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Aquifer Risk Map Methodology Description
Introduction
The aquifer risk map is being developed to fulfill requirements of Senate Bill (SB 200). It is intended to help prioritize areas where domestic wells and state small water systems may be accessing groundwater that does not meet primary drinking water standards (maximum contaminant level or MCL). In accordance with SB 200, the risk map is to be made available to the public and is to be updated annually starting January 1, 2021. The Fund Expenditure Plan states the risk map will be used by Water Boards staff to help prioritize areas for available SAFER funding.
The aquifer risk map contains several data layers. The water quality layer compiles available de-clustered, depth-filtered water quality results, applies risk factors to those data, and ranks, by percentile, the relative risk of groundwater in an area not meeting primary drinking water standards. The domestic well density layer plots the density of domestic wells based on available well record data[footnoteRef:1].  The state small water system layer shows the locations of state small water systems, based on data provided by Counties and other oversight agencies[footnoteRef:2]. Other reference layers that can be overlain on the map for reference include boundaries of priority areas in the Central Valley CV-SALTS program, Groundwater Sustainability Agency boundaries, and Disadvantaged Community data. [1:  The well record information is from the Department of Water Resources Online System for Well Completion Reports.]  [2:  The small water system location data may not represent the actual location of the well head or of the service boundaries. Due to constraints in locating small water systems, the location may represent the administrative address, or another location associated with the system. Additionally, the locations for Monterey County were provided for all systems with 2 – 14 connections. To isolate the systems in Monterey County that fit the definition of state small water systems (5 – 14 connections) only systems that serve four or more APNs were included in this analysis (totaling 268 systems in Monterey County).] 

Intended Use of this Analysis
The water quality risk ranking developed using this methodology are not intended to depict actual groundwater quality conditions at any given domestic supply well or small water system location. The purpose of this risk map analysis is to prioritize areas that may not meet primary drinking water standards for additional investigation and sampling efforts. The current lack of available domestic well and state small system water quality data makes it not possible to characterize the water quality for individual domestic wells and state small systems. The  analysis described herein represents a best effort at using the available data to estimate water quality risk for domestic wells and state small systems.
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Groundwater quality risk is summarized by census block group. This allows the water quality risk to be combined with existing census information, such as disadvantaged community status and other demographic information. This also allows the data to be combined with the results of the Department of Water Resources Drought and Water Shortage Risk mapping, which identifies water accessibility risk throughout the state. Water quality data also can be viewed as individual well points and compiled into square mile public land survey sections. The well point and section-level data allow the user to better understand the potential distribution of available water quality data within a census block that contributed to the overall risk ranking for that block. State small system location data is available as point locations, and domestic well density information is available as both count per square mile and as count per census block group.
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Data Processing
Water quality results from the Division of Drinking Water (DDW), the US Geological Survey (USGS)-Groundwater Ambient Monitoring and Assessment (GAMA)programs’ Priority Basin and Domestic Well Projects, the USGS-National Water Information System dataset, the Department of Water Resources (DWR), local groundwater monitoring projects, and the Irrigated Lands Regulatory Program (AGLAND) were included in this analysis. Results were only included if the well met the depth-filtering criteria developed in Domestic Well Needs Assessment project. Data from all chemical constituents with a Maximum Contaminant Level (MCL) are assessed, and several additional chemical constituents including hexavalent chromium, copper, lead, and N-Nitrosodimethylamine (NDMA) are included in the analysis as well[footnoteRef:3]. Water quality results were converted to an MCL Index[footnoteRef:4] to allow comparison between chemical constituents (see Appendix A for table with MCLs). A more detailed presentation of data collection, data standardization, and data filtering all follow the steps outlined in the Needs Assessment Domestic Well Water Quality Tool White Paper. [3:  The comparison concentration values for chemicals without an MCL are as follows: Hexavalent Chromium – 10 micrograms per liter (µG/L); Copper – 1.3 milligrams per liter (MG/L); Lead – 15 µG/L; N-Nitrosodimethylamine (NDMA) – 0.1 µG/L.]  [4:  See page 5 of the Domestic Well Needs Assessment White Paper. The MCL index consists of the finding divided by the MCL, with a special consideration for non-detect results with a reporting limit above the MCL.] 

De-clustering
Available water quality results were spatially and temporally de-clustered to square mile sections to account for differences in data sampling density within each section over space and time. This was conducted to prevent certain areas with a high density of wells and frequent sampling to achieve a disproportionate weighting to the overall risk characterization of an area. To expand the coverage of the water quality risk map, averaged, de-clustered data from sections that contain a well(s) that provide  water quality data (“source sections”) are projected onto  neighboring sections that do not  include a well providing water quality data. 
Water quality data is assessed using two metrics - the long-term (20 year[footnoteRef:5]) average and all recent results (within 2 years[footnoteRef:6]). The temporal and spatial de-clustering methodology for each metric is outlined below, and is further described in the Domestic Well Needs Assessment White Paper[footnoteRef:7]: [5:  To calculate the 20-year average, water quality results with sample collection dates between January 1, 2000 and January 1, 2020 were used.]  [6:  To calculate results within the last two years, water quality results with sample collection dates between January 1, 2018 and January 1, 2020 were used.]  [7:  For this map, on the “source” and “neighbor” sections described in the Domestic Well Needs Assessment White Paper are used. The White Paper also describes the calculations for “groundwater unit” sections, which are not included in this map.] 
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1. Water quality results from each well for each chemical constituent are averaged per year (for the past 20 years).
2. The results from step one is averaged per well.
3. The results from step two are averaged for all the wells that lie within a section.
4. For sections that do not contain a well with water quality data, the de-clustered data from step three is projected onto adjacent sections.
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1. All recent (within the past 2 years) results in a section are categorized as “under” (less than 80 percent of MCL), “close” (80 percent – 100 percent of MCL), or “over” (greater than MCL).
2. The count of recent results in each category are summarized per square mile section for each constituent.
3. For square mile sections that do not contain a well with recent water quality data, the results from step two is averaged for all adjacent sections.
Risk Factors
Water quality data for sections resulting from the analysis described above are summarized by census block group using a risk factor prioritization system. The prioritization is based on four water quality risk factors that are meant to capture different aspects of water quality risk based on the available data. Several additional informational fields included for reference.
	Risk Factor 
	Notation
	Description

	Count of chemical constituents above MCL
	CRF1
	How many individual chemical constituents have a long-term (20 year) average or recent result (within the past 2 years) above the MCL?

	Count of chemical constituents within 80 percent of MCL

	CRF2
	How many chemical constituents have a long-term average or recent result within 80 percent and 100 percent of the MCL?

	Average MCL Index (for results above MCL)
	CRF3
	For chemical constituents with a long-term average or recent result above the MCL, what is the average magnitude of those results?

	Percent of high or medium risk sections
	CRF4
	What percentage of square mile sections in the census block group are “high” or “medium”[footnoteRef:8] risk? [8:  To calculate the percentage of high and medium risk sections, the number of “high” sections plus the number of “medium” sections divided by two are divided by the total number of sections in the census block group. This is to assign more weight to “high” risk sections and less weight to “medium” risk sections.] 

High risk: contains at least one constituent with a long-term average or recent result above the MCL
Medium risk: contains at least one constituent with a long-term average or recent result within 80 percent – 100 percent of the MCL






	Reference Data
	Description

	List of chemical constituents above MCL
	List of chemical constituents with a long-term or recent result above the MCL

	List of chemical constituents within 80 percent of MCL
	List of chemical constituents with a long-term or recent result within 80 percent – 100 percent of MCL.

	Percent area with water quality data
	The percentage of sections in the census block group that contain water quality data.

	Estimated domestic wells
	The total estimated count of domestic wells in the census block group based on data from DWR OSWCR.

	Estimated domestic well population
	The total estimated population served by domestic wells in the census block group based on data from the USGS road-enhanced methodology (Johnson and Belitz, 2019)



These water quality risk factors are aggregated into a final water quality score, calculated as:

The water quality scores for all census block groups are converted into percentiles to normalize the scores. Higher scores and high percentiles indicate areas that are at relatively higher risk for water quality issues in domestic wells and state small water systems. Census block groups with a score of zero (no constituents above or close to the MCL) are automatically assigned to the 0th percentile and are not included in the percentile calculation. Approximately 33 percent of census blocks fall into this category. It is important to note that because of the data filtering and de-clustering involved in these calculations, a risk percentile of zero does not necessarily mean there is no water quality risk in an area (see discussion on areas with sparse/no available data, below). 
In addition to the census block group percentiles, detailed data layers show water quality data summarized at the square mile section level and at the point (well) level. These layers display similar risk factors for sections and well points:




	Section Data Risk Information
	Description

	Section Risk Category
	Is the section high, medium, or low risk?
High: contains at least one constituent with a long-term average or recent result above the MCL
Medium: contains at least one constituent with a long-term average or recent result within 80 percent – 100 percent of the MCL
Low: contains no constituents with a long-term average or recent result greater than 80 percent of the MCL

	Count of chemical constituents above MCL
	How many chemical constituents in the section have a long-term (20 year) average or recent result (within the past 2 years) above the MCL?





	Count of chemical constituents within 80 percent of MCL

	How many chemical constituents in the section have a long-term (20 year) average or recent result (within the past 2 years) within 80 percent and 100 percent of the MCL?

	Average MCL Index (for results above MCL)
	For chemical constituents that are above the MCL in the section, what is the average magnitude of those results? (How high are the results above the MCL?)

	List of chemical constituents above MCL
	List of chemical constituents with a long-term or recent result above the MCL in the section

	List of chemical constituents close to MCL
	List of chemical constituents with a long-term or recent result within 80 percent – 100 percent of MCL in the section



	Point Data Risk Information
	Description

	Well Risk Category
	Is the well high, medium, or low risk?
High: contains at least one constituent with a long-term average or recent result above the MCL
Medium: contains at least one constituent with a long-term average or recent result within 80 percent – 100 percent of the MCL
Low: contains no constituents with a long-term average or recent result greater than 80 percent of the MCL

	Count of chemical constituents above MCL
	How many chemical constituents in the well have a long-term (20 year) average or recent result (within the past 2 years) above the MCL?

	Point Data Risk Information
	Description

	Count of chemical constituents within 80 percent of MCL

	How many chemical constituents in the well have a long-term (20 year) average or recent result (within the past 2 years) within 80 percent and 100 percent of the MCL?

	Average MCL Index (for results above MCL)
	For chemical constituents that are above the MCL in the well, what is the average magnitude of those results? (How high are the results above the MCL?)

	List of chemical constituents above MCL
	List of chemical constituents with a long-term or recent result above the MCL in the well

	List of chemical constituents close to MCL
	List of chemical constituents with a long-term or recent result within 80 percent – 100 percent of MCL in the well
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Areas with No Available Water Quality Data 
Out of 23,212 census block groups, approximately 5,183 (22 percent) do not contain water quality data for any of the chemical constituents. 
Most (3,250, or 63 percent) of these “no data” block groups are in the densely populated areas (i.e., Los Angeles and San Francisco Bay), where census block groups are very small (less than 1 square mile) and do not overlap a square mile section with a well with water quality data. These areas are predominantly served by municipal water systems and are less likely to have a significant population on domestic wells. However, there are several block groups with no data in Imperial County and parts of Humboldt, Trinity, and Shasta Counties, where there is likely populations of domestic well users. Currently, block groups with no water quality data are not included in the percentile ranking process and are assigned a water quality risk percentile of zero. Due to the data filtering and de-clustering involved in these calculations, a risk percentile score of “zero” does not mean there is not a water quality risk in each area.
Areas with Sparse Available Water Quality Data
Additionally, there are 118 census block groups that contain sparse (less than 10 percent) data coverage. While these block groups are included in the percentile ranking, they are flagged on the tool with the hatch marks to alert the user.
Individual Chemical Constituents
Single-chemical constituent layers are available as square mile section data for Nitrate, Arsenic, 1,2,3-Trichloropropane, Hexavalent Chromium, and Uranium. These layers display the long-term average and the count of recent results over, close to, and under the MCL per square mile section for a single chemical constituent.
Appendix A – Chemical Abbreviations and Comparison Concentrations
	Chemical Abbreviation (Web Tool)
	Chemical Name
	Units

	Comparison Concentration Value
	Comparison Concentration Type

	24D
	2,4-Dichlorophenoxyacetic acid (2,4 D)
	UG/L
	70
	MCL

	AL
	Aluminum
	UG/L
	1000
	MCL

	ALACL
	Alachlor
	UG/L
	2
	MCL

	ALPHA
	Gross Alpha radioactivity
	pCi/L
	15
	MCL

	AS
	Arsenic
	UG/L
	10
	MCL

	ATRAZINE
	Atrazine
	UG/L
	1
	MCL

	BA
	Barium
	MG/L
	1
	MCL

	BDCME
	Bromodichloromethane (THM)
	UG/L
	80
	MCL

	BE
	Beryllium
	UG/L
	4
	MCL

	BETA
	Gross beta
	pCi/L
	50
	MCL

	BHCGAMMA
	Lindane (Gamma-BHC) 
	UG/L
	0.2
	MCL

	BIS2EHP
	Di(2-ethylhexyl)phthalate (DEHP)
	UG/L
	4
	MCL

	BRO3
	Bromate
	UG/L
	10
	MCL

	BTZ
	Bentazon
	UG/L
	18
	MCL

	BZ
	Benzene
	UG/L
	1
	MCL

	BZAP
	Benzo(a)pyrene
	UG/L
	0.2
	MCL

	BZME
	Toluene
	UG/L
	150
	MCL

	CD
	Cadmium
	UG/L
	5
	MCL

	CHLORDANE
	Chlordane
	UG/L
	0.1
	MCL

	CHLORITE
	Chlorite
	MG/L
	1
	MCL

	CLBZ
	Chlorobenzene
	UG/L
	70
	MCL

	CN
	Cyanide (CN)
	UG/L
	150
	MCL

	CR
	Chromium
	UG/L
	50
	MCL

	CR6
	Chromium, Hexavalent (Cr6)
	UG/L
	10
	Temporary comparison level*

	CRBFN
	Carbofuran
	UG/L
	18
	MCL

	CTCL
	Carbon Tetrachloride
	UG/L
	0.5
	MCL

	CU
	Copper
	MG/L
	1.3
	Action Level

	DALAPON
	Dalapon
	UG/L
	200
	MCL

	DBCME
	Dibromochloromethane (THM)
	UG/L
	80
	MCL

	DBCP
	1,2-Dibromo-3-chloropropane (DBCP)
	UG/L
	0.2
	MCL

	DCA11
	1,1-Dichloroethane (1,1 DCA)
	UG/L
	5
	MCL

	DCA12
	1,2 Dichloroethane (1,2 DCA)
	UG/L
	0.5
	MCL

	DCBZ12
	1,2 Dichlorobenzene (1,2-DCB)
	UG/L
	600
	MCL

	DCBZ14
	1,4-Dichlorobenzene (p-DCB)
	UG/L
	5
	MCL

	DCE11
	1,1 Dichloroethylene (1,1 DCE)
	UG/L
	6
	MCL

	DCE12C
	cis-1,2 Dichloroethylene
	UG/L
	6
	MCL

	DCE12T
	trans-1,2, Dichloroethylene
	UG/L
	10
	MCL

	DCMA
	Dichloromethane (Methylene Chloride)
	UG/L
	5
	MCL

	DCP13
	1,3 Dichloropropene
	UG/L
	0.5
	MCL

	DCPA12
	1,2 Dichloropropane (1,2 DCP)
	UG/L
	5
	MCL

	DINOSEB
	Dinoseb
	UG/L
	7
	MCL

	DIQUAT
	Diquat
	UG/L
	20
	MCL

	DOA
	Di(2-ethylhexyl)adipate
	MG/L
	0.4
	MCL

	EBZ
	Ethylbenzene
	UG/L
	300
	MCL

	EDB
	1,2 Dibromoethane (EDB)
	UG/L
	0.05
	MCL

	ENDOTHAL
	Endothall
	UG/L
	100
	MCL

	ENDRIN
	Endrin
	UG/L
	2
	MCL

	F
	Fluoride
	MG/L
	2
	MCL

	FC11
	Trichlorofluoromethane (Freon 11)
	UG/L
	150
	MCL

	FC113
	1,1,2-Trichloro-1,2,2-Trifluoroethane (Freon 113)
	MG/L
	1.2
	MCL

	GLYP
	Glyphosate (Round-up)
	UG/L
	700
	MCL

	H-3
	Tritium
	pCi/L
	20000
	MCL

	HCCP
	Hexachlorocyclopentadiene
	UG/L
	50
	MCL

	HCLBZ
	Hexachlorobenzene (HCB)
	UG/L
	1
	MCL

	HEPTACHLOR
	Heptachlor
	UG/L
	0.01
	MCL

	HEPT-EPOX
	Heptachlor Epoxide
	UG/L
	0.01
	MCL

	HG
	Mercury
	UG/L
	2
	MCL

	MOLINATE
	Molinate
	UG/L
	20
	MCL

	MTBE
	MTBE (Methyl-tert-butyl ether)
	UG/L
	13
	MCL

	MTXYCL
	Methoxychlor
	UG/L
	30
	MCL

	NI
	Nickel
	UG/L
	100
	MCL

	NNSM
	N-Nitrosodimethylamine (NDMA)
	UG/L
	0.01
	NL

	NO2
	Nitrite as N
	MG/L
	1
	MCL

	NO3N
	Nitrate as N
	MG/L
	10
	MCL

	OXAMYL
	Oxamyl
	UG/L
	50
	MCL

	PB
	Lead
	UG/L
	15
	Action Level

	PCA
	1,1,2,2 Tetrachloroethane (PCA)
	UG/L
	1
	MCL

	PCATE
	Perchlorate
	UG/L
	6
	MCL

	PCB1016
	Polychlorinated Biphenyls (PCBs)
	UG/L
	0.5
	MCL

	PCE
	Tetrachloroethene (PCE)
	UG/L
	5
	MCL

	PCP
	Pentachlorophenol (PCP)
	UG/L
	1
	MCL

	PICLORAM
	Picloram
	MG/L
	0.5
	MCL

	RA-226
	Radium 226
	pCi/L
	5
	MCL

	RA-228
	Radium 228
	pCi/L
	5
	MCL

	SB
	Antimony
	UG/L
	6
	MCL

	SE
	Selenium
	UG/L
	50
	MCL

	SILVEX
	2,4,5-TP (Silvex)
	UG/L
	50
	MCL

	SIMAZINE
	Simazine
	UG/L
	4
	MCL

	SR-90
	Strontium 90
	pCi/L
	8
	MCL

	STY
	Styrene
	UG/L
	100
	MCL

	TBME
	Bromoform (THM)
	UG/L
	80
	MCL

	TCA111
	1,1,1-Trichloroethane
	UG/L
	200
	MCL

	TCA112
	1,1,2-Trichloroethane
	UG/L
	5
	MCL

	TCB124
	1,2,4- Trichlorobenzene (1,2,4 TCB)
	UG/L
	5
	MCL

	TCDD2378**
	2,3,7,8-Tetrachlorodibenzodioxin (Dioxin)
	UG/L
	3.00E-05
	MCL

	TCE
	Trichloroethene (TCE)
	UG/L
	5
	MCL

	TCLME
	Chloroform (THM)
	UG/L
	80
	MCL

	TCPR123
	1,2,3-Trichloropropane (1,2,3 TCP)
	UG/L
	0.005
	MCL

	THIOBENCARB
	Thiobencarb
	UG/L
	70
	MCL

	THM
	Total Trihalomethanes 
	UG/L
	80
	MCL

	TL
	Thallium
	UG/L
	2
	MCL

	TOXAP
	Toxaphene
	UG/L
	3
	MCL

	U
	Uranium
	pCi/L
	20
	MCL

	VC
	Vinyl Chloride
	UG/L
	0.5
	MCL

	XYLENES
	Xylenes (total)
	UG/L
	1750
	MCL


*Since there is currently no MCL for Hexavalent Chromium (CR6), a temporary comparison value was to remain consistent with the risk assessment for public water systems.
**No data for 2,3,7,8-Tetrachlorodibenzodioxin (Dioxin) was available for this analysis, because there are no samples from wells that met our depth/time criteria.
