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Executive Summary 
From November 17, 2022, through March 1, 2023, Permit Sonoma, a department for Sonoma County, 
convened two working groups to advise the Permit Sonoma director on policies and the best available 
science to develop a well ordinance in consideration of public trust resources. This report summarizes 
the outcomes and recommendations of these groups: the Technical Working Group and the Policy 
Working Group. And, Table 1 provides a brief sketch of the proposals developed, the rationale for 
support or concern, and other issues and considerations for the County. The Permit Sonoma director 
will consider these outcomes and recommendations when preparing a draft well ordinance for the 
Board of Supervisors to consider in April of 2023.  
 
Terms 
In summarizing topics and the rationale for support or concern, the term "Proposal" reflects the working 
proposal that the working groups advanced and refined through the process . The term "Pro" refers to 
positive aspects of the working proposal that have broad support from the working groups. The term 
"Con" refers to the working groups' shared concerns or perspective on negative aspects of the working 
proposal. The term "Issue" identifies specific concerns or points of view that one or more working group 
members raised. Generally, working group members did not have broad agreement on perspectives 
summarized in" Issues.II  
 
Table 1. Public Trust Well Ordinance Policy and Technical Work  At a Glance 
[Click on Topic on left in Table 1 to read more.] 

Adverse ImpactsAdverse Impacts Proposal:Proposal  Adverse impacts are based on habitat value for salmonids and 
streamflow depletion of >=10% in streams that support Coho and 
>=20% in streams that support Steelhead. Salmonids are a proxy for 
other public trust resources. 

Pro:Pro:  The Technical WG supports the thresholds because they are based on 
scientific literature. The proposal is workable if refined periodically given 
future recommendations to define in-stream flow criteria.  
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Pro:Piro:  The Policy WG agreed that adverse impacts to salmonids in both 
navigable and non-navigable tributary streams should be the focus of 
the public trust review of the well ordinance.

Issue:ISSIJe:  The proposal looks at streamflow reduction July - September. Some 
Technical WG members would recommend looking at streamflow 
reduction either all year long or June - May during a year with a dry 
spring or June -  October; all are in consideration of salmonid migration. 

Issue: ISSL!e: Some Technical WG members support refining the approach to use 
the California Environmental Flows Framework. 

Public Trust PL!blic Tmst Proposal:Pmposal:  The review area map identifies areas with moderate-to-high risk 
Review AreaReview Area  of impacts to public trust resources. The area includes high habitat value 
 watersheds and factors in streamflow depletion associated with 

pumping. Wells within these areas must adhere to specific 
requirements, like water conservation and monitoring. 

Pro:Pm  Approach - All Policy WG and Technical WG members can at least "live 
with" or support this public trust review area as the method for 
delineating the area (evaluating streamflow depletion and habitat 
value), which is available to the County in the near term. 

Pro:Pm:  The map provides certainty to permit applicants as to whether the 
public trust consideration and additional water conservation 
requirements apply to their permit application. 

Con:Con:  Some Technical WG / Policy WG members think that applying the 
review area to the whole county would provide more certainty to 
landowners because the review area wouldn't have to be regularly 
delineated to account for changes in climate and pumping conditions. 

Issue:ISSL!e:  Some Policy WG members feel that the review area will suffice at this 
time but could need to change once data are collected to assess the 
effectiveness of the approach. 

Issue:lss1.1e:  A clear and time-bound commitment to assess and develop a plan to 
address data and modeling needs is essential to ensure a robust and 
reasonable ordinance. 

Well Classification:Wern Classificatio111:  Proposal:Pmposal:  Permit Sonoma would screen wells first based on location. In the 
Ministerial andMi111istt:erial and  review area, volume and well type (new, replacement, etc.) would 
Discretionary Discrett:~onairy determine whether a permit is ministerial (routine) or discretionary
 (tailored review).  

Pro:Pm:  The Policy WG supports incentivizing storage tanks, stormwater 
capture, groundwater recharge, and regenerative agriculture via the 
Zero Net Increase well class. 

Issue:lssU1e:  A remaining concern of CDFW and others is cumulative impacts 
(including impacts from existing wells) and that those impacts may not 
be fully addressed and mitigated as part of these recommendations.  

Issue:ISSL!e:  Some Policy WG and Technical WG members have proposed that a 
more thorough public trust impact analysis be used to determine if a 
well applicant falls into a ministerial or discretionary permitting process. 
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This approach is considered in the future recommendations since it is 
not available in the immediate time frame.  

F!Future uture RRecommendation ecommendation: Some Policy and Technical WG members support 
quantifying low water use by parcel acreage so large parcels are allowed 
the use of more groundwater under the "low water use" ministerial 
category. 

WeWellll  
IlmmtQiementation plementation 
RReguequiirrements ements -
CConservation onservation aand nd
oother ther MMeasures easures 

P!Prrooposaposall::  Nearly all wells, except public water wells (generally under local 
government jurisdiction), would require water conservation for permit 
approval. Many from the Policy WG would like to factor volume of water 
use into well permitting requirements, the Policy WG was evenly split on 
the options for this purpose. 

P!Proposaroposall::  Roughly half of the Policy WG members support setting the water 
use threshold at 2 acre-feet per year (AFY) similar to the Governor's 
drought order and SGMA's de minimis threshold. The other half support 
creating a low water use (less than 0.5 AFY) well class and a moderate 
water use (0.5-2.0 AFY) well class. 

IIsssue: sue: The primary reason for support for delineating a low water use class 
is tied to most residences typically relying on 0.5-1.0 AFY on average and 
putting low water use well owners on notice that additional 
conservation would be necessary to offset increased pumping. 

IIsssue: sue: A concern is that this is difficult to measure.  

 

 

DDiscretiona[Y iscretionary 
RReview eview PProcess rocess 
 

P!Proposaroposall::  Wells associated with increased groundwater use, greater than 
2.0 AFY would be subject to discretionary review. The County would 
conduct the analysis for the discretionary review process, assess 
adverse impacts, and set mitigation requirements. Adverse impacts 
include reduction in streamflow due to cumulative groundwater use, 
and acute impacts of groundwater pumping of the project and nearby 
wells. 

P!Pro: ro: The Policy WG and the Technical WG would recommend that the 
County lead the analysis for the discretionary review process, which 
should reduce costs for landowners, provide consistency, and 
streamline reviews. 

MMetereteriinng g aand nd 
MMonitoronitoriinng g 
RReguequiirrements ements
 

P!Prrooposaposall::  The groups propose two options for consideration, including 
meters on all new wells and annual reporting; the distinction Is on 
whether low water use residential and existing use wells have voluntary 
or mandatory reporting. Wells or parcels using more than 5 AFY would 
report water levels, and agriculture, commercial, and industrial would 
report on conservation practices. 

AdaptationAdatQtation  PIPrrooposaposali : Recommendations pertain to improving data; improving 
analytical and numerical modeling; quantifying conservation; developing
standards for future ministerial permits associated with sustainability; 
coordinating with groundwater sustainability agencies; continuing 
stakeholder engagement; systematically reviewing the well ordinance; 
and developing funding for implementation. 

RecommendationsRecommendations   
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Advisory Policy and Technical Working Groups Overview 
In fall of 2022, Permit Sonoma convened two working groups, one focused on policy and the other 
focused on scientific information, to develop recommendations to advise the Permit Sonoma Director 
on proposed revisions to Sonoma County's well ordinance in relation to the County's obligations under 
the Public Trust Doctrine. The Director is considering the input from these two working groups, 
summarized in this report, when developing the well ordinance policy that the Sonoma County Board of 
Supervisors will consider and decide upon in early April 2023.  
 
The responsibility of the PPolicy olicy WWorking orking GGroup roup (Policy WG) was to advise the Director on well policy 
related to public trust doctrine. The role and responsibility of Policy WG members was to represent, 
solicit, and integrate community and stakeholder interests into recommendations on the revised well 
ordinance. The Policy WG members have also integrated the best available science to inform policy for 
groundwater sustainability and availability for people and the environment in Sonoma County.
 
The responsibility of the Tec:hnic:ai Technical WWorking orking GGroup roup (Technical WG) was to advise on the analytical 
processes necessary to implement any potential policies. The Technical WG focused on technical 
development through data compilation, modeling, and other measures to better understand the 
interconnection of public trust surface waters and groundwater. The Technical WG collaborated with 
the Policy WG members to answer questions and assisted in developing policy and ordinance working 
proposals.
 
The Director selected members of the Policy and Technical Working Groups, so meetings were not 
subject to the Brown Act. However, Policy WG meetings and Joint Meetings between the two work 
groups were open to the public.
 
Each group held six formal meetings and three joint meetings between November 17, 2022, and March 
1, 2023. Members of the Technical WG also met in small groups to delve into detailed work. The Chairs 
met weekly with the Permit Sonoma staff, technical consultants (O'Connor Environmental Inc.), and the 
facilitation team (Consensus Building Institute) to plan meetings.   
 
Guiding Questions
To guide their efforts, the working groups considered the following policy development questions: 

■  Is the ordinance clear and understandable? 
■  Ease of implementation? 
■  Is it enforceable? 
■  Does the ordinance reflect a good faith effort to address the public trust duty?  
■  Does it account for mitigating harms to public trust whenever feasible? 
■  Does it address public interest necessity and justify circumstances when permit may issue 

despite harm to public trust uses?  
 
Common Interests to Weigh Options  
The Policy WG identified these common interests to evaluate working proposals for a well ordinance 
that would consider and mitigate impacts to public trust resources when permitting groundwater wells. 
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AAddress ddress P!Public ublic Trust Trust DDuty uty -  P!Protect rotect P!Public ublic Trust Trust 
 
RRecover ecover llisted isted eendangered ndangered sspecies pecies tthat hat ddepend epend oon n nnavigable avigable wwaterways aterways aand nd the the tributaries tributaries to to nnavigable avigable 
waterways waterways that that pprovide rovide eessential ssential hhabitat. abitat. 
 
WWater ater rreliability eliability for for ppeople eople aand nd tthe he eenvironment nvironment 
Head toward a system of water supply that provides for all 
 
MMust ust bbe e iimplemented mplemented this this year year 
 
Simplicity (why, what's involved) 
 
PPredictable, redictable, uunderstandable nderstandable ppermitting ermitting 
 
Timeline Timeline for for ppermitting ermitting pprocess rocess iis s rreasonable easonable 
 
Streamlined Streamlined ppermitting ermitting wwhen hen ppossible ossible
 
LUn~ ink wwith ith SSGMA GMA pprioritized rioritized bbasins/ asins / GGroundwater roundwater SSustainability ustainability P!Plans lans ((GSIPs) GSPs) 
 
CCost ost oof f rreviews eviews tto o llandowner andowner 
 
CCost ost oof f iimplementation mplementation to to ccounty ounty aand nd llandowner andowner 
 
F!Feasibility easibility oof f iimplementation mplementation for for ccounty ounty 
 
CCumulative umulative iimpact mpact cconsiderations onsiderations 
 
Adaptive Adaptive mmanagement anagement -  rrecognize ecognize nneed eed for for ccertainty ertainty yet yet mmanage anage wwith ith nnew ew iinformation nformation aand nd cconditions onditions  
 
CCommunity ommunity bbenefit enefit -foil  full ppartidpation articipation oof f the the CCounty ounty 
 
PPolitkai olitical cconsiderations onsiderations 

Public Trust Legal Backdrop 
Provided by Office of Sonoma County Counsel to guide the Policy and Technical Working Groups 
 
The Public Trust Doctrine is a legal doctrine, reflected in Article X, section 4, of the California 
Constitution, that provides that the government holds certain natural resources 'in trust' for the benefit 
of current and future generations. The resources include tidelands, submerged land, and land 
underlying inland navigable waters. Public trust purposes or uses include commerce, recreation, fishing, 
wildlife habitat, and preservation of trust lands in their natural state.  
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Trust Doctrine "protects navigable waters from harm caused by diversion of non navigable tributaries." 

wells. Yet the "how" is the technical and policy 

Adverse Impacts Working Groups' 
Pro: 

In 1983, the California Supreme Court in National Audubon Society v. Superior Court held that the Public 
-

In 2018, Environmental Law Foundation (ELF) v. State Water Resources Control Bd., the California Court 
of Appeals found that the Public Trust Doctrine applies to permitting of groundwater wells if extraction 
of groundwater adversely impacts a navigable waterway. 

Groundwater is not a public trust resource. However, extraction of groundwater that is interconnected 
with a stream or river may result in reduced streamflow and impact public trust resources of a navigable 
waterway. 

Known navigable waters in Sonoma County include the main stem of the Russian River from Jenner to 
the Sonoma/Mendocino County line and waterways identified as navigable by the U.S. Army Corps of 
Engineers survey Navigable Waterways as of 2 August 1971 (Link to scanned document on Corps site). 

Under the ELF decision, impacts to public trust resources must be considered and mitigated, if feasible, 
when a county issues a permit for a well that may reduce flows and adversely impact public trust 
resources of navigable waters. Neither the ELF decision nor case law generally details exactly how a 
county must consider and mitigate impacts to public trust resources when permitting groundwater 

task that this effort is addressing. The technical and 
policy working groups can best support the Director by developing recommendations and options for 
how the County may best meet that legal obligation and articulating the reasons for those 
recommendations and options.

Adverse Impacts 
Framing Questions 
What is a substantial adverse impact to a public trust resource? (Watershed, waterway, basins) 
What methods should be employed to evaluate adverse impacts to public trust resources? 

Adverse Impacts Proposal Overview  
Adverse impacts proposed by staff to the working groups are based on habitat value for salmonids and 
streamflow depletion relative to estimated unimpaired flow conditions (Richter et. al, 2012, Gleeson 
and Richter, 2018, California Environmental Flows Framework Technical Team, 2018, Public Trust 
Review Area Documentation). In streams that support Coho, an adverse impact is defined as occurring if 
>=10% reduction in estimated unimpaired streamflow occurs during periods of summer rearing. In 
streams that support Steelhead, an adverse impact is defined as occurring if a >=20% reduction in 
unimpaired streamflow occurs during periods of summer rearing. Salmonids are being used as proxy for 
other public trust resources. 

Areas of Agreement, Issues, and Concerns 
Pro: The Technical WG supports the adverse impact thresholds because it is based on scientific 
literature. The proposal is workable if this is refined periodically over time given future 
recommendations to define in-stream flow criteria.  
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PPro: ro: The Policy WG agreed that adverse impacts to salmonids in both navigable and non-navigable 
tributary streams should be the focus of the public trust review of the well ordinance. Impacts to fish 
habitat are a primary issue of concern for stakeholders since salmonids are a good aquatic ecosystem 
indicator for assessing adverse impacts to public trust resources.  
 
IiSSllle: ssue: The working proposal looks at streamflow reduction July - September. Some Technical WG 
members would recommend looking at streamflow reduction either all year long or June - May during a 
year with a dry spring or June  October. Smolt outmigration can extend into June. Fall migration of 
Chinook salmon can be affected during October before first rains arrive.  
 
Issue: The Technical WG recommends that Permit Sonoma improve the methodology to determine 
unimpaired flows associated with the streamflow depletion thresholds. Some Technical WG members 
recommend that any methodology used to determine unimpaired flows have a low level of error. 
 
Iissue: ssue: Some Technical WG members support refining adverse impacts using the California 
Environmental Flows Framework (CEFF) process. Some Technical WG members do not support using the 
Nature Conservancy's Natural Flows Database associated with CEFF due to the incomplete use of local 
USGS stream gauge data in model development and concerns about uncertainty or potential errors in 
the modeling dry season unimpaired flows. 
 
IiSSllle: ssue:  Some Technical WG members are concerned that expanding to non-navigable tributary streams 
would make the task of developing a revised ordinance more difficult. Other Technical WG members 
counter that the navigable versus non-navigable distinction is not relevant for fish habitat and viewing 
the stream system as a whole is simpler.  
 
Issue: Some Technical WG members suggest that the navigable versus non-navigable distinction is not 
relevant if other analytical approaches were applied to screen for potential public trust impacts prior to 
designating whether well applicants would fall into the ministerial or discretionary permitting process. 
However, numerical models are currently not available across the entire county and would need to be 
implemented over a greater area and diversity of regions for this purpose.  
 
IiSSllle: ssue: While several Technical WG members support the working proposal, the details of how this would 
be implemented to determine adverse impacts should be the subject of future discussions as part of the 
adaptive management process.  For example, what happens in streams that are already reduced by 10% 
or 20%? Or, if flow criteria have been established via other processes in some watersheds?  
Unfortunately, there has not been time to fully discuss this and other concerns as part of this process. 



Public Trust Review Area
Framing Questions
What waterways require impact analyses under the public trust doctrine?
What public trust resources (uses and habitat) are sensitive to streamflow depletion due to groundwater 

extraction?
What aquifers are interconnected with public trust waterways, and does groundwater extraction from 

these aquifers  have an adverse impact on public trust resources?

Working Proposal
Please see Technical Rationale in Appendix C.

The public trust review area was designed to serve as a screening tool for permitting. Wells within the 
area are subject to certain requirements (conservation, metering, monitoring) to address public trust 
resources. The public trust review area was defined by considering regions with sensitive aquatic habitat 
value and stress on the resource, measured 
through streamflow depletion. The overlap of 
these regions defines the public trust review 
area. The public trust review area includes 
select areas within all major navigable 
watersheds of Sonoma County including the 
Russian River, Gualala, Salmon Creek, 
Petaluma River, and Sonoma Creek.

An applicant can look at the map to 
determine if the well is in the public trust 
review area. The applicant is then on notice 
that the public trust implementation 
requirements are necessary for this well to 
move forward. 

The public trust review area map identifies 
areas with moderate to high risk of impacts 
to public trust resources due to present-day 
groundwater pumping. 

TThhe e area area iinncclluudes des hhiigh gh hhabitat abitat vavalluue e watersheds watersheds ((Upper Upper MMark ark WWest est, DDutch utch BBm,, ill, MMiillll aand nd GGreen reen VVaalllley ey
creeks) creeks) and and oother ther trtriibbutaries utaries tthhaat t support support ssaallmmonids onids aand nd hhave ave mmoderate oderate oor r hhiiggh h lleevveels ls oof f sstreamflow treamflow
ddepletepletiiono on. Areas Areas iiddentmed entified aas s mmedium edium oorr hhigh igh hhabiabittaa1t t vavalluue e aare re iinncclluuded ded bby y ddefiefinneed d sstream tream bbuffeufferrss 
aalong long waterways waterways oor r eentntiirre e sub sub wwatersheds atersheds ddepending epending oon n the the eestimated stimated rreduction eduction iin n fflloow w ooccurriccurrinngg iinn 
those those streams streams due due to to eexxiiststiinng g groundwater groundwater ppumpingo umping. AAreas reas iiddententiififieed d aas s vvery ery hhiiggh h hhabitat abitat vvalaluuee ffor or
CoCohho o aare re iinduded ncluded as as eenntire tire sub sub wwatersheds atersheds rregaegarrddless less oof f sstreamflow treamflow ddepeplleettiioono n. AAreas reas iidentifdentifiieed d aas s llow ow
hhabitat abitat vvaalue lue for for salsalmmoonniids ds aare re eexduded xcluded ffrom rom tthhee ppublic ublic ttrust rust rreevviiew ew aareao rea.

Approach to Defining 
the Public Trust Review Area 

Aqu atic 
Habitat 
Value 

How Sensitive is the 
Resource? 

Existing 
Streamflow 
Depl etion 

How Much Stress is 
Acting on the Resource? 
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Other Approaches / Options to defining the Public Trust Review Area 
The Technical WG explored other frameworks that could be used to address public trust county-wide in 
well permitting. Some Technical WG/Policy WG members proposed an alternative approach that would 
expand the public trust review area to the entire county, where all well applicants would go through an 
initial public trust impact screening process to determine if the well applicant warrants a ministerial or 
discretionary permit. This approach is considered in the future adaptation recommendations (later in 
this report) since it is not available in the immediate time frame. 
 
Public Trust Review Area Working Groups' Support and Concerns 
PPro ro: Approach - All Policy WG and Technical WG members can at least "live with" or support this public 
trust review area as the method for delineating the area by evaluating depletion (pumping ratio, 
analytical methods, numerical models) and habitat value, which is available to the County in the near 
term.  
 
PPro: ro: The map provides certainty to permit applicants as to whether the public trust consideration and 
additional water conservation requirements apply to their permit application. 
 
CCon: on: Some Technical WG / Policy WG members think that applying the public trust review area to the 
whole county could provide more certainty because the public trust review area wouldn't have to be 
regularly delineated to account for changes in climate and existing pumping conditions. The public trust 
review area method needs to be periodically delineated into the future with new pumping  and recharge 
information. A county-wide approach could also help inform water reliability efforts.  
 
IIsssue: sue: Other Policy WG members may feel that the public trust review area will suffice at this time but 
could need to change once data are collected and analyzed to assess the effectiveness of the approach. 
 
IIsssue: sue: Additional monitoring and analysis conducted should be used to refine the well permitting 
process. The county should use these additional data to update the public trust review area map and as 
the basis to evaluate future well applications. 
 
IIsssue sue: While the proposed method estimated county-wide streamflow depletion as the cumulative 
impact of existing groundwater extraction, a Technical WG member identified a limitation of the current 
approach that it does not address the fact that new wells outside of the public trust review area could 
have small but cumulative impacts. A basin-wide model is needed to assess how new and existing wells 
are contributing to streamflow depletion and also to help quantify the benefits of 
conservation/recharge actions. 

IIsssue: sue: Some Technical WG members (including NMFS and CDFW) support updating the public trust 
review area using monthly estimates of streamflow depletion from the driest month of dry years (May - 
October), instead of the current proposal using  the average streamflow depletion for the three-month 
dry season (July - September). This analysis could not be evaluated in the working group time frame. 
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Public Trust Review Area 
- Medium Risk - PTRAStream Buffers 

- High Risk - PTRA Subwatersheds 
D Flow Regulated 0 

N 

A 
5 10 20 

Miles 

IIsssue: sue: Continued data collection, analysis, and adaptation must be included to achieve public trust 
protections. Existing uses, cumulative impacts, and climatic changes will require ongoing research to 
address implementation. As an example, impacts from wells outside the PTRA will occur but won't be 
accounted for or addressed by this program. 
 
IIsssue: sue: A clear and time-bound commitment to assess and develop a plan to address data and modeling 
needs is essential to ensure a robust and reasonable management plan/ordinance. Although not yet 
available, both working groups seek a commitment from the County to do the analysis and update the 
protocol, where appropriate. 

Map of Public Trust Review Area 
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Well Classifications: Ministerial and Discretionary 
Framing Questions 
What classes or categories of wells receive a ministerial (routine) permit? What well classes receive a 

discretionary (more tailored) review? (Replacement domestic wells, low use, residential, public water 
wells, zero net use, etc.) 

 
Working Proposal 
Permit Sonoma would screen wells first based on their 
location in the county and second by well type. For 
well permit applications within the public trust review 
area, the volume of water used and whether new or 
replacement would determine whether a well is 
ministerial or requires discretionary review.  
Ministerial wells would include low water use wells, 
wells supporting existing uses, public water wells, and 
wells regulated by the State Water Resources Control 
board.   
 
Innovation and conservation are captured in the Net 
Zero Increase class, which would also be ministerial 
except applications that include groundwater 
recharge or regenerative agriculture practices. Those 
involving recharge and regenerative agriculture would 
be discretionary until Permit Sonoma can set objective 
criteria. Permit Sonoma will identify conservation actions that are well defined, quantifiable, and 
verifiable. 
 
Water conservation and monitoring are the mitigating strategies for ministerial wells. Permit Sonoma 
would develop mitigation on a site-specific basis for discretionary permits. 

Understanding Ministerial and Discretionary 
Permits 
MMiinnisteriaisteriall  ppermits ermits refer to routine, over-the-
counter permits. Drnscretiscretiioo11ary nary ppermits ermits have a 
tailored process for analyzing impacts before 
issuing approval. For clarification on ministerial 
versus discretionary permits: 

■  For permits within the public trust 
review area, those that fit into defined 
ministerial well classes that require no 
interpretations or judgment by staff 
are ministerial. 

■  Only permits that are in the public trust 
review area and do not qualify as one 
of the ministerial classes would be 
discretionary.    



 
Table 2. Ministerial Well Class Definitions and Alternatives 

Well ClassWell Class  DescriptionDescription  ConservationConservation  
RequirementsRequirements  

RReplacement eplacement WWelelll  
Located no closer to 
the nearest stream 
compared with 
existing well.

Option 1A:Option 1A  Using less than 2.0 Acre- Option 2A:Option 2A:  Using less than 0.5 Level 1 Leve! 1  
Feet per Year (AFY) AFY 

Not applicable Option 2A:Option 2A  Using 0.5-2 AFY Level 1 + 2 Levei 1 ❖ 2 

low Water Use -
NNew ew WWeil ell 
 

Not applicable Option 2A + 2B: UsingOption 2A + 2B:  less than Level 1Level 1 
0.5 AFY 

Option 1A + 1B: usingOption 1A + 1IB:  less than 2 AFY Option 2A + 2B: UsingOption 2A ❖ 2B:  0.5-2 AFY Level 1 + 2Leve! 1 ❖ 2 

Additional WellAdditional Weil  Old well is still present not destroyed, but additional well is installed. No Level 1 Levei 1  
 additional water use anticipated. Located no closer to the nearest stream Or Or  

compared with existing well. Level 1 + 2 Leve! 1 ❖ 2 

Public Water WellPublic Water We!!  A public water well for which environmental review under the California None 
 Environmental Quality Act is complete.  

Water BoardWater Board  Water wells, for any land use, that will serve as a point of diversion Level 1 +2Leve! 1 ❖2  
RegulatedRegulated  associated with an appropriative water right regulated by the CA State 
 Water Resources Control Board, Division of Water Rights  
 
EExistxistiinng g UUse se 
New or 
Replacement Well 
 
  

Same use, greater 2.0 AFY 
Water wells, for any land use, where total groundwater use of the parcel is 
limited to and does not exceed the amount of groundwater used as of the 
date of ordinance adoption for legally established land uses. Existing use 
will be based off average use from a 3 to 5-year period (2017-2022, which 
includes dry years).   

Level 1 + 2 Level 1 + 2  

Zero Net Increase 
WWell ell 
 
  

 Water well, for any land use, where the proposed use would not result in a 
net increase in groundwater use on site through implementation of water 
conservation measures, rainwater catchment or recycled water reuse 
system, water recharge project, or local groundwater management project. 

Level 1 + 2 Leve! 1 ❖ 2 

 
Notes on Table 2 
Water Board Regulated - The State Water Resources Control Board regulates surface water rights. The 
Water Board has primary responsibility for consideration of public trust for wells that serve as point of 
diversion for a surface water right.  
  
Public Water Wells: The Water Board Division of Drinking Water regulates public water wells, and if 
acting as lead agency under CEQA would have responsibility for consideration of public trust. The CEQA 
lead agency (commonly a city or water agency) for a public water well will complete the environmental 
review and has primary responsibility for consideration of public trust.
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Figure 1. Permit Screening Flow Chart 
 

Permit Screening Flow Chart 
(Working Proposal)

 

-

Well Classification Working Groups' Support, Issues, and Concern  
PPro: ro: The Policy WG supports incentivizing storage tanks, stormwater capture, groundwater recharge, 
and regenerative agriculture via the Zero Net Increase well class. 
 
IIsssue: sue: Permit Sonoma would need to set standards and objectives for groundwater recharge and 
regenerative agriculture before it can administer ministerial permits for permit applications that 
propose use of these features or practices.  
 
IIsssue: sue: A remaining concern of CDFW and others is the issue of cumulative impacts (including impacts 
from existing wells) and that they may not be adequately addressed or mitigated as part of these 
current recommendations. Proposed ministerial well definitions do not address or consider cumulative 
impacts of existing wells. 
 
IIsssue: sue: Protecting public trust resources requires proper analysis and consideration of streamflow 
depletion, which is directly related to the volume and timing of well pumping. Allowing a ministerial 
permitting process for what could be a significant impact from a single applicant with a large parcel is at 
odds with adequately analyzing public trust resource impacts resulting from the well permitting 
program. 
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Iissue: ssue: Some Technical WG members prefer discretionary permitting of low water use wells that may 
contribute to an adverse impact.  Others consider discretionary review for low water use wells to be 
impractical from a cost and implementation perspective and prefer a ministerial permit process with 
reasonable and appropriate conservation requirements. 
 
IiSSllle ssue: CEQA does not require review of the effect of municipal wells on unimpaired flows as this 
ordinance is requiring for other wells therefore municipal wells should not be exempted.  However, 
others contend that the County is not the appropriate regulatory authority for public water wells.  Public 
water wells are regulated by the State Water Board, Division of Drinking Water, and often owned and 
operated by a separate government agency. 
 
Iissue: ssue: At least one working group member is concerned that ministerial classification fails to account for 
impacts from new and replacement wells being added to existing impacts, which are causing overdraft 
or unsustainable groundwater use, without sufficient evidentiary support that the conservation 
requirements will result in reducing the adverse impact. Allowing for additional impacts that aren't 
"adequately considered" or "feasibility mitigated" may not satisfy the task at hand as described by the 
ELF case. The working groups have answered the "how question"  how the county must consider and 
mitigate impacts to public trust resources when permitting groundwater wells  in two ways, by defining 
a public trust review area and by limiting the water use of new wells in that area through conservation. 
The working groups did not have time to comprehensively consider and weigh different mitigation 
measures for their feasibility. Is simply reducing the extent or size of an individual impact a feasible 
mitigation for potentially perpetual accumulating impacts to public trust resources?
 
Others counter that requirements for water conservation and limits on use of wells that will support 
existing land uses and new land uses is appropriate mitigation.  The working proposal would require 
discretionary review of wells where groundwater use of the parcel is increasing above 2.0 AFY.      
 
Issue: As mentioned previously, some Policy WG and Technical WG members have proposed that a 
more thorough public trust impact analysis be used to determine if a well applicant falls into a 
ministerial or discretionary permitting process. Some others would question the implications for 
streamlining review. This approach is considered in the future recommendations since it is not available 
in the immediate time frame.  
 
IiSSllle: ssue: One Policy WG member notes that protecting public trust resources requires consideration of 
streamflow depletion, which is directly related to the volume and timing of pumping. Allowing 
ministerial permitting for what could be a significant impact from a single applicant is at odds with 
adequately analyzing public trust resource impacts resulting from the well permitting program. 
 
Others point out that the working proposal requires discretionary review for most wells that will expand 
groundwater use beyond 2.0 AFY, within the Public Trust Review Area. 
 
FIF1.1tlllre uture RRecommendation ecommendation: Some Policy and Technical WG members support quantifying low water use 
by parcel acreage so large parcels are allowed the use of more groundwater under the "low water use" 
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ministerial category. Members were interested in developing some type of per-acre threshold to inform 
future categorization and quantification for permitting and addressing public trust resources. The 
working groups did not have time to evaluate this approach in this timeframe and would recommend 
that this be explored in future revisions. See Table 4 and low water use section below. 

Well Implementation Requirements  Conservation and other Measures 
Framing Questions 
What conservation and monitoring requirements should be in place for ministerial wells? 
What water usage categories should level 1 and 2 conservation requirements be in place for?  
What should be included in conservation requirements? 
 
Working Proposal 
Nearly all wells in the public trust review area, except public, would require conservation measures to 
secure approval. The Policy WG recommends implementation requirements for water conservation and 
monitoring based on well class and water use. Level 1 conservation requirements are recommended on 
all wells, except public water wells, which fall under local government and/or State Water Board 
jurisdiction. Additional Level 2 requirements are recommended for all wells within the public trust 
review area that have higher water use. 
 
Implementation Requirements Work Groups' Support, Issues, and Con cern 
PPro: ro: The Policy WG mostly supports Level 1 conservation requirements for all wells permits and Level 2 
requirements for some well classes in the public trust review area. 

CConservation onservation RRequequiirrements. ements. TabTabllee  33  
PPro: ro: The Policy WG supports implementing conservation measures. 
 
IIsssue: sue: Some Policy WG members would like to better understand and quantify water saved to ensure 
water conservation is able to minimize or avoid impacts to public trust resources as a result of 
landowner well pumping.   
 
CCon: on: One Technical WG member would urge defining more stringent Level 3 conservation measures to 
be implemented during drought. 

CCon: on: A Technical WG member expressed concern that landscape conservation is insufficient and not 
protective of public trust resources.  
 
IIsssue: sue: Conservation requirements should have some sort of measurable objectives. California's standard 
for residential indoor water use is 55 gallons per person per day.  Conservation requirements should 
strive to achieve something like this measurable objective.   

Llow ow WWater ater uuse se WWeellllss  ((Spedfying Specifying uuse se lleess ss tthan han 22  AAFY) FY) TabTabllee  44  
OOptions ptions OOverview: verview: While many from the Policy WG would like to factor water use into well permitting 
requirements, the Policy WG was evenly split on the Table 4 Options. 
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Comments in Support of Well Classes of 2 AFY (Option 1A and 1B in Table 4) 
PProposal: roposal: Roughly half of the Policy WG members support the option that would set the water use 
threshold at 2 AFY similar to the Governor's drought order and SGMA's de minimis threshold.  
 
CCon: on: One Policy WG member expressed concern that if the overarching goal is to avoid impacts to 
streamflow and public trust resources, using 2.0 AFY for low water use is inconsistent with many other 
water conservation guidelines especially given that dry season Steelhead habitat is vulnerable/sensitive 
to streamflow depletion. Low water use wells can still adversely impact public trust. Furthermore, if new 
wells continue to have impacts on streamflow this could lead to negative impacts to existing surface 
water right holders. 
 
CCon on: One Technical WG member suggests that SGMA never defined public trust resource impacts so 
relying on a "de minim is" characterization from the SGMA process is inappropriate. Whether the SGMA 
threshold of 2 AFY is truly "de minimis" has not been evaluated.  The "de minimis " designation in SGMA 
informs whether a well owner can be charged GSA fees and be required to meter their usage; the 
threshold was not generated regarding public trust resource protection, especially the specific goal of 
minimizing impacts to stream-dwelling salmonids resulting from groundwater pumping.  
 
CCon: on: This amount of water (which equates to 1,785 gallons per day) may have been determined to be 
'de minimis ' for the purposes of requiring fees for SGMA, but this determination has nothing to do with 
the potential for impacts to public trust resources associated with pumping 2 AFY. It is therefore 
inappropriate to use 2 AFY for the purposes of this well permitting ordinance when there is 
overwhelming evidence to support that this is more water than a small domestic user (household family 
of 4) would need. Several members of the Technical WG have cited data sources to support the 0.5 AFY 
as being the appropriate amount to be considered low water use. 
 
Comments in Support of Well Classes of 0.5 AFY (low) and 0.5-2 AFY (moderate) (Options 2A and 2B) 
PProposal: roposal: Roughly half of Policy WG members support using alternative classifications and definitions for 
"Replacement" and "Low Water Use" wells. Option 2A and 2B would create a low water use (less than 
0.5 AFY) well class and a moderate water use (0.5-2.0 AFY) well class. 
 
PPro: ro: The primary reason for support is tied to most residences typically relying on 0.5-1.0 AFY on 
average and putting low water use well owners on notice that additional conservation would be 
necessary to offset increased pumping. Delineating use serves as a reminder or threshold that all sectors 
must conserve water to ensure that Sonoma County has water for people, the economy, and the 
environment. 
 
CCon-on  Option 2A. One Policy WG member is concerned that if a threshold other than 2.0 AFY is used, it 
would be inconsistent with other regulations and would create confusion for the public and be hard to 
track.   
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IIsssue: sue: Permit Sonoma would need to decide how to estimate residential, commercial, and agricultural 
use by volume in the permitting process. And, how to ensure that actual water use rates fall within the 
appropriate well classes. This would require mandatory meters and reporting. 
 
IIsssue: sue: The Policy WG also flagged that assigning use to well classes without collecting data is a challenge.  
 
Table 3. Conservation Requirements. Levels 1 and 2 

Category Level 1  Conservation Level 2 Conservation 
Indoor Water Use Efficient faucets and showerheads Efficient toilets 

Leak and Water Conservation Audit 
Outdoor Water Use Prohibit non-functional turf Water Efficient Landscape Regulations.  Existing 

landscapes with less than 600 square feet of irrigated 
turf are exempt. 
Disconnected downspouts from all new or existing 
structure.  

Leak and Water Conservation Audit 

GSA Basins Compliance with applicable water  
conservation requirements adopted by 
Groundwater Sustainability Agency 

Commercial and  Water Conservation Plan: Includes facility water 
budget, water conservation practices, water efficient 
appliances and features (e.g., high pressure 
sprayers), process water reuse, employee training, 
etc. 

Industrial Sites 

Agriculture  Agricultural Water Conservation Practices Plan  
(Farm Plan): includes use of drip or micro sprayers, 
monitoring of soil moisture and shoot tips, irrigation 
scheduling, irrigation system maintenance, etc., 
vineyard and orchard irrigation limits (excludes frost 
protection) 0.6 AFY per acre (UC Cooperative 
Extension and the Sonoma County SGMA Agriculture 
Working Group), or existing use supported by data or 
study, Frost protection, enrollment in frost 
protection program or frost protection plan 

 

Policy Options on Requirements for Low Water Use Wells 
The chart below summarizes four options for ministerial permitting requirements for low water use 
wells. When ranking the four options, the Policy WG was split between Options 1 and 2. 
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Table 4. Policy Options for Low Water Use Wells, using less than 2 AFY 
Classification 

Option 
Well Type Conservation 

Requirement 

Replacement Well less than 2 AFY Level 1 

Option 1A
New Well less than 2 AFY Level 1 + 2 

Option 1B 
 

Replacement Well less than 2 AFY 

New Well less than 2 AFY

None 

Level 1 + 2

LLow ow WWater ater UUse se 
Replacement Well <0.5 AFY 
New Well <0.5 AFY 
MModerate oderate WWater ater UUse se 
New and Replacement Well 0.5-2 AFY 

Level 1 

Option 2A
 

Level 1 + 2 

Replacement Well <0.5 AFY None 

Option 2B 
 

New Well <0.5 AFY Level 1 

New and Replacement Well 0.5-2 AFY Level 1 + 2 

Discretionary Review Process 
Framing Questions 
What is the nature of that review? (CEQA, other) 
What requirements are defined by what anticipated impacts? 
 
Working Proposal 

WWell ell CClasses lasses SSubject ubject to to DDiscretionary iscretionary RReview eview 
The following well classes within the Public Trust Review Area would require a discretionary review: 

■  Wells associated with increased groundwater use, greater than 2.0 AFY 
■  Wells applying for zero net increase (without adopted objective standards)* 

 
*Wells apply for zero net increase that are enhancing groundwater recharge or are employing 
agricultural practices that improve soil health, increase recharge, and reduce irrigation long-term 
(regenerative agriculture) would be discretionary until the County adopts objective standards. 

Adverse Adverse IImmpacts pacts tto o eevaluate valuate dduring uring DDiscretionary iscretionary RReview eview 
Adverse impacts include reduction in streamflow due to cumulative groundwater use, and acute 
impacts of groundwater pumping of the project and nearby wells.  Where available, calibrated 
numerical models supported by site-specific hydrogeologic data should be used for evaluating adverse 
impacts.   In watersheds without numerical models, best available information including use of analytical 
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models, site specific hydrogeologic data, and regional estimates of streamflow depletion and natural 
flows should be used.  

DDiscretiscretiioonary nary RReveviieew w P!Process rocess 
The County (staff or contractors) would conduct the analysis for the discretionary review process, assess 
adverse impacts, and set mitigation requirements.  
 
Table 6. Adverse Impacts 

Habitat/Stream/AreaHabitat/Stream/ Area  Percent Reduction of FlowPercent Reduction of flow  
Coho Summer Rearing StreamsCoho Summer Rearing Streams  >10% reduction of monthly natural flows 

during periods of spawning, rearing and migration 
Steelhead StreamsSteelhead Streams  >20% reduction of monthly natural flows 

during periods of spawning, rearing, and migration 
and 
Consistent with sustainable management criteria in 
GSA regulated basins 

 
 

PPro: ro: The Policy WG and the Technical WG would recommend that the County lead the analysis for the 
discretionary review process. 
 
PPro ro: The Technical WG would recommend that the County conduct the public trust impacts analysis 
rather than asking the applicant to provide the analysis. The reasons are that the County will likely be 
more cost effective for the applicant, provide consistency and standards on the analyses, shorten permit 
processing times, and be streamlined. The Technical WG expressed concerns about consistency across 
analyses and that consultant fees could be quite high for landowners. If an adverse impact is identified, 
the applicant can develop mitigation measures. An applicant could also refute the findings and provide 
additional information. 
 
PPro: ro: Numerous watersheds, including the GSA basins and the critical habitat watersheds, have well 
calibrated numerical models that may be used for evaluating adverse impacts. The Technical WG 
recommends leveraging numerical models for impacts analysis in these areas. 
 
CCon: on: A Policy WG member would recommend that the discretionary review apply to wells using greater 
than 0.5 AFY if located within a defined proximity to a stream (e.g., 300 feet) given the much higher 
potential impact to streamflow depletion. 
 
IIsssue: sue: Watersheds without numerical models will have relatively large uncertainty or require more 
extensive technical evaluations to estimate streamflow depletion. 
 
IIsssue: sue: Reduction in streamflow is measured relative to natural (unimpaired) flows that would occur 
without groundwater pumping or surface water diversions. Estimating natural unimpaired flows is 

Discretionary Review Work Groups' Agreement, Issues, and Concerns 
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challenging and will require additional technical work in watersheds without calibrated numerical 
models. Surface and spring water diversions are also complicating factors.
 
IIsssue: sue: Some Technical and Policy WG members support defining environmental flows and adverse 
impacts using The Nature Conservancy's Natural Flow Database and the California Environmental Flows 
Framework. Some Technical WG members analyzed the TNC methodology and presented their analysis 
and raised a concern regarding a lack of available local stream gauges in the Natural Flows Database 
model development. That analysis showed that the Natural Flows database over-estimated dry season 
flows as compared to measured stream flow in some local creeks. Another Technical WG member 
countered that the Natural Flows Database is based on peer-reviewed science 
(https://rivers.codefornature.org/#/science) and is the best available science for defining environmental 
flows statewide.  
 
IIsssue: sue: There was a general consensus that the County should explore the possibility of implementing the 
California Flows Framework or other approaches to improve environmental flow criteria for Sonoma 
County as outlined in the adaptation section. 

Metering and Monitoring Requirements 
Framing Questions 
What groundwater monitoring conditions (water meter readings, depth to water measurements, etc.) 
should be required of specific classes of wells? 
 
Working Proposal 
The proposals require meters on each new well / service connection and annual reporting of monthly 
data collected, except for low water use residential wells, who would report on a voluntary basis for 
option 2 and required for option 3. These requirements would be for all well permits in the county. The 
recommendations section also notes extending the voluntary meter program for existing wells to 
increase data collection to improve water use estimates. 
 
The working proposal requires wwaater ter lleevveell mmoonniitortoriinngg for wells on parcels that use more than 5 AFY.
 
The working proposal also includes ccononsseerrvvaation tion ppractractiicceess  rreporteportiinng g for agriculture, commercial, and 
industrial sites that use more than 5 AFY through enrollment in agricultural conservation program or 
self-reporting with water meter readings.    
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Table 5. Metering and Monitoring Options 

Option 2 Option 2 Option 3  / UniversalOption 3 / Universal  
Requirements Requirements 

Water Meter Water Meter 
InstallationInstallation  

Meter for each new well, all well classes. Same as Option 2 

Water Meter Water Meter 
ReportingReporting  

Monthly data collected, reported annually, all 
well classes except low water use residential 
wells 

Monthly data collected, 
reported annually, all well classes 

Low water use residential wells and existing use 
wells may report in voluntary program 

Water LevelWater Level  
MonitoringMonitoring 

Monthly data collected, reported annually for 
parcels using 5 AFY or more. 

Same as Option 2 

ConservationConservation  
PracticesPractices  
ReportingReporting  for 
Agricultural, 
Commercial, 
and Industrial 
sites 

Annual reporting of implementation of 
agricultural, commercial, and industrial water 
conservation practices for parcels using 5 AFY or 
more. 
1.Through enrollment in agricultural 
conservation program, or 
2.Through verifiable self-reporting form 

Same as Option 2 

 
 

  
PPro: ro: The Policy WG and Technical WG expressed support for these monitoring and metering 
requirements. The Technical WG leaned toward Option 3, with one member expressing concern but 
letting the group move forward. All Policy WG members could support or (( live withII  Option 2 if the low 
water use for residential wells was 0.5 AFY. If low water use for residential was defined as 2.0 AFY, then 
all but one Policy WG member could support or "live with" the proposal.  All, except 1, Policy WG 
members could support or live with Option 3.  
 
PPrroo  OOptioptionn  33  / / CCoonn--OptOptiioon n 22 : Two Technical WG members observed that Option 2 is missing residential 
wells that account for a large percentage of new wells, which is problematic, so they expressed 
preference for Option 3. 
 
PPrroo: : The value of a metering program would be to gather water use data from a portion of the wells in 
Sonoma County to help improve water use estimates and to update data for future adaptation of the 
ordinance's implementation. Water level data need to be targeted, consistent with the Technical WG's 

Metering and Monitoring Working Groups' Issues and Concerns



 
 

11 

recommendation for focusing on priority areas initially. The Policy WG urged linking monitoring and 
reporting to other monitoring efforts in the county.  
 
Iissue: ssue: The Policy WG expressed concern regarding the cost of meter installation, which is estimated 
between $300-$10,000 per meter, to the applicant and urged financial assistance when needed.  The 
annual reporting program could cost $150-$450 per year per well.  

 
Issue: The Technical WG would caution that reporting and data management require significant effort. 
Permit Sonoma would need to evaluate the metering program (technical, financial, and policy) and 
additional staff resources may be needed for this. The Policy WG discussed the consideration of pilot 
projects in high-risk areas with potential collaboration with other interests who seek grant funding. 

Adaptation for the Future Policy and Technical Work 
The Technical WG's recommendations pertain to reducing data gaps to allow for improved technical 
evaluations of streamflow depletion and impacts to public trust resources, developing quantitative data 
supporting water conservation as mitigation to reduce impacts to public trust resources, increasing 
analytical and numerical modeling capacity to support technical evaluations of public trust impacts, 
developing objective standards and metrics for allowing ministerial permitting of new and innovative 
projects like groundwater recharge and sustainable (regenerative) farming.  In addition, the Technical 
WG recommends that Permit Sonoma:   

•  coordinate and partner with the Sonoma County Groundwater Sustainability Agencies (GSAs) on 
initiatives of mutual interest and benefit. 

•  continue to work with stakeholders, especially those with technical expertise  to support Permit 
Sonoma's implementation of the well ordinance; and  

•  develop a funding plan to support Permit Sonoma staff to increase data collection, analyze,  
implement, and update the well ordinance at regular intervals; and to refine the existing models 
and potentially develop new models to reduce uncertainty and address areas not currently 
covered by the existing model.  

 
11. . RReduce educe KKey ey DData ata GGaps aps 

The Technical WG recognizes that the lack of data is a significant impediment to more robust technical 
approaches to evaluating impacts to public trust resources and providing objective standards for 
ministerial permitting.  Accordingly, the following recommendations are intended to improve the data 
and information needed to more accurately evaluate groundwater pumping impacts to public trust 
resources: 

aa. .  GGroundwater roundwater Llevel evel MMonitoring onitoring 

•  Evaluate existing state, county, other public and NGO sponsored monitoring programs in 
relation to the needs of ordinance implementation to better assess groundwater-surface 
water interactions as they relate to streamflow depletion and identify the most relevant 
existing data and significant  data gaps. 
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•  Implement a groundwater level monitoring program for both pumping wells and 
dedicated monitoring wells to supplement existing monitoring data and reduce data 
gaps.

•  Prioritize monitoring in sub-watersheds identified as medium and high-risk areas of 
impact to public trust resources (i.e., high streamflow depletion in areas that contain 
indicator salmonid public trust resources).  

•  Ensure monitoring outside the public trust review area occurs so groundwater pumping 
expansion and cumulative impacts are observed in a timely manner and can be 
subsequently addressed via changes to the public trust review area and well ordinance.  

bb. .  SStreamflow treamflow MMonitoring onitoring 

•  Increase streamflow monitoring of medium and high-risk areas of impact to public trust 
resources (i.e.,  streams that contain indicator salmonid public trust resources). 

•  Increase monitoring of streamflow focused on periods of low streamflow in areas where 
there are both medium and high risks of impacts to public trust resources (i.e., in streams 
providing habitat for coho salmon and Steelhead across a range of estimated streamflow 
depletion conditions).

cc. .  SSurface urface WWater ater -  GGrmmdwater roundwater Iinteractions nteractions 

•  Conduct studies related to characterizing surface water  groundwater interaction 
through installation of monitoring wells, stream gages, geophysics, natural tracers 
(temperature and isotopes), geomorphology and other methods of investigation to 
better understand the mechanisms and processes that control these interactions.  

•  Conduct studies, such as those above, to reassess and refine well buffer widths to ensure 
buffers (see Public Trust Review Area documentation) are sufficiently protective of public 
trust resources. 

•  Seek to conduct aquifer pumping tests and obtain and evaluate data from past and 
future pumping tests conducted in the County that would provide aquifer hydraulic 
parameters used in all numerical model and analytical techniques. 

dd. .  MMetering etering 
These measures would complement metering programs which the county might adopt as part of 
the ordinance.   

•  Implement a county-wide voluntary metering program including existing wells, to 
improve water use estimates for various land use and parcel sizes. 

•  Develop and implement voluntary monitoring and reporting programs including existing 
wells to improve knowledge of groundwater level trends, especially in areas of medium 
and high risk.
 

2. Improve Analytical and Numerical Modeling Capabilities 
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a. Take advantage of opportunities to leverage coupled surface water  groundwater 
numerical models to improve the evaluation of public trust impacts.  For example: 

i. In the near-future, the Russian River regional GSFLOW-MODSIM model developed 
by the U.S. Geological Survey will be available for the County's use.  

ii. The GSAs will continue to maintain and improve upon their well calibrated 
numerical models as will the NGOs responsible for other well calibrated numerical 
models of Mill Creek, upper Mark West Creek, Green Valley Creek and Dutch Bill 
Creek used in development of the Technical WG's approach for estimating 
streamflow depletion.   

iii. The County should leverage these tools and support expansion of these models to 
include processes in the upper watersheds for analysis of impacts in tributary 
streams that support salmonids to develop approaches to estimating unimpaired 
flows, and to evaluate and/or inform potential use of analytical techniques 
explored by the Technical WG. 

b. The County should maintain a comprehensive parcel-based water use database.  
Metered data and refined groundwater use estimates should be used to continually 
update this database.  The expectation is that this database will be used as input for a 
variety of models and analyses.   

c. The County (Permit Sonoma) should explore grant funding, when possible, in 
collaboration with other interested parties to develop web interface tools for county staff 
to utilize to screen for public trust impacts and to share groundwater and streamflow 
data and modeling results of streamflow depletion.   

d. The County should explore grant funding to develop additional numerical models or an 
analytical depletion function model for the greater county. Prior to release the model 
should be validated against existing calibrated numerical models.  Permit Sonoma should 
explore the use of this tool for evaluating impacts and screening well permits, similar to 
the water withdrawal assessment tool developed by the State of Michigan. 
 

33. .  WWater ater CConservation onservation 
The proposed updated well ordinance includes several quantifiable water conservation measures for 
ministerial permits to help reduce impacts to public trust resources.  Permit Sonoma should coordinate 
and partner as appropriate with the Sonoma-Marin Saving Water Partnership for technical support. As 
stated in recommendation 8, the Permit Sonoma should proactively pursue grant funding to support 
quantification and implementation of residential, commercial, industrial, and agricultural conservation 
programs. 
 
44. .  DDevelopment evelopment oof f OObjective bjective SStandards tandards ffor or F!Future uture MMinisterial inisterial P!Permits ermits for for SSustainable ustainable MManagement anagement 

PPrograms/Projects rograms/Projects 

The proposed updated ordinance specifies that well applicants that are part of innovative sustainable 
management programs are eligible to be permitted as a ministerial permit once objective standards can 
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be developed to appropriately ensure that such applications are protective of public trust resources. 
Until these standards are developed and evaluated (verified), these permits will remain discretionary. 
 

a. GGroundwater roundwater RRecharge echarge P!Projects rojects -  As allowed by available data, the county should develop 
objective standards for ministerial well permits associated with groundwater recharge projects.  
As available, numerical groundwater models could be used to guide the development of 
objective standards for groundwater recharge projects.  

b. SSustainable ustainable ((Regenerative) Regenerative) Agriculture Agriculture P!Programs rograms -  Regenerative farming practices are an 
innovative and evolving strategy that potentially could yield benefits to protection of public trust 
and groundwater resources.  Permit Sonoma should engage academic experts and agricultural 
practitioners piloting regenerative farming to monitor the status and progress in this promising 
strategy.  Permit Sonoma should develop objective standards to allow for ministerial well 
permits related to programs with regenerative farming practices as new data and research 
emerges to support the development of standards.  

55. .  CCoordinate oordinate wwith ith GGroundwater roundwater SSustainability ustainability AAgendes gencies   

Given their common interests, Permit Sonoma should coordinate and partner with the three Sonoma 
County GSAs to implement actions in the most cost-effective manner.  Particular areas desirable for 
coordination and partnering include monitoring of groundwater and surface water, investigating 
interaction between surface water and groundwater, seeking grant funding, and coordinating 
definitions of adverse public trust impacts and approaches to simulating and validating streamflow 
depletion. 
 
66. . CContinued ontinued Technkai Technical SStalkehoider takeholder E!Engagement ngagement 

It is recognized that Permit Sonoma must develop an updated well ordinance in a compressed time 
frame.  As described above, several issues remain that should be further investigated, and which would 
benefit from the input of informed stakeholders with subject matter expertise. Accordingly, it is 
recommended that a technical advisory group, representing important areas of technical and regulatory 
expertise related to groundwater and public trust resources be established by Permit Sonoma to 
support not only the development but the implementation and potential future refinement of the 
updated ordinance.  
 
77. . WWeil ell OOrdinance rdinance RReview eview

a. Permit Sonoma should provide annual updates to the Board and stakeholders summarizing the 
well permitting program including: 
i. Numbers of permits by class, by watershed, by location (within and outside of public trust 

review area), and by use (type and amount) 
ii. Average permit processing time by permit class 

iii. An assessment of the effectiveness of implementation of the revised well ordinance and of 
progress toward fulfillment of public trust obligation including identification of any issues of 
concern (e.g., adverse unintended consequences), and  
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iv. Recommended program improvements to address necessary adaptation to the Ordinance, 
ministerial and discretionary permitting, and projects. 

 
8.    Develop a Funding and Implementation Work Plan that includes AAdaptive daptive Measures 
Permit Sonoma should develop a document that presents a plan for implementing the new well 
ordinance that includes the above-described adaptive measures intended to improve the well ordinance 
over time. The work plan should describe planned actions, identify anticipated outcomes with timelines, 
and identify partners for collaboration.  As part of this effort, Permit Sonoma should provide estimated 
costs for implementation of adaptive measures and identify potential funding sources for these 
measures (e.g., permit fees, county funding, grants).    

Work Group Members and Staff 
Tectu1ical Technical WWork ork GGroup roup MMembers embers 
Jay Jasperse, Chair 
Bruce Abelli Amen, Baseline Environmental Consulting 
Sam Boland-Brien, State Water Resources Control Board 
Andy Casarez, Sonoma County Agriculture & Vineyard Conservation Coordinator 
Ken Johnson, CEG, PE rural residential well owner 
Laurel Marcus, Fish Friendly Farming Certification Program 
Jessica Maxfield, California Department of Fish and Wildlife 
Brad Petersen, Vineyard manager - Silver Oak Winery 
Matt Petersen, Peterson Drilling and Pump 
Rick Rogers, NMFS 
Melissa Rohde, Rohde Env. Consulting, LLC 
Marcus Trotta, Sonoma County GSAs 
 
P!Policy olicy WWork ork GGroup roup MMembers embers 
Rue Furch, Co-Chair, Sonoma County Water Coalition 
Mike Martini, Co-Chair, Ag and Development Interests 
Ben Campanile, Well Driller 
Rob Cantu, North Coast Builders Exchange
Brock Dolman, Occidental Arts and Ecology Center 
Dayna Ghirardelli, Sonoma County Farm Bureau 
Carol Lexa, North Bay Association of Realtors 
Sandi Potter, Petaluma GSA Administrator 
Mike Sangiacomo, Vineyard manager 
Monty Schmitt, The Nature Conservancy 
Charlie Schneider, CalTrout 
Carolyn Wasem, Jackson Family Wines 
____________________ 
Ted1nk:ail Technical CConsultants onsultants 
Matt O'Connor, O'Connor Enviro nmental Inc. 
Jeremy Kobor, O'Connor Environmental Inc.  
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P!Permit ermit SSonoma onoma SStaff taff 
Robert Pennington 
Nathan Quarles 
Jennifer Klein, County Counsel 
 
FIFacmtation acilitation Team Team 
Gina Bartlett, Senior Mediator, Consensus Building Institute 
Shivali Gowda, Junior Associate / Intern, Consensus Building Institute 
 

  



 

 

17 

Appendix A: Citations and Reference Materials 
 

AG Innovations Network. 2013. Bodega Valley Rainwater Catchment & Alternative Water Supply 
Program. https://oaec.org/publications/bodega-valley-rainwater-catchment-project/ 

Barlow, P.M.,& Leake, S.A., 2012. Streamflow Depletion by Wells – Understanding and Managing the 

Effects of Groundwater Pumping on Streamflow, U.S. Geological Survey Circular 1376, 84 p.  
California Department of Fish & Wildlife (CDFW), 2023. ArcGIS Shapefile of High Priority Coho Habitat 

Watersheds Obtained from David Hines, January 2023. 

California Department of Water Resources (DWR), 2018. Statewide Crop Mapping Dataset, 
https://data.cnra.ca.gov/dataset/statewide-crop-mapping. 

California Environmental Flows Framework Technical Team. 2018. The California Environmental Flows 

Framework Guidance Document. Retrieved from http://ceff.ucdavis.edu 
California Roundtable on Water and Food Supply. 2012. From Storage to Retention: Expanding 

California's Options for Meeting Its Water Needs. https://aginnovations.org/wp-
content/uploads/2019/07/CRWFS_Storage_to_Retention.pdf   

California Roundtable on Water and Food Supply. 2014. From Crisis to Connectivity: Renewed Thinking 
About Managing California’s Water and Food Supply. https://aginnovations.org/wp-
content/uploads/2019/07/CRWFS_Connectivity_Report.pdf  

California State Lands Commission. 2017. A Legal Guide to the Public’s Rights to Access and Use  
California’s Navigable Waters. https://www.slc.ca.gov/wp-content/uploads/2018/11/2017-
PublicAccessGuide.pdf  

Chapman, Allan R., Ben Kerr, and David Wilford, 2018. A Water Allocation Decision-Support Model and 
Tool for Predictions in Ungauged Basins in Northeast British Columbia, Canada. Journal of the 
American Water Resources Association (JAWRA) 54(3): 676–693. https://doi.org/10.1111/1752-

1688.12643 
Dettinger, M. 2011. Climate change, atmospheric rivers and floods in California—A multimodel analysis 

of storm frequency and magnitude changes. Journal of the American Water Resources Association, 
47, 514–523. https://doi.org/10.1111/j.1752-1688.2011.00546.x 

Farrar, C.D., Metzger, L.F., Nishikawa, T., Koczot, K.M., and Reichard, E.G., 2006. Geohydrological 
Characterization, Water Chemistry, and Ground-Water Flow Simulation Model of the Sonoma 
Valley Area, Sonoma County, California, U.S. Geological Survey Scientific Investigations Report 

2006-5092. 
Gleeson, T.; Richter, B. How much groundwater can we pump and protect environmental flows through 

time? Presumptive standards for conjunctive management of aquifers and rivers. River Res. Appl. 

2018, 34, 83–92.  https://onlinelibrary.wiley.com/doi/10.1002/rra.3185 
G. Mazzera Company, Russian River Coho Partnership, et al. 2019. Offstream Storage and Flow 

Restoration Project Upper Grape Creek, Russian River. http://cohopartnership.org/wp-

content/uploads/2019/01/Upper-Grape-Cr-Offstream-Storage-Project.pdf  
Grantham TE, DM Carlisle, J Howard, B Lane, R Lusardi, A Obester, S Sandoval-Solis, B Stanford, ED Stein, 

KT Taniguchi-Quan, SM Yarnell, JKH Zimmerman. 2022. Modeling Functional Flows in California’s 

Rivers. Frontiers in Environmental Science. 10. 
https://www.frontiersin.org/article/10.3389/fenvs.2022.787473 

Hanak, E., Lund, J., Dinar, A., Gray, B., Howitt, R., Mount, J., et. al. 2011. Managing California's water: 
From conflict to reconciliation. San Francisco, CA: Public Policy Institute of California. Retrieved 

https://oaec.org/publications/bodega-valley-rainwater-catchment-project/
https://data.cnra.ca.gov/dataset/statewide-crop-mapping
http://ceff.ucdavis.edu/
https://aginnovations.org/wp-content/uploads/2019/07/CRWFS_Storage_to_Retention.pdf
https://aginnovations.org/wp-content/uploads/2019/07/CRWFS_Storage_to_Retention.pdf
https://aginnovations.org/wp-content/uploads/2019/07/CRWFS_Connectivity_Report.pdf
https://aginnovations.org/wp-content/uploads/2019/07/CRWFS_Connectivity_Report.pdf
https://www.slc.ca.gov/wp-content/uploads/2018/11/2017-PublicAccessGuide.pdf
https://www.slc.ca.gov/wp-content/uploads/2018/11/2017-PublicAccessGuide.pdf
https://doi.org/10.1111/1752-1688.12643
https://doi.org/10.1111/1752-1688.12643
https://doi.org/10.1111/j.1752-1688.2011.00546.x
http://cohopartnership.org/wp-content/uploads/2019/01/Upper-Grape-Cr-Offstream-Storage-Project.pdf
http://cohopartnership.org/wp-content/uploads/2019/01/Upper-Grape-Cr-Offstream-Storage-Project.pdf
https://www.frontiersin.org/article/10.3389/fenvs.2022.787473


 

 

18 

from 
http://books.google.com/books/about/Managing_California_s_Water.html?hl=&id=90hLp8aGrgIC  

Healy, R.W., 2010. Estimating Groundwater Recharge, Cambridge University Press, 245 p.  
Horizon Systems. 2015. National hydrography dataset plus: Horizon Systems Corporation. Retrieved 

June 1, 2015, from http://www.horizon-systems.com/nhdplus/ . 

Huggins, Xander & Gleeson, Tom & Eckstrand, Hailey & Kerr, Ben. (2018). Streamflow Depletion 
Modeling: Methods for an Adaptable and Conjunctive Water Management Decision Support Tool. 
JAWRA Journal of the American Water Resources Association. 54. 10.1111/1752-1688.12659. 

Jenkins, C.T., 1968. Computation of Rate and Volume of Stream Depletion by Wells, Techniques of 

Water-Resources Investigations of the U.S. Geological Survey, Book 4 Hydrologic Analysis and 
Interpretation, 21 p. 

Kobor, J., & O’Connor, M., 2016. Integrated Surface and Groundwater Modeling and Flow Availability 

Analysis for Restoration Prioritization Planning, Green Valley\Atascadero and Dutch Bill Creek 
Watersheds, Sonoma County, California, 149 p. 

Kobor, J., & O’Connor, M., 2017. Sonoma County Groundwater Recharge Analysis, 32 p.  

Kobor, J., O’Connor, M., and Creed, W., 2020. Integrated Surface and Groundwater Modeling and Flow 
Availability Analysis for Restoration Prioritization Planning, Upper Mark West Creek Watershed, 
Sonoma County, California, 234 p. 

Kobor, J., O’Connor, M., and Creed, W., 2021. Integrated Surface and Groundwater Modeling and Flow 
Availability Analysis for Restoration Prioritization Planning, Mill Creek Watershed, Sonoma County, 
California, 198 p. 

Leidy, R.A, Becker, G.S., Harvey, B.N., 2005.  Historical Distribution and Current Status of 
Steelhead/Rainbow Trout (Oncorhynchus mykiss) in streams of the San Francisco Estuary, 
California.  Center for Ecosystem Management and Restoration, Oakland, CA, 28 p.  

Li, Q., Gleeson, T., Zipper, S.C. and Kerr, B. (2022), Too Many Streams and Not Enough Time or Money? 

Analytical Depletion Functions for Streamflow Depletion Estimates. Groundwater, 60: 145-155. 
https://doi.org/10.1111/gwat.13124 

National Marine Fisheries Service (NMFS), 2012. Final Recovery Plan for Central California Coast Coho 

Salmon Evolutionarily Significant Unit, Southwest Region, Santa Rosa, California.  
National Marine Fisheries Service (NMFS), 2014. Petaluma Watershed Steelhead Monitoring Report – 

2013-2014 Spawning Surveys, 23 p. 22 

National Marine Fisheries Service (NMFS), 2023. ArcGIS Shapefile of Critical Steelhead Habitat Streams 
for the North and Central California Coast. 

Nossaman, S. et al. 2019. FLOW AND SURVIVAL STUDIES TO SUPPORT ENDANGERED COHO RECOVERY 

IN FLOW-IMPAIRED TRIBUTARIES OF THE RUSSIAN RIVER BASIN. Annual Report for Wildlife 
Conservation Board Grant WC-1663CR.  

Obedzinski, M., Nossaman Pierce, S., Horton, G.E. and Deitch, M.J. (2018), Effects of Flow-Related 
Variables on Oversummer Survival of Juvenile Coho Salmon in Intermittent Streams. Trans Am Fish 

Soc, 147: 588-605. https://doi.org/10.1002/tafs.10057 
Rathfelder, K.M., 2016. Modeling Tools for Estimating Effects of Groundwater Pumping on Surface 

Waters. Province of B.C., Ministry of Environment, Water Science Series WSS2016-09, 120 p. 

Richter, B.D., Davis, M.M., Aspe, C., and Konrad, C., 2012. A Presumptive Standard for Environmental 
Flow Protection, River Research and Applications 28: 1312-1321. 

http://books.google.com/books/about/Managing_California_s_Water.html?hl=&id=90hLp8aGrgIC
http://www.horizon-systems.com/nhdplus/
https://doi.org/10.1111/gwat.13124
https://doi.org/10.1002/tafs.10057


19 

Rohde M. M., T. Biswas, I. W. Housman, L. S. Campbell, K. R. Klausmeyer, and J. K. Howard, 2021: A 
Machine Learning Approach to Predict Groundwater Levels in California Reveals Ecosystems at 

Risk. Frontiers in Earth Sciences, 9. https://doi.org/10.3389/feart.2021.784499.  
SCI & LWA, 2022a. Santa Rosa Plain Groundwater Sustainability Agency Rate and Fee Study. 
SCI & LWA, 2022b. Sonoma Valley Groundwater Sustainability Agency Rate and Fee Study.  

SCI & LWA, 2022c. Petaluma Valley Groundwater Sustainability Agency Rate and Fee Study.  
Sonoma County Water Agency and Permit & Resource Management Department. 2010. County of 

Sonoma Agenda Item Summary Report California Statewide Groundwater Elevation Monitoring 
Program. http://sonoma-

county.granicus.com/MetaViewer.php?view_id=2&clip_id=130&meta_id=41989  
Sonoma County Water Agency, 2016. Fish Habitat Flows and Water Rights Project, Draft Environmental 

Impact Report. State Clearinghouse No. 2010092087. 

Sonoma Resource Conservation District and the Resource Conservation District of Santa Cruz County.  
2015. Slow it. Spread it. Sink it. Store it! Guide to Beneficial Stormwater Management and Water 
Conservation Strategies Practical Ways to Protect Your Property and the Environment from the 

Effects of Stormwater Runoff. https://sonomarcd.org/wp-content/uploads/2017/06/Slow-it-
Spread-it-Sink-it-Store-it.pdf   

Sonoma Water and California Sea Grant, 2022. Implementation of California Coastal Salmonid 

Monitoring in the Russian River Watershed (2019-2022).  
State Water Resources Control Board Division of Water Rights. 1997. STAFF REPORT RUSSIAN RIVER 

WATERSHED. Proposed Actions to be taken by the Division of Water Rights on Pending Water 

Right Applications within the Russian River Watershed. 
http://www.krisweb.com/biblio/russian_swrcb_dwr_1997_staffrptproposedactions.pdf   

Steiner Environmental Consulting, 1996. A History of the Salmonid Decline in the Russian River.  
Stetson Engineers, Inc., 2008. Delineation of Subterranean Streams and Potential Streamflow Depletion 

Areas. 
Westenbroek, S.M., Kelson, V.A., Dripps, W.R., Hunt, R.J., and Bradbury, K.R., 2010. SWB – A Modified 

Thornthwaite-Mather Soil-Water-Balance Code for Estimating Groundwater Recharge, U.S. 

Geological Survey Techniques and Methods, 6-A31 60 p. 
Westminster Woods Camp & Conference Center, Russian River Coho Partnership, et al. 2019. Dutch Bill 

Creek Water Conservation & Storage Project Westminster Woods. http://cohopartnership.org/wp-

content/uploads/2019/01/Dutch-Bill-Cr-Westminster-Woods-Project.pdf  
Woolfenden, L.R., and Nishikawa, T., 2014. Simulation of Groundwater and Surface-Water Resources of 

the Santa Rosa Plain Watershed, Sonoma County, California, U.S. Geological Survey Scientific 

Investigations Report 2014-5052. 
Yarnell SM, Petts GE, Schmidt JC, Whipple AA, Beller EE, Dahm CN, Goodwin P, Viers JH. 2015. 

Functional Flows in Modified Riverscapes: Hydrographs, Habitats and Opportunities. BioScience. 
65:10:963–972. https://doi.org/10.1093/biosci/biv102 

Yarnell, SM, ED Stein, JA Webb, T Grantham, RA Lusardi, J Zimmerman, RA Peek, BA Lane, J Howard, S 
Sandoval-Solis. 2020. A functional flows approach to selecting ecologically relevant metrics for 
environmental flow applications. Freshwater Biology 36 318-324. 

Zimmerman JKH, Carlisle DM, May JT, et al. 2017. Patterns and magnitude of flow alteration in 
California, USA. Freshwater Biology 2018;63:859–873. https://doi.org/10.1111/fwb.13058 

Zipper S.C. et al 2019 Environ. Res. Commun. 1 125005. https://doi.org/10.1088/2515-7620/ab534d. 

https://doi.org/10.3389/feart.2021.784499
http://sonoma-county.granicus.com/MetaViewer.php?view_id=2&clip_id=130&meta_id=41989
http://sonoma-county.granicus.com/MetaViewer.php?view_id=2&clip_id=130&meta_id=41989
https://sonomarcd.org/wp-content/uploads/2017/06/Slow-it-Spread-it-Sink-it-Store-it.pdf
https://sonomarcd.org/wp-content/uploads/2017/06/Slow-it-Spread-it-Sink-it-Store-it.pdf
http://www.krisweb.com/biblio/russian_swrcb_dwr_1997_staffrptproposedactions.pdf
http://cohopartnership.org/wp-content/uploads/2019/01/Dutch-Bill-Cr-Westminster-Woods-Project.pdf
http://cohopartnership.org/wp-content/uploads/2019/01/Dutch-Bill-Cr-Westminster-Woods-Project.pdf
https://doi.org/10.1093/biosci/biv102
https://doi.org/10.1111/fwb.13058
https://doi.org/10.1111/1752-1688.12998


 
 

20 

the American Water Resources Association 58( 2):  289  312. https://doi.org/10.1111/1752-
1688.12998. 

Appendix B: Public Trust Policy Development Process Topics 
Table 7. Work Group Discussion Topics 

TOPICS TOl'iCS Key Discussion Issues / QuestionsKey Discussion Issues / Questions  
Public Trust / GW Review AreaPublic Trust/ GW Review Area  What waterways require impacts analysis under the public 

trust doctrine? 
What public trust resources and uses are sensitive to 

streamflow depletion due to groundwater extraction?
What aquifers are interconnected with public trust 

waterways, and what groundwater extraction from 
these aquifers is likely to have an adverse impact on 
public trust resources? 

 

Well Classification: MinisterialWell Classification: Ministerial  What classes or categories of wells receive a ministerial 
(routine across the counter) permit? What well classes 
receive a discretionary (more tailored) review? 

Replacement domestic wells, public water wells, zero net 
use, etc. 

and Discretionary and Discretionary 
 

Well ImplementationWell Implementation 
RRequirements equirements - CConservation onservation 
aand nd oother ther MMeasures easures 
 

 What water conservation measures should be required of 
each class of wells?  Water efficient landscape 
regulations, maximum allowed use, etc.         

Other measures: groundwater recharge, farm practices, 
etc. 

Adverse Impacts / Impact Adverse impacts/ impact What is a substantial adverse impact? (watershed, 
waterway, basins) 

What methods should be employed to evaluate adverse 
impacts? 

DefinitionsDefinitions  
 

Discretionary Review ProcessDiscretionary Review Process  What is the nature of that review? (CEQA, other) 
What requirements are defined by what anticipated 

impacts? 
 

Monitoring RequirementsMonitoring Requirements  What groundwater monitoring conditions (water meter 
readings, depth to water measurements, etc.) should 
be required of specific classes of wells?

 

AdaptationAdaptation  What information or discovery will trigger the need to 
revisit these policies or approaches? 

What recommended studies and/or data collection 
activities could the County consider reducing data gaps 
and improve understanding of impacts to public trust 
resources? 
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Appendix C: Public Trust Review Area Methodology, O’Connor Environmental, 
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Introduction  
Sonoma County is developing a new ordinance to modify how the county’s permitting agency, 
Permit Sonoma, will evaluate applications for proposed groundwater wells.  The objective of the 
revised ordinance is to include a process for consideration of impacts to public trust resources 
(PTR), consistent with responsibilities under the Public Trust Doctrine.  The Public Trust Doctrine 
affirms the public’s right to use California’s waterways for navigation, fishing, recreation, habitat 
protection, and other water-oriented activities.  Broadly, PTR are the natural resources that the 
government holds ‘in trust’ for the benefit of current and future generations for certain public 
trust purposes or uses including commerce, navigation, recreation, fishing, wildlife habitat, and 
preservation of trust lands in their natural state.    

The Public Trust Doctrine applies to navigable waters.  Diversions of non-navigable surface water 
or groundwater that impact PTR of navigable waters are also subject to review under the Public 
Trust Doctrine.  The doctrine applies to the extraction of groundwater that impacts a navigable 
waterway, and in such circumstances, the County has a responsibility to consider the impact on 
PTR and implement mitigation measures to the extent feasible.    

Groundwater pumping has the potential to diminish such PTR by reducing streamflow, a process 
referred to by hydrogeologists as “streamflow depletion”.  For the purposes of well permitting, 
it is useful to identify areas where PTR may be sensitive to groundwater pumping.  The “Public 
Trust Review Area” (PTRA) is intended to define this area.  The PTRA defines portions of the 
County where certain requirements, standards, or conditions will apply for approval of permit 
applications for different categories of wells to reduce or mitigate potential impacts to PTR.   
Additional review and water conservation requirements are intended to avoid or mitigate 
adverse impacts to PTR.  The PTRA has been identified based on analyses and interpretations of 
aquatic habitat value, hydrogeologic conditions, processes that generate streamflow, and 
groundwater use that could cause streamflow depletion in the County.  This document 
summarizes these analyses and the geographic areas they delineate.   

Policy and Technical Working Group members recommended that evaluation of impacts to PTR 
should focus on impacts to aquatic habitat of navigable and non-navigable tributary streams that 
support salmonids.  Salmonids inhabit and depend on habitat conditions of both navigable and 
non-navigable waterways and migrate between the two over their various life stages.  
Groundwater extraction has the potential to decrease streamflow, alter flow and habitat 
conditions, and therefore impact salmonid habitat within non-navigable and navigable 
waterways.  Salmonids have been found to be particularly sensitive to flow conditions in non-
navigable tributary streams during periods of summer rearing.   

While non-navigable waters are not subject to the public trust, in order to meaningfully address 
impacts to trust resources for uses including wildlife habitat where wildlife move from non-
navigable to navigable waters, consideration of impacts to PTR should include an expanded 
scope.  For this reason, working group members recommended that impacts to salmonid habitat 
be considered by the County when permitting wells, even when the impact may  
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be to non-navigable waters that are tributary to navigable waters.  Following the direction of the 
working groups and for the purposes of delineation of the PTRA, all navigable waters, and non-
navigable waters that support salmonids are proposed for consideration in the well permit 
process.  Non-navigable waters that do not support salmonids are not proposed for consideration 
in the permit process.   

A risk-based approach was developed to define the PTRA.  This approach considers two primary 
factors: the sensitivity of the PTR to streamflow depletion and the best available estimates of 
existing streamflow depletion.  The PTRA describes the portions of the County where both 
sensitivity of PTR and estimated streamflow depletion are relatively high (Figure 1); in these 
areas, additional oversight of well construction is needed to prevent significant degradation of 
PTR.  These areas are differentiated from areas outside the PTRA where risks are relatively low, 
and the County’s current ministerial permitting process can continue.   

Evaluation of the sensitivity of PTR focuses on aquatic habitat and uses salmonids (coho salmon 
and steelhead trout) as indicator species sensitive to streamflow depletion to represent overall 
sensitivity of PTR.  This approach has received general consensus from working group members 
as well as from the Groundwater Dependent Ecosystem practitioner working groups that were 
convened as part of the Groundwater Sustainability Agency process for the Santa Rosa Plain, 
Sonoma Valley, and Petaluma Valley groundwater basins.  Estimates of existing streamflow 

Figure 1: Diagram showing the two factors used to define the PTRA. 
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depletion are based on county-wide estimates of groundwater pumping in comparison to 
estimates of groundwater recharge from prior hydrologic modeling (Kobor & O’Connor, 2017). 
The relationship between estimated groundwater pumping and estimated groundwater recharge 
as a predictor of streamflow depletion is derived from existing distributed hydrologic models of 
three watersheds that are calibrated using existing data to directly simulate streamflow depletion 
as a function of groundwater pumping (Kobor & O’Connor, 2016, Kobor et al., 2020; Kobor et al., 
2021).   
 

Public Trust Review Area Mapping Overview 
There are many potential approaches to mapping the PTRA spanning a wide range of complexity 
and data requirements.  The adopted approach was selected as the best use of available data 
and numerical model predictions pertaining to streamflow depletion for implementation at the 
county scale within the time constraints of the ordinance development process.  The approach 
integrates various existing data sources describing habitat and groundwater recharge and 
pumping conditions and uses predictions from existing numerical hydrologic models to interpret 
those data in relation to streamflow depletion and effects on PTR.  Simpler approaches are more 
likely to result in less skillful predictions due to lack of representation of key factors driving 
streamflow depletion that are better represented in available numerical models, whereas more 
complex approaches would require significant input data and estimation of poorly constrained 
aquifer hydraulic parameter values across complex and variable hydrogeologic settings leading 
to larger uncertainty.  Although the adopted approach is considered the preferred approach 
given data and implementation timeline constraints, it is subject to limitations and uncertainty 
associated with data availability and simplifying assumptions. 

A series of steps were performed to define the two factors (resource sensitivity & existing 
streamflow depletion), interpret them using a classification system, and use those 
interpretations to map the PTRA (Figure 2).  Mapping was performed at the HUC-14 watershed 
scale which divides the County into a series of subwatersheds based on drainage area.  This 
mapping scale allows for significant spatial detail but doesn’t attempt to map conditions at a 
scale beyond what can be justified given the limits of the underlying input data and assumptions.  
Resource sensitivity was mapped based on a combination of critical steelhead and coho habitat.  
Existing streamflow depletion was mapped by estimating existing groundwater pumping and 
recharge, calculating the ratio of pumping to recharge, and relating those ratios to streamflow 
depletion based on the findings of existing numerical hydrologic models.  Finally, a classification 
system was developed to integrate the two factors (resource sensitivity & existing streamflow 
depletion) and map the PTRA (Figure 2).   Each of these steps is explained in greater detail below. 
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Figure 2: Diagram showing the steps used to define the PTRA. 
 

 

Habitat & Resource Sensitivity Mapping 
Central California Coast coho salmon (Oncorhynchus kisutch) are listed as endangered under the 
Federal Endangered Species Act (ESA) and extensive efforts are underway to restore habitat 
conditions in the key watersheds in Sonoma County that support the species.  For purposes of 
defining the PTRA, these key watersheds were considered representative of the areas of the 
county where PTR are most sensitive.  High priority coho habitat streams within the Russian River 
basin were identified from an ArcGIS shapefile obtained from the California Department of Fish 
& Wildlife (CDFW, 2023).  High priority coho habitat streams outside of the Russian River basin 
were based on the ‘Core’ and ‘Phase I Expansion’ areas identified as priority areas for restoration 
in the Federal recovery plan for central coast coho (NMFS, 2012).  The HUC-14 watersheds 
corresponding to the high priority coho streams were selected to represent waters with ”High” 
sensitivity PTR.   
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Central California Coast Steelhead and Northern California Steelhead (Oncorhynchus mykiss) are 
listed as threatened under the Federal ESA.  Watersheds providing steelhead habitat were 
selected to represent waters with “Medium” sensitivity PTR.  ArcGIS shapefiles of critical 
steelhead habitat streams were obtained from the National Marine Fisheries Service (NMFS, 
2023).  The HUC-14 watersheds corresponding to the high priority steelhead streams that were 
not coded as “High” sensitivity as described above for coho habitat were coded as ”Medium” 
sensitivity PTR.   

HUC-14 watersheds not considered as priority habitat of either coho or steelhead were coded as 
“Low” sensitivity PTR.   

Within the Petaluma River basin, HUC-14 watershed boundaries were adjusted to include areas 
draining to streams with documented steelhead spawning activity based on available spawning 
survey information (Leidy et al., 2005; NMFS, 2014) and coded as ”Medium” PTR sensitivity; 
watersheds not identified as providing spawning habitat were coded as ”Low” for PTR sensitivity.  
Within the lower portions of the Sonoma Creek basin, areas draining to creeks not identified as 
critical habitat for steelhead or coho that flow directly into tidally influenced reaches were coded 
as ”Low” sensitivity PTR.   

A group of fisheries experts from NMFS, CDFW, Cal Trout, Sonoma Water, and Sonoma Ecology 
Center with detailed local knowledge of habitat conditions in Sonoma County was convened.  The 
group reviewed the draft aquatic habitat classification maps discussed above and suggested a set 
of revisions designed to improve the initial mapping by incorporating more detailed local 
knowledge.  Due to their critical importance at the basin and state-wide level, a new “Very High” 
sensitivity category was added for Mill, Mark West, Green Valley, and Dutch Bill Creeks.  These 
four watersheds were the subject of the 2015 State Water Resources Control Board’s Emergency 
Information Order and are widely considered to be the most important watersheds for 
supporting coho restoration efforts in the lower Russian River.  The Wheatfield Fork of the 
Gualala River watershed and the Adobe Creek watershed were reclassified from medium to high 
given they are considered the most important steelhead streams in the Gualala River and 
Petaluma River watersheds respectively.  The Ward Creek watersheds were also reclassified from 
medium high to high consistent with the rest of the Austin Creek Watershed.  The Windsor Creek 
Watershed and portions of the southern Sonoma Valley were reclassified from medium to low 
owing to their low importance for supporting steelhead compared to the other identified priority 
watersheds (Leidy et al., 2005; Sonoma Water et al., 2022). 

Watersheds with high or very high sensitivity PTR comprise ~482 square miles (30% of the 
County) including the Salmon, Willow, Dutch Bill, Green Valley, Austin, Porter, Mill, Pena, Dry, 
Mark West and Redwood Creek watersheds as well as the South Fork Gualala River watershed 
(Figure 1).  Watersheds with medium sensitivity PTR comprise ~665 square miles (41% of the 
County) and include most of the Russian River watershed not classified as high or very high 
excluding the Santa Rosa Plain and drainages impounded behind Warm Springs Dam.  
Watersheds with medium sensitivity PTR also include significant portions of the Sonoma Creek 
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and Petaluma River drainages.  Low resource sensitivity watersheds comprise the remaining ~477 
square miles of the County (Figure 3).   

 

 

Figure 3: Subwatershed resource sensitivity classification based on aquatic habitat value. 
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Streamflow Depletion Estimation 

Background 
For the purposes of this analysis, streamflow depletion is defined as the reduction in streamflow 
resulting from groundwater pumping.   Streamflow depletion is a consequence of the law of 
physics requiring the conservation of mass applied to water balance models describing the 
movement of water in watersheds and groundwater aquifers.  In such water balance models, 
inflows to an aquifer must be balanced by outflows from the aquifer adjusted for changes in the 
volume of water in storage.  In most watersheds, streamflow accounts for the majority of 
outflow; as groundwater pumping proceeds, the volume of water supplied to wells is largely 
balanced by decreases in streamflow and/or aquifer storage.  In the short-term, water supplied 
to wells is derived primarily from decreases in aquifer storage.  Over longer periods these storage 
changes generally stabilize and streamflow depletion becomes the primary source of water 
pumped from wells (Barlow & Leake, 2012). 

To better understand the definition of streamflow depletion, it is helpful to differentiate between 
“acute” and “cumulative” streamflow depletion.  Acute manifestations of streamflow depletion 
occur when   the time response of streamflow depletion is relatively short such that pumping by 
an individual well causes streamflow depletion coincident or near-coincident with the timing of 
pumping.  Wells causing acute streamflow depletion are likely to have a disproportionate effect 
on streamflow because, in general, the timing of pumping over the summer/early fall months 
corresponds to the timing of minimum streamflows.  Cumulative streamflow depletion occurs 
when the total volume of water pumped by a population of wells becomes significant relative to 
the total inflows to the aquifer and can occur regardless of the time response. 

There are many methods available for estimating streamflow depletion due to groundwater 
pumping including field techniques, statistical and analytical solutions, and numerical models 
(Rathfelder, 2016; Zipper et al., 2022).  There are distinct advantages and disadvantages to each 
of these approaches and direct application of any of them at the county-wide scale with limited 
time and resources is infeasible.  Field investigation and statistical techniques for estimating 
streamflow depletion are inherently problematic owing to the difficulties of differentiating 
between changes in measured streamflow caused by groundwater pumping and changes caused 
by other factors such as climate-related fluctuations or surface water diversion.  Analytical 
solutions are mathematical representations and predictions of the effect of individual pumping 
wells on groundwater elevations and the consequent reductions in groundwater flow delivered 
to stream channels.  Analytical solutions are generally most applicable for addressing acute 
impacts from individual wells.  Analytical solutions have the advantage of being relatively easy to 
implement but require many necessary simplifying assumptions regarding aquifer and stream 
channel geometries and hydraulic characteristics used to calculate groundwater flow (Rathfelder, 
2016; Zipper et al., 2022).  These simplifications and associated uncertainties limit the accuracy 
of analytical solutions in describing specific real-world conditions (Barlow & Leake, 2012).  
Physically based, spatially distributed and calibrated hydrologic numerical models are generally 
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considered the most accurate tools for estimating streamflow depletion; however, these models 
require large amounts of input data and effort to implement.    

The proposed approach for the PTRA analysis uses a relatively simple water balance method to 
estimate cumulative streamflow depletion that can be implemented across the County.  This 
simple water balance approach is significantly enhanced by simulations of streamflow depletion 
from existing calibrated numerical hydrologic models of high priority coho watersheds.  The 
approach also uses analytical solutions to guide determination of buffer zones around streams 
within which additional oversight of well construction may be required to prevent or mitigate 
acute streamflow depletion.   

Groundwater Recharge, Pumping, & Pumping Ratio 
As alluded to above in the discussion of water balance methods, for a conceptual watershed 
water balance with a control volume including groundwater aquifers, the status of the hydrologic 
system can be expressed most simply as: 

Inflow = Outflow +/- Change in Storage (1) 

Inflow and outflow terms in Equation 1 can be expanded to include more details describing 
hydrologic processes.  For a water balance describing a groundwater system, inflows to an aquifer 
typically include groundwater recharge and subsurface inflow.  Outflow terms typically include 
streamflow, groundwater pumping, evapotranspiration from groundwater, and subsurface 
outflow (Healy, 2010).  Over long periods of time (years or decades), groundwater recharge 
generally represents the majority of inflow to an aquifer and stream baseflow (streamflow) and 
groundwater pumping generally represent the majority of outflow.  Consequently, an 
approximate aquifer water balance can be restated as: 

Groundwater Recharge ≈ Streamflow + Groundwater Pumping +/- Change in Storage (2) 

As is clear from Equation 2, as groundwater pumping increases, those increases must be balanced 
by either reductions in streamflow (streamflow depletion), reductions in storage, or increases in 
groundwater recharge.  Over the long-term, changes in storage and recharge generally stabilize 
such that the majority of water supplied to wells is balanced by streamflow depletion (Barlow & 
Leake, 2012).  Cumulative streamflow depletion increases in proportion to cumulative 
groundwater pumping.  As the rate of groundwater pumping approaches the rate of groundwater 
recharge, streamflow approaches zero; this scenario is equivalent to a ratio of groundwater 
pumping to groundwater recharge equal to one.  From these relationships, it can be seen that 
the ratio of groundwater pumping to groundwater recharge (i.e., groundwater pumping divided 
by groundwater recharge) provides an objective, hydrologically significant, indicator of the 
relative magnitude of streamflow depletion occurring in a given watershed.  

Groundwater pumping was estimated for each HUC-14 watershed in the County using the 
methodology adopted for the rate and fee studies that have been prepared for the three 
Groundwater Sustainability Agencies (GSA) in the county (SCI & LWA, 2022a; 2022b, 2022c).  The 
method estimates residential and commercial uses at the parcel scale based on County Tax 
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Assessor use codes and descriptions and estimates irrigation uses at the parcel scale based on 
crop acreages as represented in data available from the California Department of Water 
Resources (DWR, 2018).  Standard use rates were assigned for each use category as described in 
the rate and fee studies.  Residential and commercial uses in areas served by public water 
systems (PWS) were excluded from the initial parcel-based estimates which were then 
aggregated to the HUC-14 watersheds.  Groundwater use for PWS are reported to the state and 
these uses were added to the corresponding subwatershed use estimates.  Five-year average 
annual uses were calculated within the GSAs, and outside of the GSAs the estimates were based 
on data from 2020.   

A simplified approach was used to adjust the initial subwatershed estimates of groundwater 
pumping for the portion of use that is sourced from surface water.  The DWR’s Electronic Water 
Rights Information Management System (eWRIMS) data was used to associate all active points 
of diversion with a corresponding parcel.  For small domestic water rights, surface water was 
assumed to meet the corresponding residential uses on a given parcel, and for all other active 
water rights, surface water was assumed to meet the corresponding irrigation uses on a given 
parcel.  This approach does not consider riparian surface water rights or pre-1914 water rights 
not included in the eWRIMS.  The final estimates of mean annual groundwater use are the sum 
of the initial parcel-based estimates and the PWS reported uses minus the surface water uses 
(Figure 4).    

Annual groundwater use normalized by watershed area ranges from <0.25 to ~5 inches.  The 
lowest cumulative groundwater use areas occurs in rural portions of the county including most 
of the South Fork Gualala River watershed, the Austin Creek watershed, Big Sulphur Creek 
watershed, and most watersheds draining to Dry Creek.  The highest cumulative groundwater 
use areas occur in the Santa Rosa Plain, portions of the Sonoma Creek watershed, and the lower 
Atascadero Creek watershed (Figure 4).    

Estimates of mean annual groundwater recharge were taken from an existing Soil Water Balance 
(SWB) model analysis of the County (Kobor & O’Connor, 2017).  This model code was developed 
by the United States Geological Survey (USGS) to provide recharge estimates for numerical 
groundwater flow models.  The model utilizes rainfall, temperature, land cover, and soils data 
and uses a curve number approach for runoff and a modified Thornthwaite-Mather soil water 
balance approach for simulating Actual Evapotranspiration and groundwater recharge 
(Westenbroek et al., 2010).  The model was calibrated to available data from unimpaired 
watersheds at a monthly timescale (Kobor & O’Connor, 2017).  This approach focuses on 
infiltration recharge only and does not consider streambed recharge which may be significant in 
some subwatersheds.  Although the model does not account for spatial variations in bedrock 
conditions, it does represent the proportion of recharge that is unable to enter the aquifer due 
to aquifer hydraulic conductivity limitations (rejected recharge) through use of a calibrated 
maximum daily recharge value.  Distributed results from the SWB analysis were aggregated to 
the HUC-14 watersheds (Figure 5) and the groundwater pumping ratio was calculated for each 
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watershed as the ratio of mean annual groundwater recharge to mean annual groundwater 
pumping (Figure 4). 

Estimated mean annual recharge ranges from ~3 to 18 inches and is largely controlled by the 
variations in precipitation and soil types across the county (Figure 5).  The lowest recharge occurs 
in the drier southern portions of the County including the Sonoma and Petaluma Creek 
watersheds and portions of the Santa Rosa Plain particularly in areas dominated by clay-rich soils.  
Intermediate rates of annual recharge on the order of 9-12 inches occur over large portions of 
the northeastern and central parts of the County including the Alexander Valley, lower Dry Creek 
Valley, and the Green Valley and Atascadero Creek watersheds.  The highest rates of annual 
recharge occur in the wetter northwestern portions of the County including the South Fork 
Gualala River and lower Russian River watersheds such as Austin Creek, particularly in areas 
dominated by silty and sandy soils (Figure 3). 

The groundwater pumping ratio (groundwater pumping expressed as a percentage of estimated 
recharge) ranges from <2.5% to ~80% (Figure 6).  The lowest ratios occur in the rural portions of 
the county which in general are also areas with moderate to high potential recharge rates.  These 
areas include most of the South Fork Gualala River watershed, Big Sulphur Creek watershed, the 
south-flowing drainages in the lower Russian River watershed, and the upper and east-flowing 
watersheds draining to Dry Creek.  Intermediate ratios (~5-20%) occur in the Alexander Valley, 
upper Green Valley and Atascadero Creek watersheds, and portions of the Santa Rosa Plain, the 
upper Petaluma River and upper Sonoma Creek watersheds.  The largest ratios occur in the more 
densely developed portions of the county, particularly those areas with relatively low estimated 
potential recharge.  These areas include most of the Santa Rosa Plain and portions of the Sonoma 
Creek and Petaluma River watersheds (Figure 6).   

Streamflow Depletion 
Existing distributed hydrologic models have been developed and calibrated to available 
streamflow and groundwater elevation data through several multi-year modeling efforts funded 
by CDFW and the California Wildlife Conservation Board (Kobor & O’Connor, 2016, Kobor et al., 
2020; Kobor et al., 2021).  These models cover most of the high priority coho watersheds in the 
county including the Mill, upper Mark West, Green Valley, Atascadero, and Dutch Bill Creek 
watersheds.  Estimates of cumulative streamflow depletion following 50 years of pumping are 
available for upper Mill, Mark West, and Green Valley creeks.  Each of these models was used to 
develop a second estimate of streamflow depletion using a hypothetical scenario with 
significantly higher pumping rates ranging from 3-8 times existing estimated pumping rates.  A 
groundwater pumping ratio was calculated from the numerical models based on mean annual 
results over a representative 10-yr simulation period for each of the six pumping scenarios.       

Despite substantial variations in geology across the watersheds, a reasonably well-defined 
relationship was established between the groundwater pumping ratio and the mean July through 
September percent streamflow depletion (Figure 7).  This finding indicates that over timescales 
of several decades the relationship between the groundwater pumping ratio and streamflow 
depletion is relatively consistent across the range of bedrock geologies in Sonoma County.  There     
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Figure 4: Estimated area-normalized mean annual groundwater use per subwatershed. 
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Figure 5: Estimated mean annual groundwater recharge per subwatershed. 
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Figure 6: Groundwater pumping ratio per subwatershed. 
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Figure 7: Relationship between the groundwater pumping ratio and summer streamflow depletion 
calculated from distributed hydrologic models of the upper Mill, Mark West, and Green Valley Creek 
watersheds.  The green, yellow, and red colors indicate the zones where streamflow depletion was 
defined as low, medium, or high respectively based on Richter et al. (2012).   

is some indication of lower depletion rates in watersheds dominated by relatively low-
permeability rocks of the Franciscan Formation such as upper Mill Creek relative to those with 
higher permeability rocks of the Wilson Grove Formation and the Sonoma Volcanics such as 
upper Green Valley and Mark West Creeks.   

The mean July through September streamflow was used because this time period corresponds 
to the typical period of lowest streamflows in Sonoma County where streamflow depletion 
effects on juvenile salmonid rearing habitat are expected to be greatest.  Salmonids can be 
affected by streamflow depletion occurring during other time periods, most notably the spring 
smolt outmigration and adult in migration periods; however, basing the analysis on the low flow 
summer rearing period when impacts are expected to be greatest should also be protective of 
streamflows during periods corresponding to these other life stages.          
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To classify each subwatershed as having a Low, Medium, or High level of streamflow depletion 
we utilized the findings of Richter et al. (2012) who proposed presumptive standards for 
environmental flow protection in the absence of detailed studies evaluating site-specific 
environmental flow needs.  A high level of ecological protection is presumed to be provided when 
flow alterations are no greater than 10% and a moderate level of protection is provided when 
flow alterations are in the 11-20% range (Richter et al., 2012).  The distributed model scenarios 
indicate that streamflow depletion of 10% or less occurs when the groundwater pumping ratio 
remains below ~5% and streamflow depletion of 11-20% occurs when the groundwater pumping 
ratio remains below ~10%.  Based on these findings, subwatersheds with a groundwater pumping 
ratio of less than 5% were coded as Low for streamflow depletion, subwatersheds with a 
groundwater pumping ratio of between 5 and 10% were coded as Medium, and subwatersheds 
with a pumping ration in excess of 10% were coded as High for streamflow depletion.   

The distributed modeling results for Mill Creek suggest that somewhat higher thresholds could 
be used in areas dominated by low permeability materials such as the Franciscan Complex, 
however the lower thresholds are appropriate because they provide a margin of error and 
because it is likely that streamflow depletion in these areas would be higher (and more consistent 
with the other bedrock geologies) after extended time frames longer than 50-yrs.  The models 
do not contain thick alluvial deposits such as those found in the Santa Rosa Plain, and thus their 
predictions are likely less applicable for these areas.  Additionally, significant streambed recharge 
can occur in alluvial basins, complicating the relationships between the pumping ratio and 
streamflow depletion.  Nevertheless, the pumping ratio remains a valid indicator of relative of 
streamflow depletion in alluvial basins and is thus broadly applicable despite the additional 
uncertainties.       

Validation 
Given the inherent difficulty of directly measuring streamflow depletion in the field, well 
parameterized and calibrated numerical models are generally considered the most accurate tools 
for evaluating streamflow depletion (Barlow & Leake, 2012; Zipper et al., 2022).  To evaluate the 
validity of the streamflow depletion estimates obtained using the groundwater pumping ratio 
approach used to map the PTRA, the estimates were compared to estimates obtained from 
available numerical models in the County (Figure 8).  These models included the Sonoma Valley 
and Santa Rosa Plain GSFLOW models developed for the Groundwater Sustainability Agencies 
(Farrar et al., 2006; Woolfenden & Nishikawa, 2014) and the MIKE SHE models of the Mill, Mark 
West, and Green Valley Creek subwatersheds discussed in the previous section (Kobor & 
O’Connor, 2016, Kobor et al., 2020; Kobor et al., 2021).  Mean July-September streamflow 
depletion estimates were extracted from the models and expressed as a percentage of the total 
flow in the absence of any groundwater pumping.  Calculations were performed over the most 
recent 10-yr period covered by the simulations which corresponded to 2009-2018 in the Sonoma 
Valley and Santa Rosa Plain models and 2010-2019 in the coho watershed models.   

There is general agreement between the two estimates with both approaches showing Mill and 
Mark West Creeks having relatively low streamflow depletion and the Sonoma Valley and Santa 
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Rosa Plain having relatively high depletion, with Green Valley Creek in between (Figure 8).  The 
pumping ratio approach over-predicts streamflow depletion in Green Valley Creek and 
underpredicts in the Sonoma Valley and Santa Rosa Plain.  There are many factors potentially 
influencing the observed differences including differing groundwater use and recharge estimates 
and variability in the streamflow depletion response between basins due to the influence of local 
hydrogeologic and well construction details.  Nevertheless, the results indicate that the relative 
magnitude of streamflow depletion between basins can be well-predicted using the simple 
pumping ratio approach and are appropriate for their intended purpose of delineating areas with 
low, medium, or high streamflow depletion as part of the PTRA mapping methodology.   
 

 

Figure 8: Comparison between summer (July-September) streamflow depletion estimated with the 
pumping ratio approach used to inform the PTRA mapping and estimates obtained from available 
numerical models.    

 

 

Public Trust Review Area Mapping 

Overview 
A PTRA matrix was developed to define the PTRA based on the results of the resource sensitivity 
and streamflow depletion mapping described below (Table 1).  Low risk areas not included in the 
PTRA consist of those areas classified as Low resource sensitivity (aquatic habitat value) as well 
as those areas classified as Medium resource sensitivity and Low existing streamflow depletion.  
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Moderate risk areas include areas classified as Medium resource sensitivity and Medium existing 
streamflow depletion as well as areas classified as High resource sensitivity and Low existing 
streamflow depletion (Table 1).  The PTRA in these areas consists of stream buffers (as described 
in the Stream Buffers section below) designed to be protective of acute streamflow depletion 
impacts.  High risk areas where the entire subwatersheds are included in the PTRA to be 
protective of both acute and cumulative streamflow depletion impacts include areas classified as 
Medium resource sensitivity with High existing streamflow depletion and areas classified as High 
resource sensitivity with Medium or High existing streamflow depletion.  High risk areas also 
include the areas classified as Very High resource sensitivity where the entire subwatersheds are 
included in the PTRA regardless of the level of existing streamflow depletion (Table 1). 

Table 1: PTRA matrix indicating how areas were treated based on the results of the resource sensitivity 
and existing streamflow depletion classes. 
 

LowSFO 
(0 - 10%) 

Medium SFO 
(10 - 20%) 

High SFO 
(>20%) 

Low Habitat Value Low Risk Area Low Risk Area Low Risk Area 
Not included in PTRA Not included in PTRA Not included in PTRA 

Moderate Habitat Value Low Risk Area 
Not included in PTRA 

Moderate Risk Area 
Stream buffers 

High Risk Area 
Sub-watershed 

---High Habitat Value Moderate Risk Area 
Stream buffers 

High Risk Area 
Sub-watershed 

High Risk Area 
Sub-watershed 

= 
Very High Habitat Value High Risk Area 

Sub-watershed 
High Risk Area 

Sub-watershed 
High Risk Area 

Sub-watershed 

 
 

Stream Buffers Distances  
Within the portions of the PTRA where stream buffers are used, existing cumulative streamflow 
depletion is Low or Medium and acute streamflow depletion is expected to be the primary risk 
to streamflow.  The concept of the Stream Depletion Factor (SDF) was used to assist in defining 
stream buffer distances that are protective of acute streamflow depletion impacts. SDF is a 
relative measure of how rapidly streamflow depletion occurs in response to new pumping 
(Barlow &  Leake, 2012).  SDF is commonly used to assess the timescale and potential for near 
stream wells to cause streamflow depletion and it is defined as the time in days of pumping when 
streamflow depletion equals 50% of the pumping rate.   

SDF is dependent on the transmissivity and storativity of the aquifer and the distance of the well 
from the stream.  Wells in aquifers with high transmissivity and low storativity are associated 
with smaller values of SDF for a given distance from the stream.  Pumping of wells with low values 
of SDF will quickly translate into reduced streamflow.  The timing and short-term pumping regime 
of a near stream well may be important for determining if the well will have adverse impacts on 
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streamflow.  Pumping of wells at locations with large SDF values will translate into reduced 
streamflow over longer periods of time, and the short-term pumping regime is unlikely to be a 
relevant factor in evaluating impacts.   

To assist in defining an appropriate SDF threshold that identifies stream buffer distances where 
acute impacts of groundwater wells may occur, streamflow depletion was evaluated for 
hypothetical pumping wells using the analytical depletion function from Jenkins (1968).    In this 
exercise, the pumping well extracts groundwater on the 1st of each month at a rate of 28 to 31 
gallons per minute (gpm) for a 24-hour period, equivalent to a mean monthly pumping rate of 
about 1 gpm (Figure 9).  This hypothetical pumping regime could be representative of wells that 
are used for short intervals to meet high demands.   Results of this analysis (Figure 8) show that 
when the SDF is equal to 30 days, streamflow depletion peaks at about 1.35 gpm (35% greater 
than the average pumping rate).  When the SDF is equal to 10 days, streamflow depletion peaks 
at about 3 gpm (300% greater than the average pumping rate).  When the SDF is equal to 180 
days, streamflow depletion gradually increases with subdued oscillation to about 0.6 gpm, and 
would eventually deplete streamflow by about 1 gpm if simulated for a longer period of time. 

 

Figure 9. Streamflow depletion from hypothetical wells located at a distance corresponding to Stream 
Depletion Factor (SDF) of 10, 30 and 180 days based on application of an analytical depletion function 
(Jenkins, 1968).  
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As evidenced by the examples above, wells located at distances that correspond with SDFs 
greater than 30 days are much less likely to pose acute risks to streamflow from intermittent 
pumping.  Distances where the SDF equals 30 days were estimated for various major rock types 
in Sonoma County using the analytical depletion function from Jenkins (1968) and existing 
estimates of hydrogeologic properties for these materials (Kobor & O’Connor, 2016; Kobor et al., 
2020; Kobor et al., 2021; Woolfenden & Nishikawa, 2014).   Based on this analysis, this distance 
is ~100 ft for the Franciscan Complex, ~250 ft for the Sonoma Volcanics, and ~750 ft for the 
Wilson Grove Formation and alluvial sediments.  Significant spatial variations in hydrogeologic 
properties occur within these general rock types which translates to significant variability in the 
distance where SDF equals 30 days, and the above distances were selected based on professional 
judgement of appropriate representative values for a given formation.   

The major rock types were delineated based on the County’s existing groundwater classification 
system.  Class I areas represent alluvial sediments, Class II areas represent Wilson Grove 
Formation, Class III areas represent Sonoma Volcanics, and Class IV areas represent the 
Franciscan Complex.  Mapping of alluvial materials by Stetson Engineering (2008) was used to 
refine the representation of small alluvial aquifers not captured in the groundwater classification 
mapping.  In basins where stream buffers are used to define the PTRA, streams delineated as 
critical steelhead habitat by the National Marine Fisheries Service (NMFS, 2023) as well as all 
contributing perennial streams as identified in the National Hydrography Dataset (NHD) were 
used to delineate buffer widths corresponding to the defined distances for a given rock type.  In 
reaches where the 750-ft buffer width extended beyond the extent of alluvial or sedimentary 
materials mapped by Stetson Engineering (2008), the uniform buffers were clipped to the extent 
of the mapped materials they are intended to represent.        

Flow Regulated Reaches 
Flows within the main-stem of the Russian River and Dry Creek are controlled by releases from 
Lake Mendocino and Lake Sonoma and are subject to minimum flow requirements established 
by the State Water Resources Control Board.  Application of the methodology used in other areas 
of the County to define the relationship between groundwater pumping and streamflow 
depletion are not valid in these streams due to the controlling influence of the flow releases from 
the reservoirs (Steiner, 1996; Sonoma County Water Agency, 2016).  Therefore, the DWR Bulletin 
118 groundwater basins corresponding to the Russian River and Dry Creek were excluded from 
the PTRA.  The groundwater basin boundaries were adjusted to exclude areas where the basins 
included significant drainage areas associated with tributary streams rather than their flow-
regulated main-stems (Figure 10).  
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Summary 
The final PTRA covers ~313 square miles (19% of the county) with stream buffer areas accounting 
for ~25 square miles and subwatersheds accounting for ~288 square miles (Figure 10).  Areas 
within the PTRA with stream buffers include the South Fork Gualala River watershed, the Adobe, 
Austin, Bidwell, Crocker, Freezeout, Gill, Jenner Gulch, Pena, Sausal, and Willow Creek 
watersheds, and portions of the Maacama and Salmon Creek watersheds.  Areas where the entire 
subwatershed was included within the PTRA include the Atascadero, Crane, Dutch Bill, Gird, 
Green Valley, Mark West, Mill, Miller, and Wine Creek watersheds, watersheds in the northern 
portion of the Santa Rosa Plain, upper Salmon Creek watershed, large portions of the upper and 
middle Sonoma Creek watershed, and the northeastern portion of the Petaluma River watershed 
(Figure 9). 

As with any approach to delineating the PTRA, there are uncertainties and limitations associated 
with the adopted approach.  As new data and model predictions become available it is 
recommended that the methodology and analysis be improved and updated over time.  In 
particular, water use metering requirements associated with the new well ordinance would 
provide valuable data with which to refine estimates of existing groundwater pumping.  New 
USGS numerical modeling of the Russian River basin is also underway which will provide refined 
estimates of groundwater recharge and additional estimates of existing streamflow depletion.  
By periodically refining the approach and analysis used to delineate the PTRA, it is expected that 
more accurate predictions and mapping can be developed and uncertainty can be reduced over 
time.    
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Figure 10. Public Trust Review Area for Sonoma County. 
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