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I. Introduction

A. Overview of SWPA study
1. Description of basin-fill aquifers, comparison to other principal aquifers in the U.S. [Figure—Map of SWPA aquifers highlighting case-studied basins]
2. Some background on NAQWA principal aquifer studies and National Groundwater Association’s perspective of the role of federal government in ground-water quality monitoring. 

3. SWPA objective:  to better understand ground-water systems in alluvial basins of the Southwest, including sources, movement, and fate of contaminants
4. Short summary of case-studied basins report and conceptual model reports, introducing that this is the third in a series and explain the relation of the three reports

B. Purpose and Scope

1. Motivation/need to predict water-quality conditions across the Southwest:
a) Understand major factors affecting ground-water quality to allow creation of tools to assess susceptibility and vulnerability to contamination
b) Create water-quality prediction tools that can assist water managers and regulators in focusing efforts to protect ground-water resources
2. Scope:
a) Constituents selected for modeling (nitrate, arsenic, dissolved solids, dissolved oxygen/redox, atrazine, uranium, or a subset of these depending on data availability) and why
b) Focus is on the deeper, utilized part of basin-fill aquifers 
c) Timeframe for study is ~1980 to present
C. Previous regional ground-water quality modeling studies

1. Nolan & Hitt (2006) nitrate model for U.S.

2. Anning & others (2007) dissolved solids study

3. Paul & others (2007) on shallow QW in SWPA
4. Others…

II. Approach

A. Overview of approach & general discussion of supervised learning models

B. Calibration data set description

1. Well selection - criteria
a) Select those in case-studied basins

b) Select those with water-quality data

2. Description of and data sources for water-quality data 

a) National Water Information System (NWIS) and possibly other databases we may use (STORET/NAWQA data warehouse). For the calibration data set we’ll use NWIS for the case-studied basins. For verifying the model with an independent data set, we’ll use NWIS & STORET for data for wells in other basins. 
b) Water-quality parameters selected; priority of data when multiple parameters available for a given constituent; priority of samples when multiple samples available
3. Description of and data sources for explanatory variables. [The following list describes factors developed from the “conceptual model” report. Reference to the more detailed explanations of these factors contained in the “conceptual model” report will allow for brief explanations and justification in this report. The list presented below needs modification to reflect actual variables that are surrogates for the listed factors. Values for the variables will largely come from Tim’s GIS datasets and from the basin water budgets. The organization will also be modified to be more parallel to the framework presented in the conceptual model report.  We may not be able to find surrogates for all of the variables below and will have to drop them, or we may find other variables along the way to add to the list.]
a) Source variables

(1) Natural sources

(a) Lithology of basin-fill deposits

(b) Bounding bedrock lithology

(c)     Faults gouge/reactions near faults/faults as conduits for highly mineralized water from depth
(2)  Human sources

(a) Agricultural land use

(b) Predominant crop types

(c)     Fertilizer/pesticide use

(d) Urban land use

(e) Population density

(f)     Sewage/septic areas

b) Transport variables

(1) Natural recharge

(a) Subsurface inflow

(b) Stream infiltration

(i) Mountain front streams

(ii) Streams flowing into the basin

(c)      Direct infiltration

(2) New sources of recharge

(a) Source water [These also fit in the source variable category, but for now keep together with other recharge variables]
(i)     Native water
(ii)     Storm runoff
(iii) Local snowmelt runoff
(iv) Imported surface water

(v)     Treated wastewater

(b) Amount of artificial recharge

(c)     Mechanism of artificial recharge

(i)     Infiltration from conveyance  canals

(ii)     Infiltration from irrigated fields

(iii) Infiltration from spreading basins

(iv) Infiltration in stream beds

(v)     Injection wells

(vi) Dry wells

(vii) Septic fields

(3) Natural discharge

(a) Evapotranspiration

(b) Subsurface outflow of GW

(c)     Discharge to streams

(4) Changes in GW movement and new mechanisms of discharge
(a) Ground-water withdrawals

(b) Gradient reversals

(c)     Short circuiting through wells

(d) Ground-water drains

c) Contaminant attenuation/impedance variables

(1) Hydraulic conductivities

(2) Presence/absence of clay layers

(3) Unsaturated zone thickness

(4) Juxtaposition of different units/conductivities by faults

(5) Geochemical reactions

(a) Redox conditions

(b) pH

(6) Time - travel times, residence times, length of time with water-resources development

4. Summary of calibration data

a) Well location distribution. [Map of calibration wells and accuracy verification wells—one map per constituent.]
b) Explanatory variable distribution. [Map showing values for selected explanatory variables—one map per variable. We may find that a digital interactive map is a more economical way to display these variables than figures.]
C. Statistical model description 

1. General overview 

a) Describe mathematical structure of the model. [Use figures to illustrate model geometry]. 
b) Justify why model represents the physical nature of how factors affect water quality. [Refer to findings from “conceptual model” report].
c) Discuss pros & cons to model; contrast to other models 

2. Calibration algorithm description 
3. Model selection
a) Model diagnostics, plots, etc., used to help select model
b) Rational for selecting one calibrated model over others with different explanatory variables/structures
4. Model accuracy assessment methods
a) Bootstrap, bagging, or other similar methods used to determine the model’s uncertainty from the calibration data set
b) Comparison of model predictions to water-quality data from an independent set of wells {For another set of QW for wells not used in the calibration (NWIS well data from other basins, STORET data) compute values for explanatory variables, plug them into the model, and compare the predicted value to the measured data)
III. Statistical models for predicting ground-water quality conditions

A. Nitrate

1. Description of the calibrated model. [Include: graphical representation of model; ANOVA table] 
2. Physical interpretation of model structure & model coefficients

3. Model accuracy and limitations. 
a) Assessments using calibration data set [Include: selected diagnostic plots such as predicted vs. actual; table of max/min limits for explanatory variables; table of misclassification rates if appropriate; bootstrap or bagging results;
b) Assessments using independent data set [ include comparison of model predictions to observed data from an independent set of wells (NWIS well data from other basins, STORET data)]
4. Predictions of nitrate conditions in basin-fill aquifers of the Southwest. [Include map of showing model predictions. The explanatory variables required for model predictions may limit where we can make predictions; or we may want another more simple model that allows for predictions everywhere.]
B. Repeat above section for each constituent model (we may only do a subset of these):

1. Arsenic
2. Dissolved solids
3. Dissolved oxygen
4. Atrazine
5. Chloroform
6. Uranium
IV. Model comparison

A. Comparison of the statistical models developed in this study to each other
1. Implications for similarities and differences in explanatory variables and structure of models for different constituents
2. Implications for similarities and differences in the uncertainty of the models for each constituent.
B. Comparison of the statistical models developed in this study to the framework synthesized in the “conceptual model” report.

C. Comparison of model predictions from this study to those of previous investigations [i.e. Nolan & Hitt (2006) national model for nitrate; dissolved solids map from Anning and others (2007); nitrate & atrazine from Paul (2007) and others to compare models of  shallow ground-water QW vs. models for deep ground-water QW]
V. Potential for model improvement; other approaches; need for better datasets; future work directions; etc.
VI.  Summary and conclusions

VII. References

