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Santa Rosa Plain Groundwater Sustainability Agency
Advisory Committee Meeting
Agenda

Date/time: Monday, July 13, 2020 I 3:00 p.m. – 5:30 p.m.
Meeting Location: To join the meeting remotely, click on the link
below or enter the URL directly into your browser:
https://csus.zoom.us/j/96976090714

If you are unable to join online, you can dial in using the
information below:
Phone number (toll free): 1-669-900-6833
Participant code/meeting ID: 96976090714#
Contact: Andy Rodgers, Santa Rosa Plain Groundwater Sustainability
Agency (GSA) Administrator, arodgers@westyost.com, 707.508.3661

Time

Agenda Item

Materials

3:00

Welcome and Call to Order – Roll Call and Introductions

N/A

3:05

General Public Comments

N/A

3:10

Agenda Review & 2020 Meeting Schedule Review

Agenda; June 22
Meeting
Summary; 2020
Meeting Schedule

3:15

Historical and Current Water Budget and Model Update Summary

Draft Historical
and Current
Water
Budget/Model
Update Summary;
Budget Section;
Summary
Appendix

Bob Anderson, Advisory Committee Chairman
Sam Magill, Advisory Committee Meeting Facilitator

This time is reserved for the public to address the Committee about matters NOT
on the agenda and within the jurisdiction of the Committee.
Bob Anderson, Advisory Committee Chairman
Sam Magill, Advisory Committee Meeting Facilitator

Andy Rich, Technical Staff
•
•
•

Update on model development
Overview of water budget assumptions
Discussion of water budget application to SMCs

Objective: Review and discuss water budget and model, and their application to
SMCs
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4:30

Sustainable Management Criteria Proposals

N/A

Marcus Trotta, Technical Staff
• Review Modifications to Subsidence SMC
• Water Quality Degradation: Update on input received and next steps
Objective: Review and discuss SMC proposals and discuss additional
considerations and next steps.

5:15

N/A

Updates (Time Permitting)

Marcus Trotta, Technical Staff
• Projects and Management Actions
• Grants Update
• Practitioner Workgroups
• Monitoring Network
Andrea Rodriguez, Outreach Staff
• Public Outreach Progress Update
Objective: Provide relevant updates that inform the Advisory Committee - AC to
ask questions if needed.

5:25

Review Meeting Action Items and Discuss June and July Meeting Agendas
Sam Magill, Advisory Committee Meeting Facilitator

5:30

Meeting Adjourns

Upcoming Community Workshop:
Wednesday, July 29, 2020, 5:30-7:00pm
Next GSA Board Meeting:
Thursday, August 13, 2020, 1:00-3:30pm
Next Advisory Committee meeting:
Monday, September 14, 2020, 3:00 – 5:30 pm

Accessibility
If you need special assistance to participate in this meeting, please contact Andy Rodgers at 707.508.3611 or by
email (arodgers@westyost.com). Notification of at least 48 hours prior to the meeting will assist staff in assuring
that reasonable arrangements can be made to provide accessibility of the meeting.
Agenda Materials
Any documents provided at the meeting by staff will be available to the public. Any documents provided to the
Advisory Committee during the meeting by the public will be available the next business day following the
meeting. The agenda and agenda packet materials are available at the Santa Rosa Plain GSA website:
(http://santarosaplaingroundwater.org).
Public Comment
Members of the public may attend meetings of the Santa Rosa Plain GSA Advisory Committee and may
comment before Advisory Committee consideration of individual agenda items, or during General Public
Comment on any matter within the jurisdiction of the Advisory Committee. As needed, time limits may be
placed on public comments to ensure the Advisory Committee is reasonably able to address all agenda items
during the meeting.
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Santa Rosa Plain Groundwater Sustainability Agency
Advisory Committee Meeting
Draft Meeting Summary

Date/time: Monday, June 22, 2020; 3:00 pm-5:30 p.m.
Meeting Location: https://csus.zoom.us/j/99257323552
Contact: Andy Rodgers, Administrator, Santa Rosa Plain Groundwater Sustainability Agency (GSA)
Email: arodgers@westyost.com I Phone: 707.508.3661
Next meeting: July 13, 2020, 3:00-5:30 p.m.

MEETING SUMMARY
Welcome and Call to Order

Sam Magill, Facilitator, Sacramento State University – Consensus and Collaboration Program,
welcomed the group, reviewed the agenda and conducted roll call.
Bob Anderson welcomed the participants and thanked them for attending this additional
meeting. He noted that Matt O’Connor was scheduled for expert witness testimony during this
time so was unfortunately unable to attend this special Advisory Committee meeting.

General Public Comments
None.

Agenda and 2020 Meeting Schedule Review

Sam Magill reviewed the meeting agenda for the day and Andy Rodgers walked the meeting
attendees through the 2020 meeting schedule. Rodgers said staff is already working on the
agenda items for the July 13 meeting. He then asked if there were questions or comments.
Rosenblum – The biggest issue is timing. Please do not repeat what happened last Friday – we
need more time to review material.
Rodgers – Unfortunately, we had to change the agenda a few times, it took us up to the
last minute to get ready. Your patience is appreciated. We will try to get the meeting
materials ready as early as possible in future.

Updates

Objective: Provide relevant updates that inform the Advisory Committee to ask questions if
needed.
Marcus Trotta, Technical Staff updated the Advisory Committee on various subjects.
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Water Budget and Model
We are still working hard on development of draft documents on historical and current water
budget and model. We were hoping to have it ready for this meeting, but we are still working on
them; our goal is to have them to Advisory Committee in advance of the July meeting to make
sure the Advisory Committee has enough time to review.
Projects and Management Actions
Informational documentation is included in the meeting packet – a three-page background
preview of process and slides that provide additional information. On the first page of the
document, there is a list of items to be included in the Groundwater Sustainability Plan (GSP), not
necessarily projects and management actions but actions that need to be covered in the GSP.
There is no time on today’s agenda to discuss in detail, but it will be an integral part of the GSP
going forward and will be covered at our July meeting. If you have any input, please email Mr.
Trotta.
Representative Monitoring Point Network (RMP)
We are working on text, maps and tables that will form the monitoring network section of the
GSP. Both the RMP as well as the full monitoring network for the basin that will look at areas that
are not considered RMP. Staff is hoping to have a draft to send out shortly after the July meeting.
Grants Update
We have signed agreements in place with DWR for the $1 million grant. Staff is conducting
planning work to scope out locations for wells, access agreements with private landowners and
infringement agreements for right of ways. Staff anticipates doing planning over the summer and
the goal of getting the planning and environment planning work done by the end of this year in
order to start construction of the four deep monitoring wells early next year. Staff is also looking
at other aspects of the grant – Permit Sonoma is working on the well registration program.
Practitioner Workgroups
There are practitioner work groups to cover subject-specific issues in all three basins, including
Rural Residential Outreach, Agricultural Water Demands Projections, and two
Groundwater/Surface Water Interactions groups. The practitioners are technical subject matter
experts including resource agencies with jurisdictional interests or involvements in some of the
issues. These are areas that staff need help with specific activities where we don’t have the
knowledge or expertise. The work done by the practitioner work groups will be compiled by staff
and brought to the Advisory Committees for review and discussion.
Two groups are to develop a 50-year planning horizon for the development of estimates of
future groundwater demands:
1.

Unincorporated groundwater demands for agriculture. This group will include the
Agricultural Commissioner, two Resource Conservation Districts, UC Coop extension, and
others, to look at the number of irrigated acreage and if there are any overarching trends
within industry regarding crop types.
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2.

Unincorporated groundwater demands for non-agriculture. This group will be led by Pete
Parkinson, former head of PRMD, now Permit Sonoma, along with land use planners,
Transportation Authority, and Permit Sonoma.

The other two groups are related to groundwater dependent ecosystems and interconnected
surface water depletion.
3.
4.

Groundwater dependent eco systems are required to identify and map related to surface
water systems. This group will include Laguna de Santa Rosa Foundation, Resource agencies,
Nature Conservancy, etc.
Interconnection of groundwater-surface water. This group will include Fish and Wildlife,
Environmental Defense Fund, State Water Control Board, DWR, etc.

Questions/Comments Advisory Committee
Rosenblum – I have two issues with the practitioner groups. The Advisory Committee meets in
public and the whole process needs to be transparent. I am concerned the group will be so
selective to reinforce certain views. I would like some oversight on those meetings. I understood
these groups weren’t part of the grant but part of regular agency work time.
Jasperse – The idea is to bring in practitioners to help staff develop subjects where we
don’t have the expertise – unincorporated land use and ag group, and the other two
groups are to cover specific aspects of the GSP. The idea is for the workgroups to come up
with options to bring to Advisory Committee. No decisions or policies will be developed.
There will be meeting notes, and everything will be presented to the Advisory Committee
and ultimately the Groundwater Sustainability Board. With regards to the second
question, the practitioner work groups are part of the grant.
Ann DuBay – Regarding the Prop 68 funding, looking back at the Advisory Committee
meeting notes, Mr. Jasperse was referring to resources’ agency staff 'volunteering' or
spending time as part of their jobs on the work groups. The facilitation and technical work
associated with the work groups is funded through Proposition 68.
Potter – Are we saying the Plan Manager and administrator team is augmenting staff through the
practitioner work groups, and that work, technical in nature, would be reported out to the
Advisory Committee and any conclusions or recommendations would be vetted through our
public meetings?
Jasperse – Yes, that is essentially correct.
Potter – It sounds like an appropriate division of labor. The Advisory Committee is a
clearing house for options so we can make recommendations to the Board on behalf of
the agency.
Rosenblum – The practitioner work groups are conceptualizing, it is technical and important
work, it is a public process and there should be an observation. The conceptualization phase is an
important issue in every public process.
Jasperse – I would like to reiterate that no decisions will be made. We could have done
this with consultants, but we chose not to.
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Magill– We will make sure we record the meeting so there is no perception that anything
is being kept from the larger audience.
Public Outreach
Andrea Rodriguez, Outreach – There is a sample PowerPoint presentation for your stakeholder
outreach groups. As you have meetings going forward, let Ms. Rodriguez know so she can help
tailor presentations, or be on the call, etc., to assist. There is a consultant (pending Board
approval) for rural residential outreach. There is a public workshop scheduled on Wednesday,
July 29, mark your calendar!
Noren – Thank you for the information on outreach. I am acutely interested in rural well owners.
Let me know if there is anything I can do. I appreciate the process being developed.
Gaffney – I was assigned to reach out to the Rohnert Park Chamber of Commerce. I have been
contacting them by email. They usually meet once a month but haven’t met since the Covid-19
shutdown. They aren’t using any online meeting formats. What is the timeline for making a
presentation or should I just email the PDF of the slideshow?
Andrea – Let’s see when they might come online but maybe we can host a meeting if that
gets some attention. I will try to contact them.
Gaffney – If you get a response, let me know, so far, they haven’t responded.
Andy Rodgers – The main actions items from the last Board meeting were looking ahead two
years – there are amended contracts for administrator, facilitator, and legal contracts through
June 30, 2022.
Ann DuBay –With regards to the public workshop on July 29, we will have breakout groups using
Zoom. Each breakout will be identified by interest groups. We would like practical feedback
especially around Sustainability Management Criteria. If you have any ideas, please send an
email to Ann DuBay, Andrea Rodriguez or Andy Rodgers. We would like questions that elicit
conversation in the breakout groups.

Sustainable Management Criteria Proposals

Objective: Review and discuss SMC proposals and discuss additional considerations and next steps

Chronic Lowering of Groundwater Levels

Marcus Trotta gave an update/status report of the sustainability indicator “chronic lowering of
groundwater”.
Key points and considerations:
• SGMA Definition: Chronic lowering of groundwater levels indicating a significant and
unreasonable depletion of supply if continued over the 50-year planning and
implementation horizon.
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•

Groundwater levels will be measured using a Representative Monitoring Point network of
wells throughout the basin; this network is a subset of the entire GSA well monitoring
network.

Main Themes from previous AC Input Reflected in preliminary SMCs:
• For areas with stable trends, maintain groundwater levels within or near historical
conditions while accounting for future droughts and climate variability.
• For areas with declining trends, protect beneficial users that could be impacted by the
declining groundwater levels and stabilize and reverse the declining trends.
Questions/Comments Advisory Committee
Furch – Averaging seems problematic. We need seasonal variations, high and low.
Trotta – Yes, I agree, the descriptions would include seasonal variations.
Noren – There are a wide range of domestic well types in the basin. They are one of the hardest
group of wells to develop this type of criteria. I joined the Advisory Committee a little later than
others. Such a range of type and use of well, seems the rural well owner is the hardest to corral. I
would be interested in your thoughts and how to develop the criteria.
Trotta – Yes, I would be happy to speak with you offline to get you up to speed. With
respect to rural domestic wells, I agree it is the largest number of wells and biggest
variety.
Noren – Some of the domestic wells are marginal in construction, production and age,
and location. They offer an opportunity to be a bell weather for what is going on in these
basins. I would be interested to talk further in a group or offline.
Gaffney – Future conditions need to include projected population growth. Between human
nature (people keep having babies) and the State Dept of Finance, we can expect population
growth to occur in the unincorporated area during the life of the GSP. If "reasonable" includes
population growth, we'll be OK.
Trotta – Practitioner workgroups are looking at population growth, it is something that
needs to be incorporated in future projections.
Furch – I agree with Mr. Gaffney and would add we need to consider intensification of uses on
the land.
Close – I have been paying a lot of attention to population data recently. The Dept. of Finance
has projections by county going out to 2060. These projections show a decline in population all
the way out. ABAG projections (report due soon) also expects a steady population decline in
Sonoma and Marin counties. Dept. of Finance projections are already online, when I get further
information from ABAG, I can send it to Andy Rodgers.
Trotta – Another component of the projections will be on the urban side. For that we will
be relying on the ongoing urban water management planning process that Mr. Close just
described.
Furch – ABAG is a good source but hasn’t always been accurately predictive.
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Water Quality Degradation

Marcus Trotta then gave an update/status report of the sustainability indicator “water quality
degradation.”
•
•
•

Unlike most other undesirable results, degraded water quality is the subject of robust
federal, state and local regulatory regimes carried out by different entities.
GSAs are not responsible for enforcing existing water quality standards or collecting
data to support existing water quality programs.
However, they are responsible for avoiding “significant and unreasonable”
degradation of water quality in their basins.

Questions/Comments Advisory Committee
Martin – Direction to the Advisory Committee was “look at the statement and provide feedback”.
I am curious if staff received feedback.
Trotta – Yes, we had six guiding questions and received four to five persons’ feedback
related to water quality. We are in the process of compiling the comments and
addressing them; we can report at the next meeting.
Furch – Do we know how many negative water quality impacts are produced from outside the
basin?
Trotta – In addition to the Representative Monitoring Point network we would have other
wells tracking water quality. We have already been working on compiling the existing
water quality data sets that we are aware of into one single database. So, we would have
separate wells tracking water quality. It would be one way to track future change
conditions. Just like we are planning to track groundwater levels along or adjacent to the
basin boundaries, we plan to track water quality along the basin boundaries as well.
Furch – Will we be looking at hot spots for water quality impacts?
Trotta – We will be looking at the distribution of places of concern throughout the basin
and communications with the Regional Board, if they have any specific areas for
monitoring more closely, that would be a good opportunity to incorporate any hot spots.
Furch – I am basically thinking of specific areas that I know have quality impacts now. If
we look at everything in general terms, we might miss specific areas. I hope we aren’t
going to take a sweeping view of the basin and we miss concentrations of existing
problems.
Martin – We had quite a conversation last time, we need to be careful when we characterize
these groundwater quality issues, that are perhaps results that are identified from
mismanagement of groundwater management, etc.
Close – Urban landscape water use demand has decreased due to Model Landscape Ordinances
and turf replacement programs throughout the region.
If Advisory Committee members have additional input, please send it to Mr. Trotta so it can be
incorporated and included at the July meeting.
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Land Surface Subsidence

Marcus Trotta gave a status report on the SMC “land surface subsidence”.
•
•
•

GSAs are only responsible for managing inelastic (or unrecoverable) subsidence caused by
groundwater pumping, not responsible for elastic (recoverable) subsidence nor for
subsidence caused by anything other than groundwater pumping
Available datasets do not indicate the occurrence of historical inelastic land surface
subsidence due to groundwater pumping within the Subbasin.
Proposed management of groundwater-levels within or above historical ranges through
Chronic Lowering of Groundwater Levels Sustainability Indicator, makes future inelastic
subsidence due to groundwater pumping unlikely.

Following Mr. Trotta’s presentation, he opened the meeting up to discuss remaining questions
and issues related to land surface subsidence:
•
•

Further assess methodology and develop process for how to determine whether any
potential future observed subsidence is due to groundwater pumping or other factors
Develop range of options for establishing Undesirable Results for Board consideration
with AC input

Questions/Comments Advisory Committee
Martin – I am starting to feel a little more comfortable with the proposals. Is there an inch level
sensitivity this data can provide? How often would we be monitoring it to establish a trend? Is it
heat sensitive? If so, the measurements should be done at a similar time each year.
Trotta – The resolution of the measurements at a vertical direction is down to about 1/8
of an inch. I can send DWR’s report about estimated error, it works out to a little over an
inch. DWR looked at continuous GPS readings collected through the state and correlated
the data with the InSAR data collection. One of the things we would do, even if we didn’t
monitor, is look at the readings being recorded by the higher-level data with what the
InSAR data is recording. In reporting out, we would be doing it on an annual basis. If we
were to see something, it would trigger additional analyses in terms of examining
groundwater levels and additional pumping in the vicinity of subsidence. This is all new
and we will have opportunities for adjustments in five-year increments going forward. We
would want to set it up, so it is adaptive going forward.
Gaffney – 0.05 ft = 0.6 inches, well within the range of precision for the measurement method.
Trotta – It was taken into consideration when setting the threshold.
Scott – Do we have an estimate of the lost storage capacity versus one inch of inelastic
subsidence?
Trotta – Hard to develop, it’s a relatively small subsidence. It is important to remember
that loss of storage related to subsidence is coming out of the clay aquitards. In
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comparison with the sand and gravel units in the basins, they don’t yield as much water.
The bulk of the water in the basin is in the sand and gravel units.
Lamb – I never dealt with InSAR data before. If your resolution is .1, it is going to pop up and you
will always be chasing low numbers. If the threshold is at the sensitivity level, you will possibly
get a lot of false positives. Wouldn’t we rather work with trends rather than fixed numbers?
Trotta – The resolution is the measurement of about an eighth of an inch.
Lamb – But your measurement of error is .1, we don’t know if it is real or not. Are you
getting data every month?
Trotta – The exceedance would be anything exceeding the .1. In looking at the available
data sets we have; we don’t see anything even approaching the .1 rate in one single year.
We don’t anticipate seeing that on a frequent basis in the future.
Lamb – If you see a change of .08 you would have to add the .01 measurement?
Trotta – I don’t believe we would be adding anything. We would look at trends. SGMA
requires looking at rate of subsidence per year.
Lame –You would look every month?
Trotta – There is data by month, but we would report on an annual basis.
Lamb – Some weird data point could stick out like a sore thumb.
Trotta – That is why we have other conditions in the options to address that – cumulative
amount and/or spatial consideration of 25 contiguous acres.
Lamb – I like option 3.
Furch – Given the proposed reduction of Russian River flows, will we be able to monitor shifts in
groundwater uses and respond to them in the relatively near future?
Long – Was there a measured amount of recovery from elastic subsidence when more imported
(Russian River) water and increased recycled water use occurred?
Trotta –In the future, any changes in groundwater pumping patterns related to the
Russian River, would be incorporated into future projected urban water demands.
Rosenblum – I am thankful for this technical discussion. I hope we will have enough time to think
about it and then proceed. I have seen numerous studies, they use GPS stations as well, there are
several types of data to balance the whole picture. What about other locations within the
county, GPS stations that could be added to overcome some of the questions raised by Ms.
Lamb? This whole discussion is about whether groundwater causes the subsidence. If that
happens, the model needs to be flexible enough to provide the confidence there is correlation
between groundwater and subsidence.
Trotta – To the extent there are periodic levelling surveys we can draw from and use for
comparison; it is something we would likely build in. The other data set to leverage in the
future is LIDAR, that is something that can be used in the future.
Magill– We are making every effort to get information out earlier. Please send input
between meetings, it helps us better prepare. Send within 10 days or so for next meeting.
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Sam Magill restated the following questions and asked for input from the Advisory Committee.
PLEASE NOTE: The results of the polls below are not conclusive, and were intended only to gauge
the approximate level of comfort with each option presented by staff.
For Option 1
For Options 2 & 3
For Option 3
For Option 3

Question
Does the five continuous years of any total subsidence
threshold seem too short, too long, or about right?
Does the cumulative minimum threshold of more than
0.2 feet seem too low, too high or about right?
Does 25 contiguous acres (equivalent to about 10 pixels
of InSAR data) sound too small, too large or about right?
Does adding the condition that the 25 contiguous acres
include “developed land or infrastructure” seem
appropriate?
Who is comfortable with Option 1?
Who is comfortable with Option 2?
Who is comfortable with Option 3?

AC response
11 yes, 0 no
6 yes, 3 no
9 yes, 2 no
1 yes, 7 no
6 yes, 2 no
4 yes, 2 no
2 yes, 3 no

Questions/Comments Advisory Committee
Long – It is important we establish a trend. I am looking for a threshold that is rather large before
we say we are experiencing inelastic subsidence and have a problem.
Potter – I want to echo what others said. I would rather put resources toward tracking real most
urgent problems rather than small things that aren’t trends long term.
Rosenblum – I agree with Ms. Lamb’s point.
Lamb – The reason I like 0.2 feet, we know it has gone up/down 0.2 feet, that it was elastic. We
know we can work with it. Not happy with .1 feet.
Scott – 25 acres seems on the small side as we would potentially be bringing the whole GSA’s
problem to one small area. I was thinking of several contiguous acre pieces to see a trend or
making it larger.
Close – I am comfortable with option 1, typically to see trends you need about 5 years. It seems
like a nice middle ground.
Long – Not comfortable with any of the options because of the thresholds we have been talking
about.
Rosenblum – I haven’t had enough time to think about it.
Anderson – Accuracy question.
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Lamb – I think it would be useful to pinpoint problems at a smaller scale.
Sam Magill asked if there were additional modifications or other options for defining Undesirable
Results the Advisory Committee think should be considered?
Questions/Comments Advisory Committee
Rosenblum – It is a question of correlation. Correlation to groundwater; not just InSAR data,
what other data can we get from the ground level sources? What about damage, correlating
subsidence to damage? Any damage such as trees falling, pipes breaking, etc.
Magill – Are you saying even if there is subsidence that does occur, we need to determine
whether real damage is occurring as a result?
Rosenblum – I want to see damage added to the criteria.
Noren – One question related to Rohnert Park, at what point would Rohnert Park have showed
subsidence with the criteria proposed? Is this an adequate tool, could we have predicted it or
done something sooner?
Magill – Great question, applying it to real-world examples.
Trotta – With respect to damage, I am not sure with the .2 elastic subsidence, there is any
damage that occurred. We believe the .2 is in the elastic range. We will need to make it
clear that this is adaptive, and we will be getting more data as we analyze the InSAR data
going forward, along with other conditions in the basin. Looking back could also be
somewhat constructive.
Potter – Even though we go deep in the details on subsidence, we need to remember we are
using five indicators at the same time. Reminder to the group, that we don’t only want to look at
one indicator but all of them and the interaction between all of them and prioritize resources.

Review Meeting Action Items and Discuss July Meeting Agenda

Sam Magill restated the action items and said staff would like to hear from all Advisory
Committee members regarding the questions for the Community meetings.
Marcus Trotta said he would like continued feedback for the questions asked at the May
Advisory Committee meeting. Send feedback to Trotta within one week to ten days after getting
material from staff. Keep eye out for water draft docs before July meeting.
If there is any feedback on how to better the virtual meetings, send ideas to Sam Magill.
Furch – Great job, thank you. This is difficult material, conversations are educational.
Anderson – Appreciate your efforts, look forward to receiving information for the July meeting
well in advance.
Meeting Adjourned at 5:30 p.m.
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Attendees:

Advisory Committee Members (present)
Agricultural representative, Bob Anderson
Agricultural representative, David Long
Business representative, Joe Gaffney
City of Cotati appointee, Craig Scott
City of Santa Rosa appointee, Peter Martin
City of Sebastopol appointee, Henry Mikus
Environmental representative, Beth Lamb
Environmental representative, Rue Furch
Independent Water Systems appointee, John Rosenblum
Rural Residential representative , Marlene Soiland
Rural Residential representative, David Noren
Sonoma RCD appointee, Wayne Haydon
Town of Windsor appointee, Sandi Potter
Advisory Committee Members (absent)
City of Rohnert Park appointee, Mary Grace Pawson
County of Sonoma appointee, Mark Grismer
Federated Indians of Graton Rancheria representative, Maureen Geary
Gold Ridge RCD appointee , Matt O’Connor
Sonoma County Water Agency appointee, Carolyn Dixon
Staff/Presenters
Andy Rodgers, SRP GSA Administrator
Marcus Trotta, Sonoma Water, Technical Staff
Jay Jasperse, Plan Manager
Ann DuBay, Sonoma Water
Andrea Rodriguez, Sonoma Water
Simone Peters, GSA Administrative Aide, (recorder of meeting notes)
Facilitator
Sam Magill, Sacramento State University – Consensus and Collaboration Program
Other Attendees
Elizabeth Cargay, Town of Windsor
Colin Close, City of Santa Rosa
Christopher Watt
Gina Lisa Tamayo, Jackson Family Wines
Noelle Johnson, Gold Ridge RCD
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Santa Rosa Groundwater Sustainability Agency
Board and Advisory Committee Meeting Schedule
Board
February 13
Sustainable Management
Criteria Update:
Schedule and Approach

April 9
Sustainable Management
Criteria Update

June 11
Sustainable Management
Criteria Update: Initial
Considerations

14

Advisory Committee
2020

January 13
Water Budget/Model Status Update – Brief USGS Presentation on
Russian River Model and Santa Rosa Plain model update
Sustainability Goal Recap
Sustainable Management Criteria: Lowering of Groundwater Levels
Initial Discussion
Groundwater User Registration Program
Public Outreach education and information dissemination progress
March 9
Historical and Current Water Budget/Model Update
Sustainable Management Criteria: Potential Representative
Monitoring Point network for Lowering Groundwater Levels
Sustainable Management Criteria: Lowering Groundwater Levels
(continued)
Public Outreach education and information dissemination progress
May 11
Model Update for Historical and Current Water Budget
Sustainable Management Criteria: Land Subsidence Strawman and
Degraded Water Quality Initial Discussion
Public Outreach education and information dissemination progress
June 22
Sustainable Management Criteria: Status Update
Introduction to Potential Projects and Actions

August 13
Sustainable Management
Criteria Update
Current and Historical
Water Budget

July 13
Historical and Current Water Budget
Sustainable Management Criteria: Land Subsidence and Degraded
Water Quality (continued)

October 8
Sustainable Management
Criteria Update
Scenario Modeling

September 14
Surface Water/Groundwater Interaction and Groundwater
Dependent Ecosystems Informational Presentation
Sustainable Management Criteria: Surface Water Depletion and
Reduction of Storage
Discussion of Potential Projects and Actions
Scenario Modeling: Projected Future Water Budget

SRPGSA Meeting Schedule
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Santa Rosa Groundwater Sustainability Agency
Board and Advisory Committee Meeting Schedule
Board
December 10
Sustainable Management
Criteria Update
Scenario Modeling

15

Advisory Committee
2020

November 9
Scenario Modeling: Projects and Actions
Sustainable Management Criteria: Surface Water Depletion and
Reduction of Storage (continued)

2020 All-GSA Events / Community Workshops
Summer Date/Time TBD
Community Workshop on Sonoma Valley GSP and Basin Conditions
• What defines the basin?
• Communities
• Water sources
• Groundwater conditions
• Introduction to SGMAs Sustainable Management Criteria: What they are, why they matter,
how they will be developed and how you can help
Fall/Winter Date/Time TBD
All-GSA Workshop: Sustainable Management Criteria
• GSP requirements for Sustainable Management Criteria
• Initial Sustainable Management Criteria being considered
• Community feedback

SRPGSA Meeting Schedule
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Santa Rosa Plain Groundwater Sustainability Agency
Advisory Committee Meeting
Information Item
TO:
FROM:
SUBJECT:

Advisory Committee
Andy Rich, PhD, CHg, and Marcus Trotta, CHg
DRAFT Historical and Current Water Budget/Model Update Summary

Introduction:
This staff report summarizes information contained in the DRAFT Historical and Current Water
Budget and associated Model Update Summary Appendix. The GSP Regulations §354.18,
require water budgets for three different timeframes, representing historical conditions,
current conditions, and projected conditions. This staff report transmits a draft GSP subsection
for the first two timeframes (the historical and current water budgets). The third timeframe
(50-year projected water budget) will be developed after incorporating information from
ongoing practitioner workgroups on future water demand projections for the Subbasin and
future climate and hydrology. The water budgets have largely been estimated using the Santa
Rosa Plain Hydrologic Model (SRPHM) developed by the USGS (Wolfenden and Nishikawa,
2014) and recently updated by Sonoma Water, as described in the Model Update Summary
Appendix. The area simulated by the model extends beyond the Subbasin, covering the Laguna
de Santa Rosa watershed; however, the surface water and groundwater budget was extracted
for the Subbasin area, while a watershed budget was also extracted to highlight hydrologic
processes contributing to the Subbasin.
The Historical and Current Water Budget is currently provided as a stand-alone document but
will be inserted into the current working draft of the Groundwater Sustainability Plan (GSP), as
subsection 3.4, following review by the Advisory Committee.

Background
The water budgets provide an accounting and assessment of the total annual volume of surface
water and groundwater entering and leaving the basin and the change in the volume of
groundwater in storage. Water budgets do not determine whether the Subbasin is sustainable,
rather it is the monitoring of Sustainable Management Criteria (SMCs) currently under
development that that will determine whether the DWR considers the Subbasin to be in a
sustainable condition.
The historical water budget is intended to evaluate how past water supply availability has
affected aquifer conditions and the ability of groundwater users to operate within the
1
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sustainable yield. GSP Regulations require that the historical water budget include at least the
most recent ten years of water budget information and should help develop an understanding
of how historical conditions concerning hydrology, water demand, and surface water supply
availability or reliability have impacted the ability to operate the basin within the sustainable
yield.
The current water budget is intended to allow the GSA and DWR to understand the existing
supply, demand, and change in storage under the most recent population, land use, and
hydrologic conditions.
Historical and Current Water Budgets
The Historical budget period was selected to encompass water years 1976 to 2018, a 43-year
period. This period is covered by the model simulation timeframe, incorporates eight land use
datasets, and has a varied distribution of water year types. The Current budget period spans
from water year 2012 to 2018 and is reflective of current land use conditions and groundwater
use. During this period there were three updates to the land use data used in the model
simulation. Varied climate conditions characterize the Current budget period, with 2 dry years,
4 normal years, and 1 wet year.
The main groundwater inflows into the subbasin are: (1) the percolation of precipitation 1, (2)
streambed recharge and (3) subsurface inflow from neighboring DWR groundwater basins and
subbasins. Subsurface inflows from surrounding watershed areas and septic return flows are
smaller inflows compared to the others. Groundwater discharge to streams, total groundwater
pumpage, and groundwater evapotranspiration (ET) comprise about 80% of groundwater
outflows. Overall the outflows are greater than inflows into the groundwater system, resulting
in an estimated decline in groundwater storage in both the historical and current water budget
periods. The historical (water year 1976-2018) annual change in storage is -600 acre-feet per
year, whereas the current (water year 2012-2018) annual change in groundwater storage is 2,100 acre-feet per year. Historically, storage depletion comprises about 3% of the average
groundwater pumpage. If groundwater pumping and the climate remain similar to that of the
current period, the Subbasin will either continue to experience storage declines, or there will be
an increase in seepage of streamflow to the groundwater basin and/or a decline in
groundwater ET.
A comparison of the historical water budget and current water budget shows greater stress on
the Subbasin in the current period than historically on average. Conditions are drier in the
current periods with approximately 10% less precipitation. This results in approximately 12%
less deep percolation to groundwater in the Subbasin. Meanwhile, pumping increased 5% in the

Both precipitation and irrigation infiltrate into the soil zone. Water in the soil zone becomes recharge to the
groundwater system. It is not possible to differentiate how precipitation versus irrigation water becomes recharge
from the soil zone. However, because precipitation is the predominant source of water to the soil zone, it is also the
main contributor groundwater recharge.

1
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current period compared to the historical period, mostly due to a greater than 17% increase in
agricultural pumping.
The Healdsburg subarea (containing the middle reach of the Russian River) receives the
greatest boundary outflow from the Subbasin, whereas the Rincon-Kenwood and Wilson Grove
Highland subbasins are the greatest contributors of boundary inflow to the subbasin. Subbasin
boundary inflows and outflows dominate the surface-water budget by total volume.
Surface water-groundwater interactions is controlled more by five to ten- year variations in
precipitation than by interannual variability in precipitation. During wet years there is a net
groundwater discharge to streams whereas normal precipitation years may experience net
seepage to groundwater, especially when following a dry period. One result of the increased
stress in the Current water budget is that net streambed exchange changes from net discharge
of groundwater to streams to net recharge to groundwater from streams. Net streambed
exchange was 300-acre feet per year during the historical period and the rate for the current
period was -1,300 acre-feet per year. This reflects a wetter climate during the historical period,
and the cumulative impacts of groundwater pumping on streamflows during the current period.
Model Update Summary Appendix
The Santa Rosa Plain Hydrologic Model (SRPHM) developed by the USGS was updated by GSA
technical staff in order to ensure it is adequate for use in the GSP. Two types of model updates
were made to the model: 1) extending model timeframe from 2015 to 2018 using the same
methodology originally used by the USGS, and 2) changes in how hydrologic processes are
simulated in the model. The timeframe updates involved extending the records of groundwater
pumping from municipal and industrial water users and extending climate datasets. To
accomplish the part of updating the groundwater model, changes were made domestic
pumping, septic return flows, agricultural pumping, and impervious surfaces. Domestic
pumping relied upon datasets developed by the Rate Study to identify domestic users of
groundwater. This produced a more accurate depiction of the location and magnitude of
groundwater pumping by domestic users than the original model. The model was also updated
to improve the accuracy of agricultural pumpage through the use of the Ag Package in GSFLOW.
With this new update, the model itself estimates groundwater irrigation demands for a variety
of crop types within the Subbasin and model domain. The groundwater irrigation demands take
into account recycled water deliveries, climate and hydrology, agricultural practices and plant
consumptive requirements. The groundwater irrigation demands reflect the changing land use
patterns of the seven crop types simulated by Ag Package. The land use was updated in 1974,
1979, 1986, 1999, 2008, 2012, 2014, and 2016.
Before moving onto the projected water budgets, it is first necessary to conduct an assessment
of the model calibration in order to ensure that the model is the best available tool for
developing the Water Budgets. A calibration assessment entails comparing simulated results
with observed data and is mostly performed by comparing streamflow observations and
groundwater elevations. If the updated model is capable of producing output comparable to
that of the original model, then the model will likely not require any additional work. If,
however, the updated model shows a significant deterioration in its ability to simulate
3
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groundwater levels and streamflow, there may be a need to perform re-calibration of the
model. Re-calibration would entail further inspection and change of the parameters in the
original model to improve model simulation capabilities.
A Projected Water Budget will need to be completed the completion of the Historical and
Current water budgets. The Projected Water budget will look at groundwater conditions 50years into the future and will incorporate projections of land use change, climate change, and
other changes in groundwater demands. The results of the simulation will be used to assess
how the Sustainability Indicators respond to the changing climate and groundwater demands in
the future. If undesirable results are simulated to occur, the GSP will need to plan for projects
and management actions that respond to the undesirable results.
The SRP GSA technical team is leading two separate workgroups focused on land use
projections. The first workgroup is developing a range of projections of agricultural land use
change, and the second workgroup is developing rural domestic growth projections for areas
outside of service areas. The range of projections developed by the workgroups will be
presented to the Advisory Committee for further review and selection. The groundwater flow
model will then need to be updated following the selection of the projections, and then the
simulation results will be processed and analyzed.
List of Attachments
1. DRAFT Historical and Current Water Budget Section
2. DRAFT Model Update Summary Appendix
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1.

Water Budgets

This section summarizes the estimated water budgets for the Santa Rosa Plain Subbasin
(Subbasin), including information required by the SGMA Regulations and information that is
important for developing an effective plan to achieve sustainability. In accordance with the GSP
Regulations §354.18, this water budget provides an accounting and assessment of the total
annual volume of surface water and groundwater entering and leaving the basin, including
historical, current, and projected water budget conditions, and the change in the volume of
groundwater in storage. Water budgets are reported in graphical and tabular formats, where
applicable.

1.1 Overview of Water Budget Development
This section is subdivided into three subsections: (1) historical water budgets, (2) current water
budgets, and (3) future water budgets. Within each subsection, a surface water budget and
groundwater budget are presented. Water budgets were developed using the Santa Rosa Plain
Hydrologic Model (SRPHM), originally developed by the USGS (Wolfenden and Nishikawa,
2014), and revised by Sonoma Water for purposes of developing more accurate water budgets
in the Subbasin. An overview of the model constructions and revisions made for this GSP are
provided in Appendix 1-A. For a detailed description of the construction and calibration of the
original SRPHM, the reader is referred to USGS Scientific Investigation Report 2014-5052.
Before presenting the water budgets, a brief overview of the inflows and outflows pertaining to
the Santa Rosa Plain Subbasin is provided.
In accordance with Section 354.18 of the GSP Regulations, one integrated groundwater budget
was developed for the combined inflows and outflows for the two principal aquifers for each
water budget period. Groundwater is pumped from both principal aquifers for beneficial use.

1.1.1 Water Budget Components
The water budget is an inventory of surface water and groundwater inflows and outflows from
the Subbasin. A few components of the water budget can be measured, such as groundwater
pumping from a metered well. Other components of the water budget are estimated, such as
septic return flows and unmetered domestic groundwater pumping. Additional components of
the water budget are simulated by SRPHM, such as unmetered agricultural pumping, recharge
from precipitation and irrigation return flows and change of groundwater in storage
The water budgets for the Subbasin are calculated within the following boundaries:
•
•

Lateral boundaries: The perimeter of the Santa Rosa Plain Subbasin as shown in
Figure 1-2
Bottom: Base of the groundwater subbasin as described in the Basin Setting is
approximately 2,000 feet, which is the depth below which groundwater is generally not
considered usable. The water budget is not sensitive to the exact definition of this base
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•

elevation because it is defined as a depth below where there is not significant inflow,
outflow, or change in storage.
Top: Above the ground surface, such that surface water is included in the water budget.

Figure 1-1 presents the general schematic diagram of the hydrologic cycle that is included in the
water budget BMP (DWR, 2016).

Figure 1-1 Schematic Hydro

logic Cycle (from DWR, 2016)
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Figure 1-2 Zones and Boundary Conditions for the Santa Rosa Plain Hydrologic Model
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The Santa Rosa Plain Subbasin includes the following inflows and outflows:
Surface Water Inflows:
• Runoff of precipitation (overland flow)
• Surface water inflows from creeks that enter the subbasin: Mark West Creek, Santa Rosa
Creek, Laguna de Santa Rosa, Blucher Creek, Windsor Creek, Copeland Creek, and other
smaller streams
• Groundwater discharge to streams
Surface Water Outflows:
• Streambed recharge to groundwater
• Outflow to neighboring subbasins
o Outflow of Mark West Creek and Windsor Creek
o Outflow to Petaluma River and Estero de Santa Antonio to the Petaluma Valley
subbasin
o Outflow of combination of other smaller streams
• Evaporation (assumed to be negligible compared to other surface-water outflows)
• Direct diversions are not currently simulated in the model for lack of data accuracy;
however, estimates are provided through summaries of eWRIMS data

The inflow and outflow locations are shown in Figure 1-3, along with the Hydrologic Unit
Code (HUC) 12 (US Geological Survey, 2020) boundaries that define the subregions used to
aggregate inflows and outflows into the Subbasin.
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Figure 1-3 Surface Water inflow and Outflow: Subregion and Stream Names.
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Groundwater Inflows:

•
•
•
•

•

Deep percolation from precipitation and applied water (Recharge)
Septic return flows
Streambed recharge to groundwater
Subsurface inflows:
o Inflow from Wilson Grove Formation Highlands Subbasin (Wilson Grove Subbasin
and Wilson Grove Subbasin Boundary Condition in Figure 1-2)
o Inflow from Healdsburg Area Subbasin (Healdsburg Area Subbasin Boundary
Condition in Figure 1-2)
o Inflow from Petaluma Valley Subbasin (Petaluma Valley Subbasin Boundary
Condition in Figure 1-2)
o Inflow from Rincon-Kenwood Subbasin
Subsurface inflow from the surrounding watershed that are not other DWR subbasins,
or mountain-front recharge (including the “island” just west of Cotati Figure 1-2)

Groundwater Outflows:
• Crop, native vegetation and riparian evapotranspiration (ET)
• Groundwater pumping (including municipal and industrial, rural-domestic, and
agricultural)
• Groundwater discharge to streams
• Subsurface outflows:
o Outflow to Wilson Grove Formation Highlands Subbasin (Wilson Grove Subbasin
and Wilson Grove Subbasin Boundary Condition in Figure 1-2)
o Outflow to Healdsburg Area Subbasin (Healdsburg Area Subbasin Boundary
Condition in Figure 1-2)
o Outflow to Petaluma Valley Subbasin (Petaluma Valley Subbasin Boundary
Condition in Figure 1-2)
o Outflow to Rincon-Kenwood Subbasin
• Surface leakage, which is groundwater discharge to soil zone (rejected recharge to the
surface in shallow groundwater areas)
The difference between groundwater inflows and outflows is equal to the change of
groundwater in storage.

1.1.2 Water Budget Time Frames
In estimating the Subbasin water budget, a time period for the budget needs to be specified.
The GSP Regulations require water budgets for three different timeframes, representing
historical conditions, current conditions, and projected conditions, as follows:
•

The historical water budget is intended to evaluate how past water supply availability has
affected aquifer conditions and the ability of groundwater users to operate within the
sustainable yield. GSP Regulations require that the historical water budget include at least
the most recent ten years of water budget information. DWR’s Water Budget Best
Management Practices (BMP) document further states that, the historical water budget

Groundwater Sustainability Plan for Santa Rosa Plain Subbasin
Water Budget – WORKING DRAFT

8

28

should help develop an understanding of how historical conditions concerning hydrology,
water demand, and surface water supply availability or reliability have impacted the ability
to operate the basin within the sustainable yield. Accordingly, historical conditions should
go back to the most reliable historical data that are available for GSP development and
water budgets calculations.
•

The current water budget is intended to allow the GSA and DWR to understand the existing
supply, demand, and change in storage under the most recent population, land use, and
hydrologic conditions. Current conditions are generally the “most recent conditions” for
which adequate data are available and that represent recent climatic and hydrologic
conditions. Current conditions are not well defined by DWR but can include an average over
a few recent years with various climatic and hydrologic conditions (for example, centered
around the most recent drought in 2015, which is also the effective date of SGMA).

•

The projected water budget is intended to quantify the estimated future baseline
conditions both with and without implementation of potential GSP projects and
management actions. The projected water budget is based on information from the
historical budget and includes an assessment of uncertainty. The projected water budget
estimates the future baseline conditions concerning hydrology, water demand, and surface
water supply over a 50-year planning and implementation horizon. It is based on historical
trends in hydrologic conditions which are used to project forward 50 years while
considering projected climate change and sea level rise (if applicable).

Although there is a significant seasonal variation between wet and dry seasons, the GSP does
not consider seasonal water budgets for the groundwater budget. All water budgets are
developed for complete water year(s). Though not required, a monthly water budget is shown
for the surface water budget because of the importance of seasonal flow regimes for
groundwater dependent ecosystems. Selected time periods for the historical and current water
budgets are summarized in Table 1-1 and Figure 1-4 described in Sections 1.1.2.1 and 1.1.2.2,
below.
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Time
Period

Proposed
Date
Range

Historical

water
years 1976
to 2018

Current

water
years 2012
to 2018

Water Year
Types
Represented in
Time Period
Very dry: 1
Dry: 7
Normal: 20
Wet: 13
Very wet: 2

Rationale

Very dry: 0
Dry: 2
Normal: 4
Wet: 1
Very wet: 0

Best reflection of current land use and water use
conditions with a range of recent climate variability.

Based on entire model timeframe (after a one-year model
spin-up period). Provides insights on water budget
response to a wide range of variations in climate and
groundwater use over an extensive period of record.

Table 1 Summary of Historical and Current Water Budget Time Periods

Figure 1-4 Climate and precipitation for Historical and Current Water Budget Time Periods
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1.1.2.1 Historical Water Budgets Time Period
The only specific GSP guideline requirement is that the historical water budget be at least 10
years.
From § 354.18. Water Budget: A quantitative assessment of the historical water
budget, starting with the most recently available information and extending back a
minimum of 10 years, or as is sufficient to calibrate and reduce the uncertainty of the
tools and methods used to estimate and project future water budget information and
future aquifer response to proposed sustainable groundwater management practices
over the planning and implementation horizon.
The water budget is computed using the revised SRPHM, which simulates the time period from
October 1974 to December 2018 encompassing the period of best available science and
information for the Subbasin. It is recommended that the first year of the model simulation is
used as a “spin up” period to account for possible boundary effects influences of initial
conditions; in other words, so that the model equilibrates with the initial conditions. The
SRPHM fully covers water years 1975 to 2018, and therefore, the historical period is selected to
encompass water years 1976 to 2018 (a 43-year period).
1.1.2.2 Current Water Budgets Time Period
The current water budget time period is also computed using the revised SRPHM and is based
on the average of conditions between water years 2012 through 2018 (a seven-year period).
This time period includes two years classified as dry, one year classified as wet and four years
classified as normal, providing both pre-and post-drought water years so that a variety of water
year types are covered in the current average. This time period is also most reflective of current
and recent patterns of groundwater use and imported surface water deliveries.
1.1.2.3 Future Projected Water Budgets Time Period
Future projected conditions are based on model simulations using the revised SRPHM
numerical flow model and using projected land-use changes, population growth estimates, and
a projected climate-change scenario. Projected climate based on the selected global circulation
model (GCM) will represent water year 2020 through 2071.

1.2 Overview of Model Assumptions for Water Budget Development

All groundwater models contain assumptions and some level of uncertainty, particularly when
predicting future conditions. Model uncertainty stems from heterogeneity in Subbasin and the
surrounding watershed geology, hydrology, and climate, in addition to assumptions regarding
unmetered groundwater pumping. However, inputs to the SRPHM are carefully selected using
best available data, resulting in a model well suited to simulate Subbasin hydrogeologic
conditions. As GSP implementation proceeds, the SRPHM will be updated and recalibrated with
new data to better inform model simulations of current and projected water budgets.
The USGS report discusses model assumptions and uncertainty. Some of the more significant
model limitations identified by the USGS include uncertainties in:
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• Estimates and spatial distribution of agricultural and rural domestic pumpage
• Amount and spatial distribution of precipitation
• Long-term streamflow discharge
• Vertical distribution of hydraulic head in deeper aquifer zones
Figure 1-5 depicts the SRPHM modules that contribute to the various water budget
components. Table 1-2 provides the detailed water budget components and model
assumptions and limitations for each.

Figure 1-5 Overview of the SRPHM Modules
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Table 1-2 Santa Rosa Plain Hydrologic Model - Summary of Water Budget Component Data Sources
Water Budget
Component
Precipitation

Evapotranspiration
from Soil Zone

Source of Model Input Data
Measured precipitation at two
stations within the Subbasin;
spatially distributed for historical
simulations
Measured and estimated
temperature spatially distributed
for historical simulations from two
climate stations; future climate
temperature uses same spatial
distribution as historical
simulations. Simulated from
calibration to potential
evapotranspiration.

Limitations
Spatial distribution of precipitation
may change with changing climate

Not simulated from surface water
bodies or riparian vegetation

Soil Moisture

Simulated from calibrated model

Not measured but based on
calibration of streamflow to
available data from gauged creeks

Surface Water Inflows
Inflow from Streams
Entering Basin

Simulated from calibrated model
for all creeks

Not all creeks are gaged

Groundwater Discharge
to Streams

Simulated from calibrated model

Overland Runoff

Simulated from calibrated model

Based on calibration of streamflow
to available data from gauged
creeks
Based on calibration of streamflow
to available data from gauged
creeks

Surface Water Outflows
Streambed Recharge to
Groundwater

Simulated from calibrated model

Diversions

Not modeled

Streambed Recharge to
Groundwater

Simulated from calibrated model
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Groundwater Inflows
Deep Percolation of
Precipitation

Measured precipitation spatially
distributed for historical
simulations and percolation
simulated by watershed component
of calibrated model

Streambed Recharge to
Groundwater

Simulated from calibrated model

Irrigation Return Flows

Simulated from demands based on
crop, acreage, temperature, and
soil zone processes

Septic System Return
Flows

Estimated based on percentage of
indoor water use for non-sewered
parcels

Subsurface Inflow from
neighboring basins
Subsurface Inflow from
surrounding watershed
other than neighboring
basins
Groundwater Outflows

Simulated from calibrated model

Based on calibration of streamflow
to available data from gauged
creeks. Simulated model output
combined with irrigation return
flows.
Based on calibration of streamflow
to available data from gauged
creeks
Based on land use datasets of 8
years to represent historical period
and regional crop coefficient
values. Simulated model output
combined with deep percolation of
precipitation. These years are 1976,
1979, 1986,1999, 2008, 2012, 2014
and 2016
Based on uniform estimates indoor
use and estimate of return flow
from indoor use.
Limited groundwater calibration
data in adjacent basins

Simulated from calibrated model

Limited data for calibration.

Groundwater Pumping

Metered for historical municipal
pumping and some small water
systems
Estimated for non-municipal
domestic pumping
Simulated from model for
agricultural and large-scale turf
irrigation

Groundwater Discharge
to Streams

Simulated from calibrated model

Non-municipal domestic pumping
based on uniform estimate of
indoor use per parcel and uniform
irrigation depth. Simulated
agricultural irrigation based on land
use datasets of 8 years to represent
historical period and regional crop
coefficient values.
Based on calibration of streamflow
to available data from gauged
creeks
Limited calibration data in adjacent
boundaries
Based on uniform extinction depth
Based on calibration of streamflow
to available data from gauged
creeks

Subsurface Outflow to
Adjacent Basins
Riparian ET
Surface Leakage (Flow to
Soil Zone)

Simulated from calibrated model
Simulated from calibrated model
Simulated from calibrated model
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1.3 Historical and Current Water Budgets
Water budgets for the historical (WY1976-2018) and current (WY 2012-2018) are presented
below. The surface water budgets are presented first, then the groundwater budgets are
presented. Watershed budgets are also presented to show how precipitation provides water
supply to the surface water and groundwater budgets, as well as a soil-zone budget of the
Subbasin. The detailed surface water, watershed, and soil-zone water budgets are not required
components of the GSP but are presented in order to provide insight into the hydrologic cycle
in the Subbasin.

1.3.1 Surface Water Budget
The surface water budget shows the inflows and outflows for the streams within the Santa Rosa
Plain Subbasin. This includes streamflows of tributaries that enter and exit the Subbasin as well
as flows into and out of streams within the Subbasin. The number of stream inflow and
outflows locations for each HUC 12 and stream are presented in Table 1-1. Flows within the
Subbasin include overland runoff to streams and stream-aquifer interactions (Net Streambed
Exchange). The model does not simulate diversions from the streams. Stream-aquifer
interactions within the Subbasin including recharge to groundwater and discharge from
groundwater are also part of the groundwater budget. The net streambed exchange is not
equal to the net stream leakage in the groundwater budget because there may be flow out of
streams to the unsaturated zone.
Figure 1-6 shows the surface water budget for the historical period, which also includes the
current period. Table 1-2 and Table 1-3 show summary statistics of surface water budget for the
historical and current periods, respectively. Positive values are inflows into the stream system,
and negative values are outflows from the stream system. A positive net streambed exchange
indicates more groundwater discharge to streams than stream seepage to groundwater.
Boundary inflows and outflows dominate the surface-water budget. Figure 1-7 indicates that
streamflows exiting the Subbasin are generally double the streamflows entering the Subbasin,
which is primarily due to overland runoff that occurs within the Subbasin. On average,
groundwater discharge to streams exceeds streambed losses, resulting in a net streambed
exchange into streams of approximately 300 acre-feet per year. The value of the net streambed
exchange depends less on year-to-year variability in precipitation, and more on five to ten-year
(climatic) variability in precipitation. Water year 2017 is one of the top 3 wettest years in the
historical period but still experiences a negative streambed exchange. This is because water
years 2012 to 2016 were all dry or normal precipitation years. Consequently, in the current
period there is a negative net streambed exchange of -1,300 ac-ft/yr.
Figure 1-7 shows net stream inflows and outflows at the Subbasin boundaries by HUC 12
subregion. Subregions with negative flows are those where the streamflow is greater at its
outflow than at its inflows at Subbasin boundaries, and those with positive values have greater
inflows than outflows (Figure 1-7). Not all subregions have both inflows and outflows that cross
the Subbasin boundary. Table 1-1 lists the number of inflow and outflow locations by HUC
region and stream name. Mark West Creek, for example, crosses the Subbasin boundary at the
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eastern and the western boundary before finally discharging from the basin near Trenton. The
largest net streamflows entering the Subbasin are from Upper Santa Rosa Creek and Upper
Laguna de Santa Rosa. The largest net streamflows exiting the Subbasin are from Porter CreekMark West Creek and Windsor Creek Figure 1-7. The net combined surface-water outflow from
the Subbasin ranges from 47,000 to 1,165,000 acre-feet per year. Figure 1-8 displays only
stream inflows entering the Subbasin, as well as removing intermediate inflows and outflows
where stream segments leave and re-enter the basin. The largest inflows into the Subbasin are
from Mark West Creek and Santa Rosa Creek.
Figure 1-9 shows the surface water budget components as hydrographs for a wet water year
and a normal water. Water year 1999 is the fifth of five consecutive wet water years whereas
water year 2016 is a normal water year that follows two previous dry water years in 2014 and
2015. In water year 1999 stream inflows at the Subbasin boundary and overland runoff
dominate flows from December to May. From December to March net streambed recharge
averages roughly zero, then becomes consistently positive from April until the end of the water
year. The stream budget is distinctly different in the normal water year of 2016. Early in the
water year of 2016, from October to February, net streambed exchange is entirely into the
groundwater system from the streambed, generating about 2,000 acre-feet of recharge in both
January and February. In the summer the groundwater system provides baseflow in May and
June, but this tapers off by July when the surface water system returns to losing water to the
groundwater system. Average monthly budget components for the surface water system are
shown in Figure 1-10 for the historical and current budget periods. The historical period
receives greater surface water inflows at the boundaries than does the current period for the
first half of the calendar year. For the second half of the calendar year the current period has
greater stream inflows and outflows at the Subbasin boundary. These dynamics are likely
climatically driven, rather than a result of increasing imperviousness. The historic period net
stream recharge is either more positive than, or less negative, the current period net stream
recharge, from March through December. This likely reflects the impacts of a drier current
period than the historical period, and the cumulative impacts of groundwater pumpage.
In 2019, there were a total of 105 surface-water diversion points within the Subbasin (Raftelis,
2019). A total of 235 ac-ft/yr is estimated to be used for irrigation of vineyards. Mark West
Creek has the greatest number of diversions, with a total of 18, Laguna de Santa Rosa and Santa
Rosa Creek both have fewer than 10, and the rest are on located on either smaller creeks or on
unnamed creeks.
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Table 1-1 Number of Stream Inflow and Outflow Locations for Each HUC 12 Area and Major Stream

HUC 12 Region Name

Stream Name

Number of Stream
Inflow Segments

Number of Stream
Outflow Segments

Lower Laguna De Santa
Rosa
Lower Santa Rosa Creek
Petaluma River-Estero de
San Antonio
Porter Creek-Mark West
Creek
Porter Creek-Mark West
Creek
Porter Creek-Russian
River
Upper Laguna de Santa
Rosa
Upper Laguna de Santa
Rosa
Upper Laguna de Santa
Rosa
Upper Laguna de Santa
Rosa
Upper Laguna de Santa
Rosa
Upper Laguna de Santa
Rosa
Upper Santa Rosa Creek
Upper Santa Rosa Creek
Upper Santa Rosa Creek
Windsor Creek
Windsor Creek
Windsor Creek
Windsor Creek

Small Stream

2

0

Small Stream
Small Stream

2
0

0
2

Mark West Creek

2

2

Small Stream

3

2

Small Stream

4

7

Blucher Creek

1

0

Colgan Creek

1

0

Copeland Creek

1

0

Crane Creek

1

0

Gossage Creek

1

0

Small Stream

12

4

Matanzas Creek
Santa Rosa Creek
Small Stream
Pool Creek
Small Stream
Windsor Creek
Wright Creek

1
1
2
1
3
1
1

0
0
1
0
1
1
0
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Figure 1-6 Historical and Current Surface Water Budget
Table 1-2 - Historical (WY 1976 to 2018) Surface Water Budget Summary (acre-feet/year)

Mean
Minimum
Maximum
Median

Net
Streambed
Exchange

Overland
Runoff
to
Streams

Boundary
Outflows

Boundary
Inflows

300

130,200

362,000

-4,400
5,200
-100

15,700
288,900
118,600

-492,200
1,161,600
-46,600
-427,600

31,200
868,500
312,300

Table 1-3 Current (WY 2012 to 2018) Surface Water Budget Summary (acre-feet/year)

Mean
Minimum
Maximum
Median

Net
Streambed
Exchange

Overland Runoff
to Streams

Boundary
Outflows

Boundary
Inflows

-1,300
-4,400
1,100
-600

119,900
64,000
282,100
95,300

-432,200
-1,077,900
-204,500
-342,900

313,700
142,600
797,000
251,300
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Figure 1-7 Net boundary inflows and outflows by HUC 12 subregion and stream name
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Figure 1-8 Inflows by HUC 12 Subregion and Stream Name 1

Intermediate Inflows Removed; values intended to represent surface inflows at headwaters where
streams cross boundary the first time. Some streams cross Subbasin boundary multiple times, but only
the inflows from the initial inflow location are shown here.
1
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Figure 1-9 Monthly Surface Water Fluxes for A Wet Water Year and Normal Water Year
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Figure 1-10 Average Monthly Surface Water Fluxes the Historical and Current Periods

1.3.2 Groundwater Budget
The groundwater budget shows the inflows and outflows for the saturated aquifer system of
the Santa Rosa Plain Subbasin. This includes inflows and outflows of groundwater at the
Subbasin boundaries, recharge, pumping, and flows of groundwater to and from streams, the
surface, and the evapotranspiration.
Figure 1-11 shows inflows to the groundwater system for the historical and current time
periods. Table 1-4 and Table 1-5 provide summary statistics for groundwater inflows for the
historical and current period, respectively. The largest inflow is deep percolation of
precipitation and applied irrigation water with the next largest inflow is inflows stream
recharge for the historical and current time periods. In general, the historical and current
inflows are similar; however, the current deep percolation is about 88% of the historical
average value, reflecting the lower average precipitation in the current period.
Figure 1-12 shows outflows from the groundwater system for the historical and current time
periods. Table 1-6 and Table 1-7 provide summary statistics for groundwater outflows of the
historical and current period, respectively. Groundwater pumping is the biggest stress (M&I and
rural domestic users and agricultural) followed by discharge to streams for the historical and
Groundwater Sustainability Plan for Santa Rosa Plain Subbasin
Water Budget – WORKING DRAFT

22

42

current time periods. Evapotranspiration from groundwater and groundwater leakage to the
surface soil zone are also substantial outflows. Total groundwater pumpage during the
historical and current time periods was fairly constant.
Figure 1-13 shows the entire groundwater water budget and includes the annual change in
groundwater storage. Change in groundwater storage is equal to total inflow minus total
outflow in the groundwater budget. A negative change in groundwater storage indicates
groundwater-storage depletion while a positive value indicates groundwater-storage accretion.
Table 1-8 shows the annual change in groundwater storage for the historical and current
budget periods. On average, the historical period shows a negative change in groundwater
storage with a larger magnitude negative change in groundwater storage during the current
period, which includes the recent drought. The increased rate of groundwater storage
depletion during the recent period appears to be more a result of a drier climate than increased
groundwater pumping during that period. This is supported by Figure 1-14, showing
groundwater pumpage by water-use sector, along with the 5-year moving average for the
historical period. The peak of the 5-year moving average of the current period (21,000 acre-feet
per year) is exceeded 5 years of the 2000 to 2011 period, indicating that total groundwater
pumpage for the current period is not greater than the previous 12-year period. The continued
decline in groundwater storage reflects a Subbasin that has not yet reached a dynamic
equilibrium between the inflows and outflows. If the Subbasin is to reach dynamic equilibrium
(ie zero groundwater storage decline over a multi-year period) with the same average
groundwater pumpage and a climate that is comparable to the current period, rates of
depletion of surface water depletion will continue to increase (Barlow and Leake, 2012). In this
case, surface water depletion refers to the pumping-induced decline in surface water flows
caused by decreased aquifer discharge to streams or groundwater ET, or by increased discharge
to groundwater from streams. If surface water depletion does not increase, pumpage remains
the same, and a similar climate persists, the Subbasin will experience continued declines in
groundwater storage. The average annual results indicate that about 3% of pumpage was
supplied by groundwater storage depletion.
Figure 1-15 shows net subsurface flows entering and exiting the Subbasin by watershed and
neighboring subbasin. The Subbasin is a net recipient of inflows from surrounding groundwater
basins and watershed areas. Subsurface inflows from adjacent basins exceed subsurface
outflows by approximately a factor of five. The largest subsurface inflows are from the RinconKenwood and Wilson Grove Subbasins. The largest subsurface outflows are to the Healdsburg
Area Subbasin.
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Figure 1-11 Inflows to the Groundwater System

Table 1-4 Historical (WY 1976 to 2018) Groundwater Inflows Budget Summary (acre-feet/year)

Mean
Minimum
Maximum
Median

Deep
Percolation
of
Precipitation
and Applied
Water

Streambed
Recharge to
Groundwater

Septic
Return
Flows

Subsurface
Inflow from
Surrounding
Watershed

Subsurface
Inflow from
Neighboring
Basins

28,700
2,000
58,100
26,500

15,100
9,100
19,700
14,700

1,000
800
1,200
1,100

2,100
2,000
2,300
2,100

7,400
6,900
8,400
7,400

Table 1-5 Current (WY 2012 to 2018) Groundwater Inflows Budget Summary (acre-feet/year)

Mean
Minimum
Maximum
Median

Deep
Percolation
of
Precipitation
and Applied
Water

Streambed
Recharge to
Groundwater

Septic
Return
Flows

Subsurface
Inflow from
Surrounding
Watershed

Subsurface
Inflow from
Neighboring
Basins

25,200
12,600
53,400
20,800

14,900
12,300
19,700
14,700

1,200
1,200
1,200
1,200

2,000
2,000
2,100
2,000

7,400
7,100
7,700
7,400
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Figure 1-12 Outflows from the Groundwater System

Table 1-6 Historical (WY 1976 to 2018) Groundwater Outflows Budget Summary (acre-feet/year)

Mean
Minimum
Maximum
Median

Agricultural
Pumping

Groundwate
r ET

Subsurface
Outflow to
Adjacent
Basins

Discharge to
Streams

Surface
Leakage

M&I + Rural
Domestic

9,100
5,700
13,900
9,000

9,400
7,100
13,100
9,300

4,900
4,500
5,200
4,900

15,400
8,700
23,400
15,400

6,200
2,500
12,300
5,800

10,000
6,500
13,200
10,100

Table 1-7 Current (WY 2012 to 2018) Groundwater Outflows Budget Summary (acre-feet/year)

Mean
Minimum
Maximum
Median

Agricultural
Pumping

Groundwate
r ET

Subsurface
Outflow to
Adjacent
Basins

Discharge to
Streams

Surface
Leakage

M&I + Rural
Domestic

10,400
8,700
11,400
10,400

9,500
8,600
11,800
9,200

4,700
4,500
5,000
4,700

13,700
10,200
19,200
14,100

5,200
3,200
9,500
5,100

9,500
7,300
11,200
9,900
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Figure 1-13 Historical and Current Groundwater Budget
Table 1-8 Average annual change of groundwater in storage (acre-feet/year)

Mean
Minimum
Maximum
Median

Historical 2 (WY 1976 to
2018)

Current (WY 2012 to
2018)

-600
-22,000
20,000
-3,000

-2,100
-12,900
20,000
-4,500

Figure 1-14 Groundwater pumpage by Water Use Sector 3

Table 1-9 Historical (WY 1976 to 2018) Groundwater Pumpage by Water Use Sector (acre-feet/year)

Mean
Minimum
Maximum
Median

M&I

Rural
Domestic

Agricultural
Pumping

7,900
4,800
11,100
8,000

2,600
2,000
2,900
2,600

9,100
5,700
13,900
9,000

Values may not equal inflows minus outflows due to rounding.
The values shown for M&I and rural domestic are not equal to the combined outflows in Figure 1-12 because of
the manner in which boundary conditions (pumping) are treated by the model.

2
3
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Table 1-10 Current (WY 2012 to 2018) Groundwater Pumpage by Water Use Sector (acre-feet/year)

Mean
Minimum
Maximum
Median

M&I

Rural
Domestic

Agricultural
Pumping

7,000
4,800
8,800
7,300

2,900
2,900
2,900
2,900

10,400
8,700
11,400
10,400

Figure 1-15 Inflows and outflows from watershed areas and neighboring basins/subbasins
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Table 1-11 Historical (WY 1976 to 2018) Subbasin Boundary Flows (acre-feet/year)

Mean
Minimum
Maximum
Median

Petaluma Valley
Subbasin

Rincon-Kenwood
Subbasin

Healdsburg Area
Subbasin

Wilson Grove
Subbasin

-20
-30
-10
-20

2,200
2,000
2,500
2,300

-1,100
-1,400
-500
-1,100

1,400
1,000
2,200
1,400

Table 1-12 Current (WY 2012 to 2018) Subbasin Boundary Flows (acre-feet/year)

Mean
Minimum
Maximum
Median

Petaluma Valley
Subbasin

Rincon-Kenwood
Subbasin

Healdsburg Area
Subbasin

Wilson Grove
Subbasin

-20
-30
-20
-20

2,300
2,200
2,400
2,300

-700
-1,100
-500
-700

1,200
1,000
1,400
1,300

1.3.3 Watershed and Soil-Zone Budget
Watershed budgets show how precipitation and applied water are apportioned to surface
water and groundwater inflows. In this case, “watershed” includes the watershed areas
(Mayacmas Mountains, Sonoma Mountains, and Matanzas Creek) and neighboring subbasins
(Healdsburg Area, Petaluma Valley, Rincon-Kenwood, and Wilson Grove). Figure 1‑16 shows the
watershed water budget for watershed areas outside the Subbasin for the historical and
current period. Table 1‑13 and Table 1-14, show the historical soil zone fluxes and subsurface
inflows, respectively, and Table 1‑15 and Table 1-16 show current summary statistics for the
soil zone fluxes and subsurface inflows, respectively. In PRMS precipitation is first routed
through vegetation, where it may be intercepted and transpired, then onto the surface where it
may cause runoff, depending on imperviousness, soil hydraulic conductivity and surface
storage. After these and other processes it will enter the soil zone as infiltration where it will
get partitioned into the capillary and subsurface reservoir. Evapotranspiration of soil moisture
is the largest outflow of water within the soil zone. In drier years ET is significantly greater than
the combined outflows of recharge and runoff from Dunnian runoff and interflow. In wetter
periods recharge and runoff exceed total soil ET. This is because ET is limited by total soil
moisture storage and potential evapotranspiration. The soil-water storage responds to
interannual variation in precipitation, whereas the boundary inflows into the subbasin from the
watershed areas do not fluctuate as readily. Surface flows into the subbasin are orders of
magnitude greater than subsurface inflows, though the fate of the surface water inflows
depends on groundwater levels within the basin.
Figure 1‑17. shows the soil-zone water budget for watershed areas within the Subbasin for the
historical period. Compared to the watershed soil zone fluxes, Dunnian flow is a significantly
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greater contributor to runoff than is interflow, indicating that soils are typically saturated
during wet months when precipitation is rejected by the soil zone. Agricultural irrigation is
relatively small compared to precipitation totals, at about 1 one hundredth of average
precipitation. Soil moisture storage responds quickly to interannual variability in precipitation;
after the very dry water year of 1977, when the total soil moisture storage reached its
minimum for the historical period, it recovered after one year of above average precipitation.
Table 1‑17 and Table 1-18 show summary statistics for the subbasin soil zone budget for the
historical period and current period, respectively.

Figure 1-16 Historical and Current Budget for Watershed Areas Outside Subbasin
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Table 1-13 Historical (WY 1976 to 2018) Budget for Watershed Areas Outside Subbasin.
Major Soil Zone Fluxes

Mean
Minimu
m
Maxim
um
Median

Precipitati
on
(acrefeet/year)

Agricultu
ral
Irrigation
Water
Added to
the Soil
Zone
(acrefeet/year
)

Evapotra
nspiratio
n in the
Soil Zone
(acrefeet/year
)

Soil Zone
Recharg
e
(acrefeet/year
)

Rejected
soil
water
that
flows
to the
stream
network
(Dunnian
Flow;
acrefeet/year
)

Lateral
flow of
soil water
to the
stream
network
(Interflow
; acrefeet/year)

Soil
Moistur
e
(acrefeet)

Change
in Soil
Moisture
(acrefeet/year
)

290,400

3,100

-147,600

-23,700

-40,100

-57,100

38,200

200

112,500

1,000

-186,500

-51,600

-112,900

-143,100

15,400

-16,900

536,800
266,100

6,100
3,000

-103,500
-144,800

-900
-21,000

-900
-31,600

-900
-50,400

52,000
38,200

27,200
-200

Table 1-14 Historical (WY 1976 to 2018) Budget for Watershed Areas Outside Subbasin. Subsurface and
surface Flows intoto the Subbasin (acre-feet/year)

Mean
Minimum
Maximum
Median

Other
Watershed
Areas

Surface
Water
Inflows

2,100

114,200

2,000

8,400

2,300

278,900

2,100

98,000
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Table 1-15 Current (WY 2012 to 2018) Watershed Budget for Watershed Areas Outside Subbasin. Major
Soil Zone Fluxes.

Mean
Minimum
Maximu
m
Median

Precipita
tion
(acrefeet/year
)

Agricultu
ral
Irrigation
Water
Added to
the Soil
Zone
(acrefeet/year
)

Evapotra
nspiratio
n in the
Soil Zone
(acrefeet/year
)

Soil Zone
Recharg
e
(acrefeet/year
)

Rejected
soil
water
that
flows
to the
stream
network
(Dunnian
Flow;
acrefeet/year
)

Lateral
flow of
soil water
to the
stream
network
(Interflow
; acrefeet/year)

Soil
Moistur
e
(acrefeet)

Change
in Soil
Moisture
(acrefeet/year
)

260,300
169,700

4,300
3,300

-142,700
-166,300

-20,200
-47,100

-32,700
-101,100

-45,900
-120,800

35,900
25,700

-2,500
-16,900

482,800
221,000

4,700
4,500

-126,400
-144,400

-8,700
-15,600

-10,500
-27,900

-17,600
-35,800

48,400
34,700

12,500
2,600

Table 1-16 Current (WY 2012 to 2018) Watershed Budget for Watershed Areas Outside Subbasin.
Subsurface Flows to SRP Basin and Surface Flows to the Subbasin

Mean
Minimum
Maximum
Median

Other
Watershed
Areas

Surface
Water
Inflows

2,000

97,300

2,000

41,900

2,100

252,400

2,000

79,600
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Figure 1-17 Historical and Current Soil Zone Budget for the Subbasin
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Table 1-17 Historical (WY 1976 to 2018) Budget for the Soil Zone Budget for the Subbasin

Mean
Minimu
m
Maximu
m
Median

Precipitation
(acrefeet/year)

Agricultural
Irrigation
Water
Added to
the Soil
Zone
(acrefeet/year)

Evapotrans
piration in
the Soil
Zone
(acrefeet/year)

Soil Zone
Recharge
(acrefeet/year)

Rejected
soil water
that flows
to the
stream
network
(Dunnian
Flow; acrefeet/year)

Lateral flow
of soil
water
to the
stream
network
(Interflow;
acrefeet/year)

Soil
Moisture
(acre-feet)

248,800

10,600

-107,300

-53,000

62,200

7,400

23,100

96,200

6,700

-145,800

-111,900

2,800

300

9,900

463,000

15,100

-84,900

-5,400

161,900

18,000

35,000

229,500

10,800

-105,400

-48,900

51,500

6,500

22,500

Table 1-18 Current (WY 2012 to 2018) Budget for for the Soil Zone Budget for the Subbasin

Mean
Minimum
Maximum
Median

Precipitation
(acrefeet/year)

Agricultural
Irrigation
Water
Added to
the Soil
Zone
(acrefeet/year)

Evapotrans
piration in
the Soil
Zone
(acrefeet/year)

Soil Zone
Recharge
(acrefeet/year)

Rejected
soil water
that flows
to the
stream
network
(Dunnian
Flow; acrefeet/year)

Lateral flow
of soil
water
to the
stream
network
(Interflow;
acrefeet/year)

Soil
Moisture
(acre-feet)

224,800

13,200

-97,600

-45,100

53,000

6,000

20,700

147,500

10,800

-116,900

-98,500

24,500

2,500

14,000

422,900

14,400

-85,100

-21,600

144,200

15,000

30,800

186,100

13,400

-97,000

-35,200

41,500

4,600

19,600

1.3.4 Water Budget Summary
The main groundwater inflows into the subbasin are: (1) the percolation of precipitation and
applied agricultural irrigation water 4, (2) streambed recharge and (3) subsurface inflow from
4

Water infiltrates into the soil zone through a few processes, including infiltration of precipitation and applied
agricultural irrigation water. Once in the soil storage reservoirs it may end up as recharge but there is no way to
distinguish different fates between the two. Applied irrigation water is about 1/100th of total precipitation;
infiltrated precipitation is therefore a far greater source of recharge than is applied agricultural irrigation water.
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neighboring DWR groundwater basins and subbasins. Subsurface inflows from surrounding
watershed areas and septic return flows are smaller inflows compared to the others. Discharge
to streams, total pumpage, and groundwater ET comprise about 80% of groundwater outflows.
The smaller outflow terms are surface leakage and subsurface outflow to adjacent basins.
Although the interannual estimate of groundwater storage both increases and decreases with
the most recent cumulative net positive storage occurring in water year 2017, overall the
outflows are greater than inflows into the groundwater system, resulting in an estimated
decline in groundwater storage in both the historical and current water budget periods. The
historical (water year 1976-2018) annual change in storage is -600 acre-feet per year, whereas
the current (water year 2012-2018) annual change in groundwater storage is -2,100 acre-feet
per year. Historically, storage depletion comprised about 3% of the average groundwater
pumpage. If groundwater pumping, climate and net streambed recharge and groundwater ET
remain similar as that of the current period, the Subbasin will continue to experience declines
in groundwater storage. If groundwater pumping and climate remain similar to the current
period, and groundwater storage declines stabilize, losses from the streambed will become
greater and groundwater ET will decrease until inflows equal outflows from the groundwater
system.
The Healdsburg subarea (containing the middle reach of the Russian River) receives the
greatest boundary outflow from the Subbasin, whereas the Rincon-Kenwood and Wilson Grove
subbasins are greatest contributors of boundary inflow to the subbasin. The lateral flow of soil
water (interflow) and rejected soil water (Dunnian flow) are important soil-zone processes that
generate runoff into streams. Hortonian overland flow, which occurs when precipitation rates
exceed soil hydraulic conductivity, is another important source of runoff that is not detailed
here. Stream discharge into the basin is much greater than subsurface boundary inflows into
the Subbasin.
A comparison of the historical water budget and current water budget shows greater stress on
the Subbasin in the current period than historically on average. Conditions are drier in the
current periods with approximately 10% less precipitation. This results in approximately 12%
less deep percolation to groundwater in the Subbasin. Meanwhile, pumping increased 5% in the
current period compared to the historical period, mostly due to a greater than 17% increase in
agricultural pumping.
Subbasin boundary inflows and outflows dominate the surface-water budget by total volume.
Overland flows to streams are the greatest contributor to discharge within the basin, compared
to the net groundwater discharge to streams. Mark West Creek is the main drainage within the
basin by volume discharged. Surface water-groundwater interactions (net streambed exchange)
is controlled more by five to ten-year variations in precipitation than by interannual variability
in precipitation. During wet years there is a net groundwater discharge to streams whereas
normal precipitation years may experience net seepage to groundwater, especially when
following a dry period. One result of the increased stress in the current water budget is that net
streambed exchange changes from net discharge of groundwater to streams to net recharge to
groundwater from streams. Net streambed exchange was 300-acre feet per year during the
historical period and the rate for the current period was -1,300 acre-feet per year. This reflects
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a wetter climate during the historical period, and the cumulative impacts of groundwater
pumping on streamflows during the current period. Groundwater discharge to streams in the
historical period is nearly equal to or greater for all months than the current period.

1.4 Subbasin Water Supply Reliability
A discussion of the reliability of imported surface water supplies from the Russian River system
will be included in future versions of this section. Information to support the discussion will be
obtained through coordination with the ongoing Urban Water Management Plan 2020 update
process.

1.5 Sustainable Yield
The sustainable yield of the Subbasin is an estimate of the quantity of groundwater that can be
pumped on a long-term average annual basis without causing undesirable results.
Sustainable management criteria that define undesirable results need to be established before
sustainable yield can be estimated. – This section will be completed upon determination of SMCs
for the Subbasin.

1.6 Uncertainties in Water Budget Calculations
The level of accuracy and certainty is highly variable between water budget components. A few
water budget components are directly measured, but most water budget components are
estimated as input to the model or simulated by the model. Both estimated and simulated
values are based on assumptions and there is additional model uncertainty for simulated
results. Model uncertainty stems from an imperfect representation of natural condition and is
reflected in model calibration error. However, inputs to the model are carefully selected using
best available data, the model’s calculations represent established science for groundwater
flow, and the model calibration error is within acceptable bounds. Therefore, the model is the
best available tool for estimating water budgets.
The following lists groups of water budget components in descending order of uncertainty.
Simulated components based on calibrated model have the most uncertainty because those
simulated results encompass uncertainty of other water budget components used in the model
in addition to model calibration error.
•
•
•
•

Measured: metered municipal and some small water system pumping.
Estimated: non-municipal domestic pumpage and septic system return flow, including
depth and location
Simulated primarily based on climate data: precipitation, evapotranspiration, irrigation
pumpage, including depth and location
Simulated based on calibrated model: all other water budget components.
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1.

Introduction

The Groundwater Sustainability Plan (GSP) development includes the use of a groundwater flow
model to compute a basin wide groundwater and surface water budget, to support sustainable
management criteria (SMC) development, and to assess the effects of proposed projects and
management actions on overall basin sustainability.
The U.S. Geological Survey (USGS) has developed an integrated surface water/groundwater
flow model that encompasses the Santa Rosa Plain watershed and the groundwater basin. The
Santa Rosa Plain Hydrologic Model (SRPHM) was released in 2014 and included a simulation
period from 1975 through 2010. The USGS performed further revisions to the model in 2019
that were provided to the GSP model team. These revisions included a temporal update
through 2015 and modification of input file structure (SRPHM 1.0). Further revisions to the
model made by the GSP model team are documented herein as version SRPHM 1.0+. These
revisions include:
• further temporal extension of the model through December, 2018;
• changes to agricultural pumping estimates;
• changes to rural domestic pumping estimates;
• updates to public water supply well pumping
• revisions to the representation of climate and recycled water; and
• incorporation of septic return flows

1.1 General Description of Model
The SRPHM is an integrated groundwater-surface water hydrologic and watershed model of the
Santa Rosa Plain Watershed (262 square miles), inclusive of the entire Santa Rosa Plain 1 and
Rincon Valley groundwater subbasins, and portions of the Kenwood Valley, Wilson Grove
Formations Highlands, Healdsburg area, and Alexander area groundwater subbasins. The
watershed, groundwater basin, and model domain boundary are show in Figure 1. SRPHM was
developed using the USGS groundwater and surface water model, GSFLOW (McLaughlin et al.,
2008), which consists of two integrated model components: (1) a watershed hydrology model
based on the Precipitation Runoff Modeling System (PRMS) (Leavesly et al, 1983, 2005) and (2)
a groundwater-surface water model developed using MODFLOW-NWT (MF-NWT) (Niswonger
et al., 2011). Additionally, a decoupled soil-moisture balance model, the Crop Water Demand
Model (CWDM), was used with the original USGS model to estimate crop irrigation pumping
demands; this has been replaced with the recently developed Ag Package (Niswonger, 2020),
as further described in Section 1.2.2 below. Figure 2 shows a schematic representation of the
interaction between the different model components for the current updated version of the
model (SRPHM 1.0+). For a detailed description of the conceptualization, parameterization,
calibration and development of the original USGS model, the reader is referred to USGS
Scientific Investigation Report 2014-5052 (Wolfenden and Nishikawa, 2014).
Two slivers of the recently modified (expanded) DWR Bulletin 118 Santa Rosa Plain basin boundary are not
covered by the model domain (154 acres near Sebastopol and 113 acres south of Healdsburg). Combined, these
excluded slivers make up only 0.3% of the total Subbasin area of 81,284 acres.

1
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Santa Rosa Plain
watershed & Hydrologic
Model boundary
Santa Rosa Plain 2018
Bulletin 118 Modification

Figure 1. Santa Rosa Plain Hydrologic Model (SRPHM) Area (modified from USGS, 2013)
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Figure 2. SRPHM conceptual model of interactions between Ag Package, PRMS, and MODFLOW
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1.2 Rural Pumping Updates
The groundwater demand for rural pumping (rural pumpage) consists of the combined total of
pumping to meet rural residential supply and unmet agricultural irrigation demand. As neither
rural residential or agricultural pumping are commonly measured or reported, the USGS
estimated these groundwater demands on the basis of estimates of rural population density
and an average per-capita water usage, and by using the CWDM soil moisture balance model to
estimate crop-specific irrigation demand.

1.2.1 Rural Residential Water Demand
1.2.1.1 Original USGS approach
The model assumed that rural residents outside the city limits of Santa Rosa, Rohnert Park,
Cotati, Sebastopol, California American Water Company, and Town of Windsor rely entirely on
groundwater. Census tract polygons and population density data were used to estimate the
areas and population not serviced by public supply wells. By definition, the census tracts report
a single population number which results in an assumption of homogeneous spatial population
density within each tract. This caused an overestimate of the population density at the
interface of the urban and rural areas within a census tract, which would result in an
overestimation of pumping. An annual water demand of 0.19 acre-feet per capita per year (170
gallons per capita per day, gpcd) was assumed. The source of this value was referenced as being
based on data from the 1994 California Water Plan Update (DWR, 1994).
1.2.1.2 Updated approach
Rural residential parcels identified in the Rate Study were used to locate parcels in the Santa
Rosa Plain utilizing groundwater for domestic purposes (Raftelis, 2019). These include some
parcels within city limits identified by their respective water service providers. The Sonoma
County parcel database was filtered to locate rural residential parcels outside of the
groundwater basin but within the groundwater model domain. The locations of parcels
incorporated into the model are shown in Figure 3, as well as the indoor and outdoor water use
by parcel. A total of 11,943 parcels are included within the entire model domain and 7,482
parcels are within the Subbasin, of which 1,282 wells are urban users in the Subbasin (Table 1).
The 2019 Rate Study (Raftelis, 2019) cited a lower number of total residential groundwater
users of 6,627 parcels. The discrepancy appears to be due to the Rate Study database being
updated following the publication of the report to account for urban well users.
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Figure 3 Domestic groundwater users in the SRPHM
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The yearly groundwater usage applied to each parcel was determined by the size of the parcel
and the parcel type. The groundwater demand was estimated by:
Qparcel = Qindoor + % Irrigated x Id x Pav(i)
% Irrigated = 2.80%
Id = 2.9 ft/year; Turf Irrigation Depth
Pav(i)= Parcel area (acres)
Qindoor (In home use) = 0.24 AF/year
Parcel zoning use codes were used to determine if a parcel uses groundwater for indoor and
outdoor, indoor only, or outdoor only. Parcels with outdoor and indoor uses are typically
common residences, whereas indoor only parcels are those with a mixed residential and
agricultural zoning use code description. The assumption is that the agricultural demands will
be satisfied by Ag Package (see below) for that parcel. Parcels with outdoor only use were
identified in the rate study and the information was provided by the water service providers.
These parcels are assumed to only use groundwater pumping for outdoor use only.
Table 1 Number of Domestic Wells Inside and Outside Subbasin, and by Domestic Use-Type
Demand
Inside
Outside
Total
Type
Subbasin Subbasin
Outdoor
and
Indoor
Indoor
Only
Outdoor
Only
Total

6,185

4,102

10,287

15

353

368

1,282

6

1,288

7,482

4,461

11,943

The start of pumping for a given parcel was determined from the year that the parcel database
indicated the parcel was developed. The updated timeseries of rural domestic groundwater
pumping applied in the entire model domain is shown in Figure 4. As indicated by Figure 4, the
rural domestic pumping incorporated into the revised SRPHM 1.0+ is several times lower than
estimates from the original SRPHM and reflect a smoother transition over time. The smoother
transition is due to the use of the development dates from the parcel database rather than the
use of periodic census surveys, which cause the more abrupt changes in the original SRPHM.
The lower overall estimates of rural domestic pumping are also more consistent with estimates
from the Rate Study. For the Subbasin, total pumping by rural domestic users totaled 3,664
acre-feet per year in the Rate Study whereas the total estimate derived by SRPHM 1.0+ is 2,900
acre-feet per year. The difference is due to the use of separate indoor and outdoor water use in
the SRPHM 1.0+, which required independent water-use estimates. The Rate Study identified a
group of estimates and chose a central representative value of 0.5 acre-feet per year per parcel,

DRAFT

Page 8

65

whereas, the average per parcel water use calculated by SRPHM 1.0+, excluding urban water
users, is 0.42 acre-feet per year. The Rate Study also accounted for secondary units on domestic
parcels which were not accounted for in the SRPHM 1.0+.

Figure 4 Rural domestic pumping in the Santa Rosa Plain Hydrologic Model for the entire model area.
SRPHM 1.0+ refers to this update and SRPHM1.0 is the original USGS model.

Parcels are aggregated spatially by model cell for every stress period. The layers from which the
parcels pump groundwater is determined from the reported domestic well depths. The
reported well depths are provided by DWR’s Well Completion Report Map which describes the
number, maximum, minimum and average depths for wells by township, range, and section.
The layer assigned to a given parcel was selected based on the minimum, maximum and mean
defined in the DWR dataset for that well’s township, range and section

1.2.2

Agricultural Irrigation Pumping

1.2.2.1
Original USGS approach
There is no comprehensive metering on agricultural pumping in the Subbasin, and therefore,
agricultural groundwater pumping demands must be estimated through other means.
Agricultural irrigation demand was estimated by the USGS for Water Year 1975-2015 using the
daily Crop Water Demand Model (CWDM) in conjunction with the calibrated watershed model
used in PRMS-only mode. The CWDM is decoupled from the calibrated watershed model. This
means the CWDM uses information from the calibrated watershed model to calculate irrigation
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demand and simulate pumping in the SRHM but does not apply the water to the watershed in
the SRHM.
1.2.2.2
Updated approach
Due to limitations of the CWDM, a new but conceptually similar approach was taken in the
model update to estimate agricultural pumping. The Ag Package is coupled with GSFLOW and
dynamically computes crop water demand and irrigation pumping and irrigation return flows.
Irrigation demands are calculated as the potential evapotranspiration that remains after
evaporation and transpiration utilize all available water in the soil zone (Niswonger, 2020). The
Ag Package performs this calculation through PRMS and, therefore, processes such as
Hortonian overland flow, Dunnian runoff, and a suite of other soil moisture processes are
incorporated into the calculation of applied irrigation. Recycled water is indirectly incorporated
through the external link file that acts to apply the recycled water directly into the soil zone.
This water should act to limit groundwater pumping where it is applied by satisfying the
potential evapotranspiration before irrigation is required.
1.2.2.3
Land Use Processing and Ag Package Inputs
Many of the original USGS model input files used to run the CWDM were used as inputs for the
Ag Package. The datasets included the crop land use datasets for 1974, 1986, 1999 and 2008.
Newly available land use datasets from DWR for 2012, 2014 and 2016 were used to update the
agricultural land use to 2018. The Sonoma County Vegmap dataset was assessed for use in the
crop updates; however, because its land use classifications are inconsistent with DWR’s, the
DWR datasets were chosen. As seen in Table 2, the total acreage of vineyards mapped by the
VEGMAP is only 100 acres (1%) greater than that mapped in the DWR 2012 land use dataset.
Pastures and grains show the greatest variance between the two datasets, though this is
potentially because of the classifications used in VEGMAP are different than the DWR
classifications. The DWR 2012 land use dataset contains an array of information on crop type,
water source, irrigation types, and other information, whereas the 2014 and 2016 datasets only
map the crop type identified through aerial imagery. The crop types used in the original CWDM
model were retained in SRPHM 1.0+, and include: Field Crop, Grains, Orchard, Pasture, Truck
Crop, Turf Grass, and Vineyard. The land use type that makes up the majority area of a cell is
assigned to those model cells and only cells in the above list are included in the Ag Package. A
majority of model cells are not simulated by the Ag Package because they do not have active
crops. Additionally, crops indicated as non-irrigated were not included in the Ag Package inputs.
Table 2 Comparison of Acres of Crops in the DWR 2012 Land Use dataset and the VEGMAP dataset.
These are not the same values used in the AG package as some crops were removed depending on
irrigation source or non-irrigation. Only crops with comparable classifications are shown.
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Crop Type

DWR 2012

VEGMAP 2014

Field Crop
Grains
Orchard
Pasture
Vineyard

490
3350
260
3420
9960

810
1830
220
2360
10060

Pastures are prevalent within the Subbasin and can can be a water intensive crop that are
prevalent within the subbasin. In the 2019 Rate Study (Raftelis, 2019) it was assumed that
pastures in the subbasin were not irrigated, whereas the 2012 DWR land use map by DWR
indicates an irrigated land use for pasture areas. In order to assess whether pastures are
irrigated, we mapped irrigated pastures identified in DWR’s land use dataset with the remote
sensing-based normalized difference vegetation index (NDVI). NDVI is a common tool to assess
vegetation health (Anderson et al, 2012), with values ranging from -1 to 1. Greater NDVI values
indicate the increasing presence of chlorophyll content in plant matter, and thus a healthier
non-stressed crop which is interpreted to be an indicator of irrigated agriculture. Figure 5
shows the irrigated pasture locations from DWR 2012 as input into the groundwater model
with the 2012 Fall NDVI average values. The pastures identified in the model occur in areas with
high NDVI values indicating vigorous growth late in the season, and therefore a high likelihood
that these pastures are irrigated.
The DWR 2012 land use datasets are based off field-level reconnaissance mapping and aerial
photo interpretation and are regarded as high quality data. The DWR 2012 land use map
indicates the source of irrigation for all fields, including pastures. It is assumed that if
groundwater is the listed source of water for a pasture, then that field would be included as a
pasture. Data from the recycled water providers indicates that many of the pastures that have
groundwater as their irrigation source (as determined by DWR (2012)) also receive recycled
water. For water year 2012, 74% of the simulated pasture model cells in the subbasin received
recycled water. Pastures were not included in the simulation where sworn affidavits attesting
to no groundwater use exist. There are 28 such parcels with sworn affidavits. The locations of
simulated pastures, simulated pastures that receive recycled water, water source, and parcels
with affidavits are show in Figure 6. For those model cells that receive it, recycled water is
applied to the soil zone by PRMS, and if there is unmet evapotranspiration for that cell, then
groundwater is pumped and applied to the soil zone.
The land use derived crop datasets for 1974, 1986, 1999, 2008, 2012, and 2018 were used to
define the crops for the model simulation from 1974 to 2018. For every AG Package model cell,
the crop type for a given year was defined by the crop map nearest in time for that cell. For
example, to define the crops for 1995, the crop map from 1999 was used, whereas the crop
map from 1986 was used for the model simulation year of 1990. Figure 7 and Table 3 show the
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area simulated by the AG Package within the entire model domain, and Figure 8 and Table 4
shows the crops within the Subbasin only. The pasture land use crop inputs derived from the
2012 dataset were applied for the 1986 to 2018 period because of the reliance on data only
available within the 2012 dataset. Figure 9 depicts the spatial distribution of crops for calendar
Year 2012.
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Figure 5 Pastures in the Santa Rosa Plain: Normalized Difference Vegetation Index
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Figure 6 Pastures in the Santa Rosa Plain: DWR Pastures and Water Source
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Figure 7 Total Crop Area for the Entire SRPHM Area. Orange stars at base of graph indicate years
where land use data was available to create crop input dataset. Years without recorded data were
assigned by the nearest year with available data.
Table 3 Number of Acres per Crop for the Entire SRPHM Area. These values were determined from the
land use datasets and were used to assign intervening years not listed.
Year
1974
1979
1986
1999
2008
2012
2014
2016

DRAFT

Field
Crop
310
520
550
280
50
480
80
10

Grains

Orchard

Pasture

60
100
360
360
360
360
360
360

350
560
390
510
1,190
440
680
670

2,470
3,790
1,420
1,420
1,420
1,420
1,420
1,420

Truck
Crop
120
160
460
290
640
530
230
630

Turf
Grass
260
260
220
450
750
750
750
750

Vineyard
3,130
4,020
4,590
11,440
13,260
12,590
12,720
13,220
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Figure 8 Active Crop Area withn the Santa Rosa Plain Subbasin. Orange stars at base of graph indicate
years where land use data was available to create crop input dataset. Years without recorded data
were assigned by the nearest year with available data.
Table 4 Number of Acres per Crop for the Subbasin. These values were determined from the land use
datasets and were used to assign intervening years not listed.
Year
1974
1979
1986
1999
2008
2012
2014
2016
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Field
Crop
310
510
550
280
50
470
80
10

Grains

Orchard

Pasture

60
100
360
360
360
360
360
360

320
430
290
190
420
70
180
230

2,290
3,520
890
890
890
890
890
890

Truck
Crop
100
110
390
230
620
510
200
590

Turf
Grass
260
260
220
450
560
560
560
560

Vineyard
2,560
2,990
3,380
8,330
9,140
9,240
9,450
9,700
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Figure 9 Ag package Crop, 2012
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Crop coefficients are used to simulate the variation in crop evapotranspiration demands as a
function of potential evapotranspiration. Potential evapotranspiration is calculated by PRMS
using the Jensen-Haise formulation. Crop specific crop coefficients and monthly crop-irrigation
schedules are shown in Figure 10 and Figure 11. The crop coefficients for vineyards are based
on values derived for the Russian River region (Davids Engineering, 2013). The other crop
coefficients are from Allen et al (1998), Gibeault et al (1989), Snyder et al (1987a, 1987b), and
Brush et al (2004).

Figure 10 Monthly Crop Coefficients
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Figure 11 Monthly irrigation schedules

Adjustments were made to the PRMS soil parameters in order to incorporate agricultural
practices such as drip irrigation for vineyards. For vineyard cells the impervious area was set to
30% to incorporate bare soils (Table 5), and summer rain interception value (srain_intcp) was
set to zero so that no irrigation is intercepted by vegetation in order to simulate drip irrigation.
soil2gw_max was also set to zero so that no water directly recharges from soil capillary zone to
groundwater in order to simulate high efficiency irrigation for vineyards. All crops were
assigned a value of 2 inches for the water holding capacity of the soil zone as defined by
soil_moist_max and sat_threshold.
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Table 5 Changes to PRMS parameters in SRPHM 1.0+
PRMS
Parameter

PRMS Parameter
Description

Crop Type

srain_intcp
imperviousness

Summer rain interception

Vineyard

Percent of cell causing
runoff
Maximum amount of gravity
reservoir that flows to
groundwater
Maximum available water
holding capacity of capillary
reservoir
Water holding capacity of
the gravity and preferentialflow reservoirs
Summer rain interception

soil2gw_max
soil_moist_max
sat_threshold
srain_intcp
imperviousness

Percent of cell causing
runoff

soil2gw_max

Maximum amount of gravity
reservoir that flows to
groundwater
Maximum available water
holding capacity of capillary
reservoir
Water holding capacity of
the gravity and preferentialflow reservoirs

soil_moist_max
sat_threshold

Updated
Paramete
r

Rationale

0%

drip irrigation

Vineyard

30%

Vineyard

0 inch

estimate of bare soils and
area where no ET occurs
used to simulate high
efficiency irrigation

Vineyard

2 inch

calibrated value

Vineyard

2 inch

calibrated value

All other
Crops Besides
Vineyards
All other
Crops Besides
Vineyards
All other
Crops Besides
Vineyards
All other
Crops Besides
Vineyards
All other
Crops Besides
Vineyards

Unchanged
from
original
Unchanged
from
original
Unchanged
from
original
2 inch

NA

2 inch

calibrated value

NA
NA
calibrated value

The simulated pumpage per crop for the Santa Rosa Plain Subbasin is shown in Figure 12 and a
summary of groundwater pumpage per crop for the period from water year 2012 to 2018 is
shown in Table 6. Pastures were the dominant use of irrigation until 1983, after which vineyard
irrigation has been the largest total use of groundwater irrigation in the subbasin. The total
yearly average irrigation depth in feet per crop is shown in Table 7 and monthly average
irrigation depth for all crops is shown in Figure 13. Pastures have the highest irrigation depth
per crop and vineyards are the lowest irrigation depth on average. Most irrigation occurs in the
summer months, although pastures and turfgrass have simulated irrigation periods that extend
into the spring and fall.
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Figure 12 Simulated groundwater pumpage by crop for the Subbasin

Table 6 Groundwater pumpage per crop for the Subbasin from Water 2012 to 2018
Field
Crop
Mean
Minimum
Maximum
Median

DRAFT

Grains

Orchard

Pasture

Truck
Crop

Turf
Grass

Vineyard

200

300

100

2,200

500

900

6,300

0

200

0

1,900

200

800

4,400

600

400

200

2,500

700

1,000

7,000

100

300

200

2,100

600

800

6,600
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Table 7 Average simulated irrigation depth by crop, pre-recycled water deliveries from 1975 to 1990
Crop Type

Irrigation depth (feet)

Vineyards

0.76

Orchard

0.78

Truck Nursery

1.25

Pastures

2.25

Grain

0.86

Turf Grass

1.55

Field Crop

1.29

Figure 13 Model Results: Average monthly irrigation depth per crop

1.2.3 Public Water Supply Pumping
Large and small water service providers pump groundwater to serve to their customers. Large
water suppliers include Cotati, Rohnert Park, Santa Rosa, Sebastopol, Windsor, Sonoma Water,
Sonoma State University, and California-American Larkfield. Small water suppliers include
Canon Manor Water System, Cloverleaf Ranch Summer Camp and many others including
wineries, schools, mutual water companies, RV parks, restaurants, and parks. Other sources of
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groundwater extraction, such as pumping for urban landscape irrigation are not included in the
model. Pumpage data from the large and small water suppliers were included in the original
USGS model and have been updated here. The large water suppliers generally provided
pumpage records for each of their extraction wells. These pumpage records were summed by
month and then used to extend the pumping records to December 2018 (shown annually in
Figure 14). Pumpage data for small water suppliers were provided by CA DWR Division of
Drinking Water (DDW). If monthly data were not available for certain periods, then they were
estimated based on data from previous years 2. If total pumpage was given for a supplier, then it
was divided among all active wells managed by that supplier.

Figure 14 Total Monthly Pumpage by Munipical and Industrial water service providers for the Santa
Rosa Plain Subbasin with Top 10 Users labeled

1.3 Additional Completed Model Updates
1.3.1 Climate Representation
The representation of climate stresses in the model has been changed from the original
approach of the SRPHM 1.0 of using daily grids of precipitation and minimum and maximum
temperature, to an approach based on time series input for individual weather stations which
are then interpolated spatially onto the model grid by PRMS subroutines. This change resulted
in a reduction in model input file size, although not a reduction in model run time. The updated
Exceptions to this were for small water suppliers located in areas affected by 2017 Tubbs fire that were missing
data for 2017 and 2018 because they were not operational after the fire.
2
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model climate input files for 1975-2015 are currently only available in the new climate station
format.
The PRMS watershed model requires input of daily precipitation and minimum and maximum
daily air temperatures. The original SRPHM v1.0 used a gridded climate data set of daily
precipitation and daily minimum and maximum air temperatures as input to GSFLOW. The
gridded daily climate data set was developed externally to SRPHM as part of the model
development by pre-processing and integration of climate data from a combination of monthly
Parameter-elevation Regressions on Independent Slopes Model (PRISM) gridded data (monthly
normal; Daly et al, 2002; PRISM Climate Group., 2016) and daily data from 109 climate stations
centered on the watershed. The PRISM data were used to develop a spatial interpolation model
that allowed for filling in many data gaps both spatially and temporally. This method was used
to develop daily climate data for water years 1948-2010.
In contrast, the new USGS SRPHM v1.0+ (which extended the model period through end of
2015) uses a station based climate input approach, where daily precipitation and minimum and
maximum air temperature are provided at the locations of two climate stations within the
basin, and then a spatial interpolation model is applied to these inputs directly within PRMS to
define daily climate inputs at each model cell. The two station locations are at the Santa Rosa
and Windsor California Irrigation Management Information System (CIMIS) stations (Table 8).
Although SRPHM v1.0+ uses station data time series as its input, the version of the updated
input time series that the USGS extended through 2015 were actually derived from an extended
gridded daily climate set developed in the same manner as for the SRPHM 1.0 model.
Interpolated time series for these two station locations were extracted from this extended
gridded data set. To update the climate input through 2018 (or for future updates) with this
approach requires acquiring updated data through 2018 for all 109 climate stations used by the
USGS and performing the data-processing steps to generate the full gridded daily data set. This
would have been time consuming for a short period of the model update; therefore, a more
simplified approach was implemented. The USGS 1.0+ input data time series for the two
stations were compared with time series derived from the gridded PRISM daily data
(interpolated to the coordinates of each station) for the 2010-2015 time period and showed
good agreement. On this basis, the updated time series for the two station locations are based
on interpolation to the station locations directly from daily PRISM gridded data. Though the 109
stations are not explicitly used as climate inputs here, observed climate data within and around
the model domain are incorporated into the development of the PRISM model. The PRISM daily
data sets only extend to January 1, 1981; therefore, the original USGS v1.0+ time series values
are used for 1974-1980. The updated climate inputs used in the model update are shown in
Figure 15.
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Table 8 CIMIS Climate Stations in SRPHM
CIMIS
DWR
Station
Station Regional Name
#
Office
83

NCRO

103

NCRO

Santa
Rosa

County

Latitude Longitude Elev
(ft)

Status

Connect
Date

Disconnect
Date

Sonoma 38.4035
5

122.7999
31

80

Active

1/1/1990

Active

Windso Sonoma 38.5268
r
22

122.8138
86

90

Active

12/14/19
90

Active

Figure 15 Updated Climate Inputs for the SRPHM v1.0+
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Figure 16 Water Year 2015 Precipitation for the SRPHM 1.0+
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Figure 17 Water Year 2016 Precipitation for the SRPHM 1.0+
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Figure 18 Water Year 2017 Precipitation for the SRPHM 1.0+

DRAFT

Page 29

Figure 19 Water Year 2018 Precipitation for the SRPHM 1.0+

1.3.2 Recycled Water Deliveries
Recycled water deliveries applied as irrigation were previously simulated in SRPHM v1.0 by
adding the delivered water to the daily precipitation grids. Recycled water use has now been
separated and is represented by adding recycled water volumes to the soil zone through a new
input file using the PRMS Water Use Input Module. The use of this module also accounts for
irrigation with recycled water when estimating rural pumpage with the Ag Package.
Monthly records on the application of treated wastewater from the Town of Windsor and the
city of Santa Rosa used for irrigation, also referred to as recycled or reclaimed water, were
compiled by the USGS for water-years 1990 through 2017 for use in the SRPHM 1.0. Data for
2018 were estimated based on using monthly averages of the data from the previous three
years. The SRPHM 1.0 data do not include recycled water deliveries from the Airport-Larkfield-
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Wikiup Sanitation Zone and these were not updated in SRPHM 1.0+. For the most part, land
irrigated with recycled water was within the Laguna de Santa Rosa 100-year flood-plain area,
and is used for both landscape and agricultural irrigation (as seen on Figure 21 of USGS, 2013).
The annual volume of recycled water used for irrigation averaged about 10,200 acre-ft.

1.3.3 Septic Return Flows
The original USGS SRPHM does not include septic return flows. The model was updated here to
include septic return flows by recharging 80% of indoor water use to the first model layer
(O’Conner Environmental, Inc. 2018) using the Flow and Head Boundary (FHB) package. The
FHB package assumes that recharge occurs immediately and by utilizing this approach the delay
of infiltrated septic water as it moves through the unsaturated zone is not simulated. This delay
could be important for when a parcel is newly developed and there is a delay as the infiltrated
water moves through the unsaturated zone. After a period of time, likely a year or less,
depending on the rate of flow and the hydraulic conductivity of the unsaturated zone, recharge
from septic infiltration becomes nearly continuous. The growth, locations and timing of the
septic return flows mimic indoor rural domestic groundwater use described earlier. See Figure 3
for locations where groundwater pumping supplies water for indoor water use.

Calibration Results
After changing groundwater pumping, PRMS parameters, and other properties mentioned in
this report, it is expected that the model will have different simulated results than SRPHM 1.0.
Simulated groundwater levels are compared with observed groundwater levels to determine if
the model remains relatively well-calibrated, or if model properties need to be adjusted to
improve simulation capabilities. The two types of calibration observations are groundwater
levels and streamflows. There are 111 groundwater wells for which the model simulates
groundwater levels, and here we emphasize a subset of the key observation wells identified by
Wolfenden and Nishikawa (2014) and the representative monitoring points used in the GSP.
The key wells along with the other groundwater level hydrographs were updated in SRPHM
1.0+ through 2018.

Groundwater level hydrographs
The shallow groundwater level hydrograph in Figure 20 (SRP0357) near the town of Sebastopol
shows a reasonable representation of the shallow groundwater levels. This well was not part of
the original USGS study and therefore is a good representation of the updated model’s ability
to simulate groundwater levels in areas where it was not part of the calibration assessment.
Figure 21 shows the hydrograph for SRP0359 and is located within the same borehole as
SRP0357 as part of a nested well. This well is a medium depth well and also indicates that the
model is capable of simulating groundwater levels in a location for which the model was not
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originally assessed for calibration. Because the shallow and deeper groundwater levels at this
location are both reasonably simulated, the hydraulic gradient between these depths should be
well represented in the model. Groundwater movement is controlled by gradients, so this is an
important consideration and a favorable model result.
Figure 22 displays the groundwater level hydrograph for a well located southeast of
Rohnert Park. Both the observed and simulated hydrographs display a groundwater level
rebound following the decrease in groundwater pumping in the area. The rebound in
groundwater levels is very well represented by the simulated hydrograph, as well as the
seasonal variations that occur in addition to the long-term changes.
Finally, Figure 23 depicts a model bias for well SRP0117 located in southeastern Santa
Rosa. Here groundwater levels are about 25 feet too low, compared to the observed data for
that location.

Figure 20 Groundwater level hydrograph simulated by SRPHM 1.0 and SRPHM 1.0+, and observed
groundwater levels for SRP0357, Representative Monitoring Point
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Figure 21 Groundwater level hydrograph simulated by SRPHM 1.0 and SRPHM 1.0+, and observed
groundwater levels for SRP0359, Representative Monitoring Point
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Figure 22 Groundwater level hydrograph simulated by SRPHM 1.0 and SRPHM 1.0+, and observed
groundwater levels for SRP0117, Representative Monitoring Point
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Figure 23 Groundwater level hydrograph simulated by SRPHM 1.0 and SRPHM 1.0+, and observed
groundwater levels for State Well ID 07N08W35K1 , Key Well
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One way to display groundwater level results is to plot the observed versus the
simulated groundwater levels. If an observed groundwater level matches its simulated
value, then the point will plot on the 1:1 line, whereas simulated values that are too high
will plot above the 1:1 line, and simulated values that are too low will plot below the 1:1
line. Overall the errors should be distributed symmetrically about the 1:1 line reflecting a
lack of bias in the simulation results. Figure 24 depicts the observed versus simulated
groundwater levels for wells located within the Subbasin along with the 1:1 line in red.
Additionally the figure shows that the Root Mean Square error for these results increased
from 20.91 feet in SRPHM 1.0 to 21.84 ft in SRPHM 1.0+. The median residual did not
change between SRPHM 1.0 to SRPHM 1.0+, though the average residual became slightly
more negative. These results are reflected in Figure 24 which shows little difference
between the density of residuals about the 1:1 line, reflecting a model that has a small but
reasonable bias in overestimating groundwater levels. The small increase in the bias is
likely a result of the decreased groundwater pumping from SRPHM 1.0 and SRPHM 1.0+,
which would cause groundwater levels to increase.

Figure 24 Observed versus simulated groundwater levels for the SRPHM 1.0 and SRPHM 1.0+

The difference between a simulated and observed value is known as the residual. The
average residuals for all wells is shown in Figure 25, with the key calibration wells
emphasized with grey boxes. A perfect simulation would have small residuals for all wells,
and if any residuals were large, they would be randomly spatially distributed and not
clustered in zones. At 18 of 38 of the key well locations the absolute groundwater level
residual is less than 10 feet. As seen in the map, there are not any clusters of wells with
correlated biases that cover large areas of the Subbasin model domain, indicating there is
not significant spatial bias in the model. There is one small cluster in the southern area
west of Rohnert Park and another cluster of three wells east of the Santa Rosa Airport.
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These clusters are small and could potentially reflect too much pumping in the Airport area
(positive residual) and too little pumping west of Rohnert Park (negative residual).
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Figure 25 SRPHM 1.0+ Mean Groundwater level Residuals, 1974 to 2018
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Stream Calibration

Streamflow is an important component for the GSP. It is also an important calibration metric
because it incorporates a number of hydrologic processes that the model must simulate.
Streamflow integrates precipitation volumes and distribution, actual evapotranspiration, aquifer
hydraulic properties, and groundwater pumpage, amongst other processes. Fortunately for the
Subbassin there are a large number of USGS stream gages that are, or have historically, operated
within or just outside of the Subbasin. A map of the stream gage locations is shown on Figure 26.
The calibration assessments for each of the gages is shown on Figure 26, Figure 28, Figure 28,
Figure 29, Figure 30, Figure 31, Figure 32, Figure 33, Figure 34, Figure 35, for Brush Creek At
Santa Rosa (11466065), Colgan Creek Near Santa Rosa (11465690), Colgan Creek Sebastopol
(11465700), Copeland Creek at Rohnert Park (11465660), Laguna de Santa Rosa at Stony Point
Roadd Nearr Cotati (11465680), Laguna de Santa Rosa Creek Near Sebastopol (11465750),
Mark West Creek Near Mirabel Heights (11466800), Mark West Creek Near Windsor
(11465500), Matanzas Creek at Santa Rosa (11466170), and Santa Rosa Creek at Willowside
Road Near Santa Rosa (11466320), respectively. Brush Creek discharge reflects inflows from
outside of the subbasin, and as seen in Figure 27, the simulated discharge data matches the
observed very well, including the flow duration curve, the observed versus simulated, and the
monthly flows. Colgan Creek near Santa Rosa, Colgan Creek near Sebastopol, and Copeland
Creek near Rohnert Park all simulate both the low flows and high flows very well, with only the
Colgan Creek near Sebastopol displaying a small divergence of flows at low flows around the
90% flow exceedance value. At that location the SRPHM 1.0+ performs better than the SRPHM
1.0. At the Laguna de Santa Rosa near Cotati both the SRPHM 1.0 and SRPHM 1.0+ display
discharge values greater than the observed for the top 30% of flow exceedance, though they
display similar trends for much of the remaining curves. Importantly, at both Laguna de Santa
Rosa gages, the SRPHM 1.0+ displays comparable discharges in the June through September
period when groundwater dependent ecosystems are likely heavily reliant on groundwater
discharge to streams.
The Mark West Creek and the Matanzas Creek gages do not record summer low flows and
therefore their calibrations are not as important here as other gages that do. Nonetheless, for the
one year when the gages recorded summer flows, there is good agreement between the observed
and simulated for those periods. The Santa Rosa Creek at Willowside Road near Santa Rosa
streamgage record is very well reproduced at all but the lowest of flows. At flows below the 70%
exceedance, the SRPHM 1.0+ has very similar exceedance, whereas at flows below 10 cfs (90%
exceedance) there is some divergence. This divergence is either a result of too high of
groundwater discharge to streams during the summer within the groundwater basin, or too high
of discharge from the upstream locations outside of the Subbasin.
When considering all of the streamflow gage records, the updated SRPHM 1.0+ is generally well
suited at simulating the monthly flow duration curves and the monthly average flow rates for
summer and fall discharge. There is a slight tendency to oversimulate pumping during these low
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flow periods, and bias may need to be accounted for when using the SRPHM for assessments of
surface water depletion and other surface water processes.
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Figure 26 USGS stream gage locations and their site identifiers
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Figure 27 Simulated SRPHM 1.0, SRPHM 1.0+ and observed daily discharge, flow duration, observed
versus simulated discharge, and monthly mean discharge for Brush Creek at Santa Rosa
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Figure 28 Simulated SRPHM 1.0, SRPHM 1.0+ and observed daily discharge, flow duration, observed
versus simulated discharge, and monthly mean discharge for Colgan Creek near Santa Rosa
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Figure 29 Simulated SRPHM 1.0, SRPHM 1.0+ and observed daily discharge, flow duration, observed
versus simulated discharge, and monthly mean discharge for Colgan Creek near Sebastopol
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Figure 30 Simulated SRPHM 1.0, SRPHM 1.0+ and observed daily discharge, flow duration, observed
versus simulated discharge, and monthly mean discharge for Copeland Creek at Rohnert Park
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Figure 31 Simulated SRPHM 1.0, SRPHM 1.0+ and observed daily discharge, flow duration, observed
versus simulated discharge, and monthly mean discharge for Laguna de Santa Rosa at Stony Point
Road Near Cotati
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Figure 32 Simulated SRPHM 1.0, SRPHM 1.0+ and observed daily discharge, flow duration, observed
versus simulated discharge, and monthly mean discharge for Laguna de Santa Rosa Creek Near
Sebastopol
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Figure 33 Simulated SRPHM 1.0, SRPHM 1.0+ and observed daily discharge, flow duration, observed
versus simulated discharge, and monthly mean discharge for Mark West Creek Near Mirabel Heights
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Figure 34 Simulated SRPHM 1.0, SRPHM 1.0+ and observed daily discharge, flow duration, observed
versus simulated discharge, and monthly mean discharge for Mark West Creek Near Windsor
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Figure 35 Simulated SRPHM 1.0, SRPHM 1.0+ and observed daily discharge, flow duration, observed
versus simulated discharge, and monthly mean discharge for Mayacamas Creek at Santa Rosa
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Figure 36 Simulated SRPHM 1.0, SRPHM 1.0+ and observed daily discharge, flow duration, observed
versus simulated discharge, and monthly mean discharge for Santa Rosa Creek at Willowside Road
Near Santa Rosa
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