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Reference Table for Recurring Acronyms & Recurring Terms Used in this TMDL Report
(the hyperlinks will take you to a webpage with more information about the acronym or the term)

Agricultural Supply — Uses of water for farming, horticulture, or ranching including but not limited to irrigation, stock

AGR - . .
watering, or support of vegetation for range grazing.

Provisions of federal and state law that require that wherever the existing quality of water is better than the quality
anti-degradation | of water established by water quality objectives, such existing water quality shall be maintained unless otherwise
provided by the provisions of the state anti-degradation policy (see Basin Plan section 11.A.)

Basin Plan Water Quality Control Plan for the Central Coastal Basin.

As used herein, “biostimulation” refers to a state of excess growth of algae due to anthropogenic nutrient inputs
biostimulation into an aquatic system. Biostimulation is characterized by a number of other factors in addition to nitrogen and
phosphorus inputs; for example, dissolved oxygen levels, chlorophyll a, sunlight availability, and pHA'B.

Legally designated uses of waters of the state that may be protected against water quality degradation including,
but not limited to, drinking water supply, agricultural supply, aquatic habitat.

beneficial uses

CDFW California Department of Fish and Wildlife

Cold Freshwater Habitat — Uses of surface waters that support cold water ecosystems including, but not limited to,
preservation or enhancement of aquatic habitats, vegetation, fish, or wildlife including invertebrates.

COLD

Groundwater Recharge —Uses of surface waters for natural or artificial recharge of groundwater for purposes of

GWR future extraction and maintenance of water quality.
HUC Hydrologic unit code
MS4 Municipal separate storm sewer systems
MUN Municipal and Domestic Supply — Uses of water for community, military, or individual water supply systems,
including but not limited to drinking water supply.
NHDplus National hydrography dataset plus
NO3 or NO3-N nitrate or nitrate as nitrogen
NPDES National pollutant discharge elimination system
OWTS Onsite wastewater treatment systems
STEPL Spreadsheet tool for estimating pollutant load
TMDL Total maximum daily load
USEPA United States Environmental Protection Agency
Warm Freshwater Habitat — Uses of surface waters that support water ecosystems including, but not limited to,
WARM - . . 8 8 A >
preservation or enhancement of aquatic habitats, vegetation, fish, or wildlife including invertebrates.
WBD Watershed boundary dataset

A See: U.S. Fish and Wildlife Service, 2011. 5-Year Review, Summary and Evaluation: Rorippa gambellii [Nasturtieum gambelli] (Gambel's
watercress). September 2011, Ventura Fish and Wildlife Office.

® The term “eutrophication” has often been considered to be synonymous or interchangeable with the term “biostimulation”. California central
coast researchers have noted that the word “eutrophication” is problematic because it lacks scientific specificity. These researchers
recommend that the regional water quality control boards not use the word (see Rollins, Los Huertos, Krone-Davis, and Ritz, 2012, Algae
Biomonitoring and Assessment for Streams and Rivers of California’s Central Coast)



http://www.waterboards.ca.gov/sanfranciscobay/water_issues/programs/planningtmdls/basinplan/web/bp_ch2.shtml#2.1.1
http://www.waterboards.ca.gov/centralcoast/publications_forms/publications/basin_plan/docs/basin_plan_2011.pdf
http://www.waterboards.ca.gov/centralcoast/publications_forms/publications/basin_plan/docs/basin_plan_2011.pdf
http://oceanservice.noaa.gov/education/kits/estuaries/media/supp_estuar09b_eutro.html
http://www.waterboards.ca.gov/sanfranciscobay/water_issues/programs/planningtmdls/basinplan/web/bp_ch2.shtml
https://www.wildlife.ca.gov/
http://www.waterboards.ca.gov/sanfranciscobay/water_issues/programs/planningtmdls/basinplan/web/bp_ch2.shtml#2.1.3
http://www.waterboards.ca.gov/sanfranciscobay/water_issues/programs/planningtmdls/basinplan/web/bp_ch2.shtml#2.1.7
http://water.usgs.gov/GIS/huc.html
http://water.epa.gov/polwaste/npdes/stormwater/Municipal-Separate-Storm-Sewer-System-MS4-Main-Page.cfm
http://www.waterboards.ca.gov/sanfranciscobay/water_issues/programs/planningtmdls/basinplan/web/bp_ch2.shtml#2.1.11
http://www.horizon-systems.com/nhdplus/
http://water.epa.gov/type/rsl/monitoring/vms57.cfm
http://water.epa.gov/polwaste/npdes/stormwater/Municipal-Separate-Storm-Sewer-System-MS4-Main-Page.cfm
http://www.waterboards.ca.gov/centralcoast/water_issues/programs/septics/index.shtml
http://it.tetratech-ffx.com/steplweb/models$docs.htm
http://www.swrcb.ca.gov/rwqcb3/water_issues/programs/tmdl/definitions.shtml#tmdl
http://www.epa.gov/
http://www.waterboards.ca.gov/sanfranciscobay/water_issues/programs/planningtmdls/basinplan/web/bp_ch2.shtml#2.1.19
http://nhd.usgs.gov/wbd.html

CONTENTS

CONEENES ettt et i i e ettt et ettt e e e e e [
B QU S ittt e i etee i iireiiere i ee ittt et et e e v
=10 [ PP PPPPPPPPPTT Xil
1 TMDL REPOIM SUMMAIY ..ttt ettt ettt ettt ettt ettt ettt i e e e et et 1
N 111 0T [T 4o o PP 3
2.1 Clean Water ACt SECHON 30B(A) ..vvuuuiieeiiiiiiiiieis e e e e e e e e e e et e e e e e e e e araa e e eeaeas 3
2.2 Pollutants Addressed & Their Environmental Impacts ...........cooiiiiiiiiiiiii e 4
2.3 Updating & Replacement of the 2005 Pajaro River Nitrate TMDL ........cccooeviiiiiiiiiiiiieeeeeeeiiiinnn. 6
2.4 A Note on Spatial Datasets & Scientific Certainty ............coovveiiiiiii i 6

I 1Y o = = 1S3 [ IR = 11 T PP 7
3.1 Informational BaCKQIOUNG............coouiiiiiii e e e e e e e e et r s e e e e e e e aaaaa s 7
3.2 TMDL Project Area & Watershed Delineation .............cooiieiiiiiiiiiiiii e 8
3.3 Land USE & LANG COVEI .....ueenii ettt e e e e e e e e et e e e e e e e e eeanan e e e eeaeeeennnes 14
3.4 [ 1Y [ (0] [0 T ) 21
3.5 LCT=To] 4T ] ] o] (o o | 31
3.6 Nutrient Ecoregions & Reference CoNditioNS............oovi i 35
3.7 Climate & AtMOSPhEriC DEPOSILION .......cooiiiiiiiii e e e e 45
3.8 Vegetation & Riparian Tre€ CanOPY ...ccooeeeeiiiiieeeeeee e 50
3.9 LT (o T0] 0 1LY (T P 56

G 700 0 o1 [ o ) 78
3.11  SOIils & Stream SUDSIIAIES .........uui e e 97
312 Fish & WIldIIfe ..o 105
3.13 Coastal Receiving Waters & Downstream IMpPactS.......cccoooeeeiiiiiiiiiiiiiee e 121

4 Water Quality StanNdards .......ooeeeeeeei it e e et e e it e e et e e i eeaareeeeees 127
4.1 BT Ty o = L U S 127
4.1.1 Municipal & Domestic Water SUpply (MUN) ... e 129
4.1.2 Ground Water ReCharge (GWR) .......oiiiiiiieiiiiiie e e e e e e e s e e e e e e eaaaa s 129
4.1.3 Agricultural SUPPIY (AGR) ... e e e e 130
4.1.4 Aquatic Habitat (WARM, COLD, MIGR, SPWN, WILD, BIOL, RARE, EST)......ccccccccuvrrunnnnns 131
4.1.5 Water Contact Recreation (REC-1) .......ccoouiiiiiiiii et e e e e e eeaaaa s 132

4.2 Water Quality ObJectives & CHEEIIA ......coeeeeee e 133
4.3 Anti-degradation POICY ...........cooi e e e 134
4.4 California Clean Water Act Section 303(d) Listing POlCY .........coourueiiiiiiiiiii e 136
4.4.1 Clean Water Act Section 303(d) Listings in Pajaro River Basin ...............cccuevviiiiiiiiiiiiinnnnn. 137

5 Water Quality Data AN@IYSIS .. uuuuueu it i e ettt et ettt ettt et e e ieeaareeeeees 140
5.1 Nitrogen & Phosphorus Analytical Reporting Convention .............cccoevuieiiiieeeeceeiieieeeeeeeeeens 140
5.2 Water Quality Data Sources & MONItOrNNG SItES.......coiiiiiiiiiiiiies e 142
5.3 General Water Quality Types in Streams of the Pajaro River Basin...........cccccceevveeeereieinnnnnnn. 147
5.4 Water Quality Spatial TreNAS........cooveiiiiii e e e e e e e e e e e e eaaane 149
5.5 Water Quality TEMPOral TrENUS ... ..oooeiiiiii e e e e e e e e e e e e e enanes 163
5.6 Water Quality Seasonal TreNAS ........couuuuuiiiii e e e e e e e e e eeeeees 173
5.7 Water Quality FIoOw-based Trends ...........ooo oo 181
5.8 Diel Water QUAIITY DATA ..........ooiiiiiiiiiiiiieeee ettt baansbeennnes 186




1o

(BN

[e¢)

5.9 Microcystin Water QUality Datal............uuiiiiiiiiiiiiiiii e e e e e e e e e eaaene 192

5.10 Data Assessment of Potential for GWR IMPairmentsS..........coooiiiiiiiii i 194
5.11 Summary Water Quality STAatiSHICS .......couurmiiiieeiie e e 199
5.11.1 Statistical Summary of 1998-2013 Monitoring Data ............cceevieeieiiiiiiiiiiie e 199
5.12 Photo Documentation of BIOStIMUIALION ........cooeiiiiiiiiiiii e 237
5.13 Factors Limiting the Risk of Biostimulation..................ooiiiiiiiii e 243
5.13.1 Total Nitrogen / Total Phosphorus Ratios (Limiting NULFHent) ................eeeveeiiiiiiiiiniii. 243
5.13.2 Sunlight Availability (Turbidity & CanOPY) .......eveeerrrriiiiiiiiiiiiiiiiiiiiiiiieireeeiieeee e 243
5.13.3 Stream FIOW & AETALION. ........uuiieiieieeiieieeeeeeieieeeeeeeeeeeeeeeeeeeeeeeeaaeeaeseseeesssssssssssssssnssnnnnnnnnnnnnns 244
5.14  DOWNSIIEAM IMPACES ... .cuuiiiiiieiii e e e e e e e e e et e e et e e et e e et s eetn e e et e eernaenes 245
5.15 Assessment of Biostimulatory Impairments ... 245
5.16 Maps & Summaries of Nutrient-Related Stream Impairments...........cccccoooviiiiiiiiiin e, 258
5.16.1 Map of Nitrate Impairments of Human Health Standard.................cccccoiiiiii i, 258
5.16.2 Map of Un-ionized AmMmonia IMPaIMMENTS ...........uuuriiiieiiiiiiiiiiiiiiiiieiirieeeeseeeeieeeeeereeeeeeeeeeeee 259
5.16.3 Map of Nitrate Impairments of Agricultural Supply Guideling ................uvvviiiiiiiiiiiiiiiiiiinnn. 260
5.16.4 Map of Nitrate Impairments of Designated Groundwater Recharge Use..........cccccccceee...... 261
5.16.5 Map of Biostimulatory Impairments (nutrients, chlorophyll-a, microcystins & low DO)........ 262
5.16.6 Map of Assessed High Quality Waters (anti-degradation iSSUES)..............euuveeerrmmeviiinninnnnns 263
5.16.7 Tabular Summaries of All Identified IMPaIrMENtS............c.viiiiiieiii e 264
5.17  Problem StatemeNnt.........cooe i 270
Water Quality NUMEriC TargetsS ..ooouueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ettt eeeeee 270
6.1 Target for Nitrate (Human Health Standard) ... 270
6.2 Target for Un-ionized AMMONIAL..........oovvuiiiiii e e e e e e e e e e e e e e eeaes 270
6.3 Targets for Biostimulatory Substances (Nitrate and Orthophosphate)............cccooooevvviviiinnnnnn. 270
6.3.1 Background INFOMALION ..........coooiiiiiiiiii et e e e e e e e et e e e e eaeeeenees 278
6.3.2 Nutrient Numeric ENdpoint ANAIYSIS .......oiiiiiiieiiiiiie e eeeeeeeees 281
6.4 Targets for Nutrient-Response INAICALOIS ..........ccoivviiiiiii i 281
6.4.1 DiISSOIVEA OXYGEN ...ttt e e e e e e et et e e e e et e e eett e e e e eeeeeeaeann e e e eeeeeennnnns 282
LS A @1 g1 (o o] o] 0}/ = PR 283
O B 1V [Tox o 0 A= 1] £ £ 284
SOUICE ANAIYSIS ..oiieeeeei ettt ettt ettt e et e et e e e eeeeeeeeees 284
7.1 Introduction: Source Assessment Using STEPL Model ..........cccoooooiiiiiiiiiiii e 284
7.2 Urban Runoff (Municipal StOMWALET) ..........couuiiiiiii e e e 286
7.3 Industrial & CONSrUCHION STOMWALEY ........coeeiiiieeiiiei e e e e e e e e e e eeeees 291
7.4 Wastewater Treatment FaCIlti®S..........uuu i e e e e 296
7.5 GOIT  COUISES ...ttt s 304
7.6 L1 o] o] =1 o T 307
7.7 Grazing Lands & LIVESIOCK WASTE .......ccoiiiiiiiiiii e 315
7.8 Woodlands & Undeveloped Ar aS .........coovvvi i 319
7.9 Onsite Wastewater TreatmMent SYSTEMIS........uuiiiiiiiiiiiiiiiiiiiiieieeieeeeeeee e 319
7.10  ShalloW GrOUNGWALET .......coiieeeiiiei et e e e e et e e e e e e e e e e et e e e e e e eeeeeeanaeeeeeens 322
7.11 Direct AtMOSPNEriC DEPOSITION.......ccei i 322
7.12  SUMMATY OF SOUICES ... 323
7.12.1 Comparison of Source Analysis with Previous Studi€s..........cccoooeeiiiiiiiiiiiiieeee e, 327
7.12.2 Supporting Lines of Evidence from Geochemical Research ...........cccccovvieiiiiiiiiiiiieen e, 328
7.12.3 Comparison of Source Analysis to Export Coefficient Model ReSults.................evvviiiivinnnne 329
7.12.4 Comparison of Predicted Loads to Observed Loads..........ccccceeiiieiiiiiiiiiiiineeeeeceeeveee e 330
Total Maximum Daily Loads and AlOCAtIONS .......oveeeeeniiii ittt st et i e e s i e e e e eeeeeeennn, 332
8.1 Existing Loading & LOAding Capacity..........ccceviuuiiiiiiiieeeieiiiiiee e e e e et e e e e e e ennnes 332



[<e)

8.2 LIiNKAGE ANAIYSIS. ... .ccciieeeeiiiee et e e e e e et e e e e aaaaa 336

8.3 I I | o Tox= 1 o o 337
8.3.1 SUMMAIY OFf TIMDLS ...ttt e ettt e e e e et e e ettt e e e e e e e e e eeaean e e eeeeeeennnnns 338
8.3.2 SUMMArY Of AlIOCALIONS .....uuuii i eee e e e e e e e e e e s e e e e e eaaeaeaaaeaeeeannnes 339
8.3.3 Antidegradation REQUINEIMENTS ..........uuiiiiiiiiiiiiiiiiiiiiiiiebbeb bbb aeeeeeeeneene 348
8.3.1 Alternative Pollutant Load Expressions to Facilitate Implementation ................ccccccceeeeioe. 349

8.4 Margin Of SAfELY ....cooeeieeeee 350

8.5 Critical Conditions & Seasonal Variation...........c...ceeviieuiiiiiiii e e e e e e 351
Implementation Strategy: Recommended Actions to Correct the 303(d)-Listed Impairments ....... 351

9.1 [ oo (8o 1 o] o FO PRSP P PP PPPPPPPRPPPRTN 351

9.2 Legal & Regulatory FrameWorkK ... i e e eaaees 351
9.2.1 Controllable Water Quality CONAItIONS ........cooiiiiiiiiiie e e e e eeeees 352
9.2.2 Manner Of COMPLIBNCE ........uiiie e e e e e et e e e e e e e e aaata e e e e eeeeanrnnes 352
9.2.3 Anti-degradation POlICIES .........ice i e et e e e e e e e e e e aaraae 352
9.2.4 Point Sources (NPDES-permitted entitieS) .......c.uuuiiiiieerieiiiiee e e e 354
O.2.5 NONPOINT SOUICES ......eeeeeeetetittiteeeaeateeeteeeeeeeee e e bbb e e e bbb 355

9.3 Implementation for Discharges from Irrigated Lands...........cooooviiiiiii, 356
9.3.1 IMPIEMENLING PAITIES.....co et e e ettt e e e e e e eeaea e e e e e eeeennnnns 356
9.3.2 Priority Areas & Priority POHULANT.............coiiiiii e e e e e e 356
9.3.3 Determining Progress & Attainment of Load AllOCAtIONS..............uvuvviiiiiiiiiiiiiiiiiiiiiiiinnnes 358

9.4 Implementation for Discharges from MS4 Stormwater Entities ............cccvveeeeiieiiiiiiiiieeeneeee, 359
9.4.1 IMPpIEeMENLING PaArtiES.....couuuiii et e e e e e e e e e et e e e e e e aeearaaes 360
9.4.1 Priority Areas and Priority POIULANT ............eeiieiiiiiiiiiiiiiiiiiiiii e eeeeeeeeeeeeeeee 360
9.4.2 IMPIEMENTATION ACHONS ....eeeeieeieeeeeeeieeeeeeeeeee et 360
9.4.3 Determining Progress & Attainment of Waste Load Allocations...........ccccceeeeeiiiiiiiiiieenneeee, 362

9.5 Implementation for Industrial & Construction Stormwater Discharges.............cccevvvvviveeeeenn... 363

9.6 Implementation for Municipal Wastewater Treatment Facilities...............cccoeeeeeeeieeee, 363

9.7 Implementation for Livestock & Domestic ANIMAlS............ooovviiiiiiiieiiiecee e, 365

9.8 Implementation for Public & Private GOIf COUISES ........ccoiiiiiiiiiiiiiieeeieecee e 365

9.9 Potential Management MEASUIES ..........ooiiiiiiiiiiiiiiiiii ettt enennennnnee 366
9.9.1 Potential Management Measures for Agricultural SOUICES ................uuueuiiiiiminiieiiiiiiiiiniiinnnns 366
9.9.2 Potential Management Measures for Urban SOUICES.............uceiiiiieiiiiiiiiiiie e 367

9.10 Recommended Water Quality MONITOING .......cooveiiiieeeee e 368

9.11 Timeline & Milestones for TMDL Implementation.............cooooeeeiieiiieeee e 369

9.12 How We Will Evaluate TMDL Implementation Progress.........oovvvuuieeiieeeeieeeiiiieeee e eeeeeevvviens 371

9.13 Optional Special Studies & Reconsideration of the TMDLS...........cccoooeeiiiiiiiiiiiiieeeceeeinn, 372

9.14 TMDL Achievement & Future Delisting DECISIONS..........cooveieiiiiiee e 373
9.14.1 An Important Note about Nutrient Water Quality Targets & Allocations..............ccccccceeenee... 373

9.15 Success Stories, Case Studies, & Existing Implementation Efforts..........cccccccceeiiiiiiiinininnnnnn. 374
9.15.1 Pajaro River Basin Irrigation & Nutrient Management Grant Program ...............ccccceeveeeeeee 374
9.15.2 Environmental & Water Quality Improvements, Watsonville Slough Subwatershed........... 374
9.15.3 Reducing Nutrient Loading From Vegetable Production (Field TrialS)...........cccoevvviienniceee. 375
9.15.4 Integrated Regional Water Management Plan ...........c..oouiiiiiieeiiiiiee e 375
9.15.5 Pajaro Valley Water Management Agency Irrigation Efficiency Webpage.........ccccccceee... 376
9.15.6 Santa Clara Valley Water District Fertilizer Management Fact Sheets.............cccccceeeeeie. 376
9.15.7 Pajaro Valley Community Water DIialogUe ...........coiiiiiiiiiiiiiiie e 376
9.15.8 California Farm Water Success Stories (PacifiC INSHIULE) ............uuvvvviiiiiiiiiiiiiiiiiiiiiiiinnens 376

LS IR T O o 1] A T 1 = 377
1S IR K 0t = = Vo ST 377
9.16.2 Cost Estimates for Irrigated AQICUITUIE ...........uviiiiiieiiiiiiiiiiieiiieiieieeieeeeee bbb 377
9.16.3 Cost Estimates of BMPS for MS4 ENtItI@S .........uuuiiii i e e e eenees 381



LS I I A S T TU | o =T o) 0 T [ Vo 383

9.17.1 Regional Conservation Partnership Program (2014 Federal Farm Bill).............cccccccooooo. 383
9.17.2 State Water Resources Control Board - 319(h) Grant Program ............ccccevveeevieeiiiiiinnneeennn. 383
9.17.3 Agricultural Water Quality Grant PrOogram............coiieeeriieiiiiiiiseeeeeeeiies e e e e e eeeesvinn e e eeaeeennes 384
9.17.4 Proposition 1 (2014 Water BONG)..........uuuuuiiiiiiiiiiiiiiiiiiiiiiiieiessisiieisseesesesesseeseeeesnesnenneeeeeeeee 384
9.17.5 Other Sources of Funding for Growers and LandOWNErS ............coovveiiiiiiinieeieeeiiie e 384
A ¥ o [ og =V (o T = 11T o 384
7.1 Public Meetings & Stakeholder Engagement ... 384
REIEIENCES ...ttt 386
Appendices

Appendix A — Water Quality Data

Appendix B — Nutrient Target Development

Appendix C — STEPL Spreadsheets

Appendix D — Alternative Pollutant Load Expressions to Facilitate Implementation of Concentration-
based Allocations

FIGURES

Figure 3-1. Biostimulation (excessive aquatic plant growth) can result from a combination of contributing
factors. The consequences of biostimulation may include a cascade of adverse environmental impacts

(figure loosely based on an undated powerpoint slide by K. Worcester, Central Coast Water Board). ..... 8
Figure 3-2. TMDL Project area — the Pajaro RiVer Dasin. ... 9
Figure 3-3. subbasins and watersheds nested within the Pajaro River basin. .............ccccccooiiiiiis 11

Figure 3-4. Map of subwatersheds (HUC-12 delineations) with numeric identifiers located within the
Pajaro River basin. The subwatershed names with their associated numeric identifiers are tabulated in

L= o 10 T RSP 13
Figure 3-5. Historical ecology and landscape conditions of the southern Santa Clara Valley prior to
Euro-American MOIfICALION. ..........oiiiiiiiii e e e et e e et r e e e e bt e e e e e e eera 15
Figure 3-6. Land use — land cover of the Pajaro River basin (year 2010). .........cccceeeiieeiiiiiiiiiiieeeeeeeeeiiees 17

Figure 3-7. Human footprint map (refer back to Figure 3-4 and Table 3-3 for subwatershed names). ... 20
Figure 3-8. Generalized hydrography of the Pajaro River basin: major streams, generalized hydrologic
flow conditions, major lakes, estuaries, reported cold water springs and reported geothermal springs... 22
Figure 3-9. Estimated mean annual discharge in streams of the northern Pajaro River basin on the basis
of stream gage data and NHDplus flow estimates; units=cubic feet/Sec,............cccvvrriiiiiiiieiiiieee e, 25
Figure 3-10. Box plot of instantaenous flow field measurements at select stream locations in the Pajaro
River basin (units=log10 cubic ft. sec™). This box plot is derived from flow data presented in Table 3-11.

.............................................................................................................................................................. 26
Figure 3-11. Generalized stream classifications in the northern and central Pajaro River basin on the
basis of NHDplus flow line attributes and Cooperative Monitoring Program field observations............... 28
Figure 3-12. Estimated percentage of stream reach length which is adjacent to cropland...................... 29
Figure 3-13. Estimated percentage of stream reach length which is adjacent to urban land................... 29
Figure 3-14. Estimated percentage of stream reach length which is adjacent to all natural land. ........... 30
Figure 3-15. 1992 vintage estimate of percentage of land area subject to artificial drainage practices
(ditches & tile drainage) in northern Pajaro RIVEr DASIN. ..........cvviiiiiiiiiiiiiiiiiiiiiieiiiiiieiiiie e 31
Figure 3-16. Map showing distribution of lowlands and uplands in the Pajaro River basin on the basis of
variations in 1and SIOPE (AEGIEES). ...uuuuuiii i et e e e e et e e e e e e e e e ettt e e e e e eeeeesraaas 33

Figure 3-17. Physiographic landscapes of the Pajaro River basin on the basis of Level IV ecoregions.. 34
Figure 3-18. Geomorphology of the northern Pajaro River basin, with an emphasis on lowland landforms.
.............................................................................................................................................................. 35
Figure 3-19. California Level Il NULIeNnt @COrEQIONS. ........cuuuiiiii e e e et e e e e e eaeees 36




Figure 3-20. Map illustrating early 20th century (1907-1908) river nitrate (as N) water quality in central
and southern California alluvial valley river reaches on the basis of data previously presented in Table
3-16. The locations of upland tributary and headwater stream monitoring sites from Table 3-17 are also
ol pTo) r=N=To I oT 0 {0 T= 0 0 - o T 41
Figure 3-21. Human footprint map and ecoregional stream water quality reference monitoring sites which
are plausibly representative of natural background or lightly-disturbed conditions in upland reaches.
Reference conditions stream water quality monitoring sites here are grouped on the basis of Level IV
ecoregions, refer back to Section X and Figure Y for a map of level IV ecoregions..............cccccuuvvvenennns 42
Figure 3-22. lllustration of orographic effects in the Pajaro River basin — oblique view looking southeast
across the Pajaro River basin (precipitation source data from rain gages and gridded PRISM estimates)

.............................................................................................................................................................. 46
Figure 3-23. Pajaro River basin estimated mean annual precipitation (1971-2000, source: PRISM). ..... 47
Figure 3-24. Estimated annual atmospheric deposition of nitrogen-N (units=kg/hal/year). ...................... 49

Figure 3-25. Histogram of variation in estimated statewide mean annual atmospheric nitrogen (N)
deposition (2002) based on UC-Riverside gridded spatial model of N-deposition rates. Note that average
N atmospheric deposition in the Pajaro River basin (5.41 kg/hal/yr) is substantially less than areas of the
state characterized by high average rates of N atmospheric deposition (e.g., Los Angeles Basin = 12.74

kg/ha/yr, and Santa Ana Basin = 13.32 KG/NAIYT) ...eeeeeiiiiiiiiiiiiiiiiiiiiieiie e 50
Figure 3-26. Percent tree canopy in the Pajaro River basin and vicinity. ..........ccccccoooeiii i, 52
Figure 3-27. Estimated riparian vegetation canopy cover percentages, based on 2010 California
Department of Forestry and Fire Protection’s Fire and Resource Assessment Program (FRAP). .......... 53

Figure 3-28. Map of percent tree canopy closure and illustration of 60 meter stream buffers used to
estimate riparian corridor canopy. The riparian canopy esimates are tabulated below in Table 3-25..... 55

Figure 3-29. Streams are intimately connected to the groundwater system............ccccccvvvvvviiiiiiiiiieiieenne. 58
Figure 3-30. Groundwater basins in the Pajaro River basin with regional isostatic residual gravity
anomalies color gradation OVEIIAY.............uuiiii i e e e e e e e e e e e e eees 59
Figure 3-31. Important groundwater recharge areas of the Santa Cruz County portion of the Pajaro River
basin. Note important recharge areas associated with some inland reaches of the Pajaro River. .......... 60
Figure 3-32. Minimum reported depth (cm) to a wet soil layer (shallow groundwater) in the northern parts
Of the Pajaro RIVEN DASIN. ..o et e e e e e e e e e e e et r e e e e e e e e et e eeeas 62
Figure 3-33. Photo of Pajaro River channel bottom and channel bank. ...................c 63
Figure 3-34. Photo of Miller Canal channel bottom and channel bank.............ccccccciiiiiiiii 63

Figure 3-35. Map and associated cross section elevation profile, lower Pajaro River basin near
Watsonville. The cross section profile illustrates that the Pajaro River channel is vertically incised below
the elevation of local shallow groundwater tables observed in monitoring wells, thus indicating that
shallow groundwater can locally flow into the stream channel and contribute to stream flow. ................ 64
Figure 3-36. Predicted nitrate as nitrogen concentrations in shallow, recently-recharged groundwater,
Pajaro River basin (YEar 2007)........cooi ittt 65
Figure 3-37. Estimated nitrate as N concentrations and averages in shallow groundwaters of 1) the
alluvial basin floor areas; and 2) the upland regions of the Pajaro River basin (year 2007).................... 66
Figure 3-38. Groundwater monitoring sites in California which have paired nitrate-tritium water quality
data (source U.S. Geological Survey, National Water Information System) and color-coded to illustrate

estimated relative age and groundwater type based on tritium isotope concentrations. .............cccc.eee... 69
Figure 3-39. Observed phosphorus concentrations in groundwaters of the Pajaro River basin on the
basis of National Geochemical Database datasetsS. ..........ccoiv i 72
Figure 3-40. Estimated regional average base flow indices in the Pajaro River basin, on the basis of
interpolation of reported U.S. Geological Survey stream gage data. ............ccuvvieeiieeeeiveiiiiiii e, 73
Figure 3-41. Generalized block model of a fluvial depositional system (figure credit: Utrecht University,
Department of PhysiCal GeOGIraphy). ... oo oot e e e e e e et a e e e e aeeeennnes 74

Figure 3-42. Seismic block model of alluvial deposits in the shallow subsurface of the San Joaquin
Valley, illustrating heterogeneity in subsurface hydraulic properties (figure credit: Hyndman et al., 2000).
.............................................................................................................................................................. 74



Figure 3-43. Electrical resistivity profile of buried stream channel belt & floodplain deposits in the shallow
subsurface (figure credit: JR Associates Civil Engineers — www.greatgeophysics.com/fielde). .............. 74
Figure 3-44. Excavation exposing Sacramento Valley alluvial sedimentary deposits. This exposure
illustrates a one to two meter thick surficial flood plain silt, underlain by high-permeability river channel
sands and gravels present in the shallow subsurface (photo courtesy of Dr. Ross W. Boulanger —

stratigraphic interpretation by Central Coast Water Board Staff)............ooouuiiiiiiiiiiii e 75
Figure 3-45. Map and stratigraphic interpretation of shallow subsurface (cross section X — X’) near
confluence of Pajaro River and Carnadero Creek, south of Gilroy on the basis of well log data............. 76
Figure 3-46. Estimated baseflow mean contact time in the northern Pajaro River basin......................... 77
Figure 3-47. Generalized geologic provinces of the Pajaro River basin, with gamma-ray radiometric map
overlay shown as color gradient illustrating some aspects of geologic variation in the river basin. ......... 80
Figure 3-48. Generalized geologic map of the northern and central Pajaro River basin. ....................... 81

Figure 3-49. Detailed map of geologic units and geologic materials (with associated numeric identifiers)
in the Santa Cruz County and Santa Clara Valley portions of the Pajaro River basin. Line-hatched units
indicate marine mudstones or other rock units which conceivably might have elevated amounts of
organic matter containing nitrogen compounds. A legend for the geologic units and geologic materials

and their associated numeric identifiers shown on this map is presented in Figure 3-50...........cccccvvuee.. 83
Figure 3-50. Legend for the geologic map shown previously in Figure 3-49...........ccccccviiiiiiiiiiiiiiiiiinnnn, 84
Figure 3-51. Location of reported natural oil seeps in the Pajaro River basin (Tar Springs Creek
catchment) and location of legacy (1969-70) Tar Springs Creek water quality sampling site.................. 86
Figure 3-52. Photo documentation of a natural oil seep along Tar Spring Creek, June 2000 (photo
source: California Dept. of Conservation, Division of Oil. Gas, and Geothermal Resources, 2002)........ 87

Figure 3-53. Generalized stratigraphic column for the Monterey Formation, Calif. Central Coast ranges.
Stratigraphic equivalents of the Monterey Formation occur in parts of the upland regions of the Pajaro

VL= T ] o = ] | P 89
Figure 3-54. Map of Miocene-age marine sedimentary rocks in California, and locations of US Geological
Survey phosphorus rock and sediment geochemical sampling locations. ...........cccccevviiieiie e, 91

Figure 3-55. Screen prints of R outputs for Miocene and non-Miocene geologic materials samples. ..... 92
Figure 3-56. Box and whiskers plot of phosphorus content (P,Os weight %) in select rock type samples in

the California central coastal region watersheds (sample locations: see Figure 3-54)..........cccccceeieeeeeee. 93
Figure 3-57. Map showing 1) locations of U.S. Geological Survey-reported phoshatic rocks; and 2)
reported distribution of Miocene marine sedimentary rocks. Table that details findings included........... 94

Figure 3-58. Distribution of Miocene marine strata in the northern Pajaro River basin (refer back to Table
3-3 for listing of paired subwatershed name-numeric identifiers). Field observation reporting indicates
phosphatic shales have been observed locally in Miocene marine strata of the Santa Cruz Mountains. 95
Figure 3-59. Map showing interpolated values of sediment phosphorus concentrations in the California
central coast region. The map illustrates predicted mathematical spatial trends of sediment phosphorus
concentrations interpolated at a generalized coarse regional scale between sampled sites, but does NOT

represent or imply accuracy at site-specific or localized scales. ..o, 96
Figure 3-60. Median annual Total N and Total P export for various soil textures. ............ccccceeeeeeeeieeinnnnn. 97
Figure 3-61. N and P content of sediment delivered by sheet and rill erosion. ..............ccccein. 98

Figure 3-62. Gridded surface of estimated soil total nitrogen density (g/m?),from the IGBP-DIS dataset.99
Figure 3-63. R-generated box and whiskers plot for soil total nitrogen density (g/m?) for select geographic

regions on the basis of the IGBP-DIS dataset. ..........couuiuuiiiiiiiii e 100
Figure 3-64. R-generated box and whiskers plot for soil total nitrogen (%) for select vegetative land cover
systems, on the basis of data used in Post and Mann, 1990. ...........cooiiiiiiiiii i 101
Figure 3-65. Background concentrations of phosphorus in California soils...........cccccoovviiiiiiiii . 102
Figure 3-66. Hydrologic soil groups in the Pajaro River basin. .............ceeiiiiiiiiieiiiiie e 103
Figure 3-67. Soil texture (% clay) in the Pajaro RIVEr DaSiN..........c.oovuuiiiiiie i 105
Figure 3-68. Zoogeographic provinces of California. .............oiiii i e 107
Figure 3-69. Best-known current ranges for native fish assemblages in Pajaro Basin (2012)............... 109

vi



Figure 3-70. Estimated number of native species losses (extirpations) locally by individual subwatershed

(Lol U ] (ot e (O80T S o F= 1= 1= 1 ) S 110
Figure 3-71. Fish survey sites, upper Pajaro Watershed. Survey data from Casagrande 2011 (only native
fish @are SNOWN IN PIE CRAIS). ....ii i e e e e e et r e e e e e e e eatab e e eeeeeeenes 115

Figure 3-72. Photo documentation of several native fish and turtle species observed recently in the upper
Pajaro River subbasin and/or the lower Pacheco Creek subbasin (photo credits: Joel Casagrande, 2011).

............................................................................................................................................................ 116
Figure 3-73. Reported critical habitat areas for tidewater goby in the Pajaro River estuary/Elkhorn Slough
coastal areas Of MONTEIEY BaY . .....c..cooiiiiiiiiiiiii e e e e e et e e e e e e e e et e e e e e e e e e e tbaaa e eeas 117

Figure 3-74. Known or presumed steelhead presence and habitat quality in the Pajaro River basin. ... 118
Figure 3-75. Biological richness map for rare amphibian species, Pajaro River basin & vicinity (2010).120
Figure 3-76. Photo reference of some aquatic macroinvertebrates which have been reported from field-
surveys of streams in the Pajaro RIVEr DASiN. ......couuuiiiii i e 120
Figure 3-77. Hydrologic areas of California that drain directly to major coastal estuaries and bays...... 122
Figure 3-78. Coastal confluence receiving waters of the Pajaro River basin: Monterey Bay National
Marine Sanctuary and the Pajaro River-Watsonville Slough Estuary Critical Coastal Areas (CCAS). ... 123
Figure 3-79. Globe view showing 1) estimated increase in discharges of nitrogen to coastal waters
between pre-industrial times and contemporary times by marine ecoregion (units = kg nitrogen/km?/year);
and 2) estimated nitrogen fertilizer applied to cropland (where application >20 kg/ha), by grid cell (years

1994-2001, UNILS = KG/NQ). ..ueeiiiiiiieee ettt e e e e e e e e e e e e e e e e e e et at e e e e e e e e rrareeaees 124
Figure 3-80. Map illustrating estimated annual composite chlorophyll-a concetrations for the year 2007, in
the California central COASE FEQION. ........uuuuii e e e e e e e e e e et e e e e e e e aarra e e aeeeees 125

Figure 3-81. Map highlighing coastal waters characterized by statistically significant change (% increase)
in chlorophyll-a concentrations (green-yellow-orange shades), and coastal waters characterized by no
statistically significant increases or little change (blue shades) between 1998 and 2007, California central
o T= 1= A =T o] o S 126
Figure 4-1. Soil pH conditions and pH 303(d) listed streams, Pajaro River basin. ................................ 139
Figure 5-1. Pajaro River basin stream water quality monitoring locations used in this TMDL report. .... 144
Figure 5-2. Stream water quality monitoring locations in the Pajaro Valley area, including sites in the
lower Pajaro River Subwatershed, the Watsonville Slough Subwatershed, the Corralitos Creek
Subwatershed, and the Salsipuedes Creek Subwatershed — Santa Cruz and Monterey counties........ 145
Figure 5-3. Stream water quality monitoring locations in the southern Santa Clara Valley area and San
Juan Valley area, including sites in the upper Pajaro River Watershed, the Lllagas Creek Watershed, the
Uvas Creek Watershed, the Pacheco Creek Watershed, and the Lower San Benito River Watershed —

Santa Clara and San BENITO COUNTIES. ........uuuiiii i e e e e et e e e e e e e e et a e e e e e e e eerananneeas 146
Figure 5-4. Stream and river water quality monitoring locations from the middle and upper reaches of the
San Benito River Watershed and the Tres Pinos Creek Watershed — San Benito County................... 147

Figure 5-5. General water quality types in streams of the Pajaro River basin on the basis of Stiff plots.148
Figure 5-6. (A) Surface water nitrate as N (median concentration values — mg/L); and (B) estimated total
nitrogen inputs (kg/hectare - year 2002) from fertilizer and compost, Pajaro River basin. .................... 150
Figure 5-7. (A) Surface water orthophosphate as P (median concentration values — mg/L); and (B)
estimated total phosphorus inputs (kg/hectare - year 2002) from fertilizer and compost, Pajaro River
DASIN. ettt e e e e e e e e e e e e e e e e e e aaaaas 151
Figure 5-8. Surface water nitrate as N concentrations (median value), TMDL project area, northern
ST o 0 ) o 1 152
Figure 5-9. Surface water orthophosphate as P concentrations (median value), TMDL project area,
L0 1 L= 0 ST o 1o o TR 153
Figure 5-10. Box and whiskers plot, nitrate as N water quality data for all waterbodies within the Pajaro
River basin, ordered alphabetically. For reference, the nitrate as N water quality standard for drinking
(T2 (= G TSI O 2T P 154
Figure 5-11. Box and whiskers plot, nitrate as N water quality data, Pajaro River. Sites are shown from
most downstream site to the most upstream site. The most downstream site is on the far left and the

Vii



most upstream site is on the far right. For reference, the nitrate as N water quality standard for drinking
(VL 22 L= LS O 3T 7 SRR 155
Figure 5-12. Box and whiskers plot, nitrate as N water quality data, Llagas Creek. Sites are shown from
most downstream site to the most upstream site. The most downstream site is on the far left and the
most upstream site is on the far right. For reference, the nitrate as N water quality standard for drinking
(VL= L= L= O 3T U 156
Figure 5-13. Box and whiskers plot, nitrate as N water quality data, Watsonville Slough. Sites are shown
from most downstream site to the most upstream site. The most downstream site is on the far left and
the most upstream site is on the far right. For reference, the nitrate as N water quality standard for
drinking Water IS 10 MO/L. ..oooeiiiiiiii e e e e e e e e e e e et e e e e e e e e e e et b e e e e e e e e e srraa e aaas 157
Figure 5-14. Box and whiskers plot, nitrate as N water quality data, San Juan Creek. Sites are shown
from most downstream site to the most upstream site. The most downstream site is on the far left and
the most upstream site is on the far right. For reference, the nitrate as N water quality standard for
AriNKING WALET IS 10 MO/, ...eeiiiiiiiiiitiiteiitbeeeb bbb 158
Figure 5-15. Box and whiskers plot, orthophosphate as P water quality data for all waterbodies within the
Pajaro River basin, ordered alphabetically. For reference, the orthophosphate as P guideline is 0.3 mg/L
(State of Nevada criteria for Class B and most Class A streams). Note that Green Valley Creek Tributary
had multiple values above 5 mg/L that are not shown here so as not to skew the overall scale of the
[0 =1 oo USSP 159
Figure 5-16. Box and whiskers plot, orthophosphate as P water quality data, Pajaro River. Sites are
shown from most downstream site to the most upstream site. The most downstream site is on the far left
and the most upstream site is on the far right. For reference, the orthophosphate as P guideline is 0.3
160
Figure 5-17. Box and whiskers plot, orthophosphate as P water quality data, Llagas Creek. Sites are
shown from most downstream site to the most upstream site. The most downstream site is on the far left
and the most upstream site is on the far right. For reference, the orthophosphate as P guideline is 0.3
161
Figure 5-18. Box and whiskers plot, orthophosphate as P water quality data, Watsonville Slough. Sites
are shown from most downstream site to the most upstream site. The most downstream site is on the far
left and the most upstream site is on the far right. For reference, the orthophosphate as P guideline is
162
Figure 5-19. Box and whiskers plot, orthophosphate as P water quality data, San Juan Creek. Sites are
shown from most downstream site to the most upstream site. The most downstream site is on the far left
and the most upstream site is on the far right. For reference, the orthophosphate as P guideline is 0.3

0o PP PP P TP PP PP RPPRR 163
Figure 5-20. Time series (1997-2013), nitrate as N — lower Pajaro River at Thuwatcher Bridge........... 165
Figure 5-21. Time series (2000-2013), nitrate as N — Pajaro River at Porter. ...........ccocoovvvviiiiinnneene, 165
Figure 5-22. Time series (1998-2013), nitrate as N — Pajaro River at Murphy’s Crossing..................... 166
Figure 5-23. Time series (1952-2013), nitrate as N — Pajaro River at Chittenden Gap. ............cccee....... 166
Figure 5-24. Time series (1992-2011), nitrate as N — Llagas Creek at Bloomfield Avenue. .................. 167
Figure 5-25. Time series (1994-2013), nitrate as N — Watsonville Slough at Shell Road. ..................... 168
Figure 5-26. Time series (2003-2011), nitrate as N — Lower San Juan Creek at Anzar Road............... 168
Figure 5-27. Time series (1972 — 2013), orthophosphate as P — Pajaro River at Thuwatcher Bridge... 170
Figure 5-28. Time series (2000 — 2013), orthophosphate as P - Pajaro River at Porter........................ 170
Figure 5-29. Time series (1998-2013), orthophosphate as P — Pajaro River at Murphy’s Crossing. ..... 171
Figure 5-30. Time series (1976 — 2013), orthophosphate as P — Pajaro River at Chittenden Gap........ 171
Figure 5-31. Time series (1992 — 2011), orthophosphate as P — Llagas Creek at Bloomfield Avenue.. 172
Figure 5-32. Time series (2000 — 2013), orthophosphate as P — Watsonville Slough at Shell Road..... 172
Figure 5-33. Time series (2003 — 2013), orthophosphate as P, San Juan Creek at Anzar Road. ......... 173
Figure 5-34. Box and whisker plot of nitrate as N (mg/L) values on the Pajaro River at 305THU. Values

plotted per month to show seasonal difference in nitrate values. Numbers on the x-axis correspond to
calendar months (e.g., 1 = January, 12 = DECEMDEN). .....coiiiiiiiieiiee e 174

viii



Figure 5-35. Box and whisker plot of nitrate as N (mg/L) values on the Pajaro River at 305CHI. Values
plotted per month to show seasonal difference in nitrate values. Numbers on the x-axis correspond to
calendar months (e.g., 1 = January, 12 = DECEMDEN). .....oi i i i 174
Figure 5-36. Box and whisker plot of nitrate as N (mg/L) values on Llagas Creek at 305LLA. Values
plotted per month to show seasonal difference in nitrate values. Numbers on the x-axis correspond to
calendar months (e.g., 1 = January, 12 = DECEMDEN). .....cii i i 175
Figure 5-37. Box and whisker plot of nitrate as N (mg/L) values on San Juan Creek at 305SJN. Values
plotted per month to show seasonal difference in nitrate values. Numbers on the x-axis correspond to
calendar months (e.g., 1 = January, 12 = DECEMDEL). .....ciiiiiiiiiice e 175
Figure 5-38. Box and whisker plot of nitrate as N (mg/L) values on Beach Road Ditch at BRD. Values
plotted per month to show seasonal difference in nitrate values. Numbers on the x-axis correspond to
calendar months (e.g., 1 = January, 12 = DECEMDEN). .....oiiiiiiiiiicee e 176
Figure 5-39. Box and whisker plot of orthophosphate as P (mg/L) values on the Pajaro River at 305THU.
Values plotted per month to show seasonal difference in orthophosphate values. Numbers on the x-axis
correspond to calendar months (e.g., 1 = January, 12 = December). .......c.cuceeiiiieiiiiiiiiiiee e 176
Figure 5-40. Box and whisker plot of orthophosphate as P (mg/L) values on the Pajaro River at 305CHI.
Values plotted per month to show seasonal difference in orthophosphate values. Numbers on the x-axis
correspond to calendar months (e.g., 1 = January, 12 = DeCember). .......cccuviiiieiiiiiiiiiiiiee e 177
Figure 5-41. Box and whisker plot of orthophosphate as P (mg/L) values on Llagas Creek at 305LLA.
Values plotted per month to show seasonal difference in orthophosphate values. Numbers on the x-axis
correspond to calendar months (e.g., 1 = January, 12 = December). .......c.cuuceiiiiiiiiiiiiiiiiie e 177
Figure 5-42. Box and whisker plot of orthophosphate as P (mg/L) values on Watsonville Slough at
305WAT-SHE. Values plotted per month to show seasonal difference in orthophosphate values.
Numbers on the x-axis correspond to calendar months (e.g., 1 = January, 12 = December)................ 178
Figure 5-43. Box and whisker plot of orthophosphate as P (mg/L) values on Beach Road Ditch at BRD.
Values plotted per month to show seasonal difference in orthophosphate values. Numbers on the x-axis
correspond to calendar months (e.g., 1 = January, 12 = December). .......c..veeeiieieiiiiiiiiiiee e 178
Figure 5-44. Box and whisker plot of chlorophyll-a (ug/L) values on the Pajaro River at 305THU. Values
plotted per month to show seasonal difference in chlorophyll-a values. Numbers on the x-axis
correspond to calendar months (e.g., 1 = January, 12 = December). .......co.veeeiiiieiiiiiiciiie e 179
Figure 5-45. Box and whisker plot of chlorophyll-a (ug/L) values on the Pajaro River at 305CHI. Values
plotted per month to show seasonal difference in chlorophyll-a values. Numbers on the x-axis
correspond to calendar months (e.g., 1 = January, 12 = December). Note: this boxplot omited two
samples (305.6 pg/L taken 7/28/2004 and 106.9 pg/L taken 2/6/2009) so the y-axis is a smaller scale in
order tO better VIEW the GAEASEL. .........cooiiiiiiie e e e e e e e e e e e et a e e e e e e e e eeeaan s 179
Figure 5-46. Box and whisker plot of chlorophyll-a (ug/L) values on Llagas Creek at 305LLA. Values
plotted per month to show seasonal difference in chlorophyll-a values. Numbers on the x-axis
correspond to calendar months (e.g., 1 = January, 12 = December). .......ccouuiiiiiiiiiiiiiiiiiiaee e 180
Figure 5-47. Box and whisker plot of chlorophyll-a (ug/L) values on Watsonville Slough at 305WSA.
Values plotted per month to show seasonal difference in chlorophyll-a values. Numbers on the x-axis
correspond to calendar months (e.g., 1 = January, 12 = DECEMDEN). .........uuvrvrmimiimiimiiiiiiiiiiiiiiieiiiiiiieeee 180
Figure 5-48. Box and whisker plot of chlorophyll-a (ng/L) values on San Juan Creek at 305SJN. Values
plotted per month to show seasonal difference in chlorophyll-a values. Numbers on the x-axis

correspond to calendar months (e.g., 1 = January, 12 = December). ..........cceeeiiiieiiieeiiiiiine e 181
Figure 5-49. Nitrate as N load duration curve for the Pajaro River at Chittenden. ..............cccccooeeeieeeen. 182
Figure 5-50. Orthophosphate as P load duration curve for the Pajaro River at Chittenden................... 183
Figure 5-51. Nitrate as N load duration curve for the Pajaro River at Watsonville............c..ccccooooeeienes 183
Figure 5-52. Orthophosphate as P load duration curve for the Pajaro River at Watsonville. ................. 184
Figure 5-53. Nitrate as N load duration curve for Llagas Creek near Gilroy...........ccooeeevieeiiiiiiiieeeneeenns 184
Figure 5-54. Orthophosphate a P load duration curve for Llagas Creek near Gilroy............ccccceeveeeeenn. 185
Figure 5-55. Nitrate as N load duration curve for Corralitos Creek at Freedom. ..........cccccooevviiiiiiennnnnn. 185
Figure 5-56. Orthophosphate as P load duration curve for Corralitos Creek at Freedom...................... 186



Figure 5-57. Diel dissolved oxygen (DO) data for Pajaro River at Chittenden Gap.............cccccceeeeeennn. 187
Figure 5-58. Diel dissolved oxygen (DO) data for San Benito River at Y Road...............ccooeevvviiinneen.e. 188
Figure 5-59. Diel dissolved oxygen (DO) data for Corralitos Creek at Brown Valley Road. .................. 188
Figure 5-60. Diel dissolved oxygen (DO) data for Pajaro River at Thurwatcher Road. ......................... 189
Figure 5-61. Diel dissolved oxygen (DO) data for Pajaro River at Murphy’s Crossing. .........cccccvevvee... 189
Figure 5-62. Diel dissolved oxygen (DO) data for San Juan Creek at Anzar Road. ............cccueieneeee.. 190
Figure 5-63. Diel dissolved oxygen (DO) data for Pajaro River at Highway 156. ...........ccccccvvvvivvinnnnnn. 190
Figure 5-64. Diel dissolved oxygen (DO) data for Llagas Creek at Bloomfiled Avenue......................... 191
Figure 5-65. Diel dissolved oxygen (DO) data for Miller's Canal at Frazier Lake. ............cccccvvvveeeneenen. 191
Figure 5-66. Diel dissolved oxygen (DO) data for Furlong Creek at Frazier Lake Road........................ 192
Figure 5-67. Microcystin monitoring program sites central coast region, 2011. .........ccccccvvviiiiiiininnnnnn. 193

Figure 5-68. Map of Pajaro Valley downstream of Chittenden Gap, showing important groundwater
recharge areas, and estimated nitrate as N concentrations in shallow, recently recharged groundwaters.
Groundwater recharge beneficial uses of the river are not being supported in a reach of the Pajaro River
downstream of Chittenden Gap, to upstream of the Main Street bridge at Porter Drive.............cc......... 196
Figure 5-69. Llagas Creek at Holsclaw Road below Leavesly Road, showing evidence of strongly “losing”
hyraulic conditions as indicated by the intermittent nature of flow and on the basis of recorded flow data,
in which creek waters percolate through the creek bed to the underlying groundwater resource. The
course-grained, high-permeability sand and gravel creek substrate would be expected to locally promote
rapid infiltration of creek waters into the subsurface. ... 197
Figure 5-70. Depth to first encountered groundwater and nitrate concentations in groundwater in the
Llagas Groundwater subbasin. Lower reaches of Llagas Creek — which are designated for groundwater
recharge beneficial uses — convey nitrate-polluted creek waters which locally percolate through the creek

bed to the underlying grouNAWAaLEr TESOUICE. ........ceviiiiiiiiiiiiiieieeeeeeeeeeeee et seenneneseneeennennnne 198
Figure 5-71. Location of stream biostimulation photos. ... 237
Figure 5-72. Photo documentation of biostimulation in the Pajaro River basin. ...........ccccccvvvieiiiienniinnn, 238
Figure 5-73. Nitrate impairments of designated drinking water supply (MUN) US€ES.........ccccceeeivieeriinnnns 258
Figure 5-74. Stream reaches impaired by toxicity due to un-ionized ammonia. ...........ccccccevevvrvereenennnn. 259

Figure 5-75. Nitrate impairment of designated agricultural supply (AGR) USES..........cccvvveviiiiiiiieenniennn, 260
Figure 5-76. Nitrate impairments of stream reaches designated for groundwater recharge (GWR) uses.
............................................................................................................................................................ 261
Figure 5-77. Stream reaches exhibiting biostimulatory impairments (elevated nutrients + dissolved
oxygen problems + elevated algal biomass, and including downstream nutrient impacts).................... 262
Figure 5-78. Map of assessed high quality waters, on the basis of nutrient pollution, in the Pajaro River
basin. For purposes of anti-degradation policy, “high quality waters” are defined on a constiuent-by-
constituent basis. This map illustates high quality waters on the basis of available data. It does not imply
these are the only high quality waters in the river basin, with respect to nutrient pollution. Undoubtedly,
there are other high quality stream reaches that do not currently have water quality data................... 264
Figure 6-1. Boxpolt and numerical summary of ranges of state nitrogen water quality criteria for streams
=TS0 LAY o 1 2 L ) S 272
Figure 6-2. Boxpolt and numerical summary of ranges of state phosphorus water quality criteria for

Streams (S Of APFil; 20L5). ..uuuiiiiiiii s 273
Figure 7-1. Generalized and approximate boundaries of permitted MS4 entities in the Pajaro River basin,
on the basis of shapefiles for 2010 census-designated urbanized areas and urban clusters................ 287

Figure 7-2. Box plot of total nitrogen concentrations in urban runoff from National Stormwater Quality
Database (NSQD) monitoring locations in NSQD rain zones 5,6, and 9 (arid west and southest). Raw
statistics for this dataset were previosly shown in Table 7-3. Note that the nitrate as N water quality
standard is not necessarily directly comparable to total nitrogen aqueous concentrations shown here, but
the water quality standard is shown on the graph for informational purposes. Temporal range of data is
DeC. 1978 10 JUIY 2002. ....coeeeeeiiiieiiiieiieeeeee ettt 289
Figure 7-3. Box plot of total phosphorus as P concentrations in urban runoff from National Stormwater
Quality Database (NSQD) monitoring locations in NSQD rain zones 5,6, and 9 (arid west and southest).



Raw statistics for this dataset were previously shown in Table 7-4. Temporal range of data is December
I 7 I (o T 11 1 02 0 290
Figure 7-4. California industrial and contruction stormwater permitted sites with reported nitrate water
guality results. Site specific industiral and construction stormwater runoff nutrient data for the Pajaro
River basin are not available, so statewide data are presented in this section for informational purposes
and as supporting lINes of INAIFECT EVIAENCE. ........coiiiii e 294
Figure 7-5. Boxplot of reported nitrate as N concentrations observed in California industrial and
construction stormwater sites. Site specific data for the Pajaro River basin are not available, so
statewide data are presented for informational purposes. Note the vertical axis is log concentrations, thus
log10 value of one represents a concentration of 10 mg/L nitrate at N; a log10 value of O represents a
concentration of 1 mg/L nitrate as N; a logl0 value of (negative)one represents a nitrate as N

concentration Of 0.1 MQ/L, S SO ON. ....c.oiiiiiiiiii e e ee e e e e e e e e e e e e e e e e et eeeeeeeeattaa e aeeaeeesssataanes 296
Figure 7-6. Location of muncipal wastewater treatment facilities in the Pajaro River basin. ................. 297
Figure 7-7. Location of City of Watsonville wastewater treatment facility and it's ocean discharge point.
............................................................................................................................................................ 299
Figure 7-8. Location of South County Regional Wastewater Authority wastewater treatment facility and
it's permitted Pajaro River diSCharge POINL. .......ciii e e e e e e e 300
Figure 7-9. Pajaro River flow conditions during which South County Regional Wastewater Authority is
permitted to discharged treated wastewater t0 the FfVer. ..., 301
Figure 7-10. Location of City of San Juan Bautista wastewater treatment facility and it's permitted
discharge point to an unnamed drainage AIitCN.. ...........uuuiiiiiiii 303
Figure 7-11. Golf courses in the Pajaro River basin on the basis of data available from the Geographic
Names Information SYSIEM (GNIS). ...uuuuiii i e e e e e e e e et e e e e e e eeeeaane 305

Figure 7-12. Nitrate as N water quality data from creeks in three golf courses in the California central
coast and bay area regions — Cordevalle golf course (near San Martin/Gilroy), Riverside golf course (at

Coyote Creek), and Saratoga golf course (at Prospect Creek). Sample size = 76......ccccceeeeeeeviviinnnnnnn. 306
Figure 7-13. Grower-reported frequencies of crop type—categories in the Pajaro River basin, as reported
to the Central Coast Water Board, SUMMEr 2014 ........ooi i e e e e 308
Figure 7-14. Grower—reported frequencies of specific cultivated crops in the Pajaro River basin, as
reported to the Central Coast Water Board, summer 2014..........coouuiiiiieiiiiiiiiieee e 309
Figure 7-15. Estimates of fertilizer nitrogen applied annually (kilogram, 1987-2006) in the Pajaro River
basin in urbanized areas and in farmMIand..............cooooiii e 310
Figure 7-16. Estimates of fertilizer phosphorus applied annually (kilogram, 1987-2006) in the Pajaro
River basin in urbanized areas and in farmland ... e 311
Figure 7-17. California fertilizer application rates on crops (source: USDA-NASS, 2004-2008)............ 312
Figure 7-18. Runoff event mean nutrient concentration data for municipal land use categories, Los
ANgeles and VENTUIA COUNTIES. .........uuuuiiiieeii it e e e e e e e e e e e e et e e e e e e e e e aa s e eaeaeeasstanaeaeeeeeeerenes 314

Figure 7-19. Estimated nitrogen as N concentrations in agricultural lands runoff on the basis of taking an
average of the mean runoff concentrations from two different datasets: USDA Manage dataset (9.0 mg/L
mean for vegatable crops), and SCCWRP (13.8 mg/L mean for north and central coast region). ........ 315
Figure 7-20. Average nutrient creek water quality in California rangelands based on ten years of data as
reported by the Rangeland Watershed Laboratory at University of California, Davis. Based on this
reporting, the average nitrate as N creek water quality from moderatly grazed rangelands and ungrazed
rangelands is 0.25 mg/L (figure credit: Rangeland Watershed Laboratory:
rangelandwatersheds.UCAaVIS.€AU). ... ...coii it e e e e e et e e e e e e e eeeaeen s 316
Figure 7-21. Distribution and spatial density of rural housing (housing outside census-designated urban
areas) in the Pajaro River basin on the basis of 2010 Census block data. Blue and green shades are
characaterized as “open space” (areas with zero housing units to less than one housing unit per every
ten acres); yellow and orange shades are characterized as “rural residential” areas (areas with housing

density more than one housing Unit PEr VEry teN ACIES). .......uuuuuuuruuriiiiiiiiiiiiii s 318
Figure 7-22. 1990 vintage estimates of household septic density on the basis of census block groups in
the northern Pajaro River basin (units = number of septic systems per hectare). ...........cccceevvvvieeeennn.. 320

Xi



Figure 7-23. Generalized and estimated spatial distribution of sewered areas, and areas with relatively
high densities of housing units served by septic systems within 600 feet of a stream. ......................... 321
Figure 7-24. Estimated average annual nitrogen and phosphorus source contributions (%) to streams of
the Pajaro RIVEI DASIN.......oeeiiii e e e e e e et e s e e e e e e e e et e eeeeeeeanes 325
Figure 7-25. Estimated average annual nitrogen and phosphorus source yields (pounds per acre per
year) to streams of the Pajaro River basin from various land use/land cover categories. ..................... 325
Figure 7-26. Comparison of observed mean annual nitrate as nitrogen loads in the Pajaro River at
Chittenden, to predicted mean annual nitrogen loads from two different assessment methodologies —
Central Coast Water Board 2014 STEPL assessment, and Central Coast Water Board 2005 export
coeffiient model (ECM) assessment MEthOU. ..........ooouiiiiiii i e 331
Figure 7-27. Comparison of observed mean annual phosphate as total phosphorus loads in the Pajaro
River at Chittenden to a predicted mean annual load from the Central Coast Water Board 2014 STEPL

LI STt 1 4[] | ST OO PP 332
Figure 9-1. Estimated unit BMP capital costs by design volume, flow rate, and footprint area (2008
[0 0] [ F= 1) R TP TP 382
Figure 9-2. Estimated unit BMP annual maintenance costs by design volume, flow rate, and footprint
e W 24010 Ro (o] | F=T =) RO 382
TABLES

Table 1-1. Total maximum daily [0adS SUMMANY. .......ciiiiiiieeie e e e e e e e e e e eeeeees 1
Table 3-1. Watershed heirachy used in this TMDL ProOjECt™. ..........ceoveeieieee e, 10
Table 3-2. TMDL watershed hierarchy (basins, subbasins, watersheds, and subwatersheds). .............. 11
Table 3-3. Tabular summary of Pajaro River basin subwatersheds as shown in Figure 3-4................... 13
Table 3-4. Land use-land cover categories used in this TMDL report and as defined by the California
Department of Conservation’s Farmland Mapping and Monitoring Program................cccovvvviiiiiiieeeeeennnns 16
Table 3-5. Tabulation of estimated land use/land cover in the Pajaro River basin (year 2010)............... 18
Table 3-6. Estimated land cover (year 2010)* tabulated by subwatershed (units = U.S. acres).............. 18

Table 3-7. Estimated land cover of catchment-size drainages of particular interest (units = U.S. acres). 19
Table 3-8. Tabulation of human footprint values by subwatershed on the basis of map data shown
previously in Figure 3-7 (human footprint value of 2 = landscape is undisturbed or near pristine

conditions, value of 10 = landscape is extremely modified by humans)...........cc..covvviiiiiii e, 21
Table 3-9. Flow statistics from U.S. Geological Survey stream gages in the Pajaro River basin. Flow
units = cubic feet sec™; drainage area units = square miles; BFI = base flow index. ..............cccccvvvinnnn.. 23

Table 3-10. Estimates of mean annual flow (unites=cubic ft. sec™) on the basis of NHDplus attributes.. 23
Table 3-11. Numerical summary of instantaneous flow field measurements (years 2005-2011) at select

stream locations in the Pajaro RIVEN DASIN. ..o e 25
Table 3-12. Estimated mean annual dry season flow (May 1 through Oct. 31) and numerical summary of
dry season flow ranges in select stream reaches of the Pajaro River basin (units=cubic ft. sec™).......... 27
Table 3-13. Weighted percentages of select land cover categories occurring within a 100 meter buffer of
higher order streams (source data: EMAP-WESL). .......coouiiiiiiiii e 30
Table 3-14. USEPA Reference conditions for Level Il subecoregion 6 streams. .............cccevvvvviinieeeennn. 38
Table 3-15 . USEPA Reference conditions for Level 1l subecoregion 1 streams. .........ccccceevvvviviiiiieennnn. 38
Table 3-16. Numerical summary of early 20th century (1907-1908) river nitrate (as N) water quality from
alluvial valley floor river reaches in central and southern California...........cccccooviieeiiiiiiii e, 40
Table 3-17. Numerical summary of nitrate (as N) water quality from wadeable streams in upland and
tributary reaches Of CalifOrNia . ........oiiiiiii i e e r e et e e e aa e 40
Table 3-18. Level IV ecoregional water quality reference conditions monitoring sites in lightly disturbed
reaches in and around the Pajaro River basin. Map view of monitoring sites shown in ..............cccc....... 42
Table 3-19. Numerical summaries of water quality data from reference conditions monitoring sites. ..... 43
Table 3-20. Pajaro River basin rain gage precipitation reCords. ............oouuiiiieiieeeiiiiiiie e 45

Xii




Table 3-21. Mean annual precipitation estimates within the Pajaro River basin. ..............cccvvvviieenneen, 48
Table 3-22. Estimated mean annual precipitation” within subwatersheds of the Pajaro River basin....... 48
Table 3-23. Native, nitrogen-fixing plants reported to exist in Santa Cruz and Santa Clara counties and
classified as “high” nitrogen fixers (>160 Ibs. N/acre) or “medium” nitrogen fixers (85—-160 Ibs. N/acre). 51
Table 3-24. Numerical summaries of riparian corridor shading (units = %) in streams of the Pajaro River
basin on the basis of field ODSEIVALION™. ...............ccoivie ittt ea e 54
Table 3-25. Numerical summaries of estimated percent tree canopy closure in select stream corridors
(60 meter buffer proximity to stream) of the Pajaro River basin on the basis of Landsat satellite imagery

analysis available from the National Land Cover Dataset (2001). UNitS = %0 .......ccoevvieeiiiiiiieeereeeeiiinnnn 56
Table 3-26. Measured nitrate as N concentrations and average measures of nitrate as N in shallow
groundwaters beneath U.S. urbanized areas (table — source NAWQA studies 1991-1998). .................. 66

Table 3-27. Numerical summaries of nitrate as N concentrations in various types of groundwaters in
California (nitrate as N units = mg/L). Groundwater types are differentiated on the basis of tritium

concentrations. See Figure 3-38 for a map of the sampling SIteS. ...........uuuiiiiiiii e 68
Table 3-28. Percent of samples that exceed, or are less than, the nitrate human health water quality
standard (MCL) in different groundwater types in California. ..............ccooooiiiiiiii e, 70
Table 3-29. Observed concentrations of phosphorus in groundwaters and spring waters of the Pajaro
River basin (units = mg/L) on the basis of National Geochemical Database datasets. ...............ccceeeeee. 72
Table 3-30. Estimated maximum amount of nitrogen discharged to land from natural oils seeps in Pajaro
LAY g o = T [ o 87
Table 3-31. R numerical summary for phosphorus content (P,Os weight %) reported in rock samples
collected in the California central coastal region watersheds...............oovviiiii e, 93
Table 3-32. Solil total nitrogen density statistics: Grid cell value statistics from the IGBP-DIS gridded
surface shown previously in Figure 3-62 clipped to various geographic regions. Units = g/m?................ 99
Table 3-33. Numerical summaries of United States observed soil total nitrogen (units = %) for select
vegetative land cover systems on the basis of data used in Post and Mann, 1990 ..............c..c......... 100
Table 3-34: Most frequently occurring Hydrologic Soil Groups (HSGs) in subwatersheds of the Pajaro
AV g o= | PP 104
Table 3-35. Current estimated range” of native riverine fish species in the Pajaro River basin. ........... 111
Table 3-36. Field survey observations of native and introduced fish in the Pajaro River basin. ............ 112
Table 4-1. Central Coastal Basin Plan (June 2011 edition) designated beneficial uses for Pajaro River
DASIN SUMACE WALET DOTIES. ....eviiiiiiiiiiiiiieee ettt s 128
Table 4-2. Compilation of Basin Plan water quality objectives and numeric criteria for nutrients and
LU Lo gl EeT P U= To I 0T U= g =] =] S 135
Table 4-3. . Minimum number of measured exceedances needed to place a water segment on the
10 ICT (o) I 1S (o] g (0 (0= g T 136
Table 4-4. Minimum number of measured exceedances needed to place a water segment on the 303(d)
list for conventional and other POIIULANTS. ...........oiiiiiiiiiiiiiiiiie e 137

Table 4-5. Year 2010 303(d) List of nutrient or nutrient-related impairments in the Pajaro River basin. 137
Table 5-1. lllustration of EQUIVALENT nitrate concentrations in two different analytical reporting
[oTo ] 017 o1 (o SR 141
Table 5-2. Stream and river water quality monitoring data used in this TMDL report...............cceeeeennnn. 142
Table 5-3. Tabular summary of nitrate as N concentrations temporal trends and significance at several
key stream monitoring sites in the Pajaro River basin. Graphs illustrating the time series data
summarized herein are presented in Figure 5-20 through Figure 5-26.............cccoooiiiiiiiiiiiiiininsieseeeeenn 164
Table 5-4. Tabular summary of orthophosphate as P concentrations temporal trends and significance at
several key stream monitoring sites in the Pajaro River basin. Graphs illustrating the time series data

summarized herein are presented in Figure 5-27 through Figure 5-33. ...........uuiiiiiiiiiiiiiiiiiins 169
Table 5-5. Summary of flow-based trends in pollutant loads. .............cccoeviiiiiiiic e, 182
Table 5-6. California central coast microcystin summary statistics (units = pg/L), Sept. 2011-Aug. 2012.
............................................................................................................................................................ 193

Xiii



Table 5-7. Pajaro River at Thurwatcher Rd. microcystin sampling event (units = pg/L), November 2011.

............................................................................................................................................................ 194
Table 5-8. Summary statistics for nitrate as N (units=mg/L) and exceedances of drinking water standard
in streams of the Pajaro RIVEI DASIN..........ooo e 200
Table 5-9. Pajaro River basin summary statistics for nitrate as N (units = mg/L) and exceedances of
agricultural supply water qQUAIITY CIIEEION. ........ueiiiiiiiiiii e e e e e 205
Table 5-10. Pajaro River basin summary statistics for nitrate as N (mg/L) as compared to a biostimulatory
T8 L= g ol ox (] - TR 207
Table 5-11. Pajaro River basin summary statistics for unionized ammonia as N (units = mg/L). .......... 213
Table 5-12. Pajaro River basin summary statistics for orthophosphate as P (units = mg/L).................. 214
Table 5-13.Pajaro River basin summary statistics for orthophosphate as P (mg/L) as compared to 0.14
0o PP 218
Table 5-14. Pajaro River basin summary statistics for dissolved oxygen (units = mg/L). ...........cceeeennn. 223
Table 5-15. Pajaro River basin summary statistics for dissolved oxygen (units = mg/L)...........cccc........ 228
Table 5-16. Pajaro River basin summary statistics for dissolved oxygen saturation (units = %). .......... 232
Table 5-17. Pajaro River basin summary statistics for chlorophyll a (units = pug/L). ..ccoooveeeeieeeeeeeeeeee. 234
Table 5-18. Pajaro River basin summary statistics for floating algal mats (% cover). ..........ccoeeeeeeeennn. 235
Table 5-19. Pajaro River basin summary statistics for microcystins (UNitS = pg/L).....ccooeeeeeeeeeieeeeeeeeenn. 236
Table 5-20. Water quality objectives and screening criteria which can be used as indicators of
biostimulation in a weight of evidence approach. .............ccoiiiiiiiiiiiiii e 246
Table 5-21. Biostimulation assessment matrix for streams of the Pajaro River basin. .......................... 249
Table 5-22. Status summary of Pajaro River basin designated beneficial uses of streams that could
potentially be impacted by nutrient POIULION. ..........ooiiiiiiiiiiiiiiiiiieee e 265
Table 5-23. Tabular summary of waterbody impairments addressed in this TMDL report. ................... 266
Table 6-1. Numeric targets for biostimulatory SUDSTANCES ..........cccooiiiiiiiie e 275
Table 6-2. USEPA-recommended approaches for developing nutrient Criteria. .............coeeeeeeeeeeeeeeeenn. 278
Table 7-1. Spreadsheet Tool for Estimating Pollutant Loads version 4.0 (STEPL) input data............... 285
Table 7-2. Tabulation of enrolled municipal stormwater permit entities with NPDES-permitted jurisdictions
iN the Pajaro RIVET DASIN®. ...ttt et ettt ettt e 288

Table 7-3. Total nitrogen concentrations in urban runoff (units = mg/L) from National Stormwater Quality
Database (NSQD version 3) for sites in NSQD rain zones 5, 6, and 9 (arid west and southwest *).
Temporal range of data is December 1978 to July 2002. Note that the nitrate as N drinking water quality
standard is not necessarily directly comparable to total nitrogen aqueous concentrations shown here®,
but the nitrate as N water quality standard is shown in the table for informational purposes. ............... 288
Table 7-4. Total phosphorus as P concentrations in urban runoff (units = mg/L) from National Stormwater
Quiality Database (NSQD version 3) for sites in NSQD rain zones 5, 6, and 9* (arid west and southwest).

Temporal range of data is December 1978 t0 JUuly 2002. .........uuiiiiiiiiiiiiee e 289
Table 7-5. Estimated average annual nutrient loads (lbs./year) delievered to surface waterbodies from
urban runoff (i.e., municipal stormwater) in the Pajaro River basin.............cccccceeeiiieiiviiiciiei e, 290
Table 7-6. List of active NPDES stormwater-permitted industrial facilities located in the Pajaro River
DASIN AS Of DECEMMBET 5, 2004, ...oninii ettt ettt ettt ettt et et e et et et et et eeeerenrenes 291
Table 7-7. List of active NPDES stormwater-permitted construction site facilities located in the Pajaro
River basin as of DECEMBEI 5, 2004 .....oeuiieiiiiee et e e et e et e et e et s et s et s et s et e et eetaeenees 292

Table 7-8. Nitrate as N concentrations in industrial stormwater runoff (units = mg/L) from permitted
California facility sites shown previously in Figure 7-4 and as reported in the State Water Resources
Control Board’s Stormwater Multiple Application & Report Tracking System. Site specific data for the
Pajaro River basin are not available, so statewide data are presented for informational purposes.
Temporal range of data is Oct. 2005 t0 NOV. 2014 ... 294
Table 7-9. Total nitrogen as N concentrations in industrial stormwater runoff (units = mg/L) from
permitted California facility sites shown previously in Figure 7-4 and as reported in the State Water
Resources Control Board’s Stormwater Multiple Application & Report and Tracking System. Site specific

Xiv



data for the Pajaro River basin are not available, so statewide data are presented for informational
purposes. Temporal range of data is from October 2005 to November 2014. ..........ccoooiiiiiiiieeeneennnes 295
Table 7-10. Nitrate as N concentrations in construction stormwater runoff (units = mg/L) from permitted
California construction sites as shown previously previously in Figure 7-4 and as reported in the State
Water Resources Control Board’'s Stormwater Multiple Application & Report Tracking System. Site
specific data for the Pajaro River basin are not available, so statewide data are presented for
informational purposes. Temporal range of data is from July 2010 to February 2014............cccccevvveene. 295
Table 7-11. Tabulation of all municipal wastewater treatement facilities in the Pajaro River basin as
reported in the California Integrated Water Quality System (CIWQS). NPDES facilities are those that are
authorized to discharge treated wastewater t0 SUrface WatersS. ........cccoeeeiiiiiiiiiiiiie e e, 297
Table 7-12. NPDES-permitted wastewater treatment facilities in the Pajaro River basin..................... 298
Table 7-13. Nitrate as N concentrations in Pajaro River water at Chittenden during high flow conditions (>
287 cubic ft. per sec.), years 1998-2012. This location is downstream of the South County Wastewater
Treatment Faility’'s permitted discharge point on the Pajaro River. During these high flow conditions,
nitrate concentrations are low due to dilution and increased assimilative capcity in the river. Based on
available data, 99% of river samples met all human health and wet-season aquatic habitat water quality
targets for nitrate as N identified in this TMDL report during these flow conditions. .................ccccvvvenen. 302
Table 7-14. Estimates of nitrate as N daily loads at the San Juan Bautista wastewater treatment facility
discharge point, and at two downstream locations in the San Juan Creek system (units: nitrate as N =
mg/L, flow = cfs, daily load = pounds per day nitrate as N). Average daily loads are calculated on the

basis of mean flow and mean nitrate as N CONCENTIAtION. ..........oouviiiiiiieeiri e 303
Table 7-15. Nitrate as N water quality data from the West Branch Llagas Creek where if flows through
the Coredevalle golf course, southern Santa Clara County (UnitS = mg/L). .cccooeeeiiiiiiiiiiiiieeeeeci, 305
Table 7-16. Phosphorus as P water quality data from the West Branch Llagas Creek where if flows
through the Coredevalle golf course, southern Santa Clara County (units = mg/L). .......ccooevveieieeeneeennn. 305
Table 7-17. Numerical summary of golf courses creeks water quality data from California central coast
a0l 0T Y= U= L= W =T o [ (o] 3 =3 306

Table 7-18. California reported fertilizer application rates (National Agricultural Statistics Service)...... 311
Table 7-19. Nitrogen application rates on California crops, reported by California resource professionals

= Lo = To =T Lo T TSR 312
Table 7-20. Estimated average annual nutrient loads (Ibs./year) delievered to surface waterbodies from
cropland in the Pajaro RIVET DASIN. ..........uiiiiiiiiii e a e e e e e e e e aaeeas 315
Table 7-21. Total dissolved phosphorus as P concentrations in native grasslands runoff (units = mg/L)
from the U.S. Department of Agriculture’s MANAGE database ™. ............ccoooeeoeeooeeoeeeeeeee e, 317
Table 7-22. Estimated average annual nutrient loads (Ibs./year) delievered to surface waterbodies from
grazing lands (i.e., rangeland) in the Pajaro RIVEr Dasin. ... 319
Table 7-23. Mean annual flow-weighted nutrient concentrations observed in streams in undeveloped
basins of the conterminous UNIted STALES. ........cviiiiiiiiiiiiiiiiiiiiiiiiiiii i baneanannes 319
Table 7-24. Estimated average annual nutrient loads (Ibs./year) delievered to surface waterbodies from
woodlands in the Pajaro RIVEI DASIN. ..o e 319
Table 7-25. Estimated locations and number of onsite wastewater treatment systems (OWTS) proximal
to streams Of the Pajaro RIVET DASIN. ... 321
Table 7-26. Estimated average annual nutrient loads (Ibs./year) delievered to surface waterbodies from
onsite wastewater treatment systems (e.g, septic systems) in the Pajaro River basin......................... 322
Table 7-27. Estimated average annual nutrient loads (Ibs./year) delievered to surface waterbodies from
shallow groundwater in the Pajaro RIiVEr Dasin. ... 322
Table 7-28. Nutrient atmospheric deposition in the Pajaro River basin: parameters considered and used.
............................................................................................................................................................ 323
Table 7-29. Estimated average annual atmospheric deposition of total nitrogen and total phosphorus to
streams of the Pajaro River basin (IDS./YEAI)..........uuuoi i e 323
Table 7-30. Estimated average annual nutrient source loads to streams of the Pajaro River basin on the
basis of recent vintage land use and water quality data compiled in this report..........cccccccvvvvvvivvinnnnnn. 324

XV



Table 7-31. Estimated average annual nutrient loads and nutrient yields by subwatershed (units: land
cover = acres, load = pounds, yield = pounds per acre PEer YEaI). ......cocueeeeeeuuuuaaieeeeeeeeeiineaeeeeeeeeeennnnns 326
Table 7-32. Nitrate source load assessment from the 2005 Pajaro River nitrate TMDL (Resolution R3-
2005-0131) which used the export coefficient model method of source assessment. These export
coefficient model estimates comport reasonably well with the estimates developed in this report using the

STEPL spreadsheet source analysis tO0I. . ........coooiiiiiiiiiii e 329
Table 7-33. Estimated mean annual flows, mean nutrient concentrations, and estimated mean annual
nutrient stream loads in the Pajaro River at Chittenden..............oovvvviiiiiiiiiiiiiiiiiiiiiiiieeieees 330
Table 8-1. Tabulation of estimated mean annual existing nitrate loads, loading capcity, and percent
1= 0 (101 11 1R 333
Table 8-2. Tabulation of estimated mean dry season (May 1 — Oct. 31) existing nitrate loads, dry season
loading capcity, and Percent reUCLIONS. ..........ciiiieeiiiiiie e e e e e e e e et e e e e e e e e aeaaaa s 335

Table 8-3. Final waste load allocations and final load allocations (receiving water allocations). Waste load
allocations are applicable to NPDES-permitted sources, whereas load allocations are applicable to

NONPOINt SOUICES OF POIULION. .....eiiiiiiiiiiiiiiiiee ettt s 340
Table 8-4. Proposed interim waste load allocations and interim load allocations.................cccoovvvviinnnn.. 347
Table 9-1. Implementing Parties for Discharges of nutrients from irrigated lands. ..................ccccvvvennn. 356
Table 9-2. Implementing Parties for Discharges from MS4 ENtities. ........coooveeiiiiiiiieeeeeeeeee 360
Table 9-3. Proposed time schedule for optional studies and Water Board reconsideration of waste load
allocations and 10ad @lIOCALIONS. ...........uuuuriiiiiiiii e a e e e e e e e e e e e e e e e e e e aaaaaaaaaaaaaaeaas 373

Table 9-4. Cost estimates to implement Agricultural Order for CENTRAL COAST REGION (2011)..... 379
Table 9-5. Farmland acreage and correction factors for Central Coast Region vs. TMDL project area. 380
Table 9-6. Cost estimates associated with Agricultural Order compliance and nutrient TMDL
implementation in the Pajaro River (2011 dOllars). .........uueviiiiiiiiiiiiiiiiiiiiieiieiieeeeeeeeeeev e 380
Table 9-7. Unit costs for MS4 TMDL implementation (2008 dOlars)..........ccooeeeeeeeiieiiiiieeeeeeeeeeeeeeen 383

XVi



Pajaro River Basin Nutrient TMDLs May 2015

1 TMDL REPORT SUMMARY

A number of streams in the Pajaro River basin are impaired due to exceedances of water quality criteria
for nitrate, unionized ammonia, and associated nutrient-related problems such as excessive
orthophosphate, dissolved oxygen imbalances, toxicity, and excess algal biomass. As a result, a wide
range of legally designated beneficial uses — including aquatic habitat, drinking water supply,
groundwater recharge, and agricultural supply - are not being supported in these waterbodies, and
therefore these impairments constitute serious water quality problems.

TMDLs are strategies or plans to address and rectify impaired waters identified on 303(d) list. The
California Water Plan characterizes TMDLs as “action plans...to improve water quality.” This TMDL
report addresses surface water quality impairments in the Pajaro River basin which are caused by
exceedances of water quality criteria for nitrate, unionized ammonia, and associated nutrient-related
problems such as excessive orthophosphate, dissolved oxygen imbalances, toxicity, and excess algal
biomass. These impairments are adversely impacting a range of current or potential designated
beneficial uses of surface waters — including aquatic habitat, drinking water supply, groundwater
recharge, and agricultural supply. This TMDL report identifies the water quality impairments and outlines
a strategy for the attainment of water quality objectives and the restoration of designated beneficial uses
of surface waters.

A condensed tabular summary of this TMDL Report is presented in Table 1-1 below.

Table 1-1. Total maximum daily loads summary.

TMDLs for Nitrogen Compounds and Orthophosphate in Streams of the Pajaro River Basin
Central Coast Regional Water Quality Control Board

TMDL Pollutants Nitrogen compounds (nitrate, total nitrogen, un-ionized ammonia), orthophosphate

Other Pollutants Addressed | Biological response indicators — dissolved oxygen, oxygen saturation, chlorophyll a, microcystins

Reduce nutrient pollution and un-ionized ammonia toxicity in streams to restore and enhance viable
freshwater habitat for fish, wildlife, invertebrates; restore domestic and municipal supply beneficial uses of
impaired streams\ and restore groundwater recharge beneficial uses of impaired streams, with the goal of
TMDL Goals enhanced drinking water source protection.

Protect existing high quality waters and prevent any further nutrient water quality degradation in streams
not currently impaired by nutrient-related pollution.

Parts of Santa Cruz, Santa Clara, San Benito, and Monterey counties
Pajaro River basin (federal hydrologic cataloging unit # 18060002)

Location & Watershed

Fertilizer application on irrigated cropland

Shallow groundwater inputs to streams

Urban runoff — stormwater sewer system discharges

Natural sources (ambient background loading)

) Livestock and domestic animal manure

Sources of Nutrients to NPDES-permitted municipal wastewater treatment facilities
Streams of the River Basin NPDES-permitted industrial and construction stormwater discharges
Fertilizer application on golf courses

Direct atmospheric deposition to streams (negligible source)

Onsite wastewater treatment systems (negligible source)

This table is continued on the next page
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TMDLs for Nitrogen Compounds and Orthophosphate in Streams of the Pajaro River Basin

Central Coast Regional Water Quality Control Board

Impaired Streams

On the basis of nutrient water
quality criteria and biostimulation
indicators

Stream Waterbody ldentification (WBID, unless otherwise noted)
Pajaro River WBID: CAR3051003019980826115152
Pajaro River Estuary NHDplus reach code 18060002001843
Watsonville Slough WBID: CAR3051003019981209150043
Harkins Slough WBID: CAR3051001320080603122917
Struve Slough WBID: CAR3051003020080603125227
Struve Slough WBID: CAR3051003020080603125227
Corralitos Creek WBID: CAR3051001019990225102704
Tributary to Corralitos Creek NHDplus reach code 18060002001662
Salsipuedes Creek WBID: CAR3051003020080603123522
Casserly Creek NHDplus reach code 18060002001643
Pinto Lake outflow ditch NHDplus reach code 18060002001656
Beach Road Ditch WBID: CAR3051003020080603123839
McGowan Ditch WBID: CAR3051003020100620223644
Coward Creek NHDplus reach code 18060002000394
Tributary to Green Valley Creek NHDplus reach code 18060002001638
Carnadero Creek WBID: CAR3053002019990223155037
San Juan Creek WBID: CAR3052005020090204001958
West Branch San Juan Creek NHDplus reach code 18060002000611
Millers Canal WBID: CAR3053002020080603171000
Llagas Creek WBID: CAR3053002020020319075726
Furlong Creek WBID: CAR3053002019990222111932
Tequisquita Slough WBID: CAR3053002020011121091332

High Quality waters® and

Waters Not Currently Showing
Nutrient-Related Impairments

For waterbodies assessed as high quality waters and those not currently identified as impaired, anti-
degradation requirements apply. The goal of anti-degradation in the context of nutrient pollution is to
protect and maintain existing high quality waters, prevent any further degradation, and provide protection
for downstream waters.

Beneficial Uses Impaired
and
Water Quality Standards
Violations

Widespread impairments in streams designated for domestic and municipal water supply (MUN)
Widespread impairments in streams designated for aquatic habitat beneficial uses (WARM, COLD,
SPWN) on the basis of violations of the biostimulatory substances water quality objective.

Localized violations of the general toxicity objective for surface waters, on the basis of exceedances of
the un- ionized ammonia numeric water quality objective.

Localized impairments in streams designated for groundwater recharge beneficial use (GWR).

Localized impairment in Llagas Creek for designated agricultural supply beneficial use (AGR).

Loading Capacity (TMDL)

-Dry Season (May 1 — Oct. 31) nitrate as N range not to exceed 1.8 to 3.9 mg/L in impaired
receiving waters, depending on specific stream reach.

-Dry Season (May 1 — Oct. 31) total nitrogen (N) range not to exceed 1.1 mg/L in Millers Canal and
not to exceed 2.1 mg/L in the sloughs of the Watsonville Slough subwatershed.

-Wet Season (Nov. 1 — Apr. 30) nitrate as N not to exceed 8 mg/L in impaired receiving waters.

-Dry Season (May 1 — Oct. 31) orthophosphate as P range not to exceed 0.4 to 0.14 mg/L in
impaired receiving waters, depending on specific stream reach.

-Wet Season (Nov. 1 — Apr. 30) orthophosphate as P not to exceed 0.3 mg/L in impaired receiving waters
-Year Round, nitrate as N not to exceed 10 mg/L in all receiving waters designated for MUN.
-Year Round, un-ionized ammonia as N not to exceed 0.025 mg/L in all receiving waters.

TMDL Milestones

10 and 15 year interim milestones established with interim water quality goals
Water Board may reconsider TMDL in 10 years, to consider new research, data, & information.
TMDL achievement of final water quality goals in receiving waters anticipated in 25 years.

This table is continued on the next page
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TMDLs for Nitrogen Compounds and Orthophosphate in Streams of the Pajaro River Basin
Central Coast Regional Water Quality Control Board

Owners/operators of irrigated lands: Implement and comply with the Central Coast Water Board's
Agricultural Order to minimize nutrient loading to receiving waters from fertilizers and irrigation, and to
make incremental progress towards attaining load allocations.

Municipal separate storm sewer system (MS4) entities: Waste load allocations for this source category
will be implemented through existing NPDES permits. Nutrient pollution discharged from MS4s will be
addressed by regulating the MS4 entities under the provisions State Water Resources Control Board’s
General Permit for the Discharges of Storm Water from Small MS4s (General Permit).

NPDES—permitted industrial and construction stormwater discharges: Maintain existing water quality and
Implementation Strategy: prevent any further water quality degradation by implementing and complying with the requirements of the
statewide Industrial General and the statewide Construction General Permit, or their revisions and
renewals.

NPDES—permitted municipal wastewater discharges: Waste load allocations for this source category will be
implemented by existing NPDES wastewater permitting authorities. Where warranted, waste load
allocations identified in the TMDL will be implemented by existing, new, or revised effluent limits in the
NPDES permits.

Owners/operators of livestock and domestic animals: Maintain existing water quality and prevent further
water quality degradation by beginning or continuing to self-monitor and self-asses consistent with
technical guidance from existing rangeland water quality management plans.

Owners/operators of golf courses: Continue to implement turf management practices which help protect
and maintain existing water quality and to prevent any further surface water quality degradation.

Proposed Actions
To Correct the 303(d)-Listed
Impairments

A Anti-degradation policy is a component and expectation of all water quality standards, Also noteworthy, U.S. Environmental Protection Agency
guidance indicates that while TMDLs, are typically written for restoring impaired waterbodies, states can also prepare TMDLs geared towards
maintaining a “better than water quality standard” conditions for a given waterbody—pollutant combination (see: USEPA, 2014a. Opportunities to
Protect Drinking Water Sources and Advance Watershed Goals Through the Clean Water Act: A Toolkit for State, Interstate, Tribal and Federal Water
Program Managers. November 2014).

B For purposes of anti-degradation policy, “high quality waters” are defined on a constituent-by-constituent basis. The State Water Resources Control
Board and appellate court decisions indicate that water can be considered high quality for purposes of the anti-degradation policy on a constituent by
constituent basis. Therefore, water can be of high quality under the anti-degradation policy for some constituents or beneficial uses, but not for others
(see Court of Appeal of the State of California, Third Appellate District, Appeal Case C066410, Acociacion de Gente Unida, etc. et al. v. Central Valley
Regional Water Quality Control Board).

2 INTRODUCTION

2.1 Clean Water Act Section 303(d)

Section 303(d) of the federal Clean Water Act requires every state to evaluate its waterbodies, and
maintain a list of waters that are considered “impaired” either because the water exceeds water quality
standards or does not achieve its designated use. For each impaired water on the Central Coast’s Clean
Water Act Section 303(d) List, the Central Coast Water Board must develop and implement a plan to
reduce pollutants so that the waterbody is no longer impaired and can be de-listed. Section 303(d) of the
Clean Water Act states:

“Each State shall establish for the waters identified in paragraph (1)(A) of this subsection, and in
accordance with the priority ranking, the total maximum daily load, for those pollutants which the
Administrator identifies under section 1314(a)(2) of this title as suitable for such calculation. Such load
shall be established at a level necessary to implement the applicable water guality standards with
seasonal variations and a margin of safety that takes into account any lack of knowledge concerning the
relationship between effluent limitations and water quality.”

The State complies with this requirement by periodically assessing the conditions of the rivers, lakes and
bays and identifying them as “impaired” if they do not meet water quality standards. These waters, and
the pollutant or condition causing the impairment, are placed on the 303(d) List of Impaired Waters,
referred to hereafter as the “303(d) List”. In addition to creating a list of waterbodies not meeting water
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guality standards, the Clean Water Act mandates each state to develop TMDLs for each waterbody
listed. Simply put, TMDLs are strategies or plans to address and rectify impaired waters identified on
303(d) list. The California Water Plan characterizes TMDLs as “action plans...to improve water quality.”
The Central Coast Water Board is the agency responsible for developing TMDLs and programs of
implementation for waterbodies identified as not meeting water quality objectives pursuant to Clean
Water Act Section 303(d) and in accordance with the Porter-Cologne Water Quality Control Act §13242.

2.2 Pollutants Addressed & Their Environmental Impacts

The pollutants addressed in this TMDL are nitrate, low dissolved oxygen, un-ionized ammonia, and
chlorophyll a. In addition, to protect waters from excess biostimulatory substances, orthophosphate is
included as a pollutant. Nitrate pollution of both surface waters and groundwater has long been
recognized as a problem in parts of the Pajaro River Basin. Elevated levels of nitrate or un-ionized
ammonia can degrade municipal and domestic water supply, groundwater, and also can impair
freshwater aquatic habitat. While nitrogen fertilizer inputs are essential for maintaining the economic
viability of agriculture worldwide, elevated levels of nitrate can degrade municipal and domestic water
supply, groundwater, and also can impair freshwater aquatic habitat. It is widely recognized by scientists
and resource professionals that there is a critical need to continue to improve best management
practices to reduce nitrogen releases to the environment from human activities, while maintaining the
economic viability of farming operations (for example, see Shaffer and Delgado, 2002). Some streams in
the Pajaro River Basin frequently have exceeded the water quality objective for nitrate in drinking water.
The streams therefore do not support designated drinking water supply (MUN) beneficial uses and may
be impaired for designated groundwater recharge (GWR) beneficial uses®. The Water Quality Control
Plan for the Central Coastal Region — 2011 version (Basin Plan) explicitly requires that the designated
GWR beneficial use of streams be maintained, in part, to protect the water quality of the underlying
groundwater resources?.

Regarding nitrate-related health concerns, it has been well-established that infants less than six months
old who are fed formula made with water containing nitrate in excess of the U.S. Environmental
Protection Agency (USEPA) safe drinking water standard (i.e., 10 milligrams of nitrate as nitrogen per
liter) are at risk of becoming seriously ill and, if untreated, may die. Symptoms include shortness of
breath and blue baby syndrome, also known as methemoglobinemia®. High nitrate levels may also affect
the oxygen-carrying ability of the blood of pregnant women®. There is some evidence to suggest that
exposure to nitrate in drinking water is associated with adverse reproductive outcomes such as
intrauterine growth retardations and various birth defects such as anencephaly; however, the evidence is
inconsistent (Manassaram et al., 2006). Additionally, some public health concerns have been raised
about the linkage between nitrate and cancer. Some peer-reviewed epidemiological studies have
suggested elevated nitrate in drinking water may be associated with elevated cancer risk (for example,
Ward et al. 2010); however currently there is no strong evidence linking higher risk of cancer in humans
to elevated nitrate in drinking water. Further research is recommended by scientists to confirm or refute
the linkage between nitrates in drinking water supply and cancer.

Another water quality impairment associated with nutrients and addressed in this TMDL report is
biostimulation®. While nutrients - specifically nitrogen and phosphorus — are essential for plant growth,
and are ubiquitous in the environment, they are considered pollutants when they occur at levels that
have adverse impacts on water quality; for example, when they cause toxicity or biostimulation.

! “Beneficial uses” is a regulatory term which refers to the legally-protected current, potential, or future designated uses of the
waterbody. The Water Board is required by law to protect all designated beneficial uses.

% See Basin Plan, Chapter 2 Beneficial Use Definitions, page 11-19

% USEPA: http://water.epa.gov/drink/contaminants/basicinformation/nitrate.cfm

* california Department of Public Health www.cdph.ca.gov/certlic/drinkingwater/Pages/Nitrate.aspx

® The term “eutrophication” has often been considered to be synonymous with the word “biostimulation”. California central coast
researchers have noted that the word “eutrophication” is problematic because it is based on simplistic categories that fail to
appreciate the diversity of aquatic systems, and lacks scientific specificity. Accordingly, these researchers recommend that the
regional water quality control boards not use the word “eutrophication” (see Rollins, et al., 2012).
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Biostimulation refers to a state of excess growth of aquatic vegetation resulting from anthrophogenic
nutrient inputs into an aquatic system. Biostimulation is also characterized by a number of other
environmental factors in addition to nitrogen and phosphorus inputs; for example, dissolved oxygen
levels in the waterbody, chlorophyll a levels, sunlight availability, and pH. Biostimulation can adversely
affect the entire aquatic food web from macroinvertebrates (principally aquatic insect larvae), through
fish, reptiles and amphibians, to the mammals and birds at the top of the food web. Additionally, waters
in some stream reaches in the Pajaro River basin are locally impaired by elevated levels of un-ionized
ammonia. Un-ionized ammonia (a nitrogen compound) is highly toxic to aquatic species. Reducing the
amount of nutrients that enters streams in the Pajaro River basin will help to reduce the risks of
biostimulation and nitrogen-related toxicity, and will help restore and maintain viable freshwater aquatic
habitat.

In addition to adverse impacts to aquatic habitat, algal blooms resulting from biostimulation may also
constitute a potential health risk and public nuisance to humans, their pets, and to livestock. The majority
of freshwater harmful algal blooms reported in the United States and worldwide is due to one group of
algae, cyanobacteria (blue-green algae), although other groups of algae can be harmful (Worcester and
Taberski, 2012). Possible health effects of exposure to blue-green algae blooms and their toxins can
include rashes, skin and eye irritation, allergic reactions, gastrointestinal upset, and other effects®. At
high levels, exposure can result serious illness or death. These effects are not theoretical; worldwide
animal poisonings and adverse human health effects have been reported by the World Health
Organization (WHO, 1999). The California Department of Public Health and various County Health
Departments have documented cases of dog die-offs throughout the state and the nation due to
blue-green algae. Dogs can die when their owners allow them to swim or wade in waterbodies with algal
blooms. Dogs are also attracted to fermenting mats of cyanobacteria near shorelines of waterbodies
(Carmichael, 2011). Dogs reportedly die due to ingestion associated with licking algae and associated
toxins from their coats.

Additionally, according to recent findings, algal toxins have been implicated in the deaths of central
California southern sea otters (Miller et al.,, 2010). Currently, there reportedly have been no
confirmations of human deaths in the U.S. from exposure to algal toxins, however many people have
become ill from exposure, and acute human poisoning is a distinct risk (Dr. Wayne Carmichael of the
Wright State University-Department of Biological Sciences, as reported in NBC News, 2009).

TMDL development intended to address nitrate pollution risks to human health and address degradation
of aquatic habitat is consistent with the Central Coast Water Board’s highest identified priorities. The
Central Coast Water Board’s two highest priority areas’ (listed in priority order) are presented below:

Central Coast Water Board Top Two Water Quality Priorities

1) “Preventing and Correcting Threats to Human Health”
v Nitrate contamination is by far the most widespread threat to human health in the central coast
region
2) “Preventing and Correcting Degradation of Aquatic Habitat”
v “Including requirements for aquatic habitat protection in Total Maximum Daily Load Orders”

Also noteworthy, the USEPA recently reported that nitrogen and phosphorus pollution, and the
associated degradation of drinking and environmental water quality, has the potential to become one of
the costliest and most challenging environmental problems the nation faces®. Over half of the nation’s
streams, including some steams in the Pajaro River Basin, have medium to high levels of nitrogen and
phosphorus. According to USEPA, nitrate drinking water standard violations have doubled nationwide in

5 california Department of Public Health website, http://www.cdph.ca.gov

" See Staff Report (agenda item 3) for the July 11, 2012 Water Board meeting.

8 USEPA: Memorandum from Acting Assistant Administrator Nancy K. Stoner. March 16, 2011. Subject: “Working in
Partnership with States to Address Phosphorus and Nitrogen Pollution through Use of a Framework for State Nutrient
Reductions”.

5


http://www.cdph.ca.gov/

Pajaro River Basin Nutrient TMDLs May 2015

eight years, and algal blooms, resulting from the biostimulatory effects of nutrients, are steadily on the
rise nationwide; related toxins have potentially serious health and ecological effects®. Water quality
monitoring in the Pajaro River basin demonstrates that streams in the river basin have locally been
substantially impacted by nitrate.

Biostimulation of surface waters in the Pajaro River basin are documented in this report; these water
guality impairments may also be contributing to localized, episodic adverse downstream nutrient impacts
to ecologically sensitive coastal and estuarine areas of the Monterey Bay National Marine Sanctuary
(refer to report Section 3.13). Also worth noting, citizens and local agencies have been working to
preserve the riparian habitat of the Pajaro River and enhance opportunities for kayaking and canoeing.
Kayaking and canoeing are types of water contact recreation available to the public on the Pajaro River,
thus highlighting the importance of minimizing nuisance algae blooms and minimizing the current or
future risk of algal cyanobacteria toxins (refer to report Section 4.1.5).

2.3 Updating & Replacement of the 2005 Pajaro River Nitrate TMDL

Upon approval by the Office of Administration Law, these TMDLs supersede and replace the TMDL
entitled “Pajaro River and Llagas Creek Total Maximum Daily Load for Nitrate” which was approved by
Resolution No. R3-2005-0131 on December 2, 2005 by the Central Coast Water Control Board , and
subsequently approved by the USEPA on October 13, 2006. The 2005 Pajaro River nitrate TMDL
addressed only nitrate surface water impairments for the drinking water supply beneficial use (MUN); the
current TMDLs will update and supersede the 2005 nitrate TMDL by addressing nutrient-related
impairments to all relevant designated beneficial uses of streams™® in the Pajaro River basin.

2.4 A Note on Spatial Datasets & Scientific Certainty

Central Coast Water Board staff endeavored to use the best available spatial datasets from reputable
scientific and public agency sources to render and assess physical, hydrologic, and biologic conditions in
the Pajaro River basin. Spatial data of these types are routinely used in TMDL development and
watershed studies nationwide. Where appropriate, staff endeavored to clearly label spatial data and
literature-derived values as estimates in this project report, and identify source data and any
assumptions.

It is important to recognize that the nature of public agency data and digital spatial data provide
snhapshots of conditions at the time the data was compiled, or are regionally-scaled and are not intended
to always faithfully and accurately render all local, real-time, or site-specific conditions. When reviewing
TMDLs, the USEPA will recognize these types of datasets as estimates, approximations, and scoping
assessments. As appropriate, closer assessments of site specific conditions and higher resolution
information about localized pollution problems would be conducted during TMDL implementation.

Also noteworthy is that while science is one cornerstone of the TMDL program, a search for full scientific
certainty and a resolution of all uncertainties is not contemplated or required in TMDLs adopted in
accordance with the Clean Water Act, and pursuant to U.S. Environmental Agency (USEPA) guidance.
Staff endeavored to identify uncertainties in the TMDL, and reduce uncertainties where possible on the
basis of available data. It should be recognized that from the water quality risk management perspective,
scientific certainty is balanced by decision makers against the necessities of addressing risk
management. Conceptually, this issue is highlighted by reporting from the U.S. National Research
Council as shown below:

9 .
Ibid

% 1n the context of this TMDL project “streams” refer to any body of running water (such as a river, creek, brook, slough, canal,

ditch, ephemeral drainage) which flows on the earth’s surface within the area shown on Figure 3-2.
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“Scientific uncertainty is a reality within all water quality programs, including the TMDL program that
cannot be entirely eliminated. The states and EPA should move forward with decision-making and
implementation of the TMDL program in the face of this uncertainty while making substantial efforts to reduce
uncertainty. Securing designated uses is limited not only by a focus on administrative rather than water
quality outcomes in the TMDL process, but also by unreasonable expectations for predictive certainty among
regulators, affected sources, and stakeholders... Although science should be one cornerstone of the
program, an unwarranted search for scientific certainty is detrimental to the water quality management needs
of the nation. Recognition of uncertainty and creative ways to make decisions under such uncertainty should
be built into water quality management policy.”

From: National Academy of Sciences — National Research Council (2001)

Report issued pursuant to a request from the U.S. Congress to assess the scientific basis of the TMDL program: National
Research Council, 2001. “Assessing the TMDL Approach to Water Quality Management — Committee to Assess the Scientific
Basis of the Total Maximum Daily Load Approach to Water Pollution Reduction, Water Science and Technology Board”

(Emphasis not added — emphasis as published in the original National Research Council report)

3 RIVER BASIN SETTING

3.1 Informational Background

This section of this report presents substantial amounts of information on the river basin setting for this
TMDL project. Understanding and assessing variation in river basin characteristics is important to the
development of water quality criteria for nutrients. Human activities can result in discharge of nutrients
(specifically nitrogen and phosphorus) to waterbodies, but nutrients are also naturally present and
ubiquitous in the environment.

It is important to recognize that documenting high nitrogen and phosphorus concentrations is not
sufficient in and of itself to demonstrate a risk of eutrophication. Research has demonstrated the
shortcomings of using ambient nutrient concentrations within a waterbody alone to predict eutrophication,
particularly in streams (Tetra Tech, 2006). Tetra Tech (2006) notes that except in extreme cases,
nutrients alone do not impair beneficial uses. Rather, they cause indirect impacts through algal growth,
low dissolved oxygen, etc., that impair uses. These impacts are associated with nutrients, but result from
a combination of nutrients interacting with other physical and biological factors. Other factors that can
combine with nutrient enrichment to contribute to biostimulatory effects include light availability (shading
and tree canopy), stream hydraulics, geomorphology, geology, and other physical and biological
attributes (see Figure 3-1).

As such, nutrient criteria need to be developed to account for natural variation existing at the regional
and/or watershed-scale. To reiterate: nutrient water column concentration data by itself is generally not
sufficient to evaluate biostimulatory conditions and develop numeric nutrient criteria. Waterbodies in the
Pajaro River basin have substantial variation in stream hydraulics, stream morphology, tree canopy and
other factors. Accordingly, this section of the TMDL report presents information on relevant physical and
biological watershed characteristics for the Pajaro River basin that can potentially be important to
consider in the development of nutrient criteria for streams.

Therefore, staff endeavored to characterize the river basin as fully as possible both to assist in
development of defensible nutrient water quality criteria (where needed) and to assess natural inputs of
nutrients in the watershed. The information and data on watershed conditions are presented in this
section of the project report.
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Figure 3-1. Biostimulation (excessive aquatic plant growth) can result from a combination of contributing
factors. The consequences of biostimulation may include a cascade of adverse environmental impacts
(figure loosely based on an undated powerpoint slide by K. Worcester, Central Coast Water Board).
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3.2 TMDL Project Area & Watershed Delineation

The geographic scope of this TMDL project* encompasses approximately 1,300 square miles of the
Pajaro River basin located in parts of Santa Clara, Santa Cruz, San Benito, and Monterey counties (see
Figure 3-2). The Pajaro River mainstem begins just west of San Felipe Lake (also called Upper Soda
Lake) approximately 5 miles east-southeast of the city of Gilroy. From there, the Pajaro River flows west
for 30 miles through south Santa Clara Valley, through the Chittenden Gap, past the city of Watsonville,
and ultimately forming an estuary/lagoon system at the river mouth at the coastal confluence with
Monterey Bay. A sand bar forms across the mouth of the Pajaro River in many years, and thus direct
discharge into Monterey Bay occurs only episodically when the sand bar is breached. Major tributaries
of the Pajaro River include the San Benito River, Pacheco Creek, Llagas Creek, Uvas Creek, Watsonville
Slough, and Corralitos Creek.

The human population of the Pajaro River basin is approximately 233,000 people, with an average of
3.22 people per housing unit according to 2010 Census Bureau data. Agriculture, including livestock
grazing lands and cultivated cropland, is the current dominant human land use in the river basin.
Urbanized land use comprises 4% of the river basin’s land area. Undeveloped lands, including
grassland, shrubland and forest also comprise substantial parts of the upland reaches of the river basin

11 the context of this report, the terms “TMDL project area” and “Pajaro River Basin” are used interchangeably and refer to the
same geographic area.
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within an ecosystem characterized locally by oak woodland, annual grasslands, montane hardwood, and
coastal scrub (source: National Land Cover Dataset, 2006; Calif. Dept. of Forestry and Fire Protection,
1977).

Land Elevation (ft.)
= High : 5,300

MERCED CO

= low:0
Miles

5 10

California

ESRI™ ArcMap® 10.1 was used to create watershed layers for the Pajaro River basin. Drainage
boundaries of the TMDL project area can be delineated on the basis of the Watershed Boundary
Dataset'?, which contain digital hydrologic unit boundary layers organized on the basis of Hydrologic Unit
Codes. Hydrologic Unit Codes (HUCs) were developed by the United States Geological Survey to
identify all the drainage basins of the United States.

Watersheds range in all sizes, depending on how the drainage area of interest is spatially defined, if
drainage areas are nested, and on the nature and focus of a particular hydrologic study. Watersheds
can be characterized by a hierarchy as presented in Table 3-1.

2 The Watershed Boundary Dataset (WBD) is developed by federal agencies and national associations. WBD contains
watershed boundaries that define the areal extent of surface water drainage to a downstream outlet. WBD watershed
boundaries are determined solely upon science-based principles, not favoring any administrative boundaries.

9
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Table 3-1. Watershed heirachy used in this TMDL project”.

Hydrol'ogic Drainage Area mi? Example(s) Spatial Data _Reference _
Unit (approx.) (USGS Hydrologic Unit Code shapefiles)
basin > 1,000 Pajaro River basin Waterﬂ:fg_g Z?]g(;ae%ezataset
subbasin > 250 to < 1,000 San Benito River subbasin %%;ﬁ;gg;ﬂi:
watershed ~ 100 to ~ 250 Llagas Creek watershed WateLsggql%oggsséﬁlsstaset
subwatershed >10to <100 Salsipuedes Creek subwatershed WateLsgqulzoggssglgstaset
achment | ~1<10 | SerchRomdDichcahment | oty b

A Based on adaptation from Jonathan Brant, PhD, and Gerald J. Kauffman, MPA, PE (2011) Water Resources and Environmental Depth
Reference Manual for the Civil Professional Engineer Exam.

B This is approximately equivalent to “Hydrologic Area” in the CalWater 2.2 watershed convention, and is developed here to allow for distinct
drainage areas that are smaller than a river basin, but larger than a United States Geological Survey (USGS) HUC-10 watershed.

The Pajaro River basin is delineated at the HUC-8 hydrologic unit scale (HUC 18060002). Individual
watersheds at the HUC-10 hydrologic unit scale that are nested within the Pajaro River basin were
delineated by digitally clipping HUC-10 watershed shapefiles using the Pajaro River basin shapefile as a
mask. Based on HUC delineations, there are three distinct subbasins nested within the Pajaro River
basin: the 1) Pajaro River subbasin®®; the 2) San Benito River subbasin*®; and the 3) Pacheco Creek
subbasin®® (see Figure 3-3).

There are eight distinct watersheds, delineated at the HUC-10 scale, located within these three
subbasins, as shown in Figure 3-3.

A total of 36 subwatersheds delineated at the HUC-12 scale are nested with the Pajaro River basin
(subwatersheds are shown in Figure 3-4).

A summary of the Pajaro River basin’s watershed hierarchy is presented in Table 3-2.

3 |In the Calwater 2.2 watershed convention, this area corresponds approximately to the Watsonville, Santa Cruz Mountains,
and South Santa Clara Valley hydrologic areas.

% In the Calwater 2.2 watershed convention, this area corresponds to the San Benito River hydrologic area.

% |n the CalWater 2.2 watershed convention, this area corresponds approximately to the Pacheco-Santa Ana Creek hydrologic
area.
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Figure 3-3. subbasins and watersheds nested within the Pajaro River basin.
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Table 3-2. TMDL watershed hierarchy (basins, subbasins, watersheds, and subwatersheds
Name

Hydrologic Scale

Pajaro River basin

basin

Data Source Drainage Area
(HUC) (square miles)

Pajaro River subbasin®

subbasin

WBD 8-digit Hydrologic Unit Code

HUC # 18060004 1,300.6

Spatial dissolve on

San Benito River subbasin®

within the Pajaro River basin

subbasin

WBD 10-digit Hydrologic Unit Codes
1806000203
1806000204
1806000208
Spatial dissolve on

355.6

Pacheco Creek subbasin®

within the Pajaro River basin

subbasin

WBD 10-digit Hydrologic Unit Codes

1806000205

1806000206
1806000207

Spatial dissolve on

660.8

within the Pajaro River basin

WBD 10-digit Hydrologic Unit Codes
1806000201

284.2
1806000202

N

A

11



Pajaro River Basin Nutrient TMDLs May 2015
. Data Source Drainage Area
Name Hydrologic Scale (HUC) (square miles)
watershed WBD 10-digit Hydrologic Unit Code
Llagas Creek watershed 84.6
9 within the Pajaro River subbasin HUC # 1806000203
. . watershed WBD 10-digit Hydrologic Unit Code
Pajaro River watershed 184.3
) within the Pajaro River subbasin HUC # 1806000208
watershed WBD 10-digit Hydrologic Unit Code
Uvas Creek watershed 86.7
within the Pajaro River subbasin HUC # 1806000204
. . watershed WBD 10-digit Hydrologic Unit Code
Lower San Benito River watershed within the San Benito River HUC # 1806000207 198.2
subbasin
. . watershed WBD 10-digit Hydrologic Unit Code
Upper San Benito River watershed within the San Benito River HUC # 1806000205 243.2
subbasin
. watershed WBD 10-digit Hydrologic Unit Code
Tres Pinos Creek watershed within the San Benito River HUC # 1806000206 219.4
subbasin
watershed WBD 10-digit Hydrologic Unit Code
Pacheco Creek watershed within the Pacheco Creek HUC # 1806000202 167.9
subbasin
. . watershed WBD 10-digit Hydrologic Unit Code
Tequisquita Slough watershed within the Pacheco Creek HUC # 1806000201 116.3
subbasin
. . . WBD 12-digit Hydrologic Unit Codes
SRR S S FEENO AL subwatersheds See Figure 3-4 and Table 3-3 for subwatershed information

~In the CalWater 2.2 watershed convention, this subbasin corresponds approximately to the Watsonville, Santa Cruz Mountains, and South

Santa Clara Valley hydrologic areas.

® In the CalWater 2.2 watershed convention, this subbasin corresponds to the San Benito River hydrologic area.
€ In the Calwater 2.2 watershed convention, this subbasin corresponds to the Pacheco-Santa Ana Creek hydrologic area.

Within each HUC-10 watershed, higher resolution subwatershed delineation of Pajaro River basin stream
reaches and associated drainage areas were delineated on the basis of HUC-12 shapefiles. According
to the Watershed Boundary Dataset’'s HUC-12 delineations, there are 36 distinct subwatersheds within
the Pajaro River basin. Figure 3-4 illustrates the individual subwatersheds developed for the Pajaro
River basin. Table 3-3 tabulates the names and the areal sizes of the subwatersheds. It should be
noted that at high-resolution spatial scales (e.g., individual parcels), site-specific engineering, such as
man-made water conveyance structures or grading, can result in parcel-scale drainage that runs counter
to topographic elevation direction. Thus, the lower spatial resolution drainage patterns of watersheds
and subwatershed delineations may not necessarily represent hydrologic drainage patterns at localized
parcel and catchment scales.
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Figure 3-4. Map of subwatersheds (HUC-12 delineations) with numeric identifiers located within the
Pajaro River basin. The subwatershed names with their associated numeric identifiers are tabulated in
Table 3-3.
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Table 3-3. Tabular summary of Pa'laro River basin subwatersheds as shown in Figure 3-4.
Subwatershed u.s. Square Major Hydrologic The subwatershed is located
Numeric ID Subwatershed (HUC 12) Name Acres Miles Modification(s) A within this watershed (HUC 10)
1 Watsonville Slough 15,551 24.3 Levee Pajaro River Watershed
2 Lower Pajaro River 33,285 52.0 Levee Pajaro River Watershed
3 Salsipuedes Creek 15,881 24.8 Levee Pajaro River Watershed
4 Corralitos Creek 17,789 27.8 Levee Pajaro River Watershed
5 Upper Pajaro River 35,467 55.4 Levee Pajaro River Watershed
6 Bird Creek-San Benito River 32,742 51.2 No Modifications Lower San Benito River Watershed
7 San Juan Canyon 24,415 38.1 No Modifications Lower San Benito River Watershed
8 Paicines Reservoir-San Benito River 33,976 53.1 No Modifications Lower San Benito River Watershed
9 Pescadero Creek 25,665 40.1 No Modifications Lower San Benito River Watershed
10 Stone Creek 10,060 15.7 No Modifications Lower San Benito River Watershed
11 Lower Tres Pinos Creek 17,851 27.9 Pipe Diversion Tres Pinos Creek Watershed
12 Middle Tres Pinos Creek 22,997 35.9 Pipe Diversion Tres Pinos Creek Watershed
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Stersted | sumatersnea (ruc yname | S| Sphare | WACIEORE | e s e
13 Los Muertos Creek 18,928 29.6 Pipe Diversion Tres Pinos Creek Watershed
14 Quien Sabe Creek 32,669 51.0 No Modifications Tres Pinos Creek Watershed
15 Upper Tres Pinos Creek 23,240 36.3 Pipe Diversion Tres Pinos Creek Watershed
16 Las Aguilas Creek 24,730 38.6 Pipe Diversion Tres Pinos Creek Watershed
17 Sulphur Creek-San Benito River 24,174 37.8 No Modifications Upper San Benito River Watershed
18 Willow Creek 18,585 29.0 No Modifications Upper San Benito River Watershed
19 Rock Springs Creek-San Benito River 29,781 46.5 No Modifications Upper San Benito River Watershed
20 James Creek-San Benito River 28,740 44.9 No Modifications Upper San Benito River Watershed
21 Hernandez Reservoir-San Benito River 19,512 30.5 No Modifications Upper San Benito River Watershed
22 Clear Creek-San Benito River 34,843 54.4 No Modifications Upper San Benito River Watershed
23 Lower Uvas Creek 25,690 40.1 No Modifications Uvas Creek Watershed
24 Upper Uvas Creek 29,823 46.6 No Modifications Uvas Creek Watershed
25 Lower Llagas Creek 20,007 31.3 Levee Llagas Creek Watershed
26 Upper Llagas Creek 18,737 29.3 Levee Llagas Creek Watershed
27 Little Llagas Creek 15,392 24.1 Levee Llagas Creek Watershed
28 Lower Pacheco Creek 21,986 34.4 Reservoir, General Canal Pacheco Creek Watershed
29 Upper Pacheco Creek 18,334 28.6 Reservoir, General Canal Pacheco Creek Watershed
30 Cedar Creek 12,766 19.9 No Modifications Pacheco Creek Watershed
31 Lower North Fork Pacheco Creek 25,771 40.3 No Modifications Pacheco Creek Watershed
32 Upper North Fork Pacheco Creek 17,079 26.7 No Modifications Pacheco Creek Watershed
33 South Fork Pacheco Creek 11,518 18.0 No Modifications Pacheco Creek Watershed
34 Tequisquita Slough 25,964 40.6 General Canal Tequisquita Slough Watershed
35 Santa Ana Creek 33,717 52.7 No Modifications Tequisquita Slough Watershed
36 Arroyo De Las Viboras 14,742 23.0 General Canal Tequisquita Slough Watershed

Total 832,406 | 1,300.6

A This column identifies any type of man-made modification(s) to natural overland flow that alters the location of the hydrologic unit boundary for a HUC-
12 subwatershed, on the basis of attribute data provided with the Watershed Boundary Dataset.

3.3 Land Use & Land Cover

Land use conditions play an important role in pollutant loading to water resources in any given
watershed, thus evaluating land use and land cover is an important part of TMDL development.
Historical land cover conditions in parts of the Pajaro River basin (south Santa Clara Valley), prior to
Euro-American modification, are available as spatial datasets from the San Francisco Bay Estuary
Institute'® (see Figure 3-5). These datasets provide some insight into what land cover conditions were
in historical lowland ecosystems of the Pajaro River basin prior to substantial human modification. The
lowlands associated with the Santa Clara Valley in historic times were characterized predominantly by
grasslands, oak savannah, oak woodlands, freshwater marshes, wet meadows, and alkali meadows.
Also worth noting, 1917-vintage topographic maps of the southern Santa Clara Valley indicate there were
still substantial areas of freshwater marshes in the vicinity of Gilroy and the lower Llagas Creek area at
that time (U.S. Geological Survey, 1917a and 1917b).

16 Source data — Robin Grossinger, San Francisco Estuary Institute. Title: South Santa Clara Valley Historical Landscape. This
database contains several feature classes representing a reconstruction of the historical landscape and prevailing conditions of
south Santa Clara Valley prior to Euro-American modification. This dataset integrates many sources of data describing the
historical features of south Santa Clara Valley. Extensive supporting information, including bibliographic references and
research  methods, can be found in the south Santa Clara Valley report. Online linkage:
http://gis.sfei.org/geofetch/catalog/search/search.page
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Figure 3-5. Historical ecology and landscape conditions of the southern Santa Clara Valley prior to

Euro-American modification.
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Modern land use and land cover in the Pajaro River basin can be evaluated from digital data provided by
the California Department of Conservation Farmland Mapping and Monitoring Program. The Farmland
Mapping and Monitoring Program maps are updated every two years with the use of aerial photographs,
a computer mapping system, public review, and field reconnaissance. For this TMDL Report, the 2010
Farmland Mapping and Monitoring Program mapping data was used. Table 3-4 presents the Farmland
Mapping and Monitoring land use—land cover categories as defined by the Department of Conservation.
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Table 3-4. Land use-land cover categories used in this TMDL report and as defined by the California
Department of Conservation’s Farmland Mapping and Monitoring Program.

Description (with alphabetic code)

el LR e le (St as defined by Farmland Mapping and Monitoring Program *

The aggregate category “Farmland” used in this TMDL report includes several categories defined by
the Farmland Mapping and Monitoring Program, as shown below:

Prime Farmland (P): Irrigated land with the best combination of physical and chemical features able
to sustain long-term production of agricultural crops. This land has the soil quality, growing
season, and moisture supply needed to produce sustained high yields. Land must have been
used for production of irrigated crops at some time during the four years prior to the mapping
date.

Farmland of Statewide Importance (S): Irrigated land similar to Prime Farmland that has a good

Farmland combination of physical and chemical characteristics for the production of agricultural crops.
This land has minor shortcomings, such as greater slopes or less ability to store soil moisture
than Prime Farmland. Land must have been used for production of irrigated crops at some
time during the four years prior to the mapping date.

Unique Farmland (U): Lesser quality soils used for the production of the state's leading agricultural
crops. This land is usually irrigated, but may include non-irrigated orchards or vineyards as
found in some climatic zones in California. Land must have been cropped at some time during
the four years prior to the mapping date.

Farmland of Local Importance (L)

Urban and Built-Up Land (D): Urban and Built-Up land is occupied by structures with a building
density of at least 1 unit to 1.5 acres, or approximately 6 structures to a 10-acre parcel.
Common examples include residential, industrial, commercial, institutional facilities, cemeteries,
airports, golf courses, sanitary landfills, sewage treatment, and water control structures.

Urban and Built-up Land

Grazing Land (G): Land on which the existing vegetation is suited to the grazing of livestock. This
category is used only in California and was developed in cooperation with the California

Grazing Land Cattlemen's Association, University of California Cooperative Extension, and other groups
interested in the extent of grazing activities. The minimum mapping unit for Grazing Land is 40
acres.

Other Land Other Land (X): Land which does not meet the criteria of any other category. Typical uses include

(Woodland, Undeveloped, or low-density rural development, heavily forested land, mined land, or government land with

Restricted) restrictions on use.

Open Water Water (W): Water areas with an extent of at least 40 acres.

A Land use-Land cover dataset: California Department of Conservation Farmland Mapping and Monitoring Program (2010)

Figure 3-6 illustrates land use and land cover in the Pajaro River basin. As one would expect,
agricultural lands, and developed or urbanized lands generally comprise the majority of the lowlands
areas within the river basin. Upland areas are typically characterized chiefly by grasslands, woodlands,
and natural areas.
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Figure 3-6. Land use — land cover of the Pajaro River basin (year 2010).
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Table 3-5 tabulates the distribution of land cover in the Pajaro River basin. The river basin as a whole is
largely comprised of grazing lands, woodlands and undeveloped areas. Agricultural lands and urban
lands are concentrated in the lowland areas of south Santa Clara Valley, and the Pajaro Valley. The
overwhelming majority of identified stream water quality impairments are associated with stream reaches
in these lowland areas.

Table 3-6 presents the distribution of land cover at a higher spatial resolution; the table tabulates land
cover estimates for all the subwatersheds nested within the Pajaro River basin.

Table 3-7 presents the distribution of land cover in selected drainages of particular interest at the
catchment hydrologic scale (i.e., drainages less than 10 square miles in size).
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Table 3-5. Tabulation of estimated land use/land cover in the Pajaro River basin (year 2010).

. . uU.S. . . .
River Basin Land Cover (Year 2010)A’B Acres River Basin Land Cover Pie Chart
|Urban and Built-Up Land 29,945
Farmland
12%

Farmland 97,114
Grazing Land 517,322
Other Lan

er Land . 185,867
(Woodland, Undeveloped, or Restricted)
Open Water 1,964

Grazing Land
62%
Vacant or Disturbed Land © 12
Total 832,225

A Source: Calif. Dept. of Conservation, Farmland Mapping and Monitoring Program (2010)
B'The total acreage in this table is negligibly smaller (by less than 200 acres) than the size of the Pajaro River basin total drainage area
previously reported in Section 3.2 of this report. This is due to very small differences between the Farmland Mapping and Monitoring Program
dataset that is reported by county (and thus delineated on the basis of county boundaries) and the Watershed Boundary Dataset that is report
by drainage area. The areal extents of these two datasets are slightly different in some areas of the Pajaro River basin. It should be noted that
these difference amount to 181 acres total which is insignificant compared to the total size of the Pajaro River basin of over 832,000 acres.
C This land cover category is only used and reported by Fresno County in the 2010 Farmland Mapping and Monitoring Program dataset; there
is a tiny sliver of Fresno County that overlaps the Pajaro River basin in the upper San Benito River Subbasin area. Other counties in the
Pajaro River basin do not use or report this land cover category.

Table 3-6. Estimated land cover (year 2010)" tabulated by subwatershed (units = U.S. acres).

Woodland, . Vacant or
P S Famiand | PR | Undeveloped, | G200 | DBEL | Disurbed | Toral
or Restricted Land

Watsonville Slough 5,049 4,178 5,952 292 0 N.A. 15,472
Lower Pajaro River 11,321 963 9,321 11,680 0 N.A. 33,285
Salsipuedes Creek 4,019 1,342 7,993 2,344 183 N.A. 15,881
Corralitos Creek 2,594 1,108 13,909 178 0 N.A. 17,789
Upper Pajaro River 19,596 1,313 1,070 13,487 0 N.A. 35,466
Bird Creek-San Benito River 3,779 3,034 8,424 17,505 0 N.A. 32,742
San Juan Canyon 6,136 927 5,774 11,360 218 N.A. 24,415
Paicines Reservoir-San Benito River 4,354 16 2,610 26,909 87 N.A. 33,976
Pescadero Creek 672 87 11,420 13,486 0 N.A. 25,665
Stone Creek 5 0 1,922 8,133 0 N.A. 10,060
Lower Tres Pinos Creek 2,179 231 1,468 13,973 0 N.A. 17,850
Middle Tres Pinos Creek 19 0 508 22,470 0 N.A. 22,997
Los Muertos Creek 42 0 710 18176 0 N.A. 18,928
Quien Sabe Creek 3,172 0 116 29268 105 N.A. 32,662
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Woodland, " Vacant or
P S Famiand | PR | Undeveloped, | a0 | DB | Disturbed | Toral
or Restricted Land

Upper Tres Pinos Creek 81 0 2,243 20,916 0 N.A. 23,240
Las Aguilas Creek 0 0 220 24,509 0 N.A. 24,730
Sulphur Creek-San Benito River 461 0 2,802 20911 0 N.A. 24,174
Willow Creek 41 0 2,583 15,962 0 N.A. 18,585
Rock Springs Creek-San Benito River 303 0 6,397 23,080 0 N.A. 29,781
James Creek-San Benito River 10 0 12,401 16,330 0 N.A. 28,740
Hernandez Reservoir-San Benito River 178 0 9,888 8,821 625 N.A. 19,512
Clear Creek-San Benito River 0 0 21,625 13,205 0 12 34,843
Lower Uvas Creek 4,142 1,602 6,269 13,677 0 N.A. 25,690
Upper Uvas Creek 316 201 13,491 15,576 238 N.A. 29,823
Lower Llagas Creek 5,378 5,442 4,467 4,721 N.A. 20,007
Upper Llagas Creek 505 1,232 2,713 14,056 231 N.A. 18,737
Little Llagas Creek 2,216 5,257 2,636 5,284 0 N.A. 15,392
Lower Pacheco Creek 4,172 192 1,717 15,796 109 N.A. 21,986
Upper Pacheco Creek 0 0 222 18,094 0 N.A. 18,316
Cedar Creek 0 0 4,876 7890 0 N.A. 12,766
Lower North Fork Pacheco Creek 0 0 688 24,891 167 N.A. 25,746
Upper North Fork Pacheco Creek 0 0 15,667 1,372 0 N.A. 17,040
South Fork Pacheco Creek 0 0 10 11,497 0 N.A. 11,507
Tequisquita Slough 8,966 1,966 2,393 12,638 0 N.A. 25,964
Santa Ana Creek 7,084 853 1,177 24,603 0 N.A. 33,717
Arroyo De Las Viboras 327 0 184 14,229 0 N.A. 14,740

A Land use-Land cover dataset: California Department of Conservation Farmland Mapping and Monitoring Program (2010)

N.A. = not applicable, this land cover category is specific to Fresno County.

Table 3-7. Estimated land cover of catchment-size drainages of particular interest (units = U.S. acres).
Catchment | e IO | Famiand | US| Undousiopes, | SS9 | o
or Restricted
McGowan Ditch © Lower Pajaro River Subwatershed 1,634 258 662 0 2,554
Miller Canal © Upper Pajaro River Subwatershed 3,112 67 75 277 3,531
Beach Road Ditch ® | Watsonville Slough Subwatershed 1,675 0 0 1,675
Watsonville Slough D | watsonville Slough Subwatershed 1,498 1,684 156 3,338
Struve Slough ° Watsonville Slough Subwatershed 2,051 1,487 376 3,914
Gallighan Slough D Watsonville Slough Subwatershed 716 1,433 409 205 2,763
Hanson Slough D Watsonville Slough Subwatershed 200 100 401 301 1.002
Harkins Slough b Watsonville Slough Subwatershed 819 3,385 1,510 1,669 7,383

A Refer to Figure 3-4 and Table 3-6 in this report to view subwatershed location and information.

B Source: Table 2 in Smalling and Orlando, 2011.

¢ As delineated by Central Coast Water Board staff on the basis of the National Elevation Dataset 30 meter digital elevation model (source: U.S.

Geological Survey, EROS Data Center 1999) and an associated flow accumulation grid and stream link raster network developed with the Esri®

ArcMap™ 10.1 Spatial Analyst Hydrology Tool. Estimated land cover is based on the Farmland Mapping and Monitoring dataset (2010).
D Source: Table 3-1 in Swanson Hydrology & Geomorphology, et. al., 2003.

Human disturbance to the landscape varies spatially across any given river basin. In the context of TMDL
development, it is important to be aware of this variation. The establishment of water quality “reference
conditions” also relies on knowledge about the magnitude of human disturbance to the landscapes of a

river basin (see report Section 3.6).
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quantified with data available from the U.S. Geological Survey®’. Figure 3-7 presents the “human
footprint” in the Pajaro River basin. Human footprint is a measure of human disturbance to the
landscape. Human footprint values range from one (pristine conditions) to 10 (extremely modified by
humans). In general, lowland and valley areas of river basins typically have the highest human footprint,
whereas upland areas of the river basin unsurprisingly will have a lower human footprint. For example,
human footprint values range from about 3 to 4 in lightly impacted subwatersheds of the Upper San
Benito Subbasin and the Upper Pacheco Creek Subbasin. In contrast, human footprint values range
from about 7 to 9 in highly modified subwatersheds of the Santa Clara Valley and Watsonville coastal
plain. Table 3-8 presents a tabulation of the ranges and averages of human footprint values by individual
subwatersheds, and thus illustrates the degree to which subwatershed landscapes of the Pajaro River
basin are modified by human activities.

Figure 3-7. Human footprint map (refer back to Flgure 3-4 and Table 3-3 for subwatershed names).

r_nan Footprlnt Map

m Pajaro River Basin
73 subwatersheds
Human Footprint
I 1 = lowest
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The Hfr‘man Footprint in the

" “The Human Footprint in the West” is a geospatial dataset originated by Matthias Leu, Steve Hanser, and Steve Knick, U.S.
Geological Survey, Snake River Field Station. Leu, Nahser and Knick developed the map of the human footprint for the western
United States from an analysis of 14 landscape structure and anthropogenic features: Online linkage:
http://sagemap.wr.usgs.gov/HumanFootprint.aspx
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Table 3-8. Tabulation of human footprint values by subwatershed on the basis of map data shown
previously in Figure 3-7 (human footprint value of 2 = landscape is undisturbed or near pristine

conditions, value of 10 = landscape is extremely modified by humans).

A Human Human Human A Human Human Human

Subwatershed Footprint Footprint Footprint Subwatershed Footprint Footprint Footprint
(minimum) | (maximum) (average) (minimum) | (maximum) (average)

Clear Creek-San
Benito River 2 5 3.1 Santa Ana Creek 3 10 5.7
Hernandez Reservoir- L
San Benito River 2 5 3.2 Tequisquita Slough 4 10 6.8
James Creek-San .
Benito River 2 6 3.1 Watsonville Slough 4 10 8.5
Rock Springs Creek- . .
San Benito River 2 6 3.2 Lower Pajaro River 4 10 7.2
Sulphur Creek-San Arroyo De Las
Benito River 2 6 4.1 Viboras 4 10 51
Willow Creek 3 10 4.6 Salsipuedes Creek 5 10 8.4
Stone Creek 3 7 4.7 Lower Pacheco Creek 4 10 6.0
Upper Tres Pinos South Fork Pacheco
Creek 2 5 3.5 Creek s ! 4.6
Middle Tres Pinos
Creek 2 6 4.2 Lower Uvas Creek 4 10 6.7
Pescadero Creek 3 7 5.0 Upper Pajaro River 4 10 7.3
Las Aguilas Creek 2 6 3.7 Corralitos Creek 4 10 7.2
Los Muertos Creek 2 6 4.2 Upper Pacheco Creek 3 7 5.0
Paicines Reservoir-
San Benito River 3 10 5.2 Lower Llagas Creek 4 10 8.8
Lower Tres Pinos
Creek 3 10 5.6 Cedar Creek 3 7 4.7
San Juan Canyon 4 10 7.0 Upper Uvas Creek 4 10 5.7
Bird Creek-San .
Benito River 4 10 6.7 Little Llagas Creek 4 10 9.1
Quien Sabe Creek 3 7 4.4 Upper Llagas Creek 5 10 6.6

A Refer back to Figure 3-4 and Table 3-3 for a map and tabulation of subwatersheds within the Pajaro River basin.

3.4 Hydrology

Assessing the hydrology of a watershed is an important step in evaluating the magnitude and nature of
nutrient transport and loading in waterbodies. The entire drainage area contributing to flow in the Pajaro
River basin encompasses over 1,300 square miles (refer back to Figure 3-2). Figure 3-8 illustrates some
regional hydrographic features and hydrologic characteristics within the Pajaro River basin.

Due to highly variable climatic, hydrologic, anthropogenic, and geomorphic influences within the river
basin, stream flows in various stream reaches can range spatially from perennial or sustained flow, to
infrequent seasonal or intermittent flows — refer again to Figure 3-8 for illustrations of these variations.
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Figure 3-8. Generalized hydrography of the Pajaro River basin: major streams, generalized hydrologic
flow conditions, major lakes, estuaries, reported cold water springs and reported geothermal springs.
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Table 3-9 presents flow statistics for select stream reaches in the Pajaro River basin on the basis of U.S.

Geological Survey stream gages.

Table 3-9. Flow statistics from U.S. Geological Survey stream gages in the Pajaro River basin. Flow
units = cubic feet sec'l; drainage area units = square miles; BFI = base flow index.

St;t:’” Station Name P;;ic"odrgf :‘c’;, MIN | P10 | P25 | Pso | P75 | Poo | Pos | Pag 2{';; BFI irrae':
11152900 Cedar C Nr Bell Station Ca 1961-1982 | 44 | 00 [ 00| 00| 00 | 06 | 42 | 160 | 920 832 | 0176 | 13
11153000 Pacheco C Nr Dunneville Ca 1939-1982 | 345 [ 0.0 | 0.0 | 0.0 | 20 | 89 | 38.0 | 124.0 | 698.2 | 7730 | 0.198 | 146
11153470 | Llagas C Ab Chesbro Res Nr Morgan Hill Ca 1971-1982 9.6 0.0 0.0 | 0.0 0.6 5.3 22.0 46.0 153.6 508 0.37 10
11153500 Llagas C Nr Morgan Hill Ca 1951-1971 | 155 [ 0.0 | 0.0 | 1.1 | 41 | 160 | 33.0 | 480 | 178.1 | 1230 | 0.603 | 20
11153700 Pajaro R Nr Gilroy Ca 1959-1982 | 60.2 | 0.0 | 0.5 | 2.1 | 53 | 13.0 | 67.0 | 245.8 | 1220.0 | 11700 | 0.307 | 399
11154100 Bodfish C Nr Gilroy Ca 1959-1982 | 3.8 | 0.0 (00| 01| 04 | 1.8 | 70 | 160 | 63.0 505 | 0.331 7
11154200 Uvas C Nr Gilroy Ca 1959-1992 | 385 [ 0.0 | 0.0 | 0.0 | 00 | 6.4 | 61.0 | 180.2 | 746.2 | 6520 | 0.154 | 71
11154700 Clear C Nr Idria Ca 19932000 | 55 | 01 [ 05| 10| 19 | 51 | 140 | 220 | 450 464 | 0726 | 14
11156000 San Benito R Bl M C Nr Hernandez Ca 1949-1963 | 12.4 [ 0.0 | 00 | 08 | 1.7 | 48 | 24.0 | 79.0 | 1603 | 754 | 0.402 | 108
11156450 Willow C Trib Nr San Benito Ca 1964-1969 | 0.0 [ 0.0 | 00 | 00| 00 | 00 | 0.0 0.0 0.3 12 | 0.018 1
11156700 Pescadero C Nr Paicines Ca 1959-1970 | 1.6 [ 0.0 | 00 | 02 | 06 | 1.5 | 25 3.8 21.0 160 | 0.674 | 38
11157500 Tres Pinos C Nr Tres Pinos Ca 1940-2000 | 18.2 [ 0.0 | 05 | 1.2 | 3.0 | 65 | 18.0 | 500 | 290.8 | 9000 | 0.431 | 208
11158500 San Benito R Nr Hollister Ca 1949-1983 | 373 [ 0.0 | 0.0 | 0.0 | 25 | 180 | 40.0 | 97.0 | 7150 | 8390 | 0.253 | 586
11158600 San Benito R A Hwy 156 Nr Hollister Ca 1970-2000 | 425 | 0.0 | 0.0 | 0.0 | 1.8 | 11.0 | 41.0 | 173.0 | 800.0 | 19800 | 0.289 | 607
11158900 Pescadero C Nr Chittenden Ca 1970-1981 3.0 0.0 0.0 | 01 0.3 1.5 5.8 14.0 52.0 191 0.38 10
11159150 Corralitos C Nr Corralitos Ca 1957-1972 8.6 0.0 0.1 0.1 0.5 4.1 18.0 41.0 134.0 997 0.232 11
11159200 Corralitos C A Freedom Ca 1956-2000 | 16.9 [ 0.0 | 0.0 | 0.0 | 04 | 55 | 350 | 81.0 | 301.8 | 2290 | 0.181 | 28
11159500 Pajaro R A Watsonville Ca 1911-1973 | 93.8 [ 0.0 | 0.1 | 1.0 | 5.4 | 260 | 70.0 | 368.2 | 21004 | 6570 | 0.53 | 1272
11153900 Uvas C Ab Uvas Res Nr Morgan Hill Ca 1961-1982 28.1 0.0 03 | 0.8 2.7 | 140 | 50.0 | 116.0 | 475.6 3390 | 0.313 21
11156500 | San Benito R Nr Willow Creek School Ca 1939-2000 | 28.1 | 0.0 | 0.2 | 05 | 3.9 | 240 | 58.0 | 93.0 | 3824 | 5000 | 0.471 | 249
11159000 Pajaro R A Chittenden Ca 1939-2000 | 173.1 | 0.0 | 1.2 | 43 | 12.0 | 39.0 | 270.0 | 777.5 | 3420.0 | 21700 | 0.344 | 1186

Data source: U.S. Geological Survey, 2003. Flow characteristics at U.S. Geological Survey stream gages in the conterminous United States
P = percentiles, for example the P10 attribute is the 10" percentile of daily streamflow values for the period of record.

. Open File Report 03-146.

The spatial distribution of U.S. Geological Survey stream gages is limited, and many of the gages shown
above are inactive and only report historical flow data which may, or may not, be representative of
current and recent watershed conditions. Therefore, it is prudent to compile other available sources of
flow data. Table 3-10 presents recent estimates of mean annual flow on the basis of flow attributes™®

reported in the National Hydrography Dataset Plus (NHDplus).

Table 3-10. Estimates of mean annual flow (unites=cubic ft. sec'l) on the basis of NHDplus attributes.

Stream Reach Monitoring Site | Mean Annual Flow Data Source
Carnadero Creek at private property access 305CAR 14.04 NHDplus
Casserly Creek at Paulsen CA2 0.88 NHDplus
Coward Creek at Carlton Rd Ccw 0.17 NHDplus
Furlong Creek at Fraiser Lake Rd 305FUF 0.43 NHDplus

8 MAFlowU attribute: Mean annual flow in cubic feet per second as computed by the unit runoff method.
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Stream Reach Monitoring Site | Mean Annual Flow Data Source
Green Valley Creek at Green Valley Road GV 0.27 NHDplus
Green Valley Creek Tributary at Casserly Road GVT 0.40 NHDplus
Harkins Slough at Harkins Slough Rd 305HAR 2.09 NHDplus
Hughes Creek at Casserly Road HC 0.07 NHDplus
Llagas Creek at Bloomfield Avenue 305LLA 11.94 NHDplus
Pacheco Creek at San Felipe Rd. 305PAC 12.70 NHDplus
Pajaro River at Thurwatcher Rd. 305THU 109.59 NHDplus
Salsipuedes Creek at Hwy 129 downstream of Corralitos Creek 305COR 8.54 NHDplus
San Benito at Y Rd 305SAN 38.60 NHDplus
San Juan Creek at Anzar 305SJN 1.06 NHDplus
Struve Slough at Lee Rd 305STL 0.23 NHDplus
Tequisquita Slough at Shore Rd 305TES 4.23 NHDplus
Watsonville Slough upstream Harkins Slough 305WSA 4.46 NHDplus

Staff developed visual representations of flow variation in the Pajaro River basin in Figure 3-9 and Figure
3-11. Figure 3-9 illustrates mean annual flow estimates within the Pajaro River basin, based on U.S.
Geological Survey flow gage data and resolution National Hydrography Dataset Plus (NHDplus)®,
estimates of mean annual flow®.

19 NHDPIus Version 1.0 (2005) was created by the USEPA and the U.S. Geological Survey and is an integrated suite of
application-ready geospatial data sets that incorporate many of the features of the National Hydrography Dataset (NHD) and the
National Elevation Dataset (NED). NHDPIus includes a stream network (based on the 1:100,000-scale NHD), networking,
naming, and "value-added attributes" (VAA's). NHDPIus also includes elevation-derived catchments (drainage areas) produced
using drainage enforcement techniques.

% us. Geological Survey gages provide measured daily flow records (online linkage: http://ca.water.U.S. Geological
Survey.gov/). NHDPIus provides modeled mean annual flow estimates; staff used values for the attribute “MAFlowU".
MAFlowU are based on the Unit Runoff Method (UROM), which was developed for the National Water Pollution Control
Assessment Model (NWPCAM) (Research Triangle Institute, 2001). Values in “MAFlowU” are based on methods from Vogel et
al., 1999. NHDplus uses two flow estimation procedures, both developed by using the Hydro-Climatic Data Network (HCDN) of
gages. These gages are usually not affected by human activities, such as major reservoirs, intakes, and irrigation withdrawals;
thus, the mean annual flow estimates are most representative of “natural” flow conditions. These estimation methods used the
HCDN gages because each method is developed for use at large scales; such as Hydrologic Regions. It was beyond the scope
and capabilities of both methods to determine the human-induced effects at this scale.
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Figure 3-9. Estimated mean annual discharge in streams of the northern Pajaro River basin on the basis
of stream gage data and NHDplus flow estimates; units=cubic feet/sec,.
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In addition to gaged flow data and NHDplus mean annual flow estimates discussed above, several water
guality monitoring programs active in the Pajaro River basin periodically collect instantaneous flow data
(see Appendix A). These instantaneous flow data can provide some coarse, generalized insight into flow
conditions in some stream reaches of the river basin (see Table 3-11 and boxplots®* in Figure 3-10).

Table 3-11. Numerical summary of instantaneous flow field measurements (years 2005-2011) at select
stream locations in the Pajaro River basin.

Stream / Location mean | 0% | 10% | 25% | 50% | 75% | 90% | 100% Sggﬂe
Carnadero Creek at Highway 25 34.77 0.00 0.00 053 | 7.78 | 23.31 | 54.59 392 75
Llagas Creek at Bloomfield Avenue 4.00 0.00 0.00 3.23 | 445 | 572 7.00 7.24 19
Millers Canal at Frazier Lake Rd 22.14 0.00 1.74 458 | 8.69 | 13.97 | 24.01 560 102
Pacheco Creek at San Felipe Rd. 7.94 0.30 0.68 144 | 453 | 12.08 | 19.06 31.4 33
Pajaro River at Chittenden Gap 98.25 1.10 4.41 | 13.00 | 26.00 | 63.50 | 139.0 | 2,430 79

* Fora description of boxplots, and what they graphically depict, please refer to the boxplot entry in Wikipedia.
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Stream / Location mean | 0% | 10% | 25% | 50% | 75% | 90% | 100% Sg&?]'f
Pajaro River at Porter 108.22 | 0.44 1.57 | 10.66 | 28.59 | 76.20 | 137.12 | 3,000 73
Salsipuedes Creek at Hwy 129 23.15 0.00 0.07 0.57 222 | 16.13 | 31.71 613 84
San Benito at Y Rd 2.19 0.00 0.00 0.15 0.57 1.70 3.81 22.5 42
San Juan Creek at Anzar Rd. 2.03 0.00 0.31 1.07 | 1.65 | 2.22 3.56 9.60 40
Tres Pinos Creek at Southside Rd. 2.03 0.17 0.29 0.65 | 1.24 | 2.00 4.22 7.97 20

Figure 3-10. Box plot of instantaenous flow field measurements at select stream locations in the Pajaro
River basin (units=log10 cubic ft. sec'l). This box plot is derived from flow data presented in Table 3-11.
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Carnadero Creek at Highway 25 —
Llagas Creek at Bloomfield Avenue
Millers Canal at Frazier Lake Rd —
Pacheco Creek at San Felipe Road
Pajaro River at Chittenden Gap —
Pajaro River at Porter —
Salsipuedes Creek at Hwy 129 —
San Benito at ¥ Rd —
San Juan Creek at Anzar
Tres Pinos Creek at Southside Rd —

Due to the nature and scope of artificial drainage, regulated flows and the Mediterranean climate
prevalent in the Pajaro River basin, dry season flow patterns can vary substantially from flow patterns
observed from mean annual flow conditions. It is also important to consider dry season flow discharge
patterns because biostimulatory impairments of surface waters generally occur in the dry season or
summer months. While there are only a handful of active U.S. Geological Survey gages in the Pajaro
River basin, various monitoring programsis have collected over 1,100 instantaneous flow measurements
in the river basin in recent years (see Appendix A — Water Quality Data). Because of the large size of this
flow dataset, taking the arithmetic means of the May 1 through October 31 instantaneous flow
measurements from selected stream reaches can provide a plausible rough approximation of mean dry
season flows. Further, due to the region’s Mediterranean climate and the virtual absence of precipitation-
driven flow events in the dry season, it is presumed that the May through October instantaneous flow
measurements are a plausible representation of the scope and range of dry season flow conditions.

26




Pajaro River Basin Nutrient TMDLs

May 2015

Table 3-12 tabulates a summary of mean annual dry season flows at key stream reaches in the Pajaro

River basin.

Table 3-12. Estimated mean annual dry season flow (May 1 through Oct. 31) and numerical summary of

dry season flow ranges in select stream reaches of the Pajaro River basin (units=cubic ft. sec'l).

Stream Reach mean | 0% | 10% | 25% | 50% | 75% | 90% | 100% temporal range s?(;?Jpr)][[e data source

ﬁ%mgsrgfeek at 651 | 000 | 000 | 021 | 1.96 | 832 | 2244 | 31.32 | May-05 | Jun-11 36 | Moo
gj‘\;gf‘gg;ggf;‘; M| 179 | 072 | 072 | 072 | 072 | 232 | 328 | 392 | Ju1 | Octi1 3 e o
Corralitos Creek at 403 | 062 | 090 | 132 | 1.87 | 290 | 921 | 13.42 | Oct-03 | May-06 5 e oo
ggﬁit\gz Ig;eg;:é 681 | 0.00 | 001 | 0.08 | 1.08 | 886 | 27.66 | 29.75 | May-05 | oOct-11 12 '”ﬁ;‘gﬁ{;i?t‘(‘)flﬂgw
Ef;::g?&(eee';gt 110 | 052 | 077 | 082 | 121 | 1.35 | 145 | 154 | May-05 | Oct11 18 '”ﬁ;‘gﬁ{;i?t‘(‘)flﬂgw
Iélg%?nsﬁglr;%:;ue 220 | 000 | 000 | 000 | 070 | 379 | 454 | 7.24 | Jun92 | Junos 22 '”ﬁ;‘gﬁ{;i?t‘(‘)flﬂgw
;'gg;ssiggee" at 508 | 025 | 058 | 207 | 346 | 534 | 1017 | 24.17 | May-06 | Jun-11 37 '“ﬁ;"’l‘gmi‘l’t‘(‘jlﬂgw
Hilagas Creeicat 225 | 000 | 000 | 115 | 170 | 350 | 420 | 470 | Jun92 | Jure3 1L | e
g:l‘ggfnggfk near 14.09 | 620 | 7.08 | 8.40 | 1550 | 18.10 | 20.78 | 24.20 | Jun-92 | Jul-93 13 '“;‘;gt;g‘;?;f,ﬂgw
Milers CanalatFrazier | 675 | 000 | 060 | 273 | 647 | 9.67 |1318 | 23.13 | May05 | Octil 7
Pacheco CreekatSan | g3 | 215 | 247 | 327 | 583 | 812 | 918 | 9.89 | Ju-05 | Aug06 6 instantaneous flow
Felipe Lake field monitoring

Egﬁgg‘g’ogée“ atSan | 555 | 030 | 045 | 090 | 375 | 6.89 | 14.66 | 19.37 | May-05 | Oct11 16 | Mo mene
gzjam RiveratBetabel | oo 45 | 1234 | 12.35 | 12.41 | 13.73 | 30.96 | 81.87 | 87.52 | May-05 | oOct-05 12 '”ﬁ;‘gﬁ{;i?t‘(‘)flﬂgw
Eﬂjif‘tgon?gfg:p 1795 | 000 | 16 | 45 | 125 | 232 | 347 | 90 | Jun-92 | Jundi | 54 | Mpamanesueow
Eﬂjif‘tg’nggfggtp 242 | 048 | 3 | 67 | 12 | 22 | 43 | 1,010 | May98 | Dec14 | 3,128 | USTSIoM9aee

Pajaro River at Hwy 25 | 1.22 | 0.00 | 0.00 | 0.00 | 1.20 | 2.00 | 2.64 3.2 Jun-92 | Jul-93 13 '“;‘;gt;g‘;?;f,ﬂgw
Pajaro River at Porter | 22.38 | 044 | 1.47 | 2.86 | 11.95 | 28.59 | 39.56 | 153 Jun-05 | Jun-11 41 '“;‘;gt;g‘;?;f,ﬂgw
f'al;"‘l’ggdes Creekat | 528 | 0.06 | 020 | 048 | 1.22 | 3.00 | 1897 | 31.71 | May-05 | Jul-11 g | e o
San Benito at Y Rd 039 | 0.00 | 0.00 | 000 | 022 | 058 | 1.00 | 1.74 | May-05 | Oct-11 22 '”ﬁﬁgﬁﬁ?&flﬂgw
SanBenito River | 1431 | 348 | 413 | 449 | 663 | 28.04 | 3087 | 3550 | May-05 | Oct11 19 |
San Juan Creekcat 198 | 000 | 072 | 1.08 | 158 | 205 | 341 | 890 | May-05 | Oct11 62 | " menterng.
I\SA?S”SIJOU:‘{‘IIS;Z': Xy | 051 | 036 | 040 | 046 | 056 | 059 | 060 [ 0.61 | May-08 | Oct-08 3 o manoring.
ﬁf:sggft”R(d:reek at 098 | 048 | 061 | 082 | 115 | 123 | 128 | 1.31 | May-08 | Oct-08 3 e
;Zﬂ“gﬁgg?_i‘;“gh at | 132 | o071 | 081 | 097 | 141 | 177 | 177 | 177 | Jun05 | Aug-06 4| e e
rdusautaSloughat |1 215 | 0.00 | 0.00 | 0,00 | 000 | 000 | 718 | 24.83 | May0s | Jun-11 | 30 | "en@neousfiow
Lres Pinos Creek at 293 | 065 | 065 | 111 | 198 | 381 | 797 | 7.97 | Aug-05 | Octa1 | 11 | Mpenanecushow
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Stream Reach mean | 0% | 10% | 25% | 50% | 75% | 90% | 100% temporal range S?(;Eﬂlte data source
Uvas Creek at instantaneous flow
Bloomfield Avenue 10.08 2.06 2.06 2.76 489 | 18.70 | 23.31 | 23.31 May-05 Jun-11 6 field monitoring
Watsonville Slough instant f
upstrm of Harkins 0.73 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.44 | 10.8 | May-06 | Jun-11 31 D oo, oW
Slough g

Figure 3-11 illustrates the estimated hydrographic stream channel classifications in the Pajaro River
basin. The source of these hydrographic stream classification attributes is the U.S. Geological Survey’s
high resolution NHDplus supplemented by field observation of flow patterns. It should be noted that the
NHDplus stream channel classifications carry no formal regulatory status, and have not necessarily been
field-checked. In the NHDplus metadata these are described as “value-added” geospatial attributes
created to supplement the NHDFlowline shapefiles.

Figure 3-11. Generalized stream classifications in the northern and central Pajaro River basin on the
basis of NHDplus flow line attributes and Cooperative Monitoring Program field observations.
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Riparian characteristics are often considered in nutrient TMDL development, because riparian cover,
canopy shading, and riparian health can play a role in the nature and risk of nutrient pollution of water
resources. Stream riparian landscape characteristics have been published as digital datasets by the

N
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USEPA'’s Landscape Ecology Branch?. Figure 3-12, Figure 3-13, and Figure 3-14 present estimated
percentage of stream length that is adjacent to various land cover categories (i.e., cropland, urban, and
natural land). Table 3-13 tabulates weighted averages of the digital riparian landscape characteristics
shown in the aforementioned figures. Significant proportions of lowland stream reaches of the Pajaro
Valley and southern Santa Clara Valley are located adjacent to croplands and developed
urban/residential areas. In contrast, stream reaches of the San Benito River Subbasin are largely
adjacent to natural landscapes.

Figure 3-12. Estimated percentage of stream reach length which is adjacent to cropland.
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Figure 3-13. Estimated percentage of stream reach length which is adjacent to urban land.
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Source: US EPA/ORD/NERL/ESD Landscape Ecology Branch, wemap3k_atmetrics,
vector digiatl data. Dataset contains metric info from four metric groups: IandSCIPe_._ e Gepco. NOAA, Nabonal Geographic, Delomo, T TE NG f amos crg, and lher
characteristics, riparian characteristics, human stresses and physical characterisitics. \,

22 The EMAP-West (Environmental Mapping and Assessment Program-West) metrics, developed by the USEPA’s Landscape
Ecology Branch, were generated with an ArcView extension called ATtILA (Analytical Tools Interface for Landscape
Assessments).
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Figure 3-14. Estimated percentage of stream reach length which is adjacent to all natural land.
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Table 3-13. Weighted percentages of select land cover categories occurring within a 100 meter buffer of

higher order streams (source data: EMAP-West®).
Land Cover Proportions”:
Percentages of Land Cover Categories within 100 meter Buffer of Higher Order Streams® ©
. - Weighted % of land within | Weighted % of land within
0,
. D UTERNIEE U Eif lene W'th'.n 100 m stream buffer that 100 m stream buffer that
Hydrologic Area 100 m stream buffer that is is is

CIRGIFLARND URBAN ALL NATURAL land cover
Pajaro River Basin 12.6 2.6 73.2
Pajaro River Subbasin 30.0 7.4 52.7
Pacheco Creek Subbasin 11.8 1.4 67.0
San Benito River Subbasin 4.6 0.9 85.4

A Source Data: EMAP-West Landscape Metrics, USEPA — Landscape Ecology Branch.
B Does not include Strahler first-order head water stream reaches.

¢ Cropland, Urban, and All Natural land categories do not sum to 100% for a given hydrologic area because grasslands,
wetlands, and shrubland were not included in this land cover tabulation.
P Refer back to Figure 3-3 for a map showing location of the subbasins within the Pajaro River Basin.

Agricultural watersheds are often characterized by a significant amount of artificial drainage. Staff was
cognizant of this fact during the development of this TMDL. Artificial drainage, such as agricultural
runoff, can be an important contributor to flows in some waterbodies of the Pajaro River basin. In
watersheds dominated by agriculture, artificial drainage systems can act as efficient conveyance
systems which rapidly transport excess water from agricultural soils. Consequently artificial drainage can
considerably increase the amount of nutrients exported from agricultural fields to waterways (Strock et
al., 2007). Figure 3-15 illustrates the estimated percentage of land area that is subject to the practice of
artificial drainage, such as ditches and tile drains. The estimations are from U.S. Geological Survey
NHDplus catchment attribute datasets. They are intended for informational value only and are based on
data derived by the National Resource Inventory conducted by the NRCS for the year 1992, which is

23 .
Ibid

4 This tabular dataset was created by the U.S. Geological Survey and represents the estimated area of artificial drainage for the

year 1992 and irrigation types for the year 1997 compiled for every catchment of NHDPIus for the conterminous United States.
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the best available dataset to estimate artificial drainage. Thus, this dataset is presumed to represent a
plausible gross regional approximation of the current percentage of land area subject to artificial drainage
practices®. The data indicates that artificial drainage is most intensive in the lowermost areas of the
Pajaro River basin (i.e., Pajaro Valley) as well as in localized areas around the Llagas Creek, and lower
Uvas Creek watersheds.

Figure 3-15. 1992 vintage estimate of percentage of land area subject to artificial drainage practices
ditches & tile drainage) in northern Pajaro River basin.
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3.5 Geomorphology

Pajaro River basin geomorphology was considered in the development of nutrient numeric water quality
targets. Because eutrophication is generally assumed to be limited to slow-moving waters in low
gradient streams, lakes, ponds, estuaries and bays, a review of Pajaro River basin geomorphology
provides insight into where higher risk of biostimulatory effects are to be expected.

In high gradient streams (steep slopes), the residence time of nutrients may be too short to allow nutrient
assimilation by primary producers and so impacts on water quality may be minimal. As reported in Tetra
Tech (2006), Dodds et al. (2002) reported a negative correlation of benthic chlorophyll a to gradient.

The source datasets were derived from tabular National Resource Inventory (NRI) datasets created by the National Resources
Conservation Service. Atrtificial drainage is defined as subsurface drains and ditches.

% It should be noted that the information is this figure should be considered very qualitative and substantial changes at local
scales may have occurred since 1992.
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Also, high gradient streams in steeper terrains keep water aerated diminishing the potential for anoxic
zones (USEPA, 2001a). USEPA reports that headwater systems in temperate zones usually have been
found to be limited by phosphorus, thus it is generally assumed that eutrophication effects are expected
in downstream ecosystems.

As such, the nutrient concentration that results in impairment in a high-gradient, shaded stream may be
much different from the one that results in impairment in a low-gradient, unshaded stream (Tetra Tech,
2006). However, it is important to note that it is generally presumed that excess nutrients in head water
reaches will ultimately end up in a receiving body of water where the nutrient concentrations and total
load may degrade the water resource.

An additional reason for assessing geomorphic conditions in the watershed is that geomorphic conditions
can potentially be used in grouping streams into categories, consistent with nutrient water quality target
development guidance from USEPA (see Section 6.3).

Further, California central coast researchers have reported a linkage between geomorphology and
biostimulatory impairments in the Pajaro River basin:

“Sections of the Pajaro River watershed have been listed by the State of California as impaired for nutrient
and sediment violations under the Clean Water Act ...... The best evidence linking elevated nutrient
concentrations to algae growth was shown when the stream physiography, geomorphology, and
water chemistry were incorporated into the survey and analysis.”*

*emphasis added

From: University of California, Santa Cruz (2009). Final Report: Long-Term, High Resolution Nutrient and Sediment
Monitoring and Characterizing In-stream Primary Production. Proposition 40 Agricultural Water Quality Grant Program
(Project Lead: Dr. Marc Los Huertos).

Figure 3-16 broadly illustrates the distribution of lowlands and uplands in the Pajaro River basin, on the
basis of variations in slope as derived from a 30 meter digital elevation model.
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Figure 3-16. Map showing distribution of lowlands and uplands in the Pajaro River basin on the basis of
variations in land slope (degrees).
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Generalized geomorphic landscape provinces of the Pajaro River basin are presented in Figure 3-17.
Landscapes of the northern parts of the river basin include the coastal Monterey Bay Plains and
Terraces?® and the inland, intermontane Santa Clara Valley. These lowlands are characterized by gently
sloping to nearly level floodplains, alluvial fans, and stream terraces. These lowlands are dissected by a
series of northwest-southeast trending upland features including the Santa Cruz Mountains, the Leeward
Hills, and the Western Diablo Range. Landscapes of the southern parts of the Pajaro River basin are
dominantly characterized by uplands of the Gabilan and Diablo ranges.

% Locally, this geomorphic landscape area is generally known as the “Pajaro Valley”
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Figure 3-17. Physiographic landscapes of the Pajaro River basin on the basis of Level IV ecoregions.
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Figure 3-18 illustrates geomorphic landscape descriptions of the Pajaro River basin; these geomorphic
descriptions are available from U.S. Department of Agriculture National Resources Conservation Service
(NRCS) Soil Survey Geographic (SSURGO) Database. Low gradient areas such as basin floors, flood
plains, sloughs, and alluvial valleys are physiographic areas that are likely to be at higher risk of
summertime algal growth and excessive algal biomass in surface waterbodies, relative to higher

gradient, higher canopy, and non-perennial flow upland areas.
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Figure 3-18. Geomorphology of the northern Pajaro River basin, with an emphasis on lowland landforms.
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3.6 Nutrient Ecoregions & Reference Conditions

Reference conditions refer to water quality conditions associated with relatively undisturbed stream
basins, and thus represent water quality conditions that could be expected in the absence of excessive
human impacts. Reference conditions are not necessarily pristine and undisturbed natural conditions.
Reference conditions can be evaluated in nutrient TMDL development as a way of assessing water
quality expected to be associated with water resources that have not been significantly degraded by
human inputs.

Since reference conditions are not uniform across the nation or across any given state, due to natural
variability, the USEPA has designated nutrient ecoregions that denote areas with ecosystems that are
generally similar (e.g., physiography, climate, geology, soils, land use, hydrology). The Pajaro River
basin is located largely in Ecoregion Il subecoregion 6 — Southern and Central California Chaparral and
Oak Woodlands®’ (see Figure 3-19). The primary distinguishing characteristic of this ecoregion is its
Mediterranean climate of hot dry summers and cool moist winters, and associated vegetative cover
comprising mainly chaparral and oak woodlands; grasslands occur in some lower elevations and patches

" Also referred to throughout this report more concisely as “Nutrient subecoregion 6”.
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of pine are found at higher elevations. Most of the California Chaparral and Oak Woodlands ecoregion
consists of open low mountains or foothills, but there are areas of irregular plains in the south and near
the border of the adjacent Central California Valley ecoregion.

A small portion of the Pajaro River basin (approximately 40 square miles of the Santa Cruz Mountains) is
located in Ecoregion Il subecoregion 1 — Coast Range®® (see Figure 3-19). The primary distinguishing
characteristic of this subecoregion is its highly productive, rain-drenched coniferous forests that cover the
low mountains of the Coast Range. Sitka spruce and coastal redwood forests originally dominated the
fog-shrouded coast, while a mosaic of western red cedar, western hemlock, and Douglas-fir blanketed
inland areas. Today Douglas-fir plantations are prevalent on the intensively logged and managed
landscape.

Figure 3-19. California Level Il nutrient ecoregions.
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Ecoregional natural variation illustrates that a single, uniform regulatory numeric nutrient water quality
target is not appropriate at the national or state-level scale. At the larger geographic scales, natural
ambient nutrient concentrations and associated biostimulatory risks in surface waters are highly variable

% Also referred to more concisely as “Nutrient subecoregion 1.”
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due to variations in vegetation, hydrology, climate, geology and other natural factors. As such, it is
important to consider natural variability of nutrient concentrations locally at smaller geographic scales
(e.g., the ecoregional, watershed, or subwatershed-scales). Therefore, note that some subsequent
elements or sections of this TMDL Report will reference nutrient water quality conditions in Ecoregion Il
subecoregion 6 (i.e., Calif. Oak and Chaparral subecoregion).

» USEPA Ecoregional Nutrient Numeric Criteria
In 2000, the USEPA published ambient numeric criteria to support the development of State nutrient
criteria in rivers and streams of Nutrient Ecoregion Il and Ill. Narrative from the 2000 USEPA guidance is
reproduced below (emphasis added):

(The 2000 report) presents EPA’s nutrient criteria for Rivers and Streams in Nutrient Ecoregion 1l and
Ill. These criteria provide EPA’s recommendations to States and authorized Tribes for use in establishing
their water quality standards consistent with section 303(c) of CWA [Clean Water Act]. Under section
303(c) of the CWA, States and authorized Tribes have the primary responsibility for adopting water quality
standards as State or Tribal law or regulation. The standards must contain scientifically defensible water
quality criteria that are protective of designated uses. EPA’s recommended section 304(a) criteria are
not laws or regulations — they are guidance that States and Tribes may use as a starting point for the
criteria for their water quality standards.

In developing these criteria recommendations, EPA followed a process which included, to the extent they
were readily available, the following elements critical to criterion derivation:

Historical and recent nutrient data in Nutrient Ecoregion Il & lll: Data sets from Legacy STORET,
NASQAN, NAWQA and EPA Region10 were used to assess nutrient conditions from 1990 to 1998.

Reference sites/reference conditions in Nutrient Ecoregion Il & Ill: Reference conditions presented are
based on 25th percentiles of all nutrient data including a comparison of reference condition for the
aggregate ecoregion versus the subecoregions. States and Tribes are urged to determine their own
reference sites for rivers and streams within the ecoregion at different geographic scales and to compare
them to EPA’s reference conditions.

The intent of developing ecoregional nutrient criteria is to represent conditions of surface waters that are
minimally impacted by human activities and thus protect against the adverse effects of nutrient over
enrichment from cultural eutrophication. EPA’s recommended process for developing such criteria includes
physical classification of waterbodies, determination of current reference conditions, evaluation of historical
data and other information (such as published literature), use of models to simulate physical and ecological
processes or determine empirical relationships among causal and response variables (if necessary), expert
judgment, and evaluation of downstream effects. To the extent allowed by the information available, EPA
has used elements of this process to produce the information contained in this document. The values for
both causal (total nitrogen, total phosphorus) and biological and physical response (chlorophyll a,
turbidity) variables represent a set of starting points for States and Tribes to use in establishing
their own criteria in standards to protect uses. The values presented in this document generally
represent nutrient levels that protect against the adverse effects of nutrient over enrichment and are based
on information available to the Agency at the time of this publication. However, States and Tribes should
critically evaluate this information in light of the specific designated uses that need to be protected.

-from: Ambient Water Quality Criteria Recommendations — River and Streams in Nutrient Ecoregion Ill,
USEPA December 2000.

USEPA'’s Technical Guidance Manual for Developing Nutrient Criteria for Rivers and Streams (USEPA,
2000a) describes two ways of establishing a reference condition. USEPA proposed that the 25th
percentiles of all nutrient water quality data could be assumed to represent unimpacted reference
conditions for each aggregate ecoregion, and also provided a comparison of reference condition for the
aggregate ecoregion versus the subecoregions.

USEPA characterized 25th percentile values of a population of water quality data as criteria
recommendations that could be used to protect waters against nutrient over-enrichment (USEPA,
2000a). However, USEPA also cautioned that States and Tribes may “need to identify with greater
precision the nutrient levels that protect aquatic life and recreational uses. USEPA also proposed that the
75th percentiles of all nutrient data of reference stream(s) could be assumed to represent unimpacted
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reference conditions for each aggregate ecoregion, and also provided a comparison of reference
condition for the aggregate ecoregion versus the subecoregions. USEPA (U.S. Environmental Protection
Agency) defines a reference stream as follows:

“A reference stream is a least impacted waterbody within an ecoregion that can be monitored to
establish a baseline to which other waters can be compared. Reference streams are not
necessarily pristine or undisturbed by humans.”

For reference, USEPA’'s 25th percentiles (representing unimpacted reference conditions) for the
California Oak and Chaparral subecoregion (i.e., nutrient subecoregion 6) are presented in Table 3-14.
Percentiles for Coastal Range subecoregion (i.e., nutrient subecoregion 1) are presented in Table 3-15.

Table 3-14. USEPA Reference conditions for Level Il subecoregion 6 streams.

Parameter 25™ Percentiles based on all seasons data for the decade
Total Nitrogen (TN) — mg/L 0.52

Total Phosphorus (TP) — mg/L 0.03

Chlorophyll a — pg/L 2.4

Turbidity - NTU 1.9

Table 3-15 . USEPA Reference conditions for Level Il subecoregion 1 streams.

Parameter 25™ Percentiles based on all seasons data for the decade
Total Nitrogen (TN) — mg/L 0.14

Total Phosphorus (TP) — mg/L 0.010

Chlorophyll a — ng/L 1.53

Turbidity - NTU 1.08

It should be re-emphasized that the above ecoregional criteria are not regulatory standards, and USEPA
in fact considers them “starting points” developed on the basis of data available at the time. USEPA has
recognized that States need to evaluate these values critically, and assess the need to develop nutrient
targets appropriate to different geographic scales and at higher spatial resolution.

> Historical Nitrate Concentrations in California Alluvial Valley Rivers

Development of nutrient water quality criteria could consider variations between lowland ecosystems and
upland ecosystems. Often, reference background nitrate water quality conditions are heavily weighted
towards undisturbed or lightly-disturbed tributary reaches located in headwater or upland reaches of a
river basin. This is because most valley floor areas of California have been developed for agricultural or
residential land uses, and thus are not representative of undisturbed systems.

Nutrient criteria development guidance published by the State of California notes that nutrient water
guality targets established for main stem river or alluvial valley stream reaches should not be lower than
concentrations found in undisturbed tributary reaches or background conditions in the river basin (Tetra
Tech, 2006). Also noteworthy, a scientific peer reviewer has previously stated to Central Coast Water
Board staff that headwater and lightly-disturbed tributary reaches may not be fully representative of
lowland ecosystems (Buetel, 2012). Alluvial river valleys in California, and indeed throughout the world,
tend to be highly modified by human activities, because they are generally ideal locations for agriculture,
commerce, and human populations. Thus, there can be uncertainty about what ambient, undisturbed,
natural background nutrient water quality should be expected in an alluvial valley river.

Table 3-16 presents historical nitrate water quality data from alluvial valley stream reaches in California
from sampling conducted in the years 1907 to 1908%°. The years 1907-08 represents a time when
human impacts to surface waters in California rivers undoubtedly tended to be significantly less than

P tis important to recognize that analytical techniques and analytical precision for water sampling have changed over the last
century, so the historical 1907-08 nitrate water quality data should be considered informational and anecdotal only, and should
not be considered a definitive representation of undisturbed, ambient alluvial valley river conditions.
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today. Thus these century-old, vintage nitrate concentration data may be a close proxy to natural or
lightly-impacted nitrate concentrations that may be expected in alluvial valley rivers of California. Note
that, on average, alluvial valley river waters in 1907-08 contained 0.31 mg/L nitrate as N, with 90 percent
of the samples collected having concentrations under 0.45 mg/L. In contrast, recent data indicate that
wadeable streams in undisturbed upland and headwater reaches of California (see Table 3-17)
collectively tend to have marginally lower nitrate as N concentrations — a mean nitrate as N concentration
of 0.15 mg/L, and 90% of the samples having concentrations below 0.23 mg/L nitrate as N*. Thus,
while data from the historical alluvial valley river waters, and the upland tributary stream waters are both
generally quite low in nitrate, it is worth noting that the 1907-08 vintage water quality data from alluvial
valley rivers tend to have nitrate concentrations noticeably higher than the sampled upland tributary
streams — around 0.31 mg/L vs 0.15 mg/L nitrate as N on average, respectively. Figure 3-20 illustrates
the aforementioned information in map-view.

To further probe possible differences between the historical alluvial valley river data and the upland
tributary data, a two-sample Wilcoxon Rank Sum Test® of the two datasets (i.e., the historical alluvial
valley river nitrate data and the upland tributary nitrate data) using R** indicates that the alluvial valley
river waters are generally higher in nitrate as N concentration (median = 0.181 mg/L) than nitrate as N in
waters from the upland tributary streams (median = 0.068 mg/L). Further, the differences in the nitrate
concentrations between the two datasets is highly statistically significant (P-value < 2.2e-16)* indicating
a very small probability of observing this difference by random chance. Practically speaking, this
suggests that nitrate concentrations observed in waters of historical alluvial valley rivers of central and
southern California are generally higher than nitrate concentrations observed in wadeable streams of
headwater and upland tributary reaches of California. While understanding that there are uncertainties in
comparing two datasets of substantially different vintages, this constitutes at least a circumstantial line of
evidence that ambient waters of alluvial valley rivers are generally higher in nitrate concentration than
ambient waters of upland tributary stream reaches in California.

Based on staff's knowledge of state water quality data, it is extremely unlikely that an alluvial valley floor
stream could be expected to achieve a water quality condition of 0.11 mg/L nitrate as N, commensurate
with the observed undisturbed headwater wadeable stream average condition from Table 3-173*. Indeed,
as noted previously, headwater and lightly-disturbed tributary reaches may not be fully representative of
lowland ecosystems (Buetel, 2012). Further, in contrast to headwater stream reaches, alluvial valley
floors are typically characterized by thick, well-developed, and extensive soil profiles, and researchers
have stated that waterbodies can be expected to interact with soil nitrogen (for example, Moran et al.,
2011).

On the basis of the aforementioned information, in the development of nutrient water quality criteria for
alluvial valley rivers and streams, it may be important to ensure that the numeric criteria not be unduly
weighted or biased by nutrient water quality data from upland, tributary stream reaches.

%0 0On the basis of data collected by the State Water Resources Control Board, Surface Water Ambient Monitoring Program,
Reference Conditions Management Plan to Support Biological Assessment of California’s Wadeable Streams.

3L Also widely known as the Mann-Whitney test.

¥ R Core Team (2013). R: A language and environment for statistical computing. R Foundation for Statistical Computing,
Vienna, Austria. URL http://www.R-project.org

3 By convention, P-values are considered to indicate statistical significance when the P-value < 0.05.

¥t is important to recognize that nitrogen in aqueous systems exists in many forms other than the nitrate molecule.
Hypothetically, in headwater upland reaches, stream nutrients could exist more preferentially in the form of organic matter such
as woody debris, and leaf drop (personal communication, Karen Worcester, senior environmental scientist, Central Coast Water
Board).
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Table 3-16. Numerical summary of early 20th century (1907-1908) river nitrate (as N) water quality from
alluvial valley floor river reaches in central and southern California.

Esia\r/neprl i-ng Location saDnewltpelsed Ari’f/lhergreltic A 25" % (n?gzi(:’n) 75" % 90" % e S:r%pcljés
Ventura River at Ventura Dggéllfggs— 0.17 0.02 0.07 0.14 0.17 0.27 1.36 35
Salinas River at Paso Dec. 1907 - 0.17 004 | 009 | 014 | 023 | 030 | 041 30
gg'rigé‘feﬁ“’er at s 005 0.26 023 | 024 | o026 | 028 | 020 | 029 2
san dﬁ‘r;to”i" Riverabove | Dec. 1907 - 0.24 trace | 016 | 025 | 032 | 040 | 045 37
i’;‘ﬂsiab”e' River near D 0.28 002 | 007 0.16 023 | 040 | 384 32
f:trr‘w‘]oopaq“i” River at Dec. 10T 0.25 008 | 0.16 023 | 032 | 043 | 054 34
,\Eﬂslgfgf‘ River near San Dec. 1907~ 0.20 trace | 0.10 016 | 025 | 035 | 0.0 37
yidlave River at Mareh 7. 0.08 008 | 008 008 | o008 | 008 | 008 1
g‘:ﬁ'",\jl'lgﬂf; River near Jan. 1908 0.99 005 | 032 | 045 | o088 | 179 | 904 34
Sacramento River above | Dec. 1907~ 0.15 002 | 009 | 012 | 020 | 024 | 036 34
?5?52?3 for all ver e s | 031 | trace | 01 | 018 | 029 | 045 | 9.04 | 276
sampling events

Data source: U.S. Geological Survey, 1910. Water Supply Paper 237, The Quality of the Surface Waters of California. Note: In the 1910 report,
nitrate is reported as the nitrate molecule; in this table staff converted the reported nitrate values to elemental nitrogen equivalent (nitrate as N).

Table 3-17. Numerical summary of nitrate (as N) water quality from wadeable streams in upland and
tributary reaches of California .

Stream Types Sampling locations Dates sampled Nsuammbp?;:f NITES a?Ol;l asltlasti:;:;?é:ummary
mean 0.15 mg/L
min <0.01 mg/L
Waqleable streams 108 upland & May 2008 — Sept. 25% 0.022 mg/L
in upland & headwater strgamg 2010 108 50% 0.068 mg/L
headwater reaches | throughout California 75% 0.013 mg/L
90% 0.23 mg/L

max 6.5 mg/L

Data source: RCMP — State Water Resources Control Board, Surface Water Ambient Monitoring Program, Reference Conditions Management
Plan (RCMP) to Support Biological Assessment of California’s Wadeable Streams
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Figure 3-20. Map illustrating early 20th century (1907-1908) river nitrate (as N) water quality in central
and southern California alluvial valley river reaches on the basis of data previously presented in Table
3-16. The locations of upland tributary and headwater stream monitoring sites from Table 3-17 are also

annotated on the map.
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One way to establish plausible reference conditions appropriate for stream reaches of the Pajaro River
basin, is to apply the US Environmental Protection Agency (USEPA) reference stream methodology (75"
percentile approach, as described previously) for water quality data from natural or lightly-disturbed
headwater and tributary reaches in and around the Pajaro River basin (see Figure 3-21) for map of
reference conditions monitoring sites). It should be noted that these sites are most directly
representative of uplands, since most remaining undisturbed or lightly-disturbed areas of California’s
central coast region are associated with upland ecosystems. USEPA chose the 75" percentile since this
percentile is likely associated with minimally impacted conditions and will be protective of designated
uses. For informational purposes, staff also calculated the 90" percentiles of nitrogen and phosphorus
compounds concentrations in these reaches to assess plausible “high-end” concentrations of these
constituents which might be expected in lightly-disturbed areas. A tabular summary of the reference
monitoring sites are presented in Table 3-18 and numerical summaries of the water quality data from
these sites are presented in Table 3-19. It can be concluded from these data that nitrate as N and total
nitrogen background surface water quality represented by these sites are generally less than 1 mg/L
nitrate as N; orthophosphate is generally less than 0.1 mg/L. It is noteworthy that streams of the Santa
Cruz Mountains and Monterey Plains ecoregion locally (Pescadero Creek) have anomalously elevated
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total phosphorus and orthophosphate concentrations. Staff hypothesizes that the presence of
phosphatic rocks and phosphatic sediments associated locally with Miocene marine strata may be a
contributor to elevated levels of phosphorus in Pescadero Creek waters (see report Section 3.10).

Figure 3-21. Human footprint map and ecoregional stream water quality reference monitoring sites which
are plausibly representative of natural background or lightly-disturbed conditions in upland reaches.
Reference conditions stream water quality monitoring sites here are grouped on the basis of Level IV
ecoreglons refer back to Section X and Flgure Y for a map of Ievel IV ecoregions.
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Table 3-18. Level IV ecoregional water quality reference conditions monitoring sites in lightly disturbed
reaches in and around the Pajaro River basin. Map view of monitoring sites shown in
Figure 3-21.

Level IV Ecoregion(s)A (refer back to Figure 3-21) for

cographic reference Reference Conditions Monitoring Sites

San Pedro Creek upstream footbridge

Little Butano Creek @ Butano State Park

Upper Stevens Creek

Santa Cruz Mountains and Monterey Bay Plains :
Sempervirens Creek above Hwy 236

and Terraces (Pajaro Valley upland reaches) :
Butano Creek @ Girl Scout Camp

Waddell Creek ~1.8mi above Hwy 1

Browns Creek at Browns Valley Road
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Level IV Ecoregion(s)A (refer back to Figure 3-21) for
geographic reference

Reference Conditions Monitoring Sites

Browns Creek at Browns Rd and Caudill

Harkins Slough at White Road

Pescadero Creek NE of Chittendon at RR Tracks

Leeward Hills and Upper Santa Clara Valley
(westside upland reaches)

Llagas Creek above Chesbro Reservoir

Llagas Creek above Baldy Ryan Canyon. Creek

Swanson Canyon Creek above Uvas Creek

Uvas Creek above Swanson Canyon Creek

Little Arthur Creek ~1mi west of Redwood Retreat Rd.

Blackhawk Canyon Tributary To Bodfish Creek

Uvas Creek above Uvas Reservoir

Uvas Creek at Canyon County Park

Guadalupe Creek above Res

East Bay Hills / Western Diablo Ranges
(including the Pacheco Creek Subbasin)

Coyote Creek Hunting Hollows

Del Puerto Creek

Upper Penitencia Creek Upper Alum Rock Park

Coyote Creek ~1.4 mi below Big Canyon.

Pacheco Creek ~1.3 mi Above South Fork

Pacheco Creek South Fork 1.1 mi SE/Pacheco Ln

Pacheco Creek South Fork near Pacheco Lake

Pacheco Creek just below North Fork Confluence

Coyote Creek below confluence of West Fork

Las Animas Creek Below San Felipe Creek

Diablo Range (San Benito River Subbasin)

San Benito River Bridge 1.9 mi downstream of Willow Creek

Tres Pinos Creek at Southside Rd

San Benito River below Hernandez Reservoir

San Benito River 0.4 mi below Willow Creek

Tres Pinos Creek At Hwy. 25

Clear Creek

Laguna Creek

San Benito River at Willow Creek School

A Refer back to Figure 3-17

Table 3-19. Numerical summaries of water quality data from reference conditions monitoring sites.

. A B,C Dates Arithmetic . h o 50" % th o th o No. of
Level IV Ecoregion Parameter sampled Mean Min | 257% | (edian) | 72 % | 90 % | MaX | gpnbles
Nitrate as N Dec. 1997- 0.346 0.006 0.113 0.113 0.226 0.57 9.72 134
Dec. 2013
Total Nitrogen June 2009- 0.094 0.0402 | 0.0491 0.0802 0.104 0.158 0.213 6
June 2010
Orthophosphate | Dec. 1997-
Santa Cruz Mountains and as P June 2013 0.131 0.018 0.05 0.066 0.135 0.293 1.09 60
Monterey Bay Plains and Dec. 1997-
Terraces (Pajaro Valley Total Phosphorus June 2010 1.04 0.037 0.058 0.067 1.1 3.44 4.8 9
upland reaches) Dissolved Dec. 1970- 8.94 6.9 8.4 8.8 9.35 10 12 46
Oxygen June 2010
Dec. 1997-
pH June 2010 7.52 6.95 7.5 7.5 7.5 8 8.4 46
June 2009-
Chlorophyll a June 2010 10.4 3.84 7.71 9.53 14.1 16 16.6 6
Leeward Hills and Nirateas N | P 19980303 | 0005 | 002 | 0032 | 012 | 026 | 0504 17
Upper Santa Clara Valley Jung 5001-
(westside upland reaches) Total Nitrogen July 2010 0.129 0.07 0.078 0.118 0.157 0.195 | 0.221 5
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A B, C Dates Arithmetic . h o 50" % th o th o No. of
Level IV Ecoregion Parameter sampled Mean Min | 257% | (nedian) | 72 % | 90 % | MaX | gpnles
Orthophosphate | Feb. 1998- 0.013 0.002 | 0.007 0013 | 0016 | 002 | 0024 17
as P July 2010
Total Phosphorus S’ﬁlty o7 | 0036 | 0004 | 00124 | 003 00358 | 0.085 | 013 16
Dissolved Feb. 1998-
Oxyaen July 2010 8.94 6.73 | 8.19 9.5 962 | 10.16 | 10.87 20
Feb. 1998-
pH Tuly 2010 7.95 753 | 7.77 7.92 8.09 | 822 | 861 16
Chlorophyll a 'J:ﬁgélz%%e’l' 1.4 001 | 025 0.87 1 18 9.1 12
Nitrate as N J'\ﬂﬁ;lggﬁ 0.09 0.003 | 0.006 | 0.031 0.07 02 | 044 8
Total Nitrogen J'\ﬂﬁ;lggZE) 0.21 0.01 | 0.089 0.13 0.4 042 | 043 5
Orthophosphate Mar1987-
East Bay Hills / Western as P Ju