CONTENTS

List of THUStrations . « . . v oottt e e e e e e e e e e e e e e ix
List of Tables . . oo ot e e xiii
Executive Summary .. ... ... ... . 1

1.1 Project goals
1.2 Role of conceptual models

1.3 Nexus with basin scale planning goals

1.4 Laguna function: past and present

1.5 Analysis of available data

1.6 Addressing management questions

1.7 Conceptual model development

1.8 Findings

1.9 Project recommendations and next steps

Project Background . ... ... . L 23

2.1 Watershed setting

2.2 Recent history

2.3 Project participants

2.4 Steps towards analysis and report development

Assessment and Management QUestions . . ...............iiiiiiiii.... 27
3.1 Hydrology questions

3.2 Sedimentation questions

3.3 Dissolved oxygen

3.4 Nutrients, macrophytes and algae

3.5 Biological diversity

3.6 Invasive Ludwigia sp.

Hydrology and Sedimentation. . ........ ... ... ..o il 63
4.1 Summary of recent and current studies

4.2 Data analysis: characterization of sedimentation and hydrology

4.3 Conceptual models

Water Quality ... ..o m
5.1 Overview of water quality conceptual models

5.2 Data analysis

Contents vii



6 Beosystem. .. ... .. . e 183
6.1 Overview
6.2 Available data for analysis

6.3  Ecosystem conceptual models
7 INdICators . . o oottt 215
7.1 Recommendations

7.2 High and low frequency flood flows
7.3 Channel and floodplain cross sections
7.4 Longitudinal channel profiles

7.5 Bankfull flows

7.6 Bed and bank erosion or aggradation
7.7 Dredge removal quantities

7.8 Macrophytes

7.9 Chlorophyll-a

7.10  Dissolved oxygen/percent saturation
7.11  Temperature

7.12  Sediment

7.13  Benthic macroinvertebrate diversity index
7.14  Warm water fish

7.15  Unionized ammonia/pH

7.16  Nutrient concentrations

7.17  Organic carbon concentrations / BOD
7.18  Habitat condition

7.19  Amphibians

7.20  Birds

8 Model Selection Requirements . ... ........uuuuuueeieeeeeeeeeeneaeenn .. 227
8.1 Introduction
8.2 Preliminary model recommendations

8.3 Existing model applications
8.4 Hydrologic models to address flood protection and sedimentation
8.5 Watershed and water quality models for TMDL

9 Monitoring Recommendations . . . ........... o i 249
9.1 Sediment Oxygen Demand
9.2 Sediment nutrient flux
9.3 N/P limitation
9.4 Baseline faunal surveys
10 Response to Comments. .. ......... . 255

10.1  SFEI peer review comments with prject team responses
10.2  Reviewer’s response to questions agreed upon to guide review process

R OIONCES. « o o et e e e e e e e e e e e 293
IndeX .o 305

viii The Altered Laguna



LiST OF ILLUSTRATIONS

Figure 1-1 Conceptual model of physical processes affecting the Laguna prior to settlement 6
Figure 1-2 Conceptual model of physical processes affecting the Laguna after settlement . .. 7
Figure 1-3 Conceptual model of biological diversity over time ....................... 8

Figure 1-4 Potential point and non-point sources of nutrients/BOD

in the Laguna watershed . . .. ....... .. ... . .. o 1
Figure 1-5 Range of DO concentrations at Laguna near Todd Road bridge. . ........... 16
Figure 1-6 Preliminary conceptual model for the Laguna at Occidental Road (LOR) . . . .. 16
Figure 1-7 Physical and chemical stream condition knowledge base schematic........... 17
Figure 4-1 Laguna watershed and tributaries . ........ ... ... ... .. ... ... ... 65

Figure 4-2 (a) Conceptual model of physical processes affecting the Laguna
prior tosettlement .. ... 66

Figure 4-2 (b) Conceptual model of physical processes affecting the Laguna

after settlement . . ... ... 67
Figure 4-3 Lagunainflood ... ... . . . . . 69
Figure 4-4 Laguna floodplain elevationmap ....... .. ... ... ... . . ... 70
Figure 4-5 Laguna de Santa Rosa 2-year flow hydrographs..................... .. .. 74
Figure 4-6 Laguna de Santa Rosa 10-year flow hydrographs......................... 74
Figure 4-7 Laguna de Santa Rosa 25-year flow hydrographs......................... 75
Figure 4-8 Laguna de Santa Rosa 50-year flow hydrographs......................... 75
Figure 4-9 Laguna de Santa Rosa 100-year flow hydrographs.................... ... 76
Figure 4-10 Weather and water gaging stations . . ............ ... ... ... ... ...... 77
Figure 4-11 Watershed mean annual precipitation. .. ............ .. ... ... .. 78

Figure 4-12 Laguna de Santa Rosa at Stony Point Road discharge

and suspended sediment concentration 2002-03 .. ........... ... ...... 87
Figure 4-13 Laguna de Santa Rosa at Occidental Road discharge

and suspended sediment concentration 2002-03 . ..................... 88
Figure 4-14 Santa Rosa Creek at Willowside Road discharge

and suspended sediment concentration 2002-03 .. .................... 89

Contents ix



Figure 4-15

Figure 4-16

Anthropogenic influences on sediment processes

and surface water hydrology in lower Laguna watershed ............... 99
Anthropogenic influences on sediment processes

and surface water hydrology in upper Laguna watershed .............. 101

Figure 4-17 Surface hydrology budget for Laguna de Santa Rosa for water year 2005 ... 104
Figure 4-18 Average annual sediment budget for Laguna de Santa Rosa based on PSIAC. 105
Figure 4-19 Available storage capacity and areas of natural recharge. . . ........... ... 109
Figure 5-1 Water quality overview conceptualmodel . . ... ... ... ... ... .. .. 112
Figure 5-2 Potential point and non-point sources of nutrients/BOD ................. 113
Figure 5-3 Flow at Santa Rosa Creek at Willowside Road with TKN concentrations . . .. 116
Figure 5-4 Nitrogen transformations in the water column and sediments. . ............ 120
Figure 5-5 Phosphorus transformations in the water column and sediments ........... 122
Figure 5-6 Preliminary TN loading conceptualmodel ........ ... ... .. ... ... .. 125
Figure 5-7 Preliminary dissolved phosphate loading conceptual model ............... 126
Figure 5-8 Preliminary BOD loading conceptual model .. ......... ... ... .. .. 126
Figure 5-9 Total ammonia loadings by reaches. . . ... ... ... .o oo il 127
Figure 5-10 Nitrate loadings by reaches . ....... ... ... ... ... ... .. ... ... .. 127
Figure 5-11 Total phosphorus loadings by reaches. .......... ... .. ... ... .. .. 128
Figure 5-12 Total number of data points for the samples

during 1989-1994, 1995-2000, and 2000-2005. . . . .................. 130
Figure 5-13 Mean NO, concentrations for 1989-1994 . ... ... ... ... 132
Figure 5-14 Mean NO, concentrations for 1995-2000 . .......iiii 133
Figure 5-15 Mean NO, concentrations for 2000-2005 . ...t 134
Figure 5-16 Seasonal pattern of NO, concentrations. .......................oo..... 135
Figure 5-17 Mean TKN concentrations for 1989-1994. . ........ ... ... ... ......... 137
Figure 5-18 Mean TKN concentrations 1995-2000. . ............................. 138
Figure 5-19 Mean TKN concentrations for 2000-2005. .. ... ... 139
Figure 5-20 Seasonal Pattern of TKIN .. ... ... i, 140
Figure 5-21 Mean TP concentrations for 1989-1994. .. ... ... ... ... ............ 142
Figure 5-22 Mean TP concentrations for 1995-2000. . ............. ... ............ 143
Figure 5-23 Mean TP concentrations for 2000-2005. . .. ...ttt .. 144
Figure 5-24 Seasonal pattern of TP .. ... ... ... i 145
Figure 5-25 Total NH, concentrations for 1989-1994 by sampling locations. .......... 146
Figure 5-26 Total NH, concentrations for 1995-2000 by sampling locations. .......... 146
Figure 5-27 Total NH, concentrations for 2000-2005 by sampling locations. .......... 147

The Altered Laguna



Figure 5-28 Seasonal pattern of total NH, concentrations. ......................... 148
Figure 5-29 Total NO, concentrations for 1989-1994 by sampling locations. .......... 149
Figure 5-30 Total NO, concentrations for 1995-2000 by sampling locations. .......... 149
Figure 5-31 Total NO, concentrations for 2000-2005 by sampling locations. .......... 150
Figure 5-32 TKN concentrations for 1989-1994 by sampling locations . . . ............ 150
Figure 5-33 TKN concentrations for 1995-2000 by sampling locations . . . ............ 151
Figure 5-34 Organic nitrogen concentrations for 2000-2005 by sampling locations . . . .. 151
Figure 5-35 TP concentrations for 1989-1994 by sampling locations................. 152
Figure 5-36 TP concentrations for 1995-2000 by sampling locations. .. .............. 152
Figure 5-37 TP concentrations for 2000-2005 by sampling locations. .. .............. 153
Figure 5-38 Locations and total number of data collected for dissolved oxygen. ........ 158
Figure 5-39 Range of DO concentrations by sampling months

at Laguna upstream of D Pond 36” discharge ....................... 159
Figure 5-40 Range of DO concentrations at Laguna near Todd Road bridge. . ......... 160
Figure 5-41 DO at Colgan Creek upstream of confluence with Laguna............... 160
Figure 5-42 DO at Laguna upstream of DeltaPond .......... ... ... ... ... ... .. 161
Figure 5-43 DO at Laguna near Santa Rosa Creek ............. .. ... ........... 161
Figure 5-44 DO at Laguna near Guerneville Road ............ ... ... ... .. .. 162
Figure 5-45 DO at CDFG WQ-1 during summer 2005 and 2006 ................... 163
Figure 5-46 DO at CDFG WQ-3 during summer 2005and 2006 ................... 163
Figure 5-47 DO at SCWA-WQ4 during summer 2005 and 2006.................... 164
Figure 5-48 Seasonal Pattern of DO. ... ... .. i 165
Figure 5-49 Examples of DO diurnal cycle at various locations of Laguna

during winter and summer season respectively.. . ........... ... . ... 167
Figure 5-50 Percent of time below Basin Plan Objective (7mg/l).................... 169
Figure 5-51 Median (50" percentile) DO concentrations. .. ...............oouuee... 170
Figure 5-52 Minimum DO observed in 2005 and 2006. .. ......... .. ... ........... 171
Figure 5-53 Ranges of DO observed in 2005 and 200

at the continuously monitored locations. . . ......... ... ... ... .. 172
Figure 5-54 DO profile at LOR1 for summer 97,98 and 99........................ 173
Figure 5-55 Temperature profile at LOR1 for summer 97,98 and 99 ................ 174
Figure 5-56 Specific conductivity profile at LOR1 for summer 97,98 and 99.......... 174
Figure 5-57 pH profile at LOR1 for summer 97,98 and 99 ........................ 175
Figure 5-58 DO profile at SEB2 for summer 97,98 and 99......................... 175
Figure 5-59 Temperature profile at SEB2 for summer 97,98 and 99 ................. 176

Contents xi



Figure 5-60 Specific conductivity profile at SEB2 for summer 97,98 and 99........... 176

Figure 5-61 pH profile at SEB2 for summer 97,98 and 99 ......................... 177
Figure 5-62 Physical, biological and chemical factors impacting DO dynamics ... ... ... 178
Figure 5-63 Preliminary DO Conceptual model

at the Laguna at Stony Point (LSP). . ........ ... i, 180
Figure 5-64 Preliminary DO Conceptual model

for the Laguna at Sebastopol Pond (SEB) .. .. .......... ... ... ..... 180
Figure 5-65 Preliminary conceptual model

for the Laguna at Occidental Road (LOR). .. ....................... 181
Figure 6-1 Biological diversity 1800-2050. .. ... ... ... ... ..., 184
Figure 6-2 Habitatsand wildlife....... .. ... .o o i 188
Figure 6-3 Upland condition knowledge base schematic..................... ... ... 202
Figure 6-4 Riparian condition knowledge base schematic.................... ... .. 202
Figure 6-5 Physical and chemical stream condition knowledge base schematic.......... 203
Figure 6-6 Anthropogenic sediment erosion potential schematic .................... 204
Figure 6-7 Schematic of the anadromous fish suitability knowledge base. .. ........... 205
Figure 6-8 Riparian vulnerability knowledge base schematic ....................... 205
Figure 6-9 Indicators of hydrologic alteration knowledge base schematic ............. 206
Figure 6-10 Conceptual model of upper watershed. . ......... ... . ... ... .. .. 207
Figure 6-11 Conceptual model of lower watershed. .. ......... ... ... ... .. ... 209
Figure 6-12 Conceptual model of invasive Ludwigia sp.. .. ......................... 211

Figure 8-1 Key components and linkages among components
in modeling framework . ... ... o o o i 227

Figure 8-2 Conceptual strawman for Laguna de Santa Rosa
and watershed modeling system.......... ... ... .. i il 231

xii

The Altered Laguna



List OF TABLES

Table 1-1 Summary of estimated pollutant loadings during winter by land uses . ........ 14
Table 1-2 Nutrient concentraiton trends for the upper, middle, and lower Laguna . . ... .. 15
Table 4-1 Discharges during 1-percent (100-year) flood event ....................... 71
Table 4-2 Estimated peak runoff rates during several events . .................. ... .. 73
Table 4-3 Estimated runoff volumes during several events .......................... 73
Table 4-4 USGS gaging stations withinor near the Laguna watershed . ................ 79
Table 4-5 Flow details from Sonoma County unincorporated areas flood insurance study . 82
Table 4-6 Average monthly Laguna de Santa Rosa flows at Guerneville Road . ....... ... 83
Table 4-7 Annual sediment yield estimatesby PSIAC .. ........... .. ... .......... 84
Table 4-8 Event-based sediment yields estimated by MUSLE .. ...................... 85
Table 4-9 Mean annual sediment yield estimated by MUSLE .. ...................... 85
Table 4-10 Loss of storage volume in Matanzas Reservoir, 1964-1982................. 90
Table 4-11 Particle size distribution of bed material samples in Laguna tributaries . ... ... 91

Table 4-12 Summary of USGS gauging stations in the

Laguna de Santa Rosa watershed and vicinity . ...................... 103
Table 4-13 Sediment yield estimates for the Laguna watershed

and other watershedsnearby ........... .. .. . .. i il 106
Table 5-1 Discharged efluent characteristics . ................ ... i, 114
Table 5-2 Volume of treated wastewater discharged to the Laguna

and the estimated pollutant loadings . ......... ... ... ... . o o L 114
Table 5-3 Range of nutrients, BOD, TSS and bacteria concentrations at Site C1 ....... 115
Table 5-4 Range of nutrients, BOD, TSS and bacteria concentrations at Site C2 ... .. .. 115
Table 5-5a Estimated urban storm runoff and pollutant loadings of Santa Rosa Creek ... 117
Table 5-5b Loadings normalized toarea.......... .. ... ... ... . ... ... ... ... 117
Table 5-6 Agricultural types in the Laguna watershed. .. ....... ... ... . ... .. .. 118
Table 5-7 Mean storm loads for nutrients. . . .......... ... i, 119

Table 5-8 Estimated loadings of nutrients and BOD loadings from pasture and dairies . .. 119

Table 5-9 Summary of estimated pollutant loadings during winter by land uses . ... .. .. 124

Contents xifi



Table 5-10 Loads to the Laguna during winter storm and non-storm periods .......... 125

Table 5-11 Loads from urban stormwater. . .. ..ottt .. 125
Table 5-12 Range of concentrations for total ammonia. . . ......................... 153
Table 5-13 Range of concentrations for Nitrate . . .. ...ttt teenununnnn ... 154
Table 5-14 Range of concentrations for organic nitrogen (mg/l) .................... 155
Table 5-15 Range of concentrations for total phosphorus. ....... .. ... ... .. .. 155
Table 5-16 Average Chl-a concentrations for 1989-1994. ... ....... ... ... ... ..... 166
Table 6-1 FESA-protected species occurring in the watershed ....... ... ... ... .. .. 190
Table 6-2 CESA-protected species occurring in the watershed . ................. . .. 191
Table 6-3 California species of special concern occurring in the watershed ............ 193

Table 6-4 (a) Fish species composition and relative abundance

by channel type in Mark West Creek in 2000 ....................... 195
Table 6-4 (b) Fish species composition and relative abundance

by channel type in Santa Rosa Creek in 1999-2001................... 195
Table 6-5 Aquatic fauna observed in historical and recent CDFG/SCWA surveys . . . . . .. 197
Table 6-6 Bioassay results 2004-2005 - City of Santa Rosa2005.................... 198
Table 6-7 Watershed regions as they correspond to the two conceptual models. .. ...... 200
Table 8-1 Watershed-scale continuous hydrology and sediment models. .............. 237
Table 8-2 Comparison of watershed model functionalities . ........................ 246
Table 8-3 Receiving water quality models........ . ... ... ... . . L. 248
Table 9-1 Monitoring recommendation SUMMAry. . ..........ooeeeeeeeeeeeeen. .. 249
Table 10-1 Water quality monitoring data.............. ... ... ... .. ... ..... 270

xiv

The Altered Laguna



