulated in the City wells, with no injection simulated. 
This provides a baseline scenario against which the injection scenarios can be compared. After 
completion of this baseline scenario, two different injection well configurations and locations will be 
simulated (Figure 8). In one scenario, four injection wells will be located near the Narrows, in locations 
that were utilized in the screening level model runs. In the other scenario, four injection wells will be 
located in the area south of Highway 1 and southeast of Morro Creek (referred to as the Southside 
locations for the purposes of this TM). Injection rates were set at 800 AFY combined, equally divided 
between the four injection wells (124 gpm/well). The nitrate concentration of the injected well water is 
assigned to be zero. For the predictive scenario stress periods, the transient monthly boundary 
conditions of stream flow and rainfall-based recharge were assigned to constant long-term average 
values; this is to eliminate any seasonal “noise” from the model results, and clarify that any observed 
results are attributable to the impact of the injection wells, and not any seasonal or climatological 
factors. 
 
Modeling Results 
Modeled hydrogeologic parameters such as transmissivity, recharge, etc., that were assigned during the 
development of the model were not adjusted during scenario model runs. Longitudinal dispersivity was 
set at 29.0 ft2/day, and lateral dispersivity was set at 0.29 ft2/day based on application of literature 
values. To generate the calibration to observed nitrate values at the Highway 1 wells, the primary model 
input that was adjusted is the inflow of nitrates along the upgradient boundary condition of the 
Narrows. Dispersivity was also adjusted during calibration, but the resulting modeled nitrate 
concentrations were relatively insensitive to variations in this parameter compared to the input 
concentrations.  
 
The upgradient flow boundary condition across the Narrows is represented using the MODFLOW well 
package, with specified flux values based on estimates of Darcy underflow through the Narrows. In 
MT3DMS, the nitrate concentrations of the groundwater represented as underflow may be specified in 
addition to the flux. There are only six model cells across the Narrows upgradient boundary condition (in 
columns 56 through 62). The Highway 1 well locations are spread across six model columns as well. 
Inflow nitrate concentrations were not applied at uniform rates across the six cells of the upgradient 
boundary. To the extent that each City well has a unique nitrate concentration signature, the timing and 
magnitude of the incoming nitrate concentrations were adjusted for each Narrows cell, and observed at 
the corresponding Highway 1 wells. For example, the inflow concentrations for the three northernmost 
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Narrows cells were adjusted to achieve calibration in wells MB-3 and MB-4, while the three 
southernmost Narrows cells were adjusted after observing responses in wells MB-14 and MB-15. After 
numerous model runs in which these parameters were iteratively adjusted, an acceptable calibration of 
historical nitrate concentrations was achieved. Figure 7 presents modeled and observed nitrate 
concentrations at the four Highway 1 wells. GSI concludes that the model can reasonably replicate 
observed nitrate concentrations in the well field. 
 
The model is not suited, however, to accurately predict future concentrations of nitrates that will be 
transported through the subsurface at the Narrows. Past agricultural practices that would affect nitrate 
transport, such as crop rotations and rates of fertilizer application, are not known. Therefore, for the 
predictive injection well scenarios, a constant upgradient nitrate inflow concentration of 400 ppm is 
applied to all six of the Narrows well cells. In these scenarios, the municipal wells and the injection wells 
were assigned pumping rates of zero for the first five years following the end of the historical calibration 
period, to allow any latent model effects stemming from the fluctuating nitrate values used to achieve 
calibration time to equilibrate. In addition, as previously mentioned, the monthly historical pattern of 
recharge and stream flow were replaced with long term average values to remove seasonal “noise” 
from the model results, so that any patterns observed in the model results may be attributed specifically 
to the incorporation of the injection wells to the model.  
 
Figure 9 displays the results of the Baseline and alternative injection well scenario runs for each of the 
four Highway 1 wells. In all the scenario runs, the representation of the injection wells results in 
significant reductions in nitrate concentrations at the Highway 1 well field. For Well MB-3, under the 
Baseline Scenario (no injection), the average modeled nitrate concentration over the last twenty years 
of the simulation is about 125 ppm. Under the Narrows Injection Scenario, that concentration is reduced 
to about 30 ppm, a reduction of over 75%. Under the Southside Injection Scenario, the average 
concentration is about 90 ppm, a reduction of about 25%. In wells MB-4 and MB-14, the Southside 
Injection Scenario results in lower nitrate concentrations than the Narrows Injection Scenario. This 
result is somewhat counter-intuitive, but may be a result of the greater depth/thickness of the aquifer in 
the southern area of the Highway 1 well field (Figure 6). 
 
Task 3. Seawater Intrusion Contamination of Groundwater and Injection Wells  
The third task in this Scope of Work is the modeling evaluation of the impact that proposed IPR injection 
wells may have on seawater intrusion in the City’s wells.  
 
The purpose of this task is to use the existing groundwater and transport model to demonstrate the 
model’s ability to reasonably simulate observed TDS concentrations from historical conditions, and to 
evaluate two separate injection well layouts to determine their potential impact on elevated TDS 
concentrations due to sea water intrusion.  
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Data Review 
The City’s wells are only about a half mile from the Pacific Ocean. As such, they are at risk of sea water 
intrusion in times of severe drought, or if the groundwater flow gradient is reversed from its natural 
direction for a significant period of time. The data review presented in the Task 1 Section of this TM 
showed that a sea water intrusion event occurred in the early 1990s (Figure 3), so it is clear that 
elevated TDS concentrations in City wells is not a theoretical risk; it has occurred in the past.  
 
The ocean is represented in the model as Layer 1. The Layer 1 cells function as boundary conditions with 
specified heads and specified concentrations. The heads are assigned at an elevation of 0 feet MSL. 
Because of fresh water inflow to the Bay from two creeks, and after inspection of water quality data for 
the city’s sea water intake wells, GSI assigned a TDS value of 25,000 ppm for the ocean water 
concentration boundary condition.   
 
Water quality sampling documented in the Seawater Intake Evaluation Report (GSI, 2017b) indicates 
that TDS concentrations in the seawater intake wells along the embarcadero boundary range from 
about 5,000 ppm to 17,000 ppm. Evaluation of sampling records from the PGE/Dynergy site indicate 
that wells have a TDS concentration of about 1,000 ppm on the northern edge of the site. Baseline TDS 
concentrations in the Highway 1 wells are in the 600-800 ppm range. An initial concentration 
distribution was developed which used these values as guide, and interpolated the values in areas 
between these locations. 
 
Modeling Approach 
The first step in the modeling evaluation is the simulation of historical pumping, and the evaluation of 
the model’s ability to replicate historical TDS conditions. Groundwater production data provided by the 
City was incorporated into the model, and a historical calibration simulation was performed for the 
period from water year 1981 to 2018. Dispersivity was not adjusted during these runs. 
 
After this, three scenarios are run: 

• Baseline Scenario - Full City production of 581 AFY is simulated for a 38-year simulation period 
with no injection wells. 

• Narrows Injection Scenario - Full City production of 581 AFY is simulated for a 38-year 
simulation period with four injection wells located in the Narrows injecting a total of 800 AFY. 

• Southside Injection Scenario - Full City production of 581 AFY is simulated for a 38-year 
simulation period with four injection wells located in the Southside area injecting a total of 800 
AFY. 

 
Modeling Results 
Figure 10 presents results of the calibration simulation displaying the modeled and observed TDS in the 
Highway 1 wells. Inspection of these graphs indicates that the model succeeds in capturing the increase 
in TDS that occurred in the early 1990s. Wells 3, 4, and 14 all had observed TDS increases that were 
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represented in the model results. Well 15 did not display a significant observed TDS increase, but the 
model results simulated an increase in TDS at the well. The reasons for this are not clear, but no attempt 
was made to fine tune the model inputs to match the specific results at Well 15. The fact that the 
general trend of the increased TDS concentrations in the vicinity of the Highway 1 wells was represented 
in the model results indicates that the model is suitable for use in further TDS analysis. 
 
For the TDS Scenario simulations, GSI decided to maintain the historical monthly time series for 
transient boundary conditions of recharge and stream flow. This is because an actual sea water intrusion 
event is observed and simulated during this time period, so it makes sense to evaluate the effect that 
the injection wells would have on such an event during similar climatological conditions (at the end of a 
significant multi-year drought). 
 
Figure 11 presents the results of the Baseline and Alternative Injection Well Scenarios for each of the 
four wells at the Highway 1 well field. It was established in the Task 1 particle tracking results that long 
term pumping of full permitted City pumpage without injection resulted in particles reaching the 
Highway 1 pumping center, but those model results did not give an indication of potential TDS 
concentrations at the wells. The graphs displayed in Figure 11 indicate that after about 30 years of full 
City pumpage, using model inputs (stream flow and recharge) reflective of climatological conditions 
during the recent drought, modeled TDS concentrations at the Highway 1 wells increased to brackish 
conditions, ranging from almost 4,000 ppm at MB-3 (farthest from the ocean) to nearly 13,000 ppm at 
well MB-15 (closest to the ocean). These MT3DMS results provide a quantitative estimate of the 
conditions previously indicated by the particle tracking analysis performed for Task 1. 
 
Figure 11 indicates that for all four of the Highway 1 wells, both the Narrows Scenario and the Southside 
Scenario have the effect of reducing all of the instances of elevated TDS concentrations (greater than 
1,000 ppm) evident in the Baseline Scenario results to concentrations that meet secondary drinking 
water standards (less than 500 ppm). Although it is not clearly visible at the scale of the graphs in Figure 
11, the Southside injection Scenario resulted in lower TDS concentrations than the Narrows Scenario for 
most of the wells. Table 1 presents the average TDS for each of the Highway 1 wells (omitting the first 5 
years, when the model was equilibrating to newly imposed stresses).  Wells MB-4, MB-14, and MB-15 
have lower resulting TDS concentrations under the Southside Scenario; MB-3 has slightly lower TDS in 
the Narrows Scenario. This makes sense because the Southside Injection Well configuration essentially 
functions a seawater intrusion barrier for the Highway 1 wells. The particle track results presented in 
Figure 5 indicate that the primary flow path to the Highway wells originates from the area near the 
Embarcadero. The Southside injection well layout largely intercepts this flow path of potentially brackish 
inflow with low-TDS injected water. 
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Table 1 – Highway 1 Well Predictive Scenario Results: Average TDS Concentrations1 

 

Well Narrows Southside 

MB-3 266 285 
MB-4 246 196 

MB-14 229 178 
MB-15 206 180 

1. All results in ppm. First 5 years results omitted. See text. 

 
 
Summary and Conclusions 

• Historical data and groundwater modeling indicate that the City’s wells are at risk of seawater 
intrusion if the full permitted pumpage is produced with no injection. 

• The bedrock “ridge” in the area of City wells MB-1 and MB-2 results in separate flow paths 
supplying the High School wells and the Highway 1 wells, and provides a degree of separation in 
the lower portion of the aquifer between the area of the high school wells and the Highway 1 
well field. 

• The model displayed adequate calibration for historically observed nitrate and TDS 
concentrations. 

• Predictive nitrate scenarios indicate that all wells have significantly lower nitrate concentrations 
under either injection well configuration. MB-3 experiences the greatest reduction in nitrates 
using the Narrows injection well configuration. The remaining Highway 1 wells experience a 
greater nitrate reduction from the Southside injection well configuration.  

• Predictive scenarios indicate that both the Narrows and the Southside injection well layouts 
prevent sea water intrusion in predictive scenarios.  

• The Southside injection well configuration results in slightly lower TDS concentrations in the 
Highway 1 wells than the Narrows configuration. The Southside well locations lie between the 
well field and the ocean, and so may provide a greater barrier to intrusion events. 
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