TECHNICAL MEMORANDUM

Recomputation of Ambient Water Quality
in the Santa Ana River Watershed for
the Period 1996 to 2015

September 2017

Prepared for Prepared by
Santa Ana Watershed Project Authority
'f Basin Monitoring Program Task Force D B S & A
11615 Sterling Avenue Daniel B. Stephens & Associates, Inc.
SAWPA - Riverside, California 92503

3150 Bristol Street, Suite 210
Costa Mesa, California 92626

under contract tocDM
Smith




Technical Memorandum

Recomputation of Ambient Water Quality in the
Santa Ana River Watershed for the
Period 1996 to 2015

Prepared for Santa Ana Watershed Project Authority
Basin Monitoring Program Task Force
Under contract to CDM Smith

September 22, 2017

Daniel B. Stephens & Associates, Inc.

3150 Bristol Street, Suite 210 ¢ Costa Mesa, California 92626




Daniel B. Stephens & Associates, Inc.

Technical Memorandum
Recomputation of Ambient Water Quality in the
Santa Ana River Watershed for the Period 1996 to 2015

Prepared for:

Santa Ana Watershed Project Authority
Basin Monitoring Program Task Force
Under contract to CDM Smith

September 22, 2017

// w,/i/ /W/@A%{,

Michael J.i‘f;”rwkshank, C.Hg., P.G.
Daniel B. Stephens & Associates, Inc.

Lol bl

Hannah Erbele
Daniel B. Stephens & Associates, Inc.

Yoseoh 0 b Lo

Jégeph P. LeClaire, PhD
Daniel B. Stephens & Associates, Inc



Daniel B. Stephens & Associates, Inc.

Table of Contents

Section Page
List of ACronyms and ADDIEVIATIONS.........coiiiiiiiiiiiii et e e e e e e e e aanees v
I {11 o o [F Tox 1 T o 1
It I = = Tod o | o 11 ] T P 1
1.2 Contents of the Technical MemMOranduM.............uuiiiiiiiiiiiiii e 5
1.3 EIeCtroniC DeliVEIabIES ........uuuiiiiiiiiiii e 6
2. Methods for the Recomputation of Ambient Water Quality .............ccoovvviiiiiiiiiiriiceeiciin e, 12
2.1 Data ColleCtion (TASK La) .....cceeeeieeeieeeeeeee e ee s e e a e 12
2.2 Process and Upload Historical Data (TasK 1C).........uuuriiiieeiiiiiiiiiiiiieeee e 13
2.3 Develop Water-Quality Point Statistics and Average Values for TDS and Nitrate at
R YL L =] G o ) SRR 14
2.3.1 Review Time-SerieS Datal..........cuvviiiiiiiiiiiiiiiiiiieeeieeeeeeeeeveaeveeeeeeeeeeeeeeeseeesneennnennne 15
2.3.2 QA/QC Tests Adapted from the Methods for the Examination of Water and
WWASTEWALET ... e e et ettt e e e e e e e e e 15
2.3.3 Define Analysis Period and Annualize the Data.............ccccccevvvvvveviieiiieeiieeieeene, 17
2.3.4 Shapiro-Wilk Test for Normality, Identification of Potential Outliers, and
Development of Water Quality Point Statistics and Average Values.................. 17
2.4 Estimate Regional TDS and Nitrate in Groundwater (Task 1€)............ccceeevveeiieeeeennn. 20
2.4.1 Water Quality Point Statistics and Average Values............cccccconiiiiiiiiieeeeennnnns 20
2.4.2 Develop and Digitize Water Quality and Water Level Contours..............c.cc..o... 22
2.5 Compute Current Ambient TDS and Nitrate for Management Zones (Task 1f)............. 22
3. Ambient Water Quality Results for the 2015 Recomputation..............cccvvvveeereeeiniiiiiiiieeeeenn. 31
3.1 2015 Current Ambient TDS and Nitrate Concentrations for Management Zones ......... 31
T AN [0 1 P AV =T o = Lo | 33
| 01 (=T ¢ 0T (= 1AV =T o To R 50
4.1 Change in the Spatial Distribution of TDS and Nitrate in Groundwater at the Santa
Ana River Watershed SCAIE ........... e 51
4.2 Temporal Trends in TDS and Nitrate Concentrations ............cccccceeeeeeie e 52
4.3 Interpretative Tools Summary by Subwatershed...............cccccciiiiiii 53
4.4 Well ATITON ANGIYSIS ..cooiiiiiiiiee ettt e e e e e e e e aeens 56
4.5 Improve the Spatial Distribution of Monitoring (Optional Task 2) .........ccccccceeeiviiieiiennnns 57
4.5.1 Collect and Compile Additional Well Information in the Riverside-A,
Arlington, and the RIVErside-B GMZS ........... e 57
4.5.2 Recommendations for Ongoing Monitoring in the Riverside-A, Arlington,
and the RIVErside-B GMZS .........cooiiiiiiiiiiiiie ettt 58
LT =T ot o] T 1T T =1 0] 1 79
5.1 Objective of the Triennial Ambient Water Quality Recomputation...............cccccveeeeennnns 79
5.2 Improve the Data Compilation, Formatting, and QA/QC Process ............ccccceeeeeeeeeeen. 80
5.3 Improve the Spatial Distribution of MONITONING ........ccuuvviiiiiiiee e 80

P:\_CA16-087\Tech Memo.9-17\Final_922.doc i



Section

References

Figure
1-1

2-1

2-2

2-3

3-1a
3-1b
3-1c
3-2a
3-2b

3-2c

3-3a
3-3b

3-3c

Daniel B. Stephens & Associates, Inc.

Table of Contents (Continued)

5.3.1 Collect and Compile Additional Well Information in the Riverside-A,
Arlington, and Riverside-B GMZS...........cuiciiiii i e e
5.3.2 Recommendations for Ongoing Monitoring in the Riverside-A, Arlington,
aANd RIVEISIAE-B GIMZS ...t

List of Figures

Groundwater Management Zone Boundaries and Nitrate/TDS Objectives

Flow Chart for Outlier Identification and Computation of Point Statistics and
Average Values

Locations of TDS Point Statistics and Averages, Santa Ana River Watershed

Locations of NOs-N Point Statistics and Averages, Santa Ana River Watershed

Aquifer Thickness, Santa Ana River Watershed

Specific Yield, Santa Ana River Watershed

Volume of Groundwater in Storage — 2015, Santa Ana River Watershed
Ambient Water Quality — TDS Concentration, Santa Ana River Watershed
Mass of TDS in Groundwater, Santa Ana River Watershed

TDS Concentration Change (1993-2012 to 1996-2015), Santa Ana River
Watershed

Ambient Water Quality — NO3-N Concentration, Santa Ana River Watershed
Mass of NO3-N in Groundwater, Santa Ana River Watershed

NOs-N Concentration Change (1993-2012 to 1996-2015) Santa Ana River
Watershed

P:\_CA16-087\Tech Memo.9-17\Final_922.doc ii



4-3

4-4

4-5

Table

1-2

2-1

2-2

3-1

Daniel B. Stephens & Associates, Inc.

List of Figures (Continued)

TDS Change (1993-2012 to 1996-2015) and Key Well Trends, Santa Ana River
Watershed

NOs-N Change (1993-2012 to 1996-2015) and Key Well Trends, Santa Ana
River Watershed

Well Attrition Analysis — TDS, Santa Ana River Watershed
Well Attrition Analysis — NOs-N, Santa Ana River Watershed

Improve Spatial Distribution of Monitoring (Optional Task 2), Riverside and
Arlington GMZs

List of Tables

TIN/TDS Phase 2A Results, Total Dissolved Solids

TIN/TDS Phase 2A Results, Nitrate

Requisite Data Fields

Groundwater Management Zone Analytics

TDS Water Quality Objectives, Ambient Water Quality, and Assimilative Capacity

Nitrate Water Quality Objectives, Ambient Water Quality, and Assimilative
Capacity

Systemic and Methodological Factors Affecting Groundwater Quality
Key Well Trends for TDS, 1996-2015

Key Well Trends for Nitrate, 1996-2015

Well Attrition/Well Additions for TDS, 1996-2015

Well Attrition/Well Additions for Nitrate, 1996-2015

Existing Wells Not Currently in the AWQ Database Recommended for Sampling
to Improve Spatial Coverage

P:\_CA16-087\Tech Memo.9-17\Final_922.doc iii



Daniel B. Stephens & Associates, Inc.

List of Tables (Continued)

Table

4-7 Wells Currently in the AWQ Database Recommended for Ongoing Sampling to
Maintain Spatial Coverage

List of Appendices
Appendix

A Electronic Deliverables

A.l AWQ Database

A.2 AWQ Summary Statistics Table

A.3 Grid Files

A.4 Groundwater Elevation Contours

A.5 Water Quality Contours

A.6 Time-Series Plots for Groundwater Elevation, TDS, and Nitrate for Wells in the
AWQ Database

B Packets for Subwatershed Areas
B1 Arlington and Riverside-D GMZs
B2 Beaumont GMZ
B3 Bunker Hill-A and Bunker Hill-B GMZs
B4 Canyon GMZ
B5 Chino-North GMZ
B6 Chino-South and Chino-East GMZs
B7 Coldwater and Bedford GMZs
B8 Cucamonga GMZ
B9 Elsinore GMZ
B10 Lytle GMZ
B11 Orange County and Irvine GMZs
B12 Rialto and Colton GMZs
B13 Riverside-A, -B, -C, -E, and -F GMZs
B14 San Jacinto GMZs
B15 San Jacinto Upper and Lower Pressure GMZs
B16 San Timoteo GMZ
B17 Temescal GMZ
B18 Yucaipa GMZ

C Comments and Responses to Draft Technical Memorandum submitted July 31,
2017

P:\_CA16-087\Tech Memo.9-17\Final_922.doc iv



Daniel B. Stephens & Associates, Inc.

List of Acronyms and Abbreviations

AWQ ambient water quality

bgs below ground surface

BMPTF Basin Monitoring Program Task Force
CBWCD Chino Basin Water Conservation District
CBWM Chino Basin Watermaster

DBS&A Daniel B. Stephens & Associates, Inc.
DDW Division of Drinking Water, California Environmental Protection Agency
EC electrical conductivity

EDD electronic data deliverable

EMWD Eastern Municipal Water District
EVMWD Elsinore Valley Municipal Water District
ftp file transfer protocol

GAMA Groundwater Ambient Monitoring and Assessment Program
GIS geographic information system

GM geometric mean

GMZz groundwater management zone

GSE geometric standard error

IEUA Inland Empire Utilities Agency

JCSD Jurupa Community Services District
MCL maximum contaminant level

MDV most discordant value

meqg/L milliequivalents per liter

mg/L milligrams per liter

msl above mean sea level

NPL National Priorities List

OCSsD Orange County Sanitation District
OCWD Orange County Water District

POTW publicly owned treatment works

QA/QC quality assurance/quality control

RFQ request for proposal

P:\_CA16-087\Tech Memo.9-17\Final_922.doc \%)



RPD

RPU
RWQCB
SAWPA
SBVWCD
SE
SNMP
STWMA
SWRCB
TDS

TIN
USGS
Valley District
YVWD

Daniel B. Stephens & Associates, Inc.

List of Acronyms and Abbreviations (Continued)

relative percent difference

City of Riverside Public Utilities

Regional Water Quality Control Board, Santa Ana Region
Santa Ana Watershed Project Authority

San Bernardino Valley Water Conservation District
standard error at student’s t

salt and nutrient management plan

San Timoteo Watershed Management Authority
State Water Resources Control Board

total dissolved solids

total inorganic nitrogen

U.S. Geological Survey

San Bernardino Valley Municipal Water District

Yucaipa Valley Water District

P:\_CA16-087\Tech Memo.9-17\Final_922.doc Vi



Daniel B. Stephens & Associates, Inc.

1. Introduction

Daniel B. Stephens & Associates, Inc. (DBS&A) has prepared this technical memorandum
under a subcontract agreement with CDM Smith, who is contracted with the Santa Ana
Watershed Project Authority (SAWPA): Task Order No. CDM374-01 for the Triennial
Recomputation of Ambient Water Quality for the Santa Ana River Watershed. The Water
Quality Control Plan (Basin Plan) for the Santa Ana River Basin (Region 8) (RWQCB, 2016a)
requires the implementation of a watershed-wide total dissolved solids (TDS) and nitrogen
groundwater monitoring program to determine ambient water quality in groundwater, assess
compliance with groundwater quality objectives, and determine if assimilative capacity exists in
groundwater management zones. The Basin Plan requires that the ambient water quality
(AWQ) be computed every three years. This technical memorandum summarizes the work
performed for the current recomputation for the 1996 to 2015 period. In this technical
memorandum, the recomputation periods are designated by the ending year; for example, this
current period is called the 2015 current AWQ recomputation period.

1.1 Background

The Santa Ana River Watershed comprises portions of San Bernardino, Riverside, Los Angeles,
and Orange Counties, has an area of 2,840 square miles, and is home to over 6 million
residents. The Santa Ana River is the major stream draining the watershed—about 100 miles in
length from its headwaters near Big Bear to its discharge location in Huntington Beach.
Figure 1-1 shows the Santa Ana River Watershed, along with the Santa Ana River and its major

tributaries.

SAWPA is a joint powers authority consisting of five member agencies: Eastern Municipal Water
District, Inland Empire Utilities Agency, Orange County Water District, San Bernardino Valley
Municipal Water District, and Western Municipal Water District. SAWPA’s mission is to “make
the Santa Ana River Watershed sustainable through fact-based planning and informed decision-
making, regional and multijurisdictional coordination, and the innovative development of

policies, programs, and projects (SAWPA, 2011).”
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In December 1995, a Task Force consisting of 22 water resources agencies in the Santa Ana
River Watershed was formed to study what effects and implications salinity—expressed as
TDS—and total inorganic nitrogen (TIN) in the groundwater basins in the watershed may have
on the long-term sustainability of groundwater supply. SAWPA administered all contracts
pertaining to this study, including contracts with the consultants performing the study and the
Santa Ana Regional Water Quality Control Board (RWQCB). The consistent input and oversight
from the RWQCB was critical to the ultimate attainment of the objectives of the TIN/TDS Task
Force. The ongoing participation of decision makers from each of the Task Force members was
also key to reaching consensus on the scientific approach and developing an updated Salt and
Nutrient Management Plan (SNMP). The process developed in the Santa Ana River Watershed
was praised in a report by the Little Hoover Commission (2009). The original project was
completed in mid-2003. “On January 22, 2004, the RWQCB incorporated the results of the
Nitrogen TDS Task Force study into a Basin Plan Amendment for Nitrogen and TDS and
adopted the Basin Plan Amendment. The Task Force agencies were named in that Basin Plan
Amendment as responsible for conducting various monitoring programs and analyses to support
the results defined in the Basin Plan Amendment” (Task Force, 2004). Current Basin

Monitoring Program Task Force (BMPTF) members include the following:

Santa Ana RWQCB — Advisory Member

e Beaumont Cherry Valley Water District (BCVWD)
e Chino Basin Water Conservation District (CBWCD)
e Chino Basin Watermaster (CBWM)

e City of Banning

e City of Beaumont

¢ City of Colton

e City of Corona

e City of Redlands

o City of Rialto

o City of Riverside

¢ City of San Bernardino

e Eastern Municipal Water District (EMWD)

e Elsinore Valley Municipal Water District (EVMWD)

P:\_CA16-087\Tech Memo.9-17\Final_922.doc 2
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¢ Inland Empire Utilities Agency (IEUA)

e Jurupa Community Services District (JCSD)

¢ Orange County Sanitation District (OCSD)

e Orange County Water District (OCWD)

¢ Riverside-Highland Water Company

e San Bernardino Valley Municipal Water District (Valley District)
¢ San Bernardino Valley Water Conservation District (SBVWCD)
e San Gorgonio Pass Water Agency (SGPWA)

e SAWPA — Task Force Administrator

e U.S. Geological Survey (USGS) — Advisory Member

¢ West San Bernardino County Water District

e Yucaipa Valley Water District (YVWD)

TDS and nitrate objectives specified by the RWQCB in the 1975, 1984, and initially the 1995
Basin Plans were developed using available groundwater data from the period 1968 through
1972. The initial estimates of AWQ were based on (non-volume-weighted) average

concentrations in wells within each groundwater basin for that period.

Note that, by convention, this technical memorandum expresses nitrate in terms of nitrate as
nitrogen. “Nitrate,” “nitrate-N,” “nitrate-nitrogen,” and “NO3-N" all refer to nitrate as nitrogen, with
a maximum contaminant level (MCL) of 10 milligrams per liter (mg/L). In the context of the
AWQ recomputation presented in this technical memorandum, ambient nitrate and TDS refer to

concentrations that are representative of a given volume of groundwater for a given period.

The water quality objectives in the Basin Plan are for nitrate-nitrogen because there is a primary
MCL in drinking water for nitrate (and not TIN or total nitrogen). Effluent limits are expressed as
TIN because the RWQCB had concerns about how nitrogen species may change under
different environmental conditions and required a safety factor. Specifying TIN for effluent

discharge limits is conservative.

In Phase 2A (SAWPA Task Order 1998-W020-1616-03), the TIN/TDS Task Force revisited

groundwater basin and sub-basin boundaries and the underlying dataset used to set objectives
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to determine if more rigorous methods could be employed that would yield more representative
groundwater quality objectives. The TIN/TDS project team developed revised sub-basin
boundaries based on a reassessment of hydrogeology and water quality to create groundwater
management zones (GMZs) for more effective environmental stewardship of these systems.
Historical AWQ for GMZs was based on a rigorous search for data for the 1954 to 1973
historical period; hence, the period for defining groundwater quality objectives was increased
from 5 years (1968 to 1972) to 20 years (1954 to 1973). The TIN/TDS Task Force developed a
rigorous statistical method, along with geospatial tools, to estimate volume-weighted AWQ for

the historical and current periods. These methodologies are described in detail in Section 2.

According to the Basin Plan (RWQCB, 2016a):

TDS and nitrate-nitrogen water quality objectives for each management zone are based on
historical concentrations of TDS and nitrate-nitrogen from 1954 through 1973 and are referred to
herein as the ‘antidegradation’ objectives. This period brackets 1968, when the State Board
adopted the state’s antidegradation policy in Resolution No. 68-16, “Policy with Respect to
Maintaining High Quality Waters”. This Resolution establishes a benchmark for assessing and

considering authorization of degradation of water quality.

The Basin Plan requires a triennial update of AWQ; hence, in the initial TIN/TDS study, current
ambient conditions were also estimated for the 1978 to 1997 period. Subsequent updates have

been provided for the following periods:

e 1984 to 2003
e 1987 to 2006
e 1990 to 2009
e 1993to 2012
e 1996 to 2015 (this technical memorandum )

The triennial AWQ determinations from each current period are used to assess compliance with
the new water quality objectives and to determine if assimilative capacity exists for each GMZ.
By definition, assimilative capacity is determined to be the difference between the objective and

the current AWQ: if the current quality of the GMZ is better than the water quality objective, then
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assimilative capacity exists. Assimilative capacity does not exist if the current quality of a GMZ

is the same as or poorer than the water quality objectives.

According to the Basin Plan (RWQCB, 2016a), when a GMZ has little or no assimilative

capacity:

The Regional Board addresses such situations by providing dischargers with the opportunity to
participate in TDS offset programs, such as the use of desalters, in lieu of compliance with
numerical TDS limits. These offset provisions are incorporated into waste discharge
requirements . . . An alternative that dischargers might pursue in these circumstances is revision
of the TDS or nitrogen objectives, through the Basin Plan amendment process. Consideration of
less stringent objectives would necessitate comprehensive antidegradation review, including the
demonstrations that beneficial uses would be protected and that water quality consistent with
maximum benefit to the people of the State would be maintained . . . a number of dischargers
have pursued this ‘maximum benefit objective’ approach, leading to the inclusion of ‘maximum
benefit’ objectives and implementation strategies in this Basin Plan. Discharges to areas where
the “maximum benefit” objectives apply will be regulated in conformance with these

implementation strategies.

Implementation of certain projects and programs by specific dischargers as part of their
maximum benefit demonstrations is required for the continued application of the “maximum

benefit” objectives.

1.2 Contents of the Technical Memorandum

Tables 1-1 (TDS) and 1-2 (nitrate) list the historical AWQ, the water quality objectives—both
“antideg” and “maximum benefit'—and the 1978 to 1997 AWQ from the TIN/TDS Phase 2A
study. Section 2 outlines the methodology used to develop water quality point statistics and
average values for TDS and nitrate at wells. Section 3 presents the results of the AWQ
determination, including an assessment of current assimilative capacity. Interpretative tools are
used in Section 4 to distinguish between systemic and methodological factors that contribute to
apparent changes in groundwater quality. At the request of some of the BMPTF members,

Task 1b (Section 5 in the draft technical memorandum) has been removed from this document
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and is now a standalone document titled Technical Memorandum: Update of Physical Model for
Groundwater Management Zones, and discusses the Chino Basin pilot study to evaluate the
effects on estimated AWQ if the existing AWQ physical model were replaced with an updated

physical model. Section 5 summarizes recommendations.

1.3 Electronic Deliverables

The request for proposal (RFP) outlined a number of deliverables in addition to the text, table,
figures, and maps provided in this technical memorandum. Because of the file format, size, and
search capabilities, these files are included electronically as links to a secure file transfer

protocol (ftp) site. These files comprise Appendix A; links are provided below and in the table of

contents.
A.1 AWQ Database MS Access database
A.2 AWQ Summary Statistics Table MS Excel workbook
A.3 Grid Files ArcGIS shapefile
A.4 Groundwater Elevation Contours ArcGIS shapefile
A.5 Water Quality Contours ArcGIS shapefile
A.6 Time-Series Plots for Groundwater Elevation, TDS, Adobe Acrobat Portable
and Nitrate for Wells in the AWQ Database Document Format (PDF) files

P:\_CA16-087\Tech Memo.9-17\Final_922.doc 6
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Table 1-1. TIN/TDS Phase 2A Results, Total Dissolved Solids

Page 1 of 2
Total Dissolved Solids Concentration (mg/L)
Water Quality Historical 1997 Assimilative
Groundwater Management Zone Objective Ambient?® Ambient” Capacity
San Bernardino Valley and Yucaipa/Beaumont Plains
Beaumont, “max benefit” 330 233 290 40
Beaumont, “antideg” 230 233 290
Bunker Hill-A 310 313 350
Bunker Hill-B 330 332 260 70
Lytle 260 264 240 20
San Timoteo, “max benefit” 400 303 300 100
San Timoteo, “antideg” 300 303 300
Yucaipa, “max benefit” 370 319 330 40
Yucaipa, “antideg” 320 319 330
San Jacinto Basins
Canyon 230 234 220 10
Hemet-South 730 732 1,030
Lakeview/Hemet-North 520 519 830
Menifee 1,020 1,021 3,360
Perris-North 570 568 750
Perris-South 1,260 1,258 3,190
San Jacinto-Lower 520 520 730
San Jacinto-Upper, “max benefit” 500 321 370 130
San Jacinto-Upper, “antideg” 320 321 370
Chino, Rialto/Colton, and Riverside Basins
Chino-North, “max benefit” 420 260 300 120
Chino 1, “antideg” 280 280 310
Chino 2, “antideg” 250 250 300
Chino 3, “antideg” 260 260 280
Chino-East 730 733 760
Chino-South 680 676 720
Colton 410 407 430
Cucamonga, “max benefit” 380 212 260 120

2 Data sampling period was 20 years (1954-1973) for historical ambient water quality computations.
b Data sampling period was 20 years (1978-1997) for current ambient water quality computations.

° For the purposes of regulating discharges other than those associated with projects implemented within the Orange County GMZ
to facilitate remediation projects and/or to address legacy contamination, no assimilative capacity is assumed to exist.

mg/L = Milligrams per liter

? = Not enough data to estimate TDS concentrations; GMZ is presumed to have no assimilative capacity. If assimilative
capacity is demonstrated by an existing or proposed discharger, that discharge would be regulated accordingly.
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Table 1-1. TIN/TDS Phase 2A Results, Total Dissolved Solids
Page 2 of 2

Total Dissolved Solids Concentration (mg/L)

Water Quality Historical 1997 Assimilative
Groundwater Management Zone Objective Ambient?® Ambient” Capacity
Chino, Rialto/Colton, and Riverside Basins (cont.)
Cucamonga, “antideg” 210 212 260
Rialto 230 230 230
Riverside-A 560 560 440 120
Riverside-B 290 289 320
Riverside-C 680 684 760
Riverside-D 810 812 ?
Riverside-E 720 721 720
Riverside-F 660 665 580 80
Prado Basin Surface water 618 819 Surface water
objective objective
applies applies
Elsinore/Temescal Valleys
Arlington 980 983 ?
Bedford ? ? ?
Coldwater 380 381 380
Elsinore 480 476 480
Lee Lake ? ? ?
Temescal 770 771 780
Warm Springs Valley ? ? ?
Orange County Basins
Irvine 910 908 910
La Habra ? ? ?
Orange County ° 580 585 560
Santiago ? ? ?
2 Data sampling period was 20 years (1954-1973) for historical ambient water quality computations.
tc) Data sampling period was 20 years (1978-1997) for current ambient water quality computations.

For the purposes of regulating discharges other than those associated with projects implemented within the Orange County GMZ
to facilitate remediation projects and/or to address legacy contamination, no assimilative capacity is assumed to exist.
mg/L = Milligrams per liter
? = Not enough data to estimate TDS concentrations; GMZ is presumed to have no assimilative capacity. If assimilative
capacity is demonstrated by an existing or proposed discharger, that discharge would be regulated accordingly.
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Table 1-2. TIN/TDS Phase 2A Results, Nitrate

Page 1 of 2
Nitrate as Nitrogen Concentration (mg/L)
Water Quality Historical 1997 Assimilative
Groundwater Management Zone Objective Ambient?® Ambient® Capacity
San Bernardino Valley and Yucaipa/Beaumont Plains
Beaumont, “max benefit” 5.0 15 2.6 2.4
Beaumont, “antideg” 15 15 2.6
Bunker Hill-A 2.7 2.7 4.5
Bunker Hill-B 7.3 7.3 55 1.8
Lytle 15 15 2.8
San Timoteo, “max benefit” 5.0 2.7 2.9 2.1
San Timoteo, “antideg” 2.7 2.7 2.9
Yucaipa, “max benefit” 5.0 4.2 5.2
Yucaipa, “antideg” 4.2 4.2 5.2
San Jacinto Basins
Canyon 25 25 1.6 0.9
Hemet-South 4.1 4.1 5.2
Lakeview/Hemet-North 1.8 1.8 2.7
Menifee 2.8 2.8 5.4
Perris-North 5.2 5.2 4.7 0.5
Perris-South 2.5 2.5 4.9
San Jacinto-Lower 1.0 1.0 1.9
San Jacinto-Upper, “max benefit” 7.0 14 1.9 5.1
San Jacinto-Upper, “antideg” 1.4 1.4 1.9
Chino, Rialto/Colton, and Riverside Basins
Chino-North, “max benefit” 5.0 3.7 7.4
Chino 1, “antideg” 5.0 5.0 8.4
Chino 2, “antideg” 2.9 2.9 7.2
Chino 3, “antideg” 3.5 3.5 6.3
Chino-East 10.0 13.3 29.1
Chino-South 4.2 4.2 8.8
Colton 2.7 2.7 2.9
Cucamonga, “max benefit” 5.0 2.4 4.4 0.6
Cucamonga, “antideg” 2.4 2.4 4.4

2 Data sampling period was 20 years (1954-1973) for historical ambient water quality computations.
Data sampling period was 20 years (1978-1997) for current ambient water quality computations.
mg/L = Milligrams per liter
? = Not enough data to estimate nitrate concentrations; GMZ is presumed to have no assimilative capacity. If assimilative
capacity is demonstrated by an existing or proposed discharger, that discharge would be regulated accordingly.
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Table 1-2. TIN/TDS Phase 2A Results, Nitrate

Page 2 of 2
Nitrate as Nitrogen Concentration (mg/L)
Water Quality Historical 1997 Assimilative
Groundwater Management Zone Objective Ambient?® Ambient® Capacity
Chino, Rialto/Colton, and Riverside Basins (cont.)
Rialto 2.0 2.0 2.7
Riverside-A 6.2 6.2 4.4 1.8
Riverside-B 7.6 7.6 8.0
Riverside-C 8.3 8.3 155
Riverside-D 10.0 19.5 ?
Riverside-E 10.0 13.3 14.8
Riverside-F 9.5 12.1 9.5
Prado Basin Surface water 4.3 22.0 Surface water
objective objective
applies applies
Elsinore/Temescal Valleys
Arlington 10.0 25.5
Bedford ? ? ,
Coldwater 15 15 2.6
Elsinore 1.0 1.0 2.6
Lee Lake ? ? ?
Temescal 10.0 11.8 13.2
Warm Springs Valley ? ? ?
Orange County Basins
Irvine 5.9 5.9 7.4
La Habra ? ? ?
Orange County 34 34 3.4
Santiago ? ? ?
% Data sampling period was 20 years (1954-1973) for historical ambient water quality computations.
Data sampling period was 20 years (1978-1997) for current ambient water quality computations.
mg/L = Milligrams per liter
? = Not enough data to estimate nitrate concentrations; GMZ is presumed to have no assimilative capacity. If assimilative

capacity is demonstrated by an existing or proposed discharger, that discharge would be regulated accordingly.
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2. Methods for the Recomputation of Ambient Water Quality

Ambient water quality was calculated for the study period of January 1, 1996 to December 31,
2015. SAWPA provided an MS Access database containing the 2012 AWQ recomputation
data, including groundwater well, water level, and groundwater quality information. With the
exception of OCWD and CBWM, data for the current three year-period (2013 to 2015) were
collected and uploaded to the SAWPA database. As requested by OCWD and CBWM, all of
the data for those two agencies from the previous 2012 recomputation were replaced with a

complete dataset from those two agencies.

Following the data collection and quality control, AWQ was recalculated for each GMZ in the
watershed by developing water quality point statistics for TDS and nitrate, contouring, and
estimating the regional volume-weighted TDS and nitrate concentrations in groundwater across
the watershed. The following subsections describe the process of recomputing the AWQ for
each GMZ during the 2015 current AWQ recomputation period.

2.1 Data Collection (Task la)

On August 17, 2016, the RWQCB sent letters to SAWPA member agencies and sub-agencies
requesting that “each agency that collects groundwater data in the watershed to provide
groundwater level and groundwater quality data to the Task Force’s consultants for the three-
year period of January 1, 2013 to December 31, 2015” (RWQCB, 2016b). In addition to the
letter, agencies were provided a template for data collection. Subsequent to the delivery of the

RWQCB letter, the following agencies were contacted:

e Beaumont-Cherry Valley Water District
e Chino Basin Watermaster

o City of Beaumont

¢ City of Colton

e City of Corona

e City of Loma Linda

e City of Redlands
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e City of Rialto

o City of Riverside

e County of Riverside (Landfill Monitoring)
¢ County of San Bernardino

e East Valley Water District

e Eastern Municipal Water District

o Elsinore Valley Municipal Water District
e Home Gardens County Water District

e Jurupa Community Services District

e Muscoy Mutual Water Company

e Orange County Water District

¢ Riverside-Highland Water Company

e Rubidoux Community Service District

e San Gorgonio Pass Water Agency

e South Mesa Water Company

e Temescal Valley Water District

o West Valley Water District

o Western Heights Water Company

e Western Municipal Water District

e Yucaipa Valley Water District

The data types and data fields that were collected are listed in Table 2-1.

2.2 Process and Upload Historical Data (Task 1c)

An inventory of all datasets was compiled for the data received from the various data providers.
The inventory included data provider information such as contact, date received, number of
records, and data format (e.g., Access, Excel, hardcopy), as well as a version number, which
was assigned to track changes to datasets should issues arise during the data loading process
and/or the statistical analysis. This living document was updated throughout the project. A data

mapping document (also known as a “lookup table”) was developed that translates the data
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providers’ fields to the AWQ database fields. In addition to providing the necessary mapping, it
also helped to locate missing requisite data, identify conflicting data types/sizes (e.g., text to
numeric, floating point to decimal, text to numeric, text field size of 100 characters to

50 characters, etc.), and other information that may be pertinent to the migration.

Each dataset was formatted and normalized for migration. For example, data received in a
crosstab format (e.g., columns indicate chemical information, rows indicate sample information)
were processed using automation tools to reformat the data into the normalized table structure
required in the AWQ database. Keypunched data were entered in a controlled tool that used
data validation tools including drop downs, default values, data type constraints, data value

constraints, and field size constraints.

Conversions were completed on necessary reference values such as units and chemicals.
Duplicate data were identified using analytical queries that filter on various parameters such as
sample, date/time, and chemical name. Duplicates were flagged and reviewed to determine the
appropriate course of action. In some cases, there were samples that appeared to be
duplicates, but turned out to be reanalyses due to dilutions, laboratory errors, or requests from
the data provider. Data were reviewed by team members who did not participate in the
processing outlined above. Keypunched data were carefully reviewed to ensure that no data
entry errors occurred. Automated data processing was 10 percent randomly reviewed to ensure
automation processes met the quality assurance/quality control (QA/QC) requirements. All

errors were rectified before loading the data into the AWQ database.

2.3 Develop Water-Quality Point Statistics and Average Values for TDS and
Nitrate at Wells (Task 1d)

Once the new data were uploaded to the AWQ database as described in Section 2.2 (Task 1c)
a series of steps were executed to develop the point statistics and average water quality values
that are the basis of the computation of ambient water quality. These steps include (1) review
the time-series charts, (2) run the QA/QC checks, (3) annualize the water quality data, (4) use
the Shapiro-Wilk test to remove potential outliers, and (5) compute averages and point statistics.
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These steps were defined through the Task Force process in the late 1990s as documented in
the Phase 2A technical memorandum (WEI, 2000).

2.3.1 Review Time-Series Data

Once data were uploaded to the AWQ database, well location maps and time-series charts
were generated for groundwater level, TDS, and nitrate for each well. The time-series charts
were developed using automation tools, and PDF files were made for each of the 6,756 wells.
Each PDF page contains time-series data for groundwater elevation, TDS, and nitrate. The
time-series data were reviewed by staff hydrogeologists. These time-series charts are included

electronically in Appendix A.7.

2.3.2 QA/QC Tests Adapted from the Methods for the Examination of Water and

Wastewater

Four tests were conducted to evaluate the quality of data based on TDS, electrical conductivity
(EC), and major ions. The tests were automated and applied to the data directly from the
database to streamline the process. The computations were reviewed and tested to ensure that
they worked properly. The test results were qualified and tied back to the primary (or unique)
key. This allowed the test results to be related directly to the respective samples within the
database. Any sample that failed all four tests was flagged and excluded from the dataset used

for statistical analysis.

The four data quality tests include (1) an anion-cation balance, (2) a comparison of measured
and calculated TDS, (3) a comparison of measured EC and the sum of ions, and (4) TDS to EC
ratios. These tests are described in Standard Methods for the Examination of Water and

Wastewater (Rice et al., 1992), and are summarized in the following subsections.

2.3.2.1 Anion-Cation Balance

For this test, percent difference is calculated as follows:
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cations— » anions
Percent Difference =100 x ( Z Z J (1)

antions + Zanions

Acceptance criteria are as follow:

e For an anion sum of 0 to 3 milliequivalents per liter (meg/L), acceptable percent

difference is = 0.2 percent.
e For an anion sum of 3 to 10 meg/L, acceptable percent difference is + 2 percent.

e For an anion sum of 10 to 800 meq/L, acceptable percent difference is £ 5 percent.

2.3.2.2 Measured vs. Calculated TDS

The criteria for this test are expressed as follows:

Measured TDS @)
Calculated TDS
where Calculated TDS = 0.6 (alkalinity) + Na + K+ Ca + Cl + SO4 + SiO3 + NO3 + F
Na = Sodium
K = Potassium
Ca = Calcium
Cl = Chloride
SO, = Sulfate
SiO; = Silicate
NO3 = Nitrate
F = Fluoride
2.3.2.3 Measured EC and Cation Sums
The criteria for this test are expressed as follows:
0.9x EC <100 x anion (or cation) sum<1.1xEC 3)
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2.3.2.4 TDS to EC Ratios

The criteria for this test are expressed as follows:

Measured TDS
<— "<
EC

0.55 0.7 (4)

Calculated TDS
< <
EC

0.55

0.7 )

2.3.3 Define Analysis Period and Annualize the Data

The water quality point statistic for a given well is based on a 20-year moving average. For this
AWQ recomputation, the 20-year period is from January 1, 1996 to December 31, 2015. When
there is more than one water quality sample result in a given calendar year, these values are
averaged. Thus, only one value per year, the annualized average, will be used in the
computation of AWQ. This technique is a form of temporal declustering. A well may have a
maximum of 20 annualized averages where data exist for each year of the recomputation
period, but a well must have a minimum of three annualized average values to be eligible to

have a point statistic computed.

2.3.4 Shapiro-Wilk Test for Normality, Identification of Potential Outliers, and
Development of Water Quality Point Statistics and Average Values

The Shapiro-Wilk test for normality and outlier testing was recommended and adopted by the
Nitrogen/TDS Task Force at the June 15, 1999 meeting. For this test, the mean, standard
deviation, and the statistic W were calculated. The calculated W was compared with a critical W
found in reference tables to determine if the population in the dataset is normally distributed. If
the dataset is not normally distributed, then the most discordant value (MDV) is discarded and a
new W is calculated:

(6)
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where a;, = coefficient based on the order of the observation, i, and the number of
observations, n (e.g., Gibbons, 1994)
X; = ith observation

Xag = Mmean of n observations

The MDV can be defined three ways: (1) the residual between the point and the corresponding
y-value on the linear regression line, (2) the difference between the point and the mean value of
the dataset, and (3) the difference between the point and the median value. The third method of
determining the MDV was used in this study. In past AWQ recomputation efforts, the Shapiro-
Wilk test was used to find and remove MDVs or outliers in an iterative fashion. In some cases,
more than half of the annualized average values were removed from the dataset. In the 2015

current AWQ recomputation, the Shapiro-Wilk test was employed, but with three enhancements:

o Removal of outliers—MDVs—only occurred for values that were significantly greater
than the median: 5 times (5x) for nitrate and 10x for TDS. This captures the original
intent of the outlier test, which was to identify decimal placement errors or nitrate/nitrate

as N conversion errors.
e Up to two MDVs, but not more, could be removed from a given dataset.

o If there is no MDV, but the dataset fails the Shapiro-Wilk test, or if two MDVs were
removed and a third potential MDV is identified, then the dataset is log transformed and
undergoes the Shapiro-Wilk test on the log-transformed data. A data transformation is
the application of a mathematical function to every data point to meet an inference about
the sample population. In this case, the assumption is that the data are logarithmically
distributed and are transformed by taking the base-10 logarithm of each data point. The
inverse logarithm is simply 10%, where x is the number undergoing inverse logarithmic

transformation.

Figure 2-1 is a flow chart that depicts the outlier identification in this AWQ recomputation

through the following steps:
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1. The dataset is tested to determine if there are less than three annualized average values

or there are no detected values.

2. If there are less than three annualized average values or there are no detected values,
then the dataset for that well is not eligible to have a point statistic computed and a
mean value is computed instead (as discussed in Section 4, point statistics are given

preferences over mean values in drawing contour maps).

3. If there are three or more annualized average values, then the Shapiro-Wilk test is

performed on the dataset.

4. If the dataset passes the Shapiro-Wilk test, then a point statistic is computed. The water
guality point statistic is operationally defined as mean plus t * standard error of the mean

at an upper confidence level (UCL) of 0.84.

5. If the dataset fails the Shapiro-Wilk test, then the dataset is tested to see if the MDV is
significantly greater than the median (5x for nitrate and 10x for TDS).
a. Ifthe MDV is significantly greater than the median, then the dataset moves to Step 6.
b. If the MDV is not significantly greater than the median, then the dataset moves to

Step 9.

6. If the MDV is significantly greater than the median, the dataset is checked to see if the

previous MDV had been removed.

a. Only a total of two MDVs can be removed. If there are fewer than two MDVs

removed, then the dataset moves to Step 7.

b. If two MDVs have been removed, then dataset moves to Step 9.
7. The current MDV is removed.
8. At this point, the dataset is retested beginning at Step 1.

9. The dataset is log transformed and the Shapiro-Wilk test is performed on the log-

transformed dataset.
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10. If the log-transformed dataset passes the Shapiro-Wilk test, then the geometric mean
(GM) and the geometric standard error of the mean (GSE) are computed. A statistic,
GM plus t * GSE at an upper confidence level (UCL) of 0.84 is computed. Then the

geometric statistic is inverse log transformed.

11. If the log-transformed dataset does not pass the Shapiro-Wilk test, then the geometric

median is calculated and then inverse log transformed.

Appendix A.2 contains an MS Excel file that summarizes all of the point statistics and averages
that were computed in Task 1d. As stated in the RFP, “The Consultant will prepare tables that
will describe (i) the results of the tests for normality, outliers, and data quality and (ii) the
statistics by well for TDS and nitrate-nitrogen of the mean, standard deviation, standard error of

the mean, and mean plus t times the standard error of the mean.”

2.4 Estimate Regional TDS and Nitrate in Groundwater (Task le)

The objective of this task is to prepare groundwater level and groundwater quality contour maps
for all GMZs in the watershed. In strict accordance with procedures established by the Task
Force, the steps described herein will be used to estimate regional nitrate and salinity (i.e., TDS)

in groundwater.

For each GMZ (and for each GMZ with a multi-layer system), the following maps were produced
(Appendix B):

e TDS: current ambient (1996 to 2015)
e Nitrate (as N): current ambient (1996 to 2015)

e Groundwater level contours: 2015 data
2.4.1 Water Quality Point Statistics and Average Values
As shown in Figure 2-1 and discussed in Section 2.3.4, the values that were computed to
contour water quality are termed “water quality point statistic” and “average values.” If a water

quality point statistic could be computed, then these values were preferentially used in the
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generation of water quality maps and the development of water quality contours. If a water
quality point statistic could not be computed, then the mean value (for a normal distribution) or

inverse log-transformed median value were plotted, but were given less weight in contouring.

e Water quality point statistic

— The water quality point statistic, which is operationally defined as the mean plus t *

standard error of the mean at an upper confidence level (UCL) of 0.84.

— The geometric point statistic, which is operationally defined as the geometric mean
plus t * geometric standard error of the mean at an upper confidence level (UCL) of
0.84.

e Average values
— The mean value for normally distributed data sets.

— The inverse log-transformed median value log normally distributed data sets.

Table 2-2 summarizes analytics for each of the GMZs in the watershed, including the area of
each GMZ (in square miles and acres), the volume of groundwater in storage (acre-feet per
year [ac-ft/yr]) for the study period, the number of wells sampled and analyzed for TDS and
nitrate, the number of wells for which point statistics could be computed, the percentage of wells
with point statistics, and the TDS and nitrate well density. Note for example that the Arlington
and some of the Riverside GMZs have relatively low water quality well densities, while the
Riverside-A and Orange County (OC) GMZs have densities that are close to or greater than six
wells per square mile. The relatively high water quality well density in Chino East is largely due

to the monitoring program for the Stringfellow National Priorities List (NPL) site.

The locations of wells for which point statistics and averages were determined are shown on
Figures 2-2 and 2-3 for TDS and nitrate, respectively. Wells depicted by a square had the
requisite data, passed the QA/QC steps and had a point statistic computed. Locations where
only the mean or geometric median values could be computed are depicted with smaller circles.

Note that, at the request of CBWM, the locations of the private wells for which point statistics
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and averages were determined and that were ultimately used to compute AWQ values are not

shown in these figures.

2.4.2 Develop and Digitize Water Quality and Water Level Contours

The following information was used to prepare groundwater quality and groundwater elevation
contour maps: (1) the computed statistics at wells, (2) the aquifer layer for the following GMZs:
Chino-North, Orange County, Irvine, and Bunker Hill-A Pressure Zone and Bunker Hill-B
Pressure Zone, (3) groundwater elevation measurements, and (4) contours from previous
recomputation efforts. Some GMZs have multiple aquifer units. For those GMZs, information
from the AWQ database or well construction data were used to identify which aquifer units a

given well is screened against. Separate maps were prepared for these multi-aquifer GMZs.

Water quality and water level contours were hand-drawn by staff experienced in the
hydrogeologic sciences. All groundwater level and groundwater quality contour maps were
reviewed by a California certified hydrogeologist. A review of previous recomputation contours
was incorporated into the contouring process to minimize subjective bias during the current
contouring effort, which is especially important in areas where little data exist. Each contour

was digitized and transformed into a geographic information system (GIS) shapefile.

Agency representatives were invited to review the water level and water quality contour maps;
the consultants worked closely with Task Force members to perform an accurate and complete

analysis of the groundwater quality within their agency’s respective GMZs.

2.5 Compute Current Ambient TDS and Nitrate for Management Zones
(Task 1f)

GIS tools were used to compute the volume-weighted estimates of AWQ for the GMZs. In
Task 1e, the water quality point statistics for both TDS and nitrate, as well as water levels, were
contoured and reviewed by the Task Force members. The finalized contours and points were
interpolated using kriging techniques in which the surrounding measured values are weighted to

derive a predicted value for an unmeasured location to create a raster grid. The kriging
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interpolation method used is identical to prior AWQ determinations. The rasters went through a
thorough QA/QC process.

A geoprocessing model in ArcGIS was used to automate the process of extracting the values
from the TDS, nitrate, and groundwater elevation rasters to the SAWPA-supplied AWQ grid
shapefile. Specific yield, and bottom of aquifer, and layers in multilayer GMZs were already
included in the grid shapefile. The volume of groundwater for a single-layer aquifer system is
simply the difference between groundwater elevation and the bottom of the aquifer, accounting

for area and specific yield and summing for all grid cells or portions of grid cells in the GMZ, as

follows:
n
V =Y A-(GWE, -BOA )-SY, 7
i=1
where V = volume of groundwater in the GMZ
A = area of the ith grid cell

GWE; = groundwater elevation (feet above mean sea level [feet msl])
BOA, = bottom of the aquifer of the ith grid cell (feet msl)
SY = specific yield of the ith grid cell

n = number of grid cells

The geoprocessing model links together sequences of geoprocessing tools, feeding the output
of one tool into another tool as input to produce the desired outcome. The model documents
and streamlines the process, and enables efficient replication for populating the AWQ grid. The
AWQ grid was exported to a Microsoft Excel spreadsheet, where the following steps were
executed to compute the volume-weighted estimates of ambient TDS and nitrate for the 2015

current AWQ recomputation period:

1. Overlay the SAWPA-provided 400-meter x 400-meter grid on each GMZ.
2. Compute volume of groundwater in storage in each grid cell.

3. Compute volume of groundwater in storage in each layer of multi-layer aquifers (Chino

North, Orange County, and Bunker Hill Pressure Zone).
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4. Compute volume of groundwater in each GMZ.
5. Estimate the value of the water quality statistics for each grid cell.

6. Compute volume-weighted estimate of TDS and nitrate for each aquifer in each GMZ, as

follows:

(8)

where C,,4= the volume-weighted current ambient concentration in a GMZ
Ci =the current ambient concentration of groundwater in the ith grid cell
V; = the volume of groundwater in the ith grid cell

n = number of grid cells
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Table 2-1. Requisite Data Fields

Well Information (for new wells)

o Well name

o Well type

o Well status

e Well x coordinate
e Well y coordinate

¢ Ground surface elevation

¢ Distance from reference point to ground surface
« Reference point type (e.g., top of casing)

¢ Depth of well casing

e Depth intervals of well perforations

Groundwater Level Data

+ Well name
+ Measurement date / time
o Depth from reference point to water table

« Activity of well during measurement (e.g., static, pumping, recovering)
» Measurement method

Groundwater Quality Data

e Well name
e Sample date/time
¢ Analyte name

* Result
¢ Detection limit
o Units

Analyte List

« Alkalinity, total (as cacos)
e Bicarbonate

e Calcium

e Carbonate

o Chloride

e Electrical conductivity

e Fluoride

e Magnesium

« Nitrate as nitrate (NO3) or nitrate as nitrogen (N)
« Ph

¢ Potassium

o Silica

e Sodium

¢ Sulfate

« Total dissolved solids

P:\_CA16-087\Tech Memo0.9-17\T2-1_DataFields.doc




Daniel B. Stephens & Associates, Inc.

Table 2-2. Groundwater Management Zone Analytics

Page 1 of 2
Area Total Dissolved Solids Nitrate as Nitrogen
Percentage of
Percentage of Wells with
Volume Total Wells | Total Point Wells with Well Density | Total Wells Total Point Point Well Density
Groundwater Management Zone mi’ acres (acre-feet) Sampled Statistics Point Statistics (wells/mi®) Sampled Statistics Statistics (wells/mi®)
San Bernardino Valley and Yucaipa/Beaumont Plains
Beaumont 43 27,200 1,240,000 99 61 62% 2.3 96 66 69% 2.3
Bunker Hill-A 42 27,100 1,010,000 162 89 55% 3.8 112 93 83% 2.6
Bunker Hill-B 70 44,600 2,210,000 165 114 69% 2.4 159 105 66% 2.3
Lytle 11 6,850 405,000 42 30 71% 3.9 42 18 43% 3.9
San Timoteo 28 18,100 672,000 33 30 91% 1.2 33 22 67% 1.2
Yucaipa 40 25,500 693,000 92 65 71% 2.3 94 64 68% 2.4
San Jacinto Basins
Canyon 7 4,390 76,200 24 20 83% 3.5 24 16 67% 3.5
Hemet-South 39 25,200 453,000 63 40 63% 1.6 63 40 63% 1.6
Lakeview/Hemet-North 27 17,500 541,000 81 64 79% 3.0 81 55 68% 3.0
Menifee 9 5,630 105,000 22 20 91% 25 22 18 82% 25
Perris-North 59 38,000 452,000 44 37 84% 0.7 44 33 75% 0.7
Perris-South 39 25,200 760,000 71 53 75% 1.8 71 49 69% 1.8
San Jacinto-Lower Pressure 21 13,500 501,000 17 11 65% 0.8 17 3 18% 0.8
San Jacinto-Upper Pressure 33 20,900 1,048,000 110 85 7% 34 110 33 30% 34
Chino, Rialto/Colton, and Riverside Basins
Chino-North 189 121,000 5,870,000 891 444 50% 4.7 975 480 49% 5.2
Chino-1/Chino-North 62 39,500 2,100,000 234 119 51% 3.8 278 151 54% 4.5
Chino-2/Chino-North 68 43,400 2,500,000 433 214 49% 6.4 443 189 43% 6.5
Chino-3/Chino-North 60 38,500 1,270,000 224 111 50% 3.7 254 140 55% 4.2
Chino-East 12 7,950 80,100 205 29 14% 16.5 499 271 54% 40.2
Chino-South 21 13,100 187,000 125 25 20% 6.1 178 51 29% 8.7
Colton 10 6,080 19,300 9 6 67% 0.9 9 5 56% 0.9
Cucamonga 25 15,900 76,900 28 26 93% 1.1 29 26 90% 1.2
Rialto 28 17,600 1,000,000 86 56 65% 3.1 100 63 63% 3.6
Riverside-A 15 9,350 184,000 87 46 53% 6.0 82 48 59% 5.6
Riverside-B 11 6,710 182,000 30 10 33% 29 50 23 46% 4.8
Riverside-C? 3 1,990 14,200 2 0 0% 0.6 2 1 50% 0.6
Riverside-D * 14 8,640 ? 1 1 100% 0.1 1 1 100% 0.1
Riverside-E 11 7,320 180,000 8 7 88% 0.7 9 6 67% 0.8

#1996-2015 ambient water quality not calculated

b S
Surface water objectives

mi? = Square miles

? = Not enough data to estimate volume
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Table 2-2. Groundwater Management Zone Analytics

Page 2 of 2
Area Total Dissolved Solids Nitrate as Nitrogen
Percentage of
Percentage of Wells with
Volume Total Wells | Total Point Wells with Well Density | Total Wells Total Point Point Well Density
Groundwater Management Zone mi’ acres (acre-feet) Sampled Statistics Point Statistics (wells/mi®) Sampled Statistics Statistics (wells/mi®)
Chino, Rialto/Colton, and Riverside Basins (cont.)
Riverside-F 10 6,070 132,000 27 24 89% 2.8 27 19 70% 2.8
Prado Basin® 17 10,700 ? 27 14 52% 1.6 27 14 52% 1.6
Elsinore/Temescal Valleys
Arlington 21 13,700 61,900 19 6 32% 0.9 23 10 43% 1.1
Bedford ® 8 5,030 ? 5 4 80% 0.6 5 4 80% 0.6
Coldwater 3 1,770 45,200 9 8 89% 3.2 9 8 89% 3.2
Elsinore 23 15,000 548,000 16 12 75% 0.7 16 10 63% 0.7
Lee Lakes® 7 4,720 ? 7 7 100% 0.9 7 6 86% 0.9
Temescal 28 18,000 397,000 43 34 79% 15 41 32 78% 15
Warm Springs Valley ? 6 3,720 ? 0 0 0% 0.0 0 0 0% 0.0
Orange County Basins
Irvine 84 53,900 1,800,000 131 90 69% 1.6 133 63 47% 1.6
La Habra? 17 10,800 ? 1 1 100% 0.1 1 0 0% 0.1
Orange County 255 163,000 23,600,000 1,666 1,331 80% 6.5 1,639 824 50% 6.4
Santiago ® 8 5,100 ? 3 3 100% 0.4 3 3 100% 0.4

& 1996-2015 ambient water quality not calculated

b Surface water objectives
mi® = Square miles
? = Not enough data to estimate volume
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3. Ambient Water Quality Results for the 2015 Recomputation

This section presents the results of the AWQ recomputation for the current period (1996 to
2015).

3.1 2015 Current Ambient TDS and Nitrate Concentrations for Management

Zones

As described in Section 2.5, a combination of steps using analytical tools (GIS and MS Excel)

was employed to compute the volume-weighted estimates of AWQ for the GMZs:

1. Water quality point statistics (and averages) for both TDS and nitrate, as well as water

levels, were contoured and reviewed by the Task Force members.
2. The finalized contours and points were interpolated using kriging technigues.

3. A geoprocessing model in ArcGIS was used to automate the process of extracting the
values from the TDS, nitrate, and groundwater elevation rasters to the SAWPA-supplied
AWQ grid shapefile. Specific yield, and bottom of aquifer, and layers in multilayer GMZs

were already included in the grid shapefile.
4. The 400-meter x 400-meter grid was overlaid on each GMZ.
5. The volume of groundwater in storage in each grid cell was computed.

6. The volume of groundwater in storage in each layer of multi-layer aquifers (Chino North,
Orange County, and Bunker Hill Pressure Zone) was computed.

7. The volume of groundwater in each GMZ was computed.
8. Water quality for each grid cell was assigned based on the kriging results.

9. The volume-weighted estimate of TDS and nitrate concentrations for each aquifer in
each GMZ was computed by dividing the total mass of TDS or nitrate by the volume of

water in storage.
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In Step 5, the groundwater storage in each grid cell was computed from the groundwater
elevation, bottom of the aquifer, and specific yield. Figure 3-1a shows the thickness of the
aquifer, by grid cell, for all of the GMZs. For multi-layered GMZs, the thickness shown is the
total of all layers. Figure 3-1b displays the specific yield, by grid cell, for all of the GMZs. For
multi-layered GMZs, only specific yield values for Layer 1 are shown on the map (specific yield
values for each layer in a multi-layer system were used in the computation). Figure 3-1c shows
the amount of groundwater storage, which is the product of saturated volume and specific yield.
Values of groundwater storage range from less than 1 acre-foot per grid cell to more than
20,000 acre-feet. The highest storage values occur in the OC GMZ forebay area, where the
saturated thickness is greater and where specific yield values are estimated by OCWD’s model

to be greater than 25 percent.

Computed ambient water quality data—TDS and nitrate—are listed in Tables 3-1 and 3-2.
Figures 3-2a, 3-2b, and 3-2c provide maps that analyze the TDS AWQ findings for the 2015

current AWQ recomputation period.

Figure 3-2a shows that the highest concentrations of TDS are along the coast in the OC GMZ,
where there has been historical and ongoing seawater intrusion (Alamitos, Bolsa, and Talbert
Gaps), in the Irvine GMZ, and in the Perris South and Menifee GMZs. Figure 3-2b shows the
mass (in tons of salt) in each grid cell. The TDS mass per grid cell is highest in the OC GMZ—
forebay area and seawater intrusion zones—and in Perris South GMZ. The high mass per grid
cell in the forebay area reflects the high volume of groundwater storage in that area.
Figure 3-2c is a map that depicts the changes in TDS concentration in groundwater between the
2012 and 2015 recomputation periods from two distinct perspectives. The grid cells on the map
grade from red (1,000 mg/L increase in TDS) to green (1,000 mg/L decrease in TDS). Most of
the grid cells in the GMZs are light yellow to light peach, indicating that there is either no change
or a small increase in TDS over that period. A reduction in computed TDS concentrations has
occurred in the vicinity of the boundary between Perris North and Perris South GMZs due to the
contours. Contours in previous recomputations were extended between the two GMZs,
increasing the TDS in the Perris-North GMZ. The map also shows the 20-year trend in TDS

concentration in the key wells using the Mann-Kendall trend analysis. For consistency, key
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wells identified in WEI (2014) were used in this study. This trend analysis is discussed in more
detail in Section 4.3.2.

Figures 3-3a, 3-3b, and 3-3c are a parallel series of maps that analyze the nitrate AWQ findings
for the current period. High concentrations of nitrate occur in portions of several GMZs: Irvine,
Temescal, Arlington, Chino North, Chino South, Chino East, Riverside, and San Jacinto GMZs.
Figure 3-3b shows the mass (in tons of nitrate) in each grid cell. The nitrate mass per grid cell
is highest in the OC GMZ forebay area and in the southern portion of Chino North, Chino South,
and Chino East GMZs. The high mass per grid cell in the forebay area reflects the high volume
of groundwater storage in that area. Figure 3-3c depicts the changes in nitrate concentrations
in groundwater between the 2012 and 2015 analyses from two distinct perspectives. The grid
cells on the map grade from red (10 mg/L increase in nitrate) to green (10 mg/L decrease in
TDS). Most of the grid cells in the GMZs are light yellow to light peach, indicating that there is
no change to a small increase in nitrate over that period. There are areas where nitrate
concentrations are also decreasing. The map also shows the trends in nitrate concentration in
the key wells using the Mann-Kendall trend analysis. This trend analysis is discussed in more
detail in Section 4.3.2.

3.2 Assimilative Capacity

The triennial AWQ determinations from each current period are used to assess compliance with
the water quality objectives and to determine if assimilative capacity exists for each GMZ. By
definition, assimilative capacity is determined to be the difference between the objective and the
current AWQ: if the current quality of the GMZ is better than the water quality objective, then
assimilative capacity exists. Assimilative capacity does not exist if the current quality of a GMZ
is the same as or poorer than the water quality objectives. Allocation of assimilative capacity, or
some portion of assimilative capacity, by permitting discharges containing TDS and/or nitrate at

concentrations higher than their objectives is at the discretion of the RWQCB.
Certain stakeholders have petitioned the RWQCB to raise the objective of their GMZ based on a

demonstration of maximum benefit to the people of the state of California. The GMZs with

“maximum benefit” water quality objectives are Chino-North, Cucamonga, Yucaipa, San
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Timoteo, Beaumont, and San Jacinto-Upper Pressure. In those GMZs, both the antidegradation

and maximum benefit objectives are shown in Tables 3-1 and 3-2.

GMZs that have assimilative capacity have positive values in the last column of the tables.
GMZs with negative values in the assimilative capacity column of Tables 3-1 and 3-2 have no
assimilative capacity; the magnitude of the negative value is simply the difference between
current ambient and the water quality objective and is an indication of how close the GMZ is to

the meeting groundwater quality objectives.
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Table 3-1. TDS Water Quality Objectives, Ambient Water Quality, and Assimilative Capacity

Page 1 of 3
Total Dissolved Solids Concentration (mg/L)
Difference
Water Quality | Historical 1997 2003 2006 2009 2012 2015 from Assimilative
Groundwater Management Zone Objective Ambient | Ambient | Ambient | Ambient | Ambient | Ambient | Ambient | 2012 to 2015 Capacity
San Bernardino Valley and Yucaipa/Beaumont Plains
Beaumont, “max benefit” 330 233 290 260 260 280 290 290 0 40
Beaumont, “antideg” 230 233 290 260 260 280 290 290 0 -60
Bunker Hill-A 310 313 350 320 330 340 340 330 -10 -20
Bunker Hill-B 330 332 260 280 280 270 280 290 10 40
Lytle 260 264 240 230 230 240 240 240 0 20
San Timoteo, “max benefit” 400 303 300 ? ? 420 410 420 10 -20
San Timoteo, “antideg” 300 303 300 ? ? 420 410 420 10 -120
Yucaipa, “max benefit” 370 319 330 310 310 320 320 320 0 50
Yucaipa, “antideg” 320 319 330 310 310 320 320 320 0 0
San Jacinto Basins
Canyon 230 234 220 420 370 420 340 380 40 -150
Hemet-South 730 732 1030 850 920 910 940 920 -20 -190
Lakeview/Hemet-North 520 519 830 840 880 890 860 850 -10 -330
Menifee 1,020 1,021 3,360 2,220 2,140 2,050 2,030 1,970 —-60 -950
Perris-North 570 568 750 780 730 770 760 720 -40 -150
Perris-South 1,260 1,258 3,190 2,200 2,600 2,470 2,400 2,340 —60 -1,080
San Jacinto-Lower 520 520 730 950 810 800 800 780 -20 —-260
San Jacinto-Upper, “max benefit” 500 321 370 370 350 350 350 370 20 130
San Jacinto-Upper, “antideg” 320 321 370 370 350 350 350 370 20 -50

Footnote explanations and definitions are provided at the end of the table.
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Table 3-1. TDS Water Quality Objectives, Ambient Water Quality, and Assimilative Capacity

Page 2 of 3
Total Dissolved Solids Concentration (mg/L)
Difference
Water Quality | Historical 1997 2003 2006 2009 2012 2015 from Assimilative
Groundwater Management Zone Objective Ambient | Ambient | Ambient | Ambient | Ambient | Ambient | Ambient | 2012 to 2015 Capacity
Chino, Rialto/Colton, and Riverside Basins
Chino-North, “max benefit” 420 260 300 320 340 340 350 360 10 60
Chino 1, “antideg” 280 280 310 330 340 340 350 350 0 -70
Chino 2, “antideg” 250 250 300 340 360 360 380 380 0 -130
Chino 3, “antideg” 260 260 280 280 310 320 320 320 0 -60
Chino-East 730 733 760 620 650 770 770 840 70 -110
Chino-South 680 676 720 790 940 980 990 940 -50 —260
Colton 410 407 430 430 450 430 440 480 40 -70
Cucamonga, “max benefit” 380 212 260 250 250 250 260 260 0 120
Cucamonga, “antideg” 210 212 260 250 250 250 260 260 0 -50
Rialto 230 230 230 220 230 230 230 240 10 -10
Riverside-A 560 560 440 440 440 430 420 440 20 120
Riverside-B 290 289 320 310 340 340 340 360 20 -70
Riverside-C 680 684 760 750 740 740 730 ? ? ?
Riverside-D 810 812 ? ? ? ? ? ? ? ?
Riverside-E 720 721 720 700 710 700 740 730 -10 -10
Riverside-F 660 665 580 570 570 570 560 560 0 100
Prado Basin Surface water 618 819 — — — — — — —
objective
applies

Footnote explanations and definitions are provided at the end of the table.
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Table 3-1. TDS Water Quality Objectives, Ambient Water Quality, and Assimilative Capacity

Page 3 of 3
Total Dissolved Solids Concentration (mg/L)
Difference
Water Quality | Historical 1997 2003 2006 2009 2012 2015 from Assimilative
Groundwater Management Zone Objective Ambient | Ambient | Ambient | Ambient | Ambient | Ambient | Ambient | 2012 to 2015 Capacity
Elsinore/Temescal Valleys
Arlington 980 983 ? 1,020 960 1,020 1,030 1,020 -10 -40
Bedford ? ? ? 740 ? ? ? ? ? ?
Coldwater 380 381 380 400 420 440 440 460 20 -80
Elsinore 480 476 480 460 470 470 490 490 0 -10
Lee Lake ? ? ? ? ? ? ? ? ? ?
Temescal 770 771 780 700 780 790 790 810 20 -40
Warm Springs Valley ? ? ? ? ? ? ? ? ? ?
Orange County Basins
Irvine 910 908 910 880 920 910 940 920 -20 -10
La Habra ? ? ? ? ? ? ? ? ? ?
Orange County ? 580 585 560 560 590 600 610 600 -10 =20
Santiago ? ? ? ? ? ? ? ? ? ?

See Sections 4 and 5 of WEI (2000) for a detailed description of the methodologies used to calculate ambient water quality.

Historical ambient period is 1954-1973. 1997 ambient period is 1978-1997. 2003 ambient period is 1984-2003. 2006 ambient period is 1987-2006. 2009 ambient period is 1990-2009. 2012 ambient period

is 1993-2012. 2015 ambient period is 1996-2015.

& For purposes of regulating discharges other than those associated with projects implemented within the Orange County GMZ to facilitate project and/or to address legacy contamination, no assimilative
capacity is assumed to exist.

mg/L = Milligrams per liter

? = Not enough data to estimate TDS concentrations
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Table 3-2. Nitrate Water Quality Objectives, Ambient Water Quality, and Assimilative Capacity

Page 1 of 3
Nitrate as Nitrogen Concentration (mg/L)
Difference
Water Quality | Historical 1997 2003 2006 2009 2012 2015 from Assimilative
Groundwater Management Zone Objective Ambient | Ambient | Ambient | Ambient | Ambient | Ambient | Ambient | 2012 to 2015 Capacity
San Bernardino Valley and Yucaipa/Beaumont Plains
Beaumont, “max benefit” 5.0 15 2.6 2.0 1.6 25 29 2.9 0.0 2.1
Beaumont, “antideg” 15 15 2.6 2.0 1.6 25 2.9 29 0.0 -1.4
Bunker Hill-A 2.7 2.7 4.5 4.3 4.0 4.0 4.0 3.9 -0.1 -1.2
Bunker Hill-B 7.3 7.3 5.5 5.8 5.4 5.4 5.6 5.8 0.2 15
Lytle 15 15 2.8 2.7 2.7 2.6 2.5 2.4 -0.1 -0.9
San Timoteo, “max benefit” 5.0 2.7 2.9 ? 0.8 2.3 2.0 -0.3 3.0
San Timoteo, “antideg” 2.7 2.7 2.9 ? . 0.8 2.3 2.0 -0.3 0.7
Yucaipa, “max benefit” 5.0 4.2 5.2 5.4 5.3 6.2 6.3 6.2 -0.1 -1.2
Yucaipa, “antideg” 4.2 4.2 5.2 5.8 5.3 6.2 6.3 6.2 -0.1 -2.0
San Jacinto Basins
Canyon 25 2.5 1.6 2.1 1.9 2.7 2.0 2.0 0.0 0.5
Hemet-South 4.1 4.1 5.2 5.4 5.5 5.2 5.7 5.7 0.0 -1.6
Lakeview/Hemet-North 1.8 1.8 2.7 3.4 2.7 2.6 25 2.6 0.1 -0.8
Menifee 2.8 2.8 54 6.0 4.7 4.4 4.6 4.5 -0.1 -1.7
Perris-North 5.2 5.2 4.7 6.7 6.5 7.4 7.3 7.4 0.1 -2.2
Perris-South 25 2.5 4.9 5.9 55 5.8 5.8 6.0 0.2 -3.5
San Jacinto-Lower 1.0 1.0 1.9 1.8 1.2 11 1.1 15 0.4 -0.5
San Jacinto-Upper, “max benefit” 7.0 1.4 1.9 1.7 1.6 15 1.4 1.6 0.2 5.4
San Jacinto-Upper, “antideg” 1.4 1.4 1.9 1.7 1.6 15 1.4 1.6 0.2 -0.2

Footnote explanations and definitions are provided at the end of the table.
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Table 3-2. Nitrate Water Quality Objectives, Ambient Water Quality, and Assimilative Capacity

Page 2 of 3
Nitrate as Nitrogen Concentration (mg/L)
Difference
Water Quality | Historical 1997 2003 2006 2009 2012 2015 from Assimilative
Groundwater Management Zone Objective Ambient | Ambient | Ambient | Ambient | Ambient | Ambient | Ambient | 2012 to 2015 Capacity
Chino, Rialto/Colton, and Riverside Basins
Chino-North, “max benefit” 5.0 3.7 7.4 8.7 9.7 9.5 10.0 10.3 0.3 -5.3
Chino 1, “antideg” 5.0 5.0 8.4 8.9 9.3 9.1 10.0 10.5 0.5 -5.5
Chino 2, “antideg” 29 2.9 7.2 9.5 10.7 10.3 10.7 10.9 0.2 -8.0
Chino 3, “antideg” 35 3.5 6.3 6.8 8.2 8.4 8.5 8.9 0.4 -5.4
Chino-East 10.0 13.3 29.1 9.6 12.7 15.7 21.0 22.0 1.0 -12.0
Chino-South 4.2 4.2 8.8 15.3 25.7 26.8 28.0 27.8 -0.2 -23.6
Colton 2.7 2.7 2.9 2.9 2.9 2.8 2.7 3.3 0.6 -0.6
Cucamonga, “max benefit” 5.0 2.4 4.4 4.3 4.0 4.1 4.1 4.3 0.2 0.7
Cucamonga, “antideg” 2.4 2.4 4.4 4.3 4.0 4.1 4.1 4.3 0.2 -1.9
Rialto 2.0 2.0 2.7 2.6 2.9 3.1 3.2 3.4 0.2 -1.4
Riverside-A 6.2 6.2 4.4 4.9 4.9 5.2 5.4 5.6 0.2 0.6
Riverside-B 7.6 7.6 8.0 7.8 8.3 8.4 6.7 6.6 -0.1 1.0
Riverside-C 8.3 8.3 155 15.3 15.3 14.8 145 ? ? ?
Riverside-D 10.0 19.5 ? ? ? ? ? ? ? ?
Riverside-E 10.0 13.3 14.8 154 15.3 15.2 10.2 104 0.2 -0.4
Riverside-F 9.5 12.1 9.5 10.6 10.3 10.6 10.1 10.9 0.8 -1.4
Prado Basin Surface water 4.3 22.0 — — — — — — —
objective
applies

Footnote explanations and definitions are provided at the end of the table.
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Table 3-2. Nitrate Water Quality Objectives, Ambient Water Quality, and Assimilative Capacity

Page 3 of 3
Nitrate as Nitrogen Concentration (mg/L)
Difference
Water Quality | Historical 1997 2003 2006 2009 2012 2015 from Assimilative
Groundwater Management Zone Objective Ambient | Ambient | Ambient | Ambient | Ambient | Ambient | Ambient | 2012 to 2015 Capacity
Elsinore/Temescal Valleys
Arlington 10.0 255 ? 26.0 20.4 18.1 18.3 17.5 -0.8 -7.8
Bedford ? ? ? 2.8 ? ? ? ? ? ?
Coldwater 1.5 15 2.6 2.4 2.6 2.8 2.8 2.2 -0.6 -0.7
Elsinore 1.0 1.0 2.6 2.4 2.4 2.2 2.1 2.2 0.1 -1.2
Lee Lake ? ? ? ? ? ? ? ? ? ?
Temescal 10.0 11.8 13.2 12.8 12.6 12.0 10.9 10.9 0.0 -0.9
Warm Springs Valley ? ? ? ? ? ? ? ? ? ?
Orange County Basins
Irvine 5.9 5.9 7.4 6.5 6.5 6.7 6.7 6.4 -0.3 -0.5
La Habra ? ? ? ? ? ? ? ? ? ?
Orange County 3.4 34 34 3.1 3.0 3.0 2.9 3.0 0.1 0.4
Santiago ? ? ? ? ? ? ? ? ? ?

See Sections 4 and 5 of WEI (2000) for a detailed description of the methodologies used to calculate ambient water quality.

Historical ambient period is 1954-1973. 1997 ambient period is 1978-1997. 2003 ambient period is 1984-2003. 2006 ambient period is 1987-2006. 2009 ambient period is 1990-2009. 2012 ambient period
is 1993-2012. 2015 ambient period is 1996-2015.

mg/L = Milligrams per liter

? = Not enough data to estimate nitrate concentrations
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4. Interpretive Tools

The genesis of the AWQ interpretive tools occurred during the 1990 to 2009 recomputation
effort, when unexpected changes in salinity were observed in the recomputation results for the
OC and other GMZs. It was clear to the Task Force that the change in ambient TDS
concentrations in the OC GMZ was caused by improvements in the monitoring network and not
by any real regional changes in groundwater chemistry. Specifically, new data were
incorporated into the AWQ analysis via new wells that had been installed in areas that were
previously not well monitored. The notion for the interpretive tools came from an attempt to
characterize the factors that may have influenced changes in AWQ over time, and to determine
whether the changes are real (systemic factors) or are artifacts of the methodology
(methodological factors). Changes in computed groundwater quality can be caused by the
factors listed in Table 4-1. In most cases, both systemic and methodological factors play a role
in the computed changes in ambient water quality for a GMZ. However, the relative roles of
each factor for each GMZ are not easily quantified.

The objective of the interpretative tools task is to compare the current AWQ determinations with
previous recomputations. More specifically, the interpretive tools will attempt to show how and
why the 2015 estimates of current AWQ changed from the 2012 estimates of current AWQ for
each GMZ.

The Task Force envisions a multi-faceted approach, where the interpretive tools would include

the following:

e A spatial analysis of groundwater quality change comparing the distribution of AWQ

statistics across GMZs

e A temporal analysis of groundwater quality change comparing basin-level trends to

trends observed in individual “key” well locations

e A forward-looking analysis of AWQ statistics lost over time, as wells are
decommissioned, destroyed, or are otherwise no longer monitored (well attrition

analysis)
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4.1 Change in the Spatial Distribution of TDS and Nitrate in Groundwater at

the Santa Ana River Watershed Scale

The objective of this sub-task was to perform a spatial analysis of water quality changes from
the previous recomputation effort to the current recomputation effort at the Santa Ana River
Watershed scale. Maps showing the AWQ for nitrate and TDS are provided in Figures 3-2a
and 3-3a. Color-ramped change maps were also prepared that show a grid-level comparison
between prior and current estimates of regional nitrate and TDS concentrations in groundwater
for each GMZ (Figures 4-1 and 4-2). These maps include adjacent GMZs to provide both a
local and a regional context for the changes in nitrate and TDS estimates. They show the
changes in TDS and nitrate concentration from two distinct perspectives:

¢ Changes in concentration by grid cell, where the magnitude of the concentration grid is
depicted by color.

e 20-year trends of groundwater quality at key wells using the Mann-Kendall test.

Note that as these maps show two temporal/spatial comparisons, care should be taken so as
not to conflate the two analyses. The first map analysis of change is concentration-based, and
is a comparison of the 2015 current ambient estimates at each grid cell with the 2012 current
ambient estimates. The Mann-Kendall test—performed on each key well—determines if there is
a significant trend in water quality (increasing, no trend, or decreasing) for up to 20 annualized
average values within the 2015 AWQ recomputation dataset. A very significant increasing trend
does not necessarily mean that the trend has a high positive slope or that the concentrations

are high; it means only that the trend is monotonically increasing.

The Mann-Kendall test was employed to analyze data collected over time to determine whether
there are consistently increasing or decreasing trends. The Mann-Kendall test is non-
parametric and allows for missing data, irregularly spaced measurement periods, and non-
detect values (Gibbons and Coleman, 2001). In the test, the values are ordered by sample date
and the signs (+/-) are recorded for all of the possible differences between a given value and
every value that preceded it in the time series. The Mann-Kendall statistic “S” is defined as the

number of positive differences (+) minus the number of negative differences (-). S and n, the
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number of sample dates, together define a probability (p-value) that defines possible trends as

one of the following:

e Not calculated (either p-value = 0 or n =1)

e Very significantly increasing (p-value < 0.001, positive slope)
¢ Significantly increasing (p-value < 0.01, positive slope)

¢ Increasing (p-value < 0.1, positive slope)

e No trend (p-value > 0.1 or slope = 0)

e Decreasing (p-value < 0.1, negative slope)

¢ Significantly decreasing (p-value < 0.01, negative slope)

e Very significantly decreasing (p-value < 0.001, negative slope)
The following symbology was used to represent the estimated trends in Figures 4-1 and 4-2:

A Very Significantly Increasing
Significantly Increasing
Increasing

O  NoTrend

Decreasing

Significantly Decreasing

A 4 Very Significantly Decreasing

More detailed discussions at the subwatershed scale are provided in Section 4.3.
4.2 Temporal Trends in TDS and Nitrate Concentrations

The objective of this sub-task was to perform a temporal analysis of water quality changes from
the previous recomputation effort to the current recomputation effort. Time-series charts of
groundwater elevation, TDS, and nitrate concentrations were generated for all 6,756 wells in the
AWQ database that contained data. These plots are provided electronically in Appendix A.7.
Data from the previous period are depicted with dark blue dots, while data collected for the
current (2013 through 2015) period are shown as orange dots. In addition, the point selected to
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represent Fall 2015 groundwater elevation (closest date to October 15, 2015) is shown with a
black dot. The statistics table included in Appendix A.2 provides a lookup table to identify each
of the time-series plots by the unique Well ID. Each interested stakeholder can identify a well of

interest by GMZ, owner, and local well name, which is linked in a 1:1 relationship to the Well ID.

A number of key wells have already been selected for each GMZ based on location, perforated
intervals, the density and period of available water quality data, and the quality of the dataset,
and have been part of two iterations of this project to date (WEI, 2014). In this technical
memorandum, the data from the same key wells were analyzed to ensure continuity with
previous recomputation efforts. Key well data are meant to describe how groundwater quality is
changing in certain areas (and depths) within each GMZ. Key well trends for each GMZ are
provided in Tables 4-2 and 4-3 for TDS and nitrate, respectively. These tables summarize the
number of key wells in each GMZ, as well as the number of wells in categories of significance in
the Mann-Kendall trend analyses. The net trend of all key wells in each GMZ is also estimated
and shown in Tables 4-2 and 4-3. For each GMZ, further analyses of key well trend data are

provided in Section 4.3 and in Appendix B.

4.3 Interpretative Tools Summary by Subwatershed

The body of this technical memorandum describes the spatial and temporal distributions of
nitrate and TDS and trend analyses on a watershed-wide basis (Sections 4.1 and 4.2). Also
included in this technical memorandum are a series of packets that provide a more detailed and
focused analysis of TDS and nitrate (Appendix B). These packets follow a map-atlas or
infographics format. A packet is provided in Appendix B for each subwatershed area (e.g., the

Riverside GMZs [Appendix B13]). Each packet contains the following:

o Cover page, which includes:
— Subwatershed location map: center top of the cover page.

— Text summary of AWQ: center of the cover page. This section provides a detailed

discussion of the interpretation of AWQ changes, both spatially and temporally.

— GMZ Analytics: Table 1 of each attachment.
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— Time-series chart of TDS and nitrate AWQ by GMZ.
— Trend analyses for key wells for both TDS and nitrate: Table 2.
— Well attrition analyses: Table 3.

— New well analyses: Table 4.

e 2015 Groundwater storage and elevation contour map. This map shows the Fall 2015
groundwater elevation at each well, along with the hand-drawn contour maps of
groundwater elevation, with the exception of the San Jacinto, Orange County, and Irvine
GMZs, where Spring 2015 elevation contour maps were provided by EMWD and Orange
County Water District. This map also shows groundwater storage (acre-feet) in each

grid cell, based on the thickness of the saturated zone and the specific yield.

o Nitrate concentration and contour map. This map shows the water quality point statistic
and average nitrate concentration for the wells that were used in the AWQ
determination. Nitrate concentration contours and concentration values per grid cell are

also shown on this map.

e TDS concentration and contour map. This map shows the water quality point statistic
and average TDS concentration for the wells that were used in the AWQ determination.
TDS concentration contours and concentration values per grid cell are also shown on

this map.

¢ Nitrate change map and key wells. On this map, the change in computed nitrate AWQ
from the 2012 to the 2015 recomputation period is shown for each grid cell. Small gray
dots represent wells for which point statistics could be computed for the 2015
recomputation period. The results of the trend analyses for each of the key wells is

shown with the following symbology:
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Very Significantly Increasing
Significantly Increasing
Increasing

No Trend

Decreasing

Significantly Decreasing

qdA4 <> p)p

Very Significantly Decreasing

A map-graphic summary of well attrition (Section 4.4) is also provided on the maps. The
well attrition analyses was added to the change maps was to assist in informing the

changes in concentration between the 2012 and the 2015 recomputation periods.

O 1996-2015 Point Statistic TDS
1996-2015 Average TDS

[ | High Risk Point Statistic

[ High Risk Average

[ Medium Risk Point Statistic
@ Medium Risk Average

[ | New Point Statistic

O Potential Point Statistic

— 1996-2015 point statistic TDS or nitrate: See Section 2.4.1
— 1996-2015 average TDS or nitrate: See Section 2.4.1

— High-risk statistic: will not be eligible to have a water quality point statistic computed

if the well is not sampled and analyzed in the 2016 to 2018 period.

— Medium-risk statistic: will not be eligible to have a water quality point statistic

computed if the well is not sampled and analyzed in the 2019 to 2021 period.

— New statistic: wells that are now eligible to have a water quality point statistic

computed for the 2015 current AWQ recomputation period.

— Potential statistic: wells that will be eligible to have a water quality point statistic
computed for the next period (1999 to 2018), if a sample is collected and analyzed in
the 2016 to 2018 period.
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e TDS change map and key wells. This map contains similar data to the nitrate change

map and key wells.

o Key well analyses chart. These charts provide all of the summary statistics for each of
the key wells in the subwatershed area, including the statistics computed for the
Shapiro-Wilk Test (critical W and Shapiro-Wilk p-value) and the Mann-Kendall test
(Kendall S, Var(S), and p-value), along with the computed point statistic. Each of the
key well analysis charts also contains a probability plot and a time-series graph with a
linear regression line plotted. The significance of the trend is the last value on the chart

of statistics.

4.4 Well Attrition Analysis

The well attrition analysis is a forward-looking tool that provides an opportunity for the BMPTF to
prevent the loss of water quality point statistics at wells in the next triennial recomputation of

ambient water quality. The objective of this task is to identify the following:

e High Risk for Point Statistics. Wells with computed water quality point statistics that will
not qualify for inclusion in the next recomputation (1999 to 2018) of AWQ if no data are
collected during 2016-2018.

¢ Medium Risk for Point Statistics. Wells with computed water quality point statistics that
will not qualify for inclusion in the following recomputation (2002 to 2021) of AWQ if no
data are collected during 2019-2021.

¢ High Risk for Average Values. Wells with average values that will not qualify for
inclusion in the next recomputation (1999 to 2018) of AWQ if no data are collected
during 2016-2018.

e Medium Risk for Average Values. Wells with average values that will not qualify for
inclusion in the following recomputation (2002 to 2021) of AWQ if no data are collected
during 2019-2021.
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The well attrition analyses are summarized in Tables 4-4 and 4-5 for TDS and nitrate,
respectively. For each GMZ, these tables provide the number of the total wells, wells with water
quality point statistics, high- and medium-risk wells for water quality point statistics, newly
eligible wells with point statistics, high- and medium-risk wells for average values, and
potentially eligible wells for point statistics. Lists of wells that are at high risk and medium risk
for TDS and nitrate and for water quality point statistics and averages are included in Table 3 of
each of the subwatershed packets in Appendix B. The well attrition analysis is also shown in
Figures 4-3 and 4-4 for TDS and nitrate, respectively. The wells have the symbology described

in Section 4.3 for the change maps/well attrition maps included in Appendix B.

4.5 Improve the Spatial Distribution of Monitoring (Optional Task 2)

Additional AWQ point statistics are required to more accurately characterize estimates of
current ambient TDS and nitrate concentrations in certain GMZs. Specifically, the Task Force
wishes to improve the spatial distribution of AWQ statistics in the Riverside-A, Riverside-B, and
Arlington GMZs. These areas are considered sensitive, as they receive water reclamation plant

effluent or host recycled water reuse projects.

45.1 Collect and Compile Additional Well Information in the Riverside-A, Arlington, and
the Riverside-B GMZs

Data and reports contained in online datasets (GeoTracker Groundwater Ambient Monitoring
and Assessment Program [GAMA], EnviroStor, USGS, and the California Environmental
Protection Agency-Division of Drinking Water [DDW]) were downloaded and reviewed.
Wherever possible, data that were duplicates of data already in the AWQ database were
identified and removed. Eight new locations were identified from the GeoTracker database and
added to the AWQ database (Figure 4-5) shown in blue triangles. Spatial coverage improved in
all three GMZs, but this improvement had the greatest significance in the northern portion of
Arlington GMZ.

During a meeting with RPU, wells that were not previously listed in the AWQ database were

identified (Table 4-6 and Figure 4-5, green squares). Four new well locations were identified in
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the Arlington GMZ that would improve the spatial distribution in the northeast and west portions
of the Arlington GMZ. Seven locations were identified in the Riverside-A GMZ that would
improve the spatial distribution in the southwest portion of the Riverside-A GMZ. Three new
locations were identified in the Riverside-B GMZ that would improve the spatial distribution in
the southwest portion of the Riverside-B GMZ. Two new locations were also identified in the
central portion of the Riverside-C GMZ, a GMZ for which the AWQ could not be calculated for
the 2015 current AWQ recomputation period due to the lack of data. Itis recommended that the

status and condition of these wells be confirmed and if possible sampled by the end of 2018.

4.5.2 Recommendations for Ongoing Monitoring in the Riverside-A, Arlington, and the
Riverside-B GMZs

A list of recommended wells for ongoing monitoring of groundwater levels and groundwater
quality is provided in Table 4-7. Within the Arlington, Riverside-A, and Riverside-B GMZs,
10 wells with one or two years of samples in key areas of spatial distribution or in high risk

coverage areas are identified by open circles on Figure 4-5.
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Table 4-1. Systemic and Methodological Factors Affecting Groundwater Quality

Category

Factor

Systemic change

The movement of solutes from the vadose zone to the saturated zone.

Systemic change

Changes in water levels that affect groundwater storage in a GMZ.

Systemic change

Revised understanding of hydrogeologic physical model, which changes
aquifer geometry and aquifer properties.

Systemic change

Pumping/recharge stresses and/or groundwater flow within or between GMZs
that can add, remove, and/or transport TDS and nitrate constituents in
groundwater.

Methodological change

The addition or loss of wells within GMZs.

Methodological change

The geographic distribution of added or lost wells within GMZs.

Methodological change

Differences in the techniques employed to contour and interpolate water
quality data.

Methodological change

The elimination of three years of data from the analysis (1993 to 1995).

Methodological change

The addition of three years of data to the analysis (2013 to 2015).

P:\_CA16-087\Tech Memo.9-17\T4-1_Systmc-Mthdlgcl.doc




Daniel B. Stephens & Associates, Inc.

Table 4-2. Key Well Trends for TDS, 1996-2015

Page 1 of 3
Total Dissolved Solids Trends in Key Wells
Very Very

Groundwater Management | Total Key | Significantly | Significantly Significantly | Significantly

Zone Wells Decreasing Decreasing | Decreasing | No Trend | Increasing | Increasing Increasing Net Trend
San Bernardino Valley and Yucaipa/Beaumont Plains
Beaumont 6 — — — 6 — — — —
Bunker Hill-A 5 — — — 2 1 2 — Increasing
Bunker Hill-B 5 — — — 2 — 2 1 Increasing
Lytle 4 — — — 3 — 1 — —
San Timoteo 6 — — 1 5 — — — —
Yucaipa 5 — — — 2 2 1 — Increasing
San Jacinto Basins
Canyon 4 — — — 4 — — — —
Hemet-South 5 — — 1 2 — 2 — Increasing
Lakeview/Hemet-North 4 1 — — 1 1 1 — Increasing
Menifee 5 1 — — 4 — — — —
Perris-North 4 — — 1 — — 2 1 Increasing
Perris-South 6 — 1 3 — 2 — — Decreasing
San Jacinto-Lower Pressure 4 1 — 1 — — Decreasing
San Jacinto-Upper Pressure 6 — — 1 1 2 1 Increasing
Chino, Rialto/Colton, and Riverside Basins
Chino-North 15 — — — 7 6 — 2 Increasing
Chino-1/Chino-North 7 — — — 2 5 — — Increasing
Chino-2/Chino-North 4 — — — 3 1 — — —
Chino-3/Chino-North 4 — — — 2 — — 2 Increasing

Note: Mann-Kendall trend analyses were performed on annualized average concentrations for each well between 1996 and 2015.
No trend: p-value >0.1 or slope = 0; Increasing/Decreasing: p-value <0.1; Significant trend: p-value <0.01; Very significant trend: p-value <0.001

#1996-2015 ambient water quality not calculated
b Surface water objectives

P:\_CA16-087\Tech Memo0.9-17\T4-2_TDSTrends.doc
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Table 4-2. Key Well Trends for TDS, 1996-2015

Page 2 of 3
Total Dissolved Solids Trends in Key Wells
Very Very

Groundwater Management | Total Key | Significantly | Significantly Significantly | Significantly

Zone Wells Decreasing Decreasing | Decreasing | No Trend | Increasing | Increasing Increasing Net Trend
Chino, Rialto/Colton, and Riverside Basins (cont.)
Chino-East 4 — — 2 2 — — — Decreasing
Chino-South 5 1 — 1 3 — — — —
Colton 2 — 1 — — 1 — — —
Cucamonga 3 — — — 1 — 1 1 Increasing
Rialto 4 — — — 2 2 — — Increasing
Riverside-A 5 — — — 3 1 1 — —
Riverside-B 3 — — — 2 — 1 — —
Riverside-C* 0 — — — — — — — —
Riverside-D ® 0 — — — — — — — —
Riverside-E 3 — — 1 2 — — — —
Riverside-F 4 — 1 — 3 — — — —
Prado Basin® N/A — — — — — — — N/A
Elsinore/Temescal Valleys
Arlington 3 — — 1 — — 1 1 Increasing
Bedford* N/A — — — — — — — N/A
Coldwater 3 — — — 2 1 — — —
Elsinore 5 — — — 3 1 — 1 —
Lee Lakes® N/A — — — — — — — N/A
Temescal 4 — — — 3 — 1 — —
Warm Springs Valley ® N/A — — — — — — — N/A

Note: Mann-Kendall trend analyses were performed on annualized average concentrations for each well between 1996 and 2015.
No trend: p-value >0.1 or slope = 0; Increasing/Decreasing: p-value <0.1; Significant trend: p-value <0.01; Very significant trend: p-value <0.001

#1996-2015 ambient water quality not calculated
b Surface water objectives
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Table 4-2. Key Well Trends for TDS, 1996-2015

Page 3 of 3

Total Dissolved Solids Trends in Key Wells

Very Very
Groundwater Management | Total Key | Significantly | Significantly Significantly | Significantly

Zone Wells Decreasing Decreasing | Decreasing | No Trend | Increasing | Increasing Increasing Net Trend
Orange County Basins
Irvine 9 1 1 3 3 — — 1 Decreasing
La Habra? N/A — — — — — — — N/A
Orange County 23 4 2 1 11 3 1 1 —
Santiago ? N/A — — — — — — — N/A

Note: Mann-Kendall trend analyses were performed on annualized average concentrations for each well between 1996 and 2015.

No trend: p-value >0.1 or slope = 0; Increasing/Decreasing: p-value <0.1; Significant trend: p-value <0.01; Very significant trend: p-value <0.001

#1996-2015 ambient water quality not calculated

b Surface water objectives

P:\_CA16-087\Tech Memo0.9-17\T4-2_TDSTrends.doc
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Table 4-3. Key Well Trends for Nitrate, 1996-2015

Page 1 of 3

Nitrate as Nitrogen Trends in Key Wells

Very Very

Groundwater Management | Total Key | Significantly | Significantly Significantly | Significantly

Zone Wells Decreasing Decreasing | Decreasing | No Trend | Increasing | Increasing Increasing Net Trend
San Bernardino Valley and Yucaipa/Beaumont Plains
Beaumont 6 — — — 5 — — 1 —
Bunker Hill-A 5 — — — 5 — — — —
Bunker Hill-B 5 1 — — 2 — — 2 Increasing
Lytle 4 — — — 3 1 — — —
San Timoteo 6 — — — 6 — — — —
Yucaipa 5 — 1 — 2 1 — 1 Increasing
San Jacinto Basins
Canyon 4 — — — 4 — — — —
Hemet-South 5 — — — 2 1 1 1 Increasing
Lakeview/Hemet-North 4 1 — — 1 1 — 1 —
Menifee 5 — — — 3 2 — — —
Perris-North 4 — — — 1 1 — 2 Increasing
Perris-South 6 — — — 4 — — 2 —
San Jacinto-Lower Pressure 4 — — — 3 1 — — —
San Jacinto-Upper Pressure 6 — 1 — 4 1 — — —
Chino, Rialto/Colton, and Riverside Basins
Chino-North 22 — 1 1 7 2 1 10 Increasing
Chino-1/Chino-North 9 — — 1 4 1 — 3 Increasing
Chino-2/Chino-North 7 — — — 3 1 — 3 Increasing
Chino-3/Chino-North 6 — 1 — — — 1 4 —

Note: Mann-Kendall trend analyses were performed on annualized average concentrations for each well between 1996 and 2015.
No trend: p-value >0.1 or slope = 0; Increasing/Decreasing: p-value <0.1; Significant trend: p-value <0.01; Very significant trend: p-value <0.001

#1996-2015 ambient water quality not calculated

b Surface water objectives

P:\_CA16-087\Tech Memo0.9-17\T4-3_NO3Trends.doc




Daniel B. Stephens & Associates, Inc.

Table 4-3. Key Well Trends for Nitrate, 1996-2015

Page 2 of 3
Nitrate as Nitrogen Trends in Key Wells
Very Very

Groundwater Management | Total Key | Significantly | Significantly Significantly | Significantly

Zone Wells Decreasing Decreasing | Decreasing | No Trend | Increasing | Increasing Increasing Net Trend
Chino, Rialto/Colton, and Riverside Basins (cont.)
Chino-East 5 — — 2 3 — — — —
Chino-South 5 — 1 2 1 1 — — —
Colton 2 — 1 — — — 1 — —
Cucamonga 3 — — — 1 — 1 1 Increasing
Rialto 4 — — — 1 3 — — Increasing
Riverside-A 5 — — — 1 2 1 1 Increasing
Riverside-B 3 — — — 2 — 1 0 —
Riverside-C* 0 — — — — — — 0 —
Riverside-D ® 0 — — — — — 0 0 —
Riverside-E 3 — 1 1 1 — 0 0 Decreasing
Riverside-F 4 1 — — 1 — 2 — —
Prado Basin® N/A — — — — — — — N/A
Elsinore/Temescal Valleys
Arlington 3 1 — — 2 — — — —
Bedford? N/A — — — — — — — N/A
Coldwater 3 — — 1 2 — — — —
Elsinore 5 — — 2 2 — 1 — Decreasing
Lee Lakes® N/A — — — — — — — N/A
Temescal 4 — — 1 3 — — — —
Warm Springs Valley ® N/A — — — — — — — N/A

Note: Mann-Kendall trend analyses were performed on annualized average concentrations for each well between 1996 and 2015.
No trend: p-value >0.1 or slope = 0; Increasing/Decreasing: p-value <0.1; Significant trend: p-value <0.01; Very significant trend: p-value <0.001

#1996-2015 ambient water quality not calculated
b Surface water objectives
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Daniel B. Stephens & Associates, Inc.

Table 4-3. Key Well Trends for Nitrate, 1996-2015

Page 3 of 3

Nitrate as Nitrogen Trends in Key Wells

Very Very
Groundwater Management | Total Key | Significantly | Significantly Significantly | Significantly

Zone Wells Decreasing Decreasing | Decreasing | No Trend | Increasing | Increasing Increasing Net Trend
Orange County Basins
Irvine 9 1 — 1 2 3 1 1 Decreasing
La Habra? N/A — — — — — — — N/A
Orange County 23 8 3 1 9 — — 2 Decreasing
Santiago ? N/A — — — — — — — N/A

Note: Mann-Kendall trend analyses were performed on annualized average concentrations for each well between 1996 and 2015.

No trend: p-value >0.1 or slope = 0; Increasing/Decreasing: p-value <0.1; Significant trend: p-value <0.01; Very significant trend: p-value <0.001

#1996-2015 ambient water quality not calculated

b Surface water objectives
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Daniel B. Stephens & Associates, Inc.

Table 4-4. Well Attrition/Well Additions for TDS, 1996-2015

Page 1 of 3
Total Dissolved Solids
Basin Totals Point Statistics Averages
Groundwater Management Total
Zone Total Wells |  Statistics High Risk® | Medium Risk® | New Stat® | High Risk® | Medium Risk” | Potential Stat®
San Bernardino Valley and Yucaipa/Beaumont Plains
Beaumont 99 61 — 1 4 3 13 3
Bunker Hill-A 162 89 8 3 — 49 9 2
Bunker Hill-B 165 114 4 8 — 14 12 3
Lytle 42 30 — 1 — 4 —
San Timoteo 33 30 — — 2 — 1 —
Yucaipa 92 65 — 1 1 3 1
San Jacinto Basins
Canyon 24 20 — — — — — 1
Hemet-South 63 40 1 — — 6 3 5
Lakeview/Hemet-North 81 64 — 4 3 — — 5
Menifee 22 20 — 1 — 1 — —
Perris-North 44 37 — 1 — 3 2
Perris-South 71 53 — 1 6 6 1
San Jacinto-Lower Pressure 17 11 — 1 — 1 1 1
San Jacinto-Upper Pressure 110 85 2 4 — 3 3 4
Chino, Rialto/Colton, and Riverside Basins
Chino-North 891 444 5 18 8 39 219 18
Chino-1/Chino-North 234 119 — 7 7 27 56 4

a High risk wells will be lost during the 1999-2018 study period if not sampled before 2018.

b Medium risk wells will be lost during the 2002-2021 study period if not sampled before 2021.

© New stats are wells with the first sample collected 2010-2013, which meets the minimum number of annualized averages to become a point statistic.

d Potential stats are wells with the first sample collected 2014-2015; it is highly recommended that these wells continue to be sampled for the upcoming AWQ recomputation.
€1996-2015 AWQ not calculated.

f Surface water objectives.

P:\_CA16-087\Tech Memo0.9-17\T4-4_Attrition-TDS.doc



Daniel B. Stephens & Associates, Inc.

Table 4-4. Well Attrition/Well Additions for TDS, 1996-2015

Page 2 of 3
Total Dissolved Solids
Basin Totals Point Statistics Averages
Groundwater Management Total
Zone Total Wells |  Statistics High Risk® | Medium Risk® | New Stat® | High Risk® | Medium Risk” | Potential Stat®

Chino, Rialto/Colton, and Riverside Basins (cont.)

Chino-2/Chino-North 433 214 4 5 1 6 119 8
Chino-3/Chino-North 224 111 1 6 6 44 6
Chino-East 205 29 — — 17 1 4 88
Chino-South 125 25 — — — 5 11 19
Colton 9 6 — — — 1 1 1
Cucamonga 28 26 — — — 1 1 —
Rialto 86 56 1 8 1 — — 3
Riverside-A 87 46 1 2 10 8 3 3
Riverside-B 30 10 — — 1 2 — —
Riverside-C 2 — — — 1 — —
Riverside-D 1 1 — — — — — —
Riverside-E 8 7 — — 1 — — —
Riverside-F 27 24 1 — 1 1 — —
Prado Basin® 27 14 — 1 — — — 12
Elsinore/Temescal Valleys

Arlington 19 6 — — 2 — 3 —
Bedford 5 4 — — 1 1 — —
Coldwater 9 8 1 — — — — —

a High risk wells will be lost during the 1999-2018 study period if not sampled before 2018.

b Medium risk wells will be lost during the 2002-2021 study period if not sampled before 2021.

© New stats are wells with the first sample collected 2010-2013, which meets the minimum number of annualized averages to become a point statistic.

d Potential stats are wells with the first sample collected 2014-2015; it is highly recommended that these wells continue to be sampled for the upcoming AWQ recomputation.
€1996-2015 AWQ not calculated.

f Surface water objectives.
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Daniel B. Stephens & Associates, Inc.

Table 4-4. Well Attrition/Well Additions for TDS, 1996-2015

Page 3 of 3
Total Dissolved Solids
Basin Totals Point Statistics Averages
Groundwater Management Total
Zone Total Wells |  Statistics High Risk® | Medium Risk® | New Stat® | High Risk® | Medium Risk” | Potential Stat®

Elsinore/Temescal Valleys (cont.)

Elsinore 16 12 — 1 — — 2 1
Lee Lake' 7 7 — — — — — —
Temescal 41 32 — 4 — 1 1 1
Warm Springs Valley ' — — — — — — — —
Orange County Basins

Irvine 131 90 2 3 — 11 5 16
La Habra 1 1 — — — — — —
Orange County 1,666 1,331 — 21 51 61 35 66
Santiago' 3 3 — — — — — —

High risk wells will be lost during the 1999-2018 study period if not sampled before 2018.

Medium risk wells will be lost during the 2002-2021 study period if not sampled before 2021.

New stats are wells with the first sample collected 2010-2013, which meets the minimum number of annualized averages to become a point statistic.

Potential stats are wells with the first sample collected 2014-2015; it is highly recommended that these wells continue to be sampled for the upcoming AWQ recomputation.
1996-2015 AWQ not calculated.

Surface water objectives.

a
b

c
d
e
f
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Table 4-5. Well Attrition/Well Additions for Nitrate, 1996-2015

Page 1 of 3
Total Dissolved Solids
Basin Totals Point Statistics Averages
Groundwater Management Total
Zone Total Wells |  Statistics High Risk® | Medium Risk® | New Stat® | High Risk® | Medium Risk” | Potential Stat®
San Bernardino Valley and Yucaipa/Beaumont Plains
Beaumont 96 66 2 — 4 1 8 1
Bunker Hill-A 112 93 7 5 2 5 3 —
Bunker Hill-B 159 105 4 7 1 20 7 4
Lytle 42 38 1 — — 3 — —
San Timoteo 33 22 — — 3 — — —
Yucaipa 94 64 1 — 1 2 2 —
San Jacinto Basins
Canyon 24 16 — — — — — 1
Hemet-South 63 40 1 — — 6 3 2
Lakeview/Hemet-North 81 55 — 4 4 — — 4
Menifee 22 18 — 1 — 1 — —
Perris-North 44 33 — 1 — 3 2 —
Perris-South 71 49 — 1 6 6 1 2
San Jacinto-Lower Pressure 17 3 — 1 — 1 1 1
San Jacinto-Upper Pressure 110 33 2 2 — 3 5 4
Chino, Rialto/Colton, and Riverside Basins
Chino-North 975 480 7 12 8 23 224 19
Chino-1/Chino-North 278 151 2 5 7 12 47 6

a High risk wells will be lost during the 1999-2018 study period if not sampled before 2018.

b Medium risk wells will be lost during the 2002-2021 study period if not sampled before 2021.

© New stats are wells with the first sample collected 2010-2013, which meets the minimum number of annualized averages to become a point statistic.

d Potential stats are wells with the first sample collected 2014-2015; it is highly recommended that these wells continue to be sampled for the upcoming AWQ recomputation.
€1996-2015 AWQ not calculated.

f Surface water objectives.
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Table 4-5. Well Attrition/Well Additions for Nitrate, 1996-2015

Page 2 of 3
Total Dissolved Solids
Basin Totals Point Statistics Averages
Groundwater Management Total
Zone Total Wells |  Statistics High Risk® | Medium Risk® | New Stat® | High Risk® | Medium Risk” | Potential Stat®

Chino, Rialto/Colton, and Riverside Basins (cont.)

Chino-2/Chino-North 443 189 4 3 1 6 131 8
Chino-3/Chino-North 254 140 1 4 — 5 46 5
Chino-East 499 271 1 4 84 12 15 70
Chino-South 178 51 — — 3 7 21 19
Colton 9 5 — 1 — 1 — 1
Cucamonga 29 26 1 — — — 1 —
Rialto 100 63 1 8 1 — — 3
Riverside-A 82 48 6 2 7 4 3 2
Riverside-B 50 23 — — 3 2 — 2
Riverside-C 2 1 1 — — — 1 —
Riverside-D 1 1 — — — — — —
Riverside-E 9 6 — — 1 — — —
Riverside-F 27 19 — 1 2 1 — —
Prado Basin® 27 14 — 1 — — — 12
Elsinore/Temescal Valleys

Arlington 23 10 — — 5 — 3 —
Bedford 5 4 — — 1 1 — —
Coldwater 9 8 — — — — — —

a High risk wells will be lost during the 1999-2018 study period if not sampled before 2018.

b Medium risk wells will be lost during the 2002-2021 study period if not sampled before 2021.

© New stats are wells with the first sample collected 2010-2013, which meets the minimum number of annualized averages to become a point statistic.

d Potential stats are wells with the first sample collected 2014-2015; it is highly recommended that these wells continue to be sampled for the upcoming AWQ recomputation.
€1996-2015 AWQ not calculated.

f Surface water objectives.
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Table 4-5. Well Attrition/Well Additions for Nitrate, 1996-2015

Page 3 of 3
Total Dissolved Solids
Basin Totals Point Statistics Averages
Groundwater Management Total
Zone Total Wells |  Statistics High Risk® | Medium Risk® | New Stat® | High Risk® | Medium Risk” | Potential Stat®

Elsinore/Temescal Valleys (cont.)

Elsinore 16 10 — 1 — — 2 1
Bedford 7 6 — — — — — —
Temescal 41 32 — — — 1 1 1
Warm Springs Valley ' — — — — — — — —
Orange County Basins

Irvine 133 63 3 5 — 11 4 16
La Habra' 1 — — — — — — —
Orange County 1,639 824 2 17 34 65 43 45
Santiago' 3 3 — — — — — —

ZHigh risk wells will be lost during the 1999-2018 study period if not sampled before 2018.

Medium risk wells will be lost during the 2002-2021 study period if not sampled before 2021.

New stats are wells with the first sample collected 2010-2013, which meets the minimum number of annualized averages to become a point statistic.

Potential stats are wells with the first sample collected 2014-2015; it is highly recommended that these wells continue to be sampled for the upcoming AWQ recomputation.
1996-2015 AWQ not calculated.

Cc
d
e
f L

Surface water objectives.
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Table 4-6. Existing Wells Not Currently in the AWQ Database Recommended for Sampling to Improve Spatial Coverage

Groundwater
Management Zone Well Name Longitude Latitude Comment
Arlington Loving Homes —117.4490 33.9285 Irrigation well.
Flatrock -117.4918 33.9033 Approximate location of well. Another well is located in the south area
of the complex.
Cal Baptist well (new) -117.4272 33.9269 Approximate location of new well.
Victoria MW — — Approximate location of Victoria Recharge Site monitoring well.
Riverside-A Riv. County Flood Control —117.3800 34.0036 Approximate location of well,
City of Riverside Fairmount Park —117.3802 33.9989 Multiple wells located on property. Data may represent lake rather than
groundwater basin.
County of Riverside -117.4120 33.9860 Approximate location of well.
County of Riverside -117.4170 33.9818 Approximate location of well or pump for lake.
County of Riverside -117.4066 33.9817 Approximate location of large agricultural well used locally.
County of Riverside - Park HQ -117.4103 33.9803 Approximate location of well used for irrigating property. Best one for
sampling.
USGS -117.4093 33.9784 Approximate location of USGS NAWQA well.
Riverside-B Green Acres —117.3909 34.0379 Multiple wells located on property.
X-Mas Tree Farm -117.4024 34.0567 Well located somewhere on this property.
TXI —117.3879 34.0294 Multiple wells located on property.
Riverside-C JCSD -117.4231 34.0151 Approximate location of well.
Empire Water -117.4214 34.0104 Two wells are located in this area.
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Table 4-7. Wells Currently in the AWQ Database Recommended for Ongoing Sampling to Maintain Spatial Coverage

Groundwater
Management
Zone Well ID Well Name Owner Activity Comment
Arlington 10044912 Army 1 City of Riverside Monitoring Average in data gap sampled between
2001-2008
1004498 Sherman Tower Sherman Indian High School Unknown Average in data gap sampled between
2007-2008
1004498 Sherman Tower Sherman Indian High School Unknown Average in data gap last sampled in 2008
1004500 Cal Baptist California Baptist University Unknown Average in data gap last sampled in 2008
1004598 Abraham Unknown Unknown Average in data gap last sampled in 2008
2000372 GW-2 N/A Unknown Average in data gap last sampled in 2008
Riverside-A | 1207092 SAR@Rrxing U.S. Geological Survey (USGS) Unknown Average in data gap last sampled in 2004
1221610° RIX PW-3 City of San Bernardino Unknown Average in data gap last sampled in 2008
Riverside-B | 1002170 8TH ST Green Acres Memorial Park Association Unknown Average in data gap last sampled in 2004
12321252 DW-57 Kinder Morgan Energy Partners (Colton Unknown Average in data gap last sampled in 2012
Terminal)
Riverside-C | 1003378 RCSD #14 46th St Rubidoux Community Services District Unknown High Risk Statistic in Data Gap last sampled
in 1998
1222266 RCSD #11 Clement Rubidoux Community Services District Unknown Average in data gap last sampled in 2001
Riverside-E | 1003330 Cunningham 2 City of Riverside Monitoring Average in data gap last sampled in 2003
(Cunningham Well)

& Alternative wells available for Army 1 (Army 3, Iselin 1, Iselin 2), RIX PW-3 (OBO1, OBO2, RIX PW-2), and DW-57 (DW-64).
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5. Recommendations

5.1 Objective of the Triennial Ambient Water Quality Recomputation

The Basin Plan (RWQCB, 2016a) requires the “Implementation of a watershed-wide

TDS/nitrogen groundwater monitoring program” to address:

o Determination of current ambient quality in GMZs
e Determination of compliance with TDS and nitrate-nitrogen objectives for the GMZs
o Evaluation of assimilative capacity findings for GMZs

o Assessment of the effects of recharge of surface water POTW discharges on the quality
of affected GMZs

The Basin Plan (RWQCB, 2016a) states:

The determination of current ambient quality shall be accomplished using methodology consistent
with that employed by the Nitrogen/TDS Task Force (20-year running averages) to develop the

TDS and nitrogen water quality objectives included in this Basin Plan.

The Basin Plan (RWQCB, 2016a) also states that groundwater monitoring should be expanded
to “fill data gaps for those management zones with insufficient data to calculate TDS and nitrate-

nitrogen historical quality and current quality.”

Task Force members are required to perform the recomputation of AWQ every three years,
either through the coordinated monitoring plan outlined in the BMPTF agreement, as an

individual agency, or as a group of agencies.
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5.2 Improve the Data Compilation, Formatting, and QA/QC Process

On any data-intensive project, data compilation, formatting, and QA/QC are difficult and time-

consuming work elements. The following are recommendations to streamline the workflow and

improve the processes, resulting in a high-quality AWQ database:

Realign the request for proposal (RFP) and proposal due date so that the selected
consultant begins work on the data compilation task on April 1, 2019 instead of July 1,
2019, with a goal of collecting all of the data from all of the agencies by June 1, 2019.
This will still provide the agencies with time to acquire and load data up through
December 31, 2018 and will allow the consultant to begin analyzing all of the data in

June of each year, rather than August or September.

Each agency is provided a template that defines the data format in order to
automate/facilitate the data upload into the AWQ database. Because the submitted data
do not always follow the template, it is recommended that the agency staff responsible
for fulfilling data requests meet with SAWPA staff prior to the next AWQ determination
with a goal of being able to produce a high-quality electronic data deliverable (EDD) by
June 1, 2019.

As part of the EDD template, data providers are encouraged to complete the lookup
table that links the WELL_ID with the owner/local name. Any changes to the
WELL_INFO_Table, including well status (active, inactive, destroyed, etc.), should be

carefully updated.

5.3 Improve the Spatial Distribution of Monitoring

As discussed in the previous subsection, the Basin Plan (RWQCB, 2016a) states that

groundwater monitoring should be expanded to “fill data gaps for those management zones with

insufficient data to calculate TDS and nitrate-nitrogen historical quality and current quality.” In

the previous recomputation (WEI, 2014), the following data gap areas were noted and

recommended for further analyses, and the work herein was conducted under Optional Task 2:
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o The downgradient portion of the Riverside-A GMZ near the Riverside Narrows
e The central and eastern portions of the Arlington GMZ
e The central and western portions of the Riverside-B GMZ

e The GMZs in the upper Temescal Valley (Warm Springs Valley, Lee Lake, and Bedford)

5.3.1 Collect and Compile Additional Well Information in the Riverside-A, Arlington, and
Riverside-B GMZs

As described in Section 4, data and reports contained in online datasets, principally GeoTracker
GAMA, were downloaded and reviewed. Wells identified from the GeoTracker database
improve the spatial coverage in all three GMZs; the spatial coverage in the northern portion of

Arlington GMZ was the most significant.

Other potential well information was obtained during a meeting with RPU staff and a subsequent
field trip. Wells that were not previously listed in the AWQ database were identified in the
Arlington, Riverside-A, Riverside-B, and Riverside-C GMZs (Table 4-4 and Figure 4-3). It is
recommended that the status and condition of these wells be confirmed and if possible sampled
by the end of 2018.

5.3.2 Recommendations for Ongoing Monitoring in the Riverside-A, Arlington, and
Riverside-B GMZs

In addition to wells that are included in on-going groundwater elevation and groundwater quality
monitoring programs (shown with a dark gray buffer in Figure 4-3), it is recommended that
additional wells be monitored (Table 4-5 and Figure 4-3), assuming that samples can be
collected from these wells. The wells listed in Table 4-5 have either one or two annualized
averages during the 2015 current AWQ recomputation period, and are important to provide

spatial coverage.

P:\_CA16-087\Tech Memo.9-17\Final_922.doc 81



Daniel B. Stephens & Associates, Inc.

References

Gibbons, R.D. 1994. Statistical methods for groundwater monitoring. John Wiley & Sons, New
York.

Gibbons, R.D. and D.E. Coleman. 2001. Statistical methods for detection and quantification of

environmental contamination. John Wiley & Sons, New York.

Little Hoover Commission. 2009. Cleaner water: Improving performance and outcomes at the
State Water Boards. Available at <http://www.lhc.ca.gov/studies/195/report195.pdf>.
January 20009.

Montgomery Watson and M.J. Wildermuth (Montgomery Watson and Wildermuth). 1994. Final

Task 6 memorandum: Development of three dimensional groundwater model. March 1994.

Regional Water Quality Control Board, State of California, Santa Ana Region (RWQCB). 2004.
Resolution No. R8-2004-0001 amending the water quality control plan for the Santa Ana
River Basin to incorporate an updated total dissolved solids (TDS) and nitrogen
management plan for the Santa Ana Region including revised groundwater subbasin
boundaries, revised TDS and nitrate-nitrogen quality objectives for groundwater, revised
TDS and nitrogen wasteload allocations, and revised reach designations, TDS and nitrogen

objectives and beneficial uses for specific surface waters.

RWQCB. 2016a. Water quality control plan (Basin Plan) for the Santa Ana River Basin. January
1995. Updated February 2016.

RWQCB. 2016b. Data request for the recomputation of ambient water quality (nitrate and TDS)

for management zones in the Santa Ana River Watershed as required by the 2004

amendment to the Basin Plan.

P:\_CA16-087\Tech Memo.9-17\Final_922.doc 82



Daniel B. Stephens & Associates, Inc.

Rice, E.W., R.B. Baird, and A.D. Eaton (Eds.). 2017. Standard methods for the examination of
water and wastewater. 23rd edition. American Water Works Association/American Public

Works Association/Water Environment Federation.

Santa Ana Watershed Project Authority (SAWPA). 2011. SAWPA workplan, April 2011.
Available at <http://www.sawpa.org/wp-content/uploads/2012/05/SAWPA-Strategic-Plan-
Vision-Mission-Values-Goals-April-2011.pdf>.

Shapiro, S.S. and M.B. Wilk. 1965. An analysis of variance test for normality (complete
samples). Biometrika 52:591-611.

Task Force. 2004. Agreement to form a task force to conduct a basin monitoring program for
nitrogen and total dissolved solids in the Santa Ana River Watershed. Basin Monitoring

Program. Executed on August 10, 2004.

Tetra Tech, Inc. 2010. Stringfellow 2006-2007 Biennial Ground Water Remedy Effectiveness
Evaluation Report. Prepared for California Environmental Protection Agency Department of

Toxic Substances Control Stringfellow Branch. December 2010.

Wildermuth Environmental, Inc. (WEI). 2000. Technical memorandum: TIN/TDS Phase 2A,
Tasks 1 through 5, TIN/TDS study of the Santa Ana Watershed. July 2000.

WEI. 2003. Optimum Basin Management Program, Chino Basin Dry-Year Yield Program:

Preliminary modeling report. Prepared for the Chino Basin Watermaster.

WEI. 2007. 2007 CBWM groundwater model documentation and evaluation of the Peace Il

project description.
WEI. 2014. Recomputation of ambient water quality in the Santa Ana Watershed for the period

1993 to 2012. Prepared for the Santa Ana Watershed Project Authority, Basin Monitoring
Program Task Force. August 2014.

P:\_CA16-087\Tech Memo.9-17\Final_922.doc 83



Daniel B. Stephens & Associates, Inc.

WEI. 2015. 2013 Chino Basin groundwater model update and recalculation of safe yield

pursuant to the Peace Agreement.

P:\_CA16-087\Tech Memo.9-17\Final_922.doc 84



Appendix A

Electronic Deliverables



Appendix A files are provided on CD in the hard copy report.
They have also been submitted electronically under separate cover.



Appendix B

Packets for
Subwatershed Areas



Appendix B files are provided in a separate PDF file.



Appendix C

Comments and Responses to
Draft Technical Memorandum
Submitted July 31, 2017



Daniel B. Stephens & Associates, Inc.

Response to Comments: Draft AWQ Technical Memorandum, July 31, 2017

Page 1 of 13
Comment

No. Section Agency Comment Response to Comment

1 Section 1, p. 2 EMWD Confusing Statement: The text has been revised to “SAWPA administered
"SAWPA administered the contracts with the all contracts pertaining to this study, including
consultants performing the study, as well as the | contracts with the consultants performing the study
State Water Resources Control Board and the State Water Resources Control Board
(SWRCB)." (SWRCB).”

2 Section 1, p. 2 EMWD "The ongoing participation of decision makers The text has been revised to “The ongoing
from each of the Task Force members was also | participation of decision makers from each of the
key to reaching consensus on the scientific Task Force members was also key to reaching
approach and developing a functionally consensus on the scientific approach and
eguivalent an updated Salt and Nutrient developing an updated Salt and Nutrient
Management Plan (SNMP)." Management Plan (SNMP).”

3 Section 1, p. 3 EMWD Question: Isn't is Total Inorganic Nitrogen The text has been modified: “The water quality
(TIN)? objectives in the Basin Plan are for nitrate-nitrogen
"Note that, by convention, this technical because there is a primary MCL in drinking water
memorandum expresses nitrate in terms of for nitrate (and not TIN or total nitrogen). Effluent
nitrate as nitrogen. “Nitrate,” “nitrate-N,” “nitrate- | limits are expressed as TIN because the RWQCB
nitrogen,” and “NO3-N" all refer to nitrate as had concerns about how nitrogen species may
nitrogen, with a maximum contaminant level change under different environmental conditions
(MCL) of 10 milligrams per liter (mg/L)." and required a safety factor. Specifying TIN for

effluent discharge limits is conservative.”

4 Section 2, p. 18 EMWD Are we excluding values of non-detect (i.e., Non-detect values were given values of 0.05 mg/L
below reporting value) or are we stating no for Nitrate-N, which is consistent with previous
values provided? If we excluded non-detect, recomputations.
are we not biasing the results? This is probably
a rarity and only for N. What was done with the
original value for determining the initial AWQ?

5 Section 2, p. 21 EMWD "dot" description not matching what is presented | Squares represent point statistics and circles
in the figure; are you referring to "solid vs grey represent averages. The text has been modified to
shading" and/or "square vs circle points"? match Figures 2-2 and 2-3.
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Response to Comments: Draft AWQ Technical Memorandum, July 31, 2017

Page 2 of 13
Comment

No. Section Agency Comment Response to Comment

6 Section 2, p. 22 EMWD Was EMWD contour map submittal used as is To run the raster computations, EMWD
or modified in any way? If modified, please groundwater elevation (GWE) contours were
provide for review. modified to extend to basin boundaries. The

modified GWE contour map is available in
Appendix B.

7 Table 2-2 EMWD For N, what is the reasoning of such low Total There are 55 nitrate point statistics instead of 6 for
Point Statistics in Lakeview/Hemet-North?Can Lakeview/Hemet-North. This change is reflected in
we revisit this? Table 2-2 and Appendix B14.

8 Section 3.1, p. 33 EMWD "Figure 3-2¢ 3-3c depicts the changes in nitrate | Text has been modified.
concentrations in groundwater between the
2012 and 2015 analyses from two distinct
perspectives. The grid cells on the map grade
from red (10 mg/L increase in nitrate) to green
(10 mg/L decrease in TDS)."

9 Section 4.1, p. 51 EMWD | thought non-detect values were not included? | Noted. The sentence is a statement regarding the
Shapiro test. Mann-Kendall test, not the Shapiro Wilks Test.

10 Table 4-6 EMWD Can you provide the names of the Risk well for | Yes—the well attrition analysis, which includes well
the San Jacinto Basins? names, is available in Appendix B.

11 Section 6.2, p. 86 EMWD Can we find out how many can provide the data | A total of 9 agencies had data in the requested
in such a format? If agencies are willing or pay | format; 22 agencies did not have data in the
for the cost of transforming the data? requested format. The remaining agencies did not

have information to report. The level of effort to
convert to an appropriate format is as follows:
Easy: 3 agencies

Moderate: 6 agencies

Difficult: 11 agencies

Hand entered: 2 agencies
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Response to Comments: Draft AWQ Technical Memorandum, July 31, 2017

Page 3 of 13
Comment
No. Section Agency Comment Response to Comment
12 General OCWD Overall, the report is well written and the Noted.
Comment graphics are well done. Some new graphics
have been added to the format of the last report,
which is beneficial.

13 Appendix B-11 OCWD The sheet with one well per sheet should The well name has been added to the key well
include the well name so that the well owner trend chart. We agree that the addition of an inset
would recognize it — in the OC and Irvine map to the key well trend charts would be helpful.
Management Zones, if these are all monitoring However, the addition of an inset map requires a
wells, then there is no issue with disclosing significant amount of time and resources that is not
production well locations in providing a map with | inside within the scope of work.
well locations. In this case, there could be a
map included of the well locations. It would be
helpful if each sheet with the well data plots had
a small map showing the well location. If some
of the key wells are production wells, let's
discuss about whether to show those locations
on maps.

14 Appendix B-11 OCWD It would be helpful if there was something to The key well data plots have been modified in each
identify the plots starting on sheet 14 of 60 as attachment to include well names.
key well data plots — perhaps a label at the top
of each sheet indicating it is Key Well XXX
(showing well name).

15 Appendix B-11 OCwWD There is one well chart with only one data point | Well ID 1214955 is included because it was
— not sure why that is included — it is labelled identified as a key interpretive well by the previous
‘Orange County : 1214955’ consultant (WEI, 2010).

16 Appendix B-11 OCWD On sheet 1 of 60, the text says ‘The nitrate The text has been modified to: “The nitrate

objective for Orange County is 3.4 mg/L. The
ambient nitrate concentration increased from
2.9 mg/L in 2012 to 3.0 mg/L in 2015, and there
is no assimilative capacity’ — it is not clear if this
is correct.

objective for Orange County is 3.4 mg/L. The
ambient nitrate concentration increased from

2.9 mg/L in 2012 to 3.0 mg/L in 2015, allowing for
0.4 mg/L of assimilative capacity.”
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Response to Comments: Draft AWQ Technical Memorandum, July 31, 2017

Page 4 of 13
Comment
No. Section Agency Comment Response to Comment
17 Appendix B-11 OCwWD On Sheet 1 of 60, the mass in tons for TDS and | Mass calculations were transposed. The values in

NO3-N for the Irvine Management Zone and the | Attachment B11 have been modified.
OC Management Zones may have been
transposed; please check these values.

18 p. 1, Section 1.1. SAWPA Please revise the sq mile area of the watershed | Text has been modified.
from 2650 sq miles to 2840 sg miles based on
recent GIS analysis conducted by SAWPA.

19 p. 2, 1st SAWPA The Nitrogen TDS Task Force was a separate The text has been modified: “The original project
paragraph, last task force with a separate task force agreement | was completed in mid-2003. ‘On January 22, 2004,
line from the Basin Monitoring Program Task Force | the RWQCB incorporated the results of the

and its agreement. | would delete the reference | Nitrogen TDS Task Force study into a Basin Plan
to the BMP Task Force in parentheses. An Amendment for Nitrogen and TDS and adopted the

additional paragraph that specifically describes | Basin Plan Amendment. The Task Force agencies
the BMP Task Force formation to implement the | were named in that Basin Plan Amendment as
new basin requirements on pages 4-5 would be | responsible for conducting various monitoring

helpful. See BMP Task Force agreement with programs and analyses to support the results

amendments attached to this comment letter for | defined in the Basin Plan Amendment.’ (Task

background. Force, 2004) Current Basin Monitoring Program
Task Force (BMPTF) members include:”

20 p. 86, Section 6.3 SAWPA Improve the Spatial Distribution of Monitoring. See new Table 4-6 Well Attrition Analysis for a
Please consider whether including a description of areas that could benefit from
recommendation that using GeoTracker, GAMA | supplemental data sources. The recommendations
and EPA cleanup well databases would be have also been modified to include a statement
helpful to supplement the data collection in regarding the benefits of reviewing supplemental
other key basins in the next triennial ambient databases.

water quality update. Please suggest what other
basins in particular could benefit.

21 p. 23, City of Corona Minor typos - Page 23, 3" sentence has an Removed extra “is”
3rd sentence extra “is”
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Response to Comments: Draft AWQ Technical Memorandum, July 31, 2017

Page 5 of 13
Comment
No. Section Agency Comment Response to Comment
22 p. 86, City of Corona Page 86, 3" paragraph last sentence, should be | Changed to 2019.
3rd paragraph 20197
last sentence
23 General Question City of Corona Does the AWQ database contain the raw data The AWQ database includes all data collected.
for previous 20 years or data after outliers have | Outliers were removed for the purpose of
been removed? performing four QA/QC tests and the Shapiro-Wilks
test.
24 General Question City of Corona The four QA/QC test described on page 15, These tests were performed over the entire 20-year
were these applied to the entire data set or only | dataset.
the new data, 2013-2015?
25 General Question City of Corona What is log transformed and inverse log The following text has been added: “A data
transformed? transformation is the application of a mathematical
function to every data point to meet an inference
about the sample population. In this case, the
assumption is that the data are logarithmically
distributed and are transformed by taking the base-
10 logarithm of each data point. The inverse
logarithm is simply 10x, where x is the number
undergoing inverse logarithmic transformation.”
26 General Question City of Corona Will the task force have access to the GIS Yes—contour shapefiles are included in the final
contour shapefiles in the future? deliverable.
27 General Question City of Corona Since the AWQ was not calculated for Bedford Bedford well attrition data and locations are now
basin there is no Appendix B for this basin, will included in Attachment B7.
the well attrition data be included in Appendix
A? Will this also list any key wells?
28 Section 6.4 Riverside Public | I would like to see this section moved to a Task 1b has been separated out of the AWQ

Utilities

separate memo to the stakeholders, with the
memo referenced in the final report. As a pilot
study, this should be managed by the task force
separate from our triennial reporting
requirement.

Recomputation technical memorandum and is
being submitted as a standalone document.
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Response to Comments: Draft AWQ Technical Memorandum, July 31, 2017

Page 6 of 13
Comment
No. Section Agency Comment Response to Comment
29 General RWQCB Regional Board staff are generally pleased with | Noted.
Comments the completeness of the report, and find the
map figures to be particularly informative.
30 General RWQCB Map figures: Consider removing the sub- Considered. We feel having the subheading
Comments heading “AMBIENT WATER QUALITY (1996 indicating the AWQ time period the figure
TO 2015) from the title block, as this information | represents is appropriate.
is contained in the central client/report block
31 General RWQCB The report (Chapter 4) refers to “Interpretive Text was modified where appropriate.
Comments Tools”; Appendix B exhibits refer to
“Interpretative Tools.” For consistency, use
“Interpretive Tools” throughout.
32 p. 1, Section 1 RWQCB Replace the term “executed” with “computed” or | Text was modified where appropriate.
and throughout equivalent.
(as appropriate):
33 p. 1, Section 1.1 RWQCB Replace “Santa Ana Watershed” with “Santa Text has been modified.
Ana River Watershed.”
34 p. 2, first RWQCB Verify whether the State Water Resources The text has been modified.
paragraph Control Board participated in the Task Force
process. If not, replace references to the State
Board with “Santa Ana Regional Water Quality
Control Board.”
35 p. 2, first RWQCB Is this list of Task Force agencies the historical The text has been modified.
paragraph list of members, or the current list of members?
Missing from the list are the City of Beaumont,
Beaumont Cherry Valley Water District, City of
Banning, and the San Gorgonio Pass Water
Agency. Verify the list with the SAWPA Task
Force coordinator.

P:\_CA16-087\Tech Memo.9-17\Appx C_RTC\RTC table-AWQ TM_918.doc



Daniel B. Stephens & Associates, Inc.

Response to Comments: Draft AWQ Technical Memorandum, July 31, 2017

Page 7 of 13
Comment
No. Section Agency Comment Response to Comment
36 Figure 1-1 RWQCB Consider revising the figure title to The figure has been modified.
“Groundwater Management Zone Boundaries
and Nitrate/TDS Objectives.”
37 p. 5, Section 1.3 RWQCB Regarding electronic deliverables, the Regional | Comment noted and materials will be delivered as
Board has requirements regarding document requested.
retention and archival. Please submit the entire
final report, including all electronic deliverables
and appendixes, on a USB flash drive or other
electronic media.
38 p. 12, Section 2.1 RWQCB If applicable, add a list of additional agencies Text has been modified to include the agencies that
that provided data (e.g. USEPA, County of San | provided data for this recomputation.
Bernardino). These agencies should be
contacted with a data request in future AWQ
recomputations.
39 p. 18, first major RWQCB The Shapiro-Wilk method that was employed in | While the methodology for AWQ Recomputation is
paragraph the 2015 AWQ Recomputation had three established, the details of implementation of the
enhancements, which you listed. Were these method is open to some interpretation. The
changes necessary because of a flaw in the interpretation of the outlier test in this technical
original BMPTF methodology, or was the memorandum better captures the original intent of
methodology improperly performed in previous the outlier test, which was to identify decimal
AWQ recomputations? placement errors or nitrate/nitrate as N conversion
errors. In addition a maximum of two outliers, or
most discordant values, could be removed in the
current interpretation of the methodology.
40 p. 19, first RWQCB “...point statistics are given preferences of Text has been modified.
sentence mean values...” should be “...point statistics are
given preference over mean values...”
41 p. 19, item 10 RWQCB Please explain why an upper confidence level of | To be consistent with prior AWQ determinations.

84 was chosen.
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Comment
No. Section Agency Comment Response to Comment
42 p. 21, last RWQCB Descriptions of Figures 2-2 and 2-3 refer to Squares represent point statistics and circles
paragraph colors not found on those map figures. represent averages. The text has been modified to
match Figures 2-2 and 2-3.
43 p. 33, Section 3.2, RWQCB “compliance with new water quality objectives” Text has been modified.
first sentence Regional Board staff recommend removing
“new” from this sentence to avoid confusion.
44 Figure 3-1b RWQCB If possible, explain the specific yield values The specific yield values in the Bunker Hill
Specific Yield (0.10 and 0.20?) of the grid cells in the Bunker Management Zones are referenced in the
Map Hill Pressure Zone. The colored cells appear to | Phase 2A report as coming from two California
indicate a sharp contrast in values and pattern Department of Water Resources reports, California
compared to the rest of the Bunker Hill MZs. Department of Water Resources. 1970. Meeting
Water Demands in the Chino-Riverside Area,
Appendix A: Water Supply. Bulletin No. 104-3, 108
p. and California Department of Water Resources.
1971. Meeting Water Demands in Bunker Hill-San
Timoteo Area — Geology, Hydrology, and
Operation-Economics Studies: Memorandum
Report, 395 p.
New specific yield information is available and
should be considered as part of the update of the
physical models.
45 Figures 3-2a RWQCB Consider rewording the title to “Ambient Water Figure has been modified.
Quiality — TDS Concentration”.
46 Figures 3-3a RWQCB Consider rewording the title to “Ambient Water Figure has been modified

Quiality — Nitrate-N Concentration”.
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Comment
No. Section Agency Comment Response to Comment
47 Figures 3-2c and RWQCB Without the context of the Interpretive Tools Agree. The figures have been modified and the
3-3c: chapter, the Key Well 20-Year Trend figures with the 20 yr trend symbology have been
information presented on these maps is moved to Section 4.
confusing. Consider removing the Key Well 20-
Year Trend symbology from these maps and
only present the AWQ change. Instead,
Regional Board staff recommend placing
additional map figures with the 20-Year Trend
symbology and the AWQ change in the
Interpretive Tools chapter.
48 Tables 3-1 and RWQCB Consider revising the column heading to Figures have been modified to more accurately
3-2, ninth column “Change from Previous (2015 — 2012)" to more | reflect the change.
accurately reflect the arithmetic result.
49 Chapter 4 RWQCB Replace all references to Figures 3-2c and 3-3c | Text has been modified.
with new Section 4 map figures (see comment
above regarding Figures 3-2c and 3-3c)
50 p. 51, second RWQCB Revise the text, “it means only that the trend is Comment noted.
paragraph, last monotonically increasing” to include: “with
sentence statistical significance.”
51 p. 57, first RWQCB The text says “The middle map shows existing We agree that efforts should be made to verify the
paragraph wells that are not currently in the AWQ validity of these wells and add them to the AWQ

database.” The Regional Board staff recognize
value in the new data, and would prefer that all
available wells be included in the AWQ
database for future AWQ recomputations.

database in future recomputations.
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52 p. 58, Section 4.5, RWQCB Since water quality contouring is primarily In general, the loss of High Risk averages does not
bullet list controlled by AWQ statistics, what impact does | hinder future contouring efforts. In fact, in some
the loss of High Risk Average Values have on cases the High Risk Averages are no longer
future recomputations? Is the loss of these representative of ambient water quality. However, a
average values going to hinder future few cases have where the loss of High Risk
contouring efforts? Averages have been noted and are described in
Table 4-6, which provides a detailed description on
the significance of the loss of averages and
statistics.
53 p. 58, last RWQCB Table 4-6 provides the number of high risk Text has been modified.
paragraph, third wells, not a list of the wells.
sentence
54 Figure 4-1 RWQCB Consider adding a fourth map pane to the Revised and simplified figure.
figure, depicting a clean basemap showing only
1996-2015 statistics and averages. Identify the
panes with letters (A-D or equivalent) for ease in
referencing the panes in the text. For the three
remaining panes, place the appropriate
symbology directly below each pane. For
example, blue triangles and the accompanying
text caption below pane B. Also consider
simplifying the symbology: The halos around the
base 1996-2015 points are helpful; the halos
around the other points are not necessary.
55 Figures 4-2 and RWQCB Well Attrition Analyses: If these statistics and See Table 4-6 for a detailed description on this
4-3 averages are lost, will there be sufficient data to | topic.
contour all management zones? Are there any
High Risk wells in particularly sensitive areas? If
so, provide additional specific recommendations
as necessary.
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56 Table 4-1 RWQCB Systemic and Methodological Factors Affecting | This row has been removed from the table. Not
Groundwater Quality: Changes in ambient applicable for the recomputation. Applies to the
water quality caused solely by a revised pilot study and update of the physical models.
understanding of the hydrogeologic physical
model of a management zone would be a
methodological factor.
57 Tables 4-2 and RWQCB Key Well Trends: Consider replacing zero Tables have been modified.
4-3 values with a blank cell or a hyphen in order to
focus attention on non-zero values.
58 Tables 4-4 and RWQCB Tables 4-4 and 4-5: Are these wells currently in | Further investigation is needed to verify whether or
4-5 a monitoring program? If not, the Regional not the wells are currently in a monitoring program.
Board can send a letter to the well owners The Regional Board should request their
requesting their participation in a monitoring participation.
program.
59 Tables 4-6 and RWQCB Why are so many wells in the Chino MZs atrisk | In the Chino GMZs, approximately 20% of the High
4-7 of being excluded from future AWQ Risk wells and 45% of the medium risk wells are
Recomputations? Are these private wells? private wells. The majority of the wells at risk of
being excluded are in Chino-North.
60 Page 86, Section RWQCB Would you suggest that SAWPA and the We recommend April 1, 2019 to allow for a QA/QC
6.2, first bullet RWQCB send the data request letter earlier in process time of data collected in the 4th quarter of
the calendar year? Perhaps January or 2018.
February 2019.
61 General RWQCB 2 copies of the report. Include Appendix B Copies will be provided as requested.

maps not the key well charts.
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62 Section 5 IEUA In the recent Basin Monitoring Program Task Comment noted. Section 5 - Update the Physical

Force meeting there was mention that the Pilot Model of Groundwater Management Zones (Task
UPM would be discussed further over the next 1b) has been moved to this separate technical
several months. We believe that the following memorandum.

can provide some starting points for discussion.

Updated Physical Model (see attached):
e Recalculated volume for Chino-North is
substantially higher using the UPM (9.1 MAF
vs. previous 5.8 MAF) and warrants further
detailed review
¢ Report indicates that the volume gain was
largely attributed to a deeper bottom-of-aquifer
due to available boreholes information
— Further details as to the borehole quantity,
locations, depths, information, etc. would
help explain this critical information

— Additional discussion with the group
regarding the recommended changes
shown in the various figures in Section 5
(i.e., locations for increase in water level,
model domain, layering, etc.)

“Maximum benefit” objectives for the Chino-

North were demonstrated by IEUA/CBWM and

play an important role in our operational &

planning efforts, and we are interested in
understanding any potential impacts from the

UPM effort.
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62 Section 5 IEUA e Further discussion is needed on the potential | Comment noted. Section 5 - Update the Physical
(cont.) increase of assimilative capacity for TDS Model of Groundwater Management Zones (Task
based on preliminary UPM results (290 mg/L | 1b) has been moved to this separate technical
vs. previous 360 mg/L) memorandum.

¢ Need to consider potential impacts to
individual management zones: Chino-North,
Chino-South (w/ the pending Basin Plan
Amendment), and Chino-East, as well as the
larger Chino Basin

Due to the significance of the UPM, and the
need for further discussion and coordination
with stakeholders, the Agency is requesting that
the preliminary UPM effort be extracted from the
AWQ Report, and not be included in the
submission to the Regional Board in its current
form. The Agency appreciates your
understanding of the request, and looks forward
to continuing discussion of the initial UPM
results and next steps over the following several
months.
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