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EXECUTIVE SUMMARY 
 

According to the IPCC, anthropogenic greenhouse CO2 is most likely 
responsible for recent global warming.  

 
California’s coastal and sea grass wetlands sequester large amounts of CO2-- 

between 9 and 35 metric tons/acre/year over 2.9million acres of salt marsh, riverine and 
upland wetlands, for totals of 26.1million to 101.5 million tons sequestered CO2. 
 

The 1972 Federal Clean Water Act required the implementation federal and state 
regulations and boards to ensure that there would be "no net loss of wetlands." 

 
Under the Federal Clean Water Act and the California Porter-Cologne Act, the 

State Water Resources Control Board and its Regional Boards have the duty to review 
proposed development or discharge projects which require Section 401 Certifications 
(permits) to insure that there is "no net loss of wetlands."  If a jurisdictional wetland is 
affected or impacted by the proposed development, the Water Board is required to 
compel the developer to provide a "compensatory mitigation wetland," either onsite or at 
an agreed offsite location.  

  
The Water Board enforces the "no net loss of wetlands" requirement by simply 

ensuring that the acreage of the compensatory wetland equals or marginally exceeds 
the acreage of the impacted wetland, while largely ignoring the post-construction health  
of mitigation wetland functions. 

 
Professor Richard Ambrose of UCLA performed two studies of California 

compensatory wetlands in the 2000s, including one report commissioned by the State 
Water Resources Control Board.  His first survey in Orange County found that 75-86% 
of as-built compensatory wetlands failed in at least one important function category, and 
that 25-33% of wetlands in the second statewide study fell below par for wetlands 
standards. In a 2015 summary report based on his studies of California’s compensatory 
mitigation wetlands, Ambrose concluded that 81% of the files studied displayed “Sub-
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Optimal, Marginal or Poor” conditions, while only 19% displayed “Optimal” conditions 
compared to Reference Site wetlands data.1  

 
This Capstone project began in an effort to standardize permit conditions and to 

objectify evaluation standards for post-construction mitigation wetlands.  Permit 
conditions in fact employed by the Region 9 Water Resources Control Board (“Water 
Board”) do address performance standards and California Rapid Assessment Method 
(CRAM) baseline and as-built scores to evaluate wetland performance functions.   

 
However, because of "workload", Region 9 Water Board staff has largely failed to 

review post-construction evaluation reports for mitigation wetlands. 
 
Applying the Ambrose failure percentage to un-reviewed post completion reports 

since 2014 (when the Water Board required electronic submission of reports), shows 
that California has effectively experienced a net loss of wetlands due to the percentage 
failure of the mitigation wetlands functions discovered in the Ambrose studies. 

 
This Capstone project morphed to provide both a tickler system to alert Water 

Board staff when Annual Reports are due, to send reminder letters to project developers 

                                            
1 
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that the reports are due, then to send enforcement letters if the Annual Reports are 
simply not filed by project developers.  

  
Additionally, this Capstone project created a "Top Sheet" to guide Water Board 

student interns in a preliminary review of any post-completion mitigation wetland 
reports, in order to red flag failing wetlands for more detailed review by professional 
staff.  

 
Finally, the time records kept by the Capstone project students in reviewing the 

Annual Reports and post-completion reports will offer evidence for the Region 9 Water 
Board to request additional personnel and resources from the State Board to 
accomplish a timely review of the compensatory wetland evaluation reports. 

 

SCIENCE 

The Intergovernmental Panel on Climate Change (IPCC) recently concluded that 
it is 95% certain that the increased global warming in the last 30 years is most likely due 
to the increase of anthropogenic greenhouse gas CO2 in our atmosphere2.  According 
to the late Scripps Institution of Oceanography scientist David Keeling, the Keeling 
Curve shows atmospheric CO2 has increased sharply since 1955.3  Climate scientists 

                                            
2 Total radiative forcing is positive, and has led to an uptake of energy by the climate system. The largest 
contribution to total radiative forcing is caused by the increase in the atmospheric concentration of CO2 
since 1750 (see Figure SPM.5). {3.2, Box 3.1, 8.3, 8.5}, https://www.ipcc.ch/pdf/assessment-
report/ar5/wg1/WG1AR5_SummaryVolume_FINAL.pdf p.13. 
 
3 See Keeling CO2 curve:  
https://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_SummaryVolume_FINAL.pdf p. 12.: 
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suggest immediate measures should be taken by human populations to reduce 
anthropogenic GHGs, especially carbon dioxide.4   

Coastal wetlands serve many functional purposes for our environment5, including 
sequestration of large amounts of CO26. Coastal wetlands and sea grass in California 
sequester between 9 to 35 metric tons of CO2 per acre per year.7  NOAA studies claim 
that nationwide, coastal wetlands and sea grasses sequester approximately 547 metric 
tons of CO2 equivalent per acre per year.8  California has already lost approximately 
91 percent of its wetlands due to conversion to agricultural land, and to coastal and 
riverine development for the state’s increased population.9  In 2010, California had 
2.9million acres of functional salt marsh, riverine and upland wetlands, according to a 
California Coast Keeper study.10   

Besides the CO2 sequestration and runoff water filtration functions of wetlands 
described above, in low-lying coastal areas of the states bordering the Gulf of Mexico 
and along the east coast of the United States, wetlands provide a buffer against global 
warming’s increased storm surges, such as those encountered in Hurricane Katrina in 
New Orleans and Superstorm Sandy in the New York/New Jersey/Connecticut tri-state 
area.  

LAW AND ADMINISTRATIVE POLICIES ON WETLANDS IN CALIFORNIA 

In 1972 President Nixon signed into law the Clean Water Act.11  Besides section 
401’s requirement that the country and its states limit the discharge into the "waters of 
the United States" TMDLs (total maximum daily loads) of specific substances listed in 
the administrative regulations, the second object of the law's policy, was that there be 
"no net loss, or if possible gain" of wetlands.12 This rule applies to the administration of 
                                            

4 “Stabilizing greenhouse gas concentrations in the atmosphere requires emissions reductions from 
energy production and use, transport, buildings, industry, land use, and human settlements. Land is a key 
component for the 2°C goal. Slowing deforestation and planting forests have stopped or even reversed 
the increase in emissions from land use. Through afforestation, land could be used to draw carbon 
dioxide from the atmosphere.” IPCC 2014- Synthesis Report: <http://www.un.org/climatechange/the-
science/> 
5 http://water.usgs.gov/nwsum/WSP2425/hydrology.html 
6 http://www.habitat.noaa.gov/coastalbluecarbon.html 
7 Miller, Robin L., 2011 carbon gas fluxes in Re – Established Wetlands on Organic Soils differ relative to 
plant community and hydrology, Wetlands DOI 10.1007/s13157-011-0215-2. 
8 www.habitat.noaa.gov/coastalbluecarbon.html 
9 http://geochange.er.usgs.gov/sw/impacts/hydrology/wetlands/ 
10 http://d3n8a8pro7vhmx.cloudfront.net/coastkeeper/pages/170/attachments/original/1401223161/state-
of-wetlands.pdf?1401223161   at p.6. 
11 33 U.S.C. §1251 et seq. (1972) 
12 https://en.wikipedia.org/wiki/No_net_loss_wetlands_policy. (This policy was first annunciated by the 
George H.W. Bush administration, and reinforced during the Clinton administration in 1998. By his 1993 
Executive Order W-59-92, the Governor of California adopted for the State a “no net loss and net gain” 
policy, and ordered that CA’s government programs and policies which affect wetlands be coordinated to 
ensure no overall net loss and long term net gain in the quantity, quality, and permanence of wetland 
acreage and values in a manner that fosters creativity, stewardship, and respect for private property. See, 
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section 404 Army Corps of Engineers jurisdictional decisions, and to section 401 
Certifications (permits) issued by California’s State and Regional Water Quality Control 
Boards, which are empowered by the state to administer the Clean Water Act.13   

California’s State Water Resources Control Board was created by the legislature 
in 1967. In 1970 the Porter-Cologne Act combined the State Water Rights Board with 
the State Water Resources Control Board, and created its subordinate nine Regional 
Water Quality Control Boards for the various regions of this large state14.   

The way the implemented Clean Water Act system works in California is that the 
federal Army Corps of Engineers (ACOE) delineates areas it determines are 
jurisdictional "waters of the United States" (which means any flowing or ephemeral 
tributaries that eventually drain into United States bays, rivers or ocean waters).  When 
a developer seeks to develop a property that encompasses an area designated by 
ACOE as affecting the jurisdictional waters of the United States, the Regional or State 
Water Board must evaluate the developer's plan to assure: first, that there are no point 
source discharges that exceed the listed TMDLs (total maximum daily loads) of various 
elements, compounds, materials or biotics specified in administrative regulations; and 
second, that the development will not impact or affect any wetland within those 
jurisdictional boundaries.  If a jurisdictional wetland is encompassed within the proposed 
development project, the Water Board in issuing its Section 401 Certification (permit), 
must determine whether that wetland will be affected, and if so, the developer is 
required in the 401 Certification (permit) to reestablish a “compensatory mitigation 
wetland." In practice, the developer must either create or rehabilitate a wetland within 
the boundaries of his project, make an agreement with the Water Board to create a 
compensatory mitigation wetland at some offsite location, or pay a huge in-lieu cash 
mitigation fee.   

Generally the Region 9 Water Board attempts to insure that the mitigation 
wetland is at least as large in acreage, or marginally larger than the wetland acreage 
affected by the development project.  The Region 9 Water Board apparently views this 
practice as meeting its responsibility to enforce the "no net loss of wetlands” 
requirement of the Clean Water Act. In fact, acreage size is of little import if the 
wetland’s functions are impaired or fail.   

The Water Board requires the developer to submit a "Mitigation Plan" prepared 
by professional consultants which explain the proposed physical parameters and 
functions of the compensatory mitigation wetland-- how it will be built, how its hydrology, 
biology and plant animal habitat will work, and how its other functions are projected to 
behave.  The Mitigation Plan often contains "performance standard" goals in each of the 
relevant wetlands function categories that the Mitigation Plan suggests the 
compensatory mitigation wetland will implement. So despite the Water Board’s mere 
calculation of compensatory wetland acreage as compliance with the “no net loss of 
                                                                                                                                             
<http://www.waterboards.ca.gov/water_issues/programs/cwa401/docs/wrapp2008/executive_order_w59_
93.pdf>) 
13 Ibid. 
14 http://www.waterboards.ca.gov/publications_forms/publications/factsheets/docs/region_brds.pdf 
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wetlands” doctrine, the Regional Boards’ 401 Certification (permit) requirements 
acknowledge the necessity of the mitigation wetland’s functional performance.  

The 401 Certification (permit) contains mandatory conditions required of the 
project developer.  One is that the developer must submit to the Water Board an 
"Annual Report" describing the stage of completion of the project and the stage of 
completion of the compensatory mitigation wetland.  As the project progresses, the 
Annual Reports should reflect the progress of both the development project and the 
mitigation wetland. Upon completion of the mitigation wetland, the project applicant is 
required to provide a report to the Water Board every year for 5 years after completion 
to show the wetlands health with respect to its primary functions and performance 
standards.   

Traditionally these post-completion wetland reports have been subjective reports 
prepared by the developer’s consultant, but in recent years the employment of the 
"California Rapid Assessment Method" (CRAM15) of wetland health has added to the 
objectivity of this assessment. The requirement in the 401 Certification process that a 
CRAM baseline study be done before the project is begun, and that CRAM scores be 
reported to the Water Board in each of the five annual post-completion reports, is 
designed to take the pulse of the mitigation wetland to assure that it continues to 
function properly.  By comparing wetland CRAM scores and performance functions 
before and after project completion to those proposed by the developer in his Mitigation 
Plan, the Water Board judges whether the constructed mitigation wetland is in fact 
behaving as a wetland should in terms of its multiple functions toward clean water. If the 
wetland is failing in wetland functions, the Water Board under its 401 Certification 
powers can compel the developer to correct the wetland’s shortcomings.  

Of course, this process assumes that the Water Board actually reviews the post-
completion reports on wetlands health to assure that the wetlands are performing the 
functions they are expected to perform as a contribution to clean water.  The assurance 
of wetland performance is one of the elements the Water Quality Control Boards are 
supposed to monitor on behalf of the public in their compliance with the Clean Water 
Act’s “no net loss of wetlands” requirement. So if the post-construction mitigation 
wetlands are not performing as proposed, California has in fact had a "net loss" of 
wetlands due to the failing functions of the compensatory wetlands.   

THE AMBROSE REPORTS 

In the decade of the 2000s, UCLA Professor Richard Ambrose, a PhD in 
environmental studies, undertook two field research projects to evaluate the functions of 
post-construction mitigation wetlands. The first study in 2002 focused on as-built 
mitigation wetland sites in Orange County, California16. The second study in 2007, on 
commission from the State Water Resources Control Board, was undertaken within the 
                                            
15 http://www.cramwetlands.org/; http://www.cramwetlands.org/sites/default/files/2008-
11_Calif%20CRAM%20Factsheet%20Nov10%20HiRes.pdf 
16 Sudol, M. F. Ambrose, R. F. The US Clean Water Act and habitat replacement: Evaluation of mitigation 
sites in Orange County, California, USA. Environmental Management. 2002; 30(5): 727-734. 
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jurisdictions of all nine Regional Water Resources Control Boards in California17.  The 
Orange County/southern California study showed in sum, that between 75 and 
85 percent of the constructed compensatory mitigation wetlands at time periods 
between 3 and 10 years after construction, failed in one or more of the major categories 
of wetland functions. The 2007 Statewide study concluded: "We found that permittees 
are largely following their permit conditions (although one-quarter to one third of the 
time these are not met), but the resulting compensatory mitigation projects seldom 
result in wetlands with optimal condition.”18 In a 2015 summary report based on his 
studies of California’s compensatory mitigation wetlands, Ambrose concluded that 81% 
of the files studied displayed “Sub-Optimal, Marginal or Poor” conditions, while only 
19% displayed “Optimal” conditions compared to Reference Site wetlands data.19 
 

Ambrose's major conclusions were that the failures were due to inconsistent 
permit conditions as between individual permitting agencies (individual Regional Water 
Boards and the municipalities within their jurisdiction), and the lack of any uniform 
objective standards by which to evaluate post-construction mitigation wetlands.  In both 
studies, Professor Ambrose discovered that many of the records necessary to evaluate 
a post-construction wetland-- including the Mitigation Plan, and the post-completion 
evaluation reports-- could not be located in the Water Board’s archives.   

THIS CAPSTONE PROJECT AND INVESTIGATION 

I was provided access to the Region 9 Water Board's executive director and 
various staff personnel in office meetings, under the auspices of 
Professor Henry Abarbanel, a senior physics professor at University of California San 
Diego and Scripps Institution of Oceanography, who happens at present to serve as the 
appointed Chairman of the Region 9 Water Quality Control Board20.   

The original goal of this Capstone project was to attempt to provide the Region 9 
Water Board (San Diego watershed region) with procedures to effect uniform permit 
conditions and a uniform system of evaluation for post-construction mitigation wetlands. 
The Region 9 Water Board has already installed procedures to insure 401 Certifications 
(permits) contain requirements for baseline and post-construction wetland CRAM 
studies and performance standards for comparative evaluations of wetlands health21--—
if those reports are actually reviewed by staff. 

My early meetings with staff suggested that everything was fine at the Water 
Board and all its bases were covered for issuance of Section 401 Certifications 

                                            
17http://www.waterboards.ca.gov/water_issues/programs/cwa401/docs/mitigation_finalreport_wo_app081
307.pdf 
18http://www.waterboards.ca.gov/water_issues/programs/cwa401/docs/mitigation_finalreport_wo_app081
307.pdf 
19 See footnote 1 above; Ambrose, Calloway and Lee (2007). 
20 All meetings with Region 9 Water Board staff discussed herein were conducted by the author from DEC 
2015 through May 2016. HLS Capstone Timeline of staff interviews and activities is attached hereto as 
Appendix A.  
21 Author interviews with Region 9 Water Board staff DEC 2015-MAY 2016. 



 

- 9 - 

(permits), and to evaluate Annual Reports and post-completion reports for mitigation 
wetlands.  Initially, I encountered some bureaucratic resistance from several civil 
service staff members of the Region 9 Water Board, especially those who had recently 
served as chiefs of the Enforcement Division – – those who should have reviewed and 
evaluated post-construction mitigation reports and undertaken enforcement efforts if 
those reports showed failing wetlands22.   

Eventually staff suggested that they had a problem staying on top of the post-
construction mitigation wetland reports, and Annual Reports in general, and that they 
were unsure they could find any Annual Reports or post-construction mitigation reports 
prior to 2014, at which time the Water Boards required all reports be submitted 
electronically.  

Then staff suggested that they really had no way to know if a required Annual 
Report or post-construction report had even been filed by the developer, even though 
those reports are mandatory permit conditions of 401 Certifications23.   

In response to that revelation I suggested that by utilizing computer science and 
engineering students at UCSD, we could construct for the Water Board a tickler system 
that would notify them every week which project Annual Reports were due so the staff 
could send a courtesy letter reminding the developer that the report would be due in 
60 days.  We constructed that tickler system, I drafted a reminder form letter to be sent 
to project applicants 60 days before their Annual Reports are due. Then I prepared an 
enforcement letter to be sent 30 days after the developer fails to file his Annual Report. 
The enforcement letter contains a formal Notice of Violation and asserting the potential 
penalty powers of the Water Board including daily fines of up to $10,000.0024.   

Staff initially objected to the implementation of this system on the basis that they 
already had a state computer system theoretically capable of providing tickler reminders 
(although not used by staff), so it would be unnecessary to have a separate tickler 
system.  This was after I and my student employees had already created the Excel 
spread sheet tickler system for the Water Board.   

Next, our liaison to the Water Board put us in touch with their state computer 
system ("CIWQS") on-site expert to show us how the state system could be used to 
provide these tickler functions for the mandatory reports.  That meeting showed us that 
the state computer system was "klugey"-- unwieldy and difficult to navigate if one were 
not already familiar with the dropdown menus and the organization of the program.   

                                            
22 Ibid. 
23 A list of all 82 active Region 9 Water Board sect. 401 Certifications is attached hereto as Appendix B. 
An exemplar of a recent typical Region 9 sect. 401 Certification (permit) for the Belle Terre project is 
attached here to as Appendix C. HLS memo of that 401 Certification’s 37 specific mandatory reporting 
requirement dates is attached hereto as Appendix D. 
24 The Excel spreadsheet “tickler” program, and draft form reminder and enforcement letters designed for 
Water Board staff are attached hereto as Appendices E (available from author), F and G. 
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After we crossed that hurdle we discovered that since 2014 all Annual Reports 
for the Region 9 Board were arbitrarily designated to be due on March 1 of every year, 
and that Water Board intake personnel received and sorted incoming electronic 
documents including Annual Reports, then diverted them to the responsible staff 
individual for each particular project.  It also came to our attention that often the post-
completion mitigation wetland reports were not necessarily so identified, but might arrive 
designated as an "Annual Report."   

It became obvious to us that the sorters of these electronic documents received 
by the Water Board could easily copy and direct any submitted Annual Report to a FTP 
folder for me and my students to review.  We requested that the Water Board do this 
and the Water Board staff quickly agreed to create an FTP folder outside the state 
system in which to deposit Annual Reports for our review.   

We discovered there was a substantial backlog of Annual Reports that had not 
been reviewed by Water Board staff because there was not enough staff time, or staff 
personnel, or money from the State Water Board for the Region 9 staff to perform those 
reviews.25  Since these Annual Reports would be available to us on an FTP site for 
review, we offered the students’ services to review the entire substantial backlog of 
Annual Reports of the Region 9 Water Board to cull out post-completion mitigation 
wetlands reports. The students would perform a "preliminary review" in accordance with 
a “Top Sheet26” that provided guidance what to quickly look for in the post-completion 
reports. This preliminary review would enable the Water Board’s regular student interns 
to “red flag” reports of failing or potentially failing mitigation wetlands. 

It was agreed with Water Board that as a pilot project we would evaluate all the 
Annual Reports from 2014 forward to clear the Water Board’s backlog of un-reviewed 
reports.  The Region 9 Water Board has 82 active 401 Certification (permit) projects, so 
for the three, one year periods from 2014 to 2016 there should have been at least 246 
Annual Reports in the FTP folder.  After the first upload of Annual Reports to the FTP 
folder, only 13 Annual Reports were found by the Region 9 Water Board.  That means 
there are 233 Annual Reports which are missing or misplaced.  Water Board liaison has 
directed staff to contact each of the 82 active permitees to determine whether they sent 
in their Annual Reports, whether the reports were misplaced, or whether the permittees 
simply did not file their mandatory Annual Reports.  [This state of facts contradicts the 
Water Board staff's initial assertion that they had the Annual Report receipt and review 
procedure under control.]   

 

                                            
25 Professor Ambrose, who has been dealing with the Water Boards since the early 1990s, observed that 
while in fact they are understaffed, the Water Boards’ civil service staff had been voicing the same 
excuses for 25 years, covering almost three generations of Water Board staff civil service employees. 
[Email to HLS from Prof. Ambrose to HLS 5/1/16.] 
26 The Top Sheet form was designed by the author based on discussions with and input from Prof. 
Richard Ambrose, and focuses on easy to locate information in the post-completion reports. A Top Sheet 
form is attached hereto as Appendix H. 



 

- 11 - 

WHERE THE CAPSTONE PROJECT STANDS NOW 

Assuming the Water Board is able to find the missing 233 reports, my students 
and I should be able to eliminate the backlog of un-reviewed Annual Reports, and more 
specifically to identify and review the post-construction mitigation wetlands evaluation 
reports in order to red flag any wetlands that may be failing or on the verge of failing.  I 
have made arrangements with UCSD and the engineering and computer science 
students to fund the project till September 18, 2016-- assuming more Annual Reports 
are found—in order to complete the parsing of the backlog of Annual Reports and to 
review the post-completion mitigation wetland evaluation reports.   

 

CONCLUSIONS AND DELIVERABLES 

1. The startling aspect of these discoveries is that the Water Board staff had 
reported to us they typically receive 110 applications for 401 Certifications (permits) 
every calendar year. But even assuming only 82 active 401 Certifications per year, 
applying that number to Ambrose’s Orange County report of 75 to 85 percent of post-
construction wetlands failing in some major function category, or his statewide report of 
25-33% permit conditions not being met by 401 Certification permittees, or 81% of the 
studied wetlands being “Sub-Optimal, Marginal or Poor,” California has effectively lost 
wetlands functions over the last 25 years. This loss contradicts the Clean Water Act’s 
and California’s executive order imperatives of “no net loss of wetlands.” 

2. If the Region 9 Water Board is able to locate or compel filing of the missing 
Annual Reports, and we are able to review the backlog to red flag potentially failing 
wetlands, in the future the Water Board could employ our spreadsheet tickler system 
and preliminary review Top Sheets to tell them when Annual Reports are due, prepare a 
reminder form letter to developers 60 days before the report is due, then follow up with 
a strong enforcement letter 30 days after the due date if the Annual Report is not filed.  
Our system should be self-tending with student intern manpower, which the Water 
Board has regularly available each year. The student interns could manage the tickler 
system and form letters, perform preliminary reviews, and a top sheet evaluation27 of 

                                            
27 The Top Sheet works! Our top sheet evaluation of the Skyridge project report (below), one of the 13 
project reports produced by the WB, shows that our top sheet preliminary review works. It shows four of 
the project’s Physical Structure CRAM scores falling below 63% in all four Assessment Areas, and "Not 
Met" and "Unassessed" check marks for the Flora 1 and Flora 3 performance standards. That means an 
intern would red flag this project for referral to a professional Water Board staff member for further inquiry 
and review.  
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any post-construction wetlands mitigation reports that are filed on their watch.  Our 
system, if allowed to be implemented, should take care of the problem of post-
construction wetlands reports being ignored by the Region 9 Water Board, and possibly 
serve as a template for the other Regional Water Boards that are likely experiencing the 
same problem. 
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3. In the unlikely event that it takes an excessive amount of time to parse out, 
then preliminarily review the post-completion wetland reports, the time records kept by 
my student employees to perform the reviews will serve as support for the Region 9 
Water Board to request additional personnel to accomplish these important reviews and 
to assure “no net loss” of wetland functions in California. 

 







































































































































Annual Report Due Date
"Tickler" Program is Available by Email to hlserra@gmail.com
























