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ABBREVIATIONS AND ACRONYMS TC “ABBREVIATIONS AND ACRONYMS”
ACOE
U.S. Army Corps of Engineers

BASINS
Better Assessment Science Integrating Point and Nonpoint Sources Version 2.01

CDOF
California Department of Finance

EPA
U.S.  Environmental Protection Agency

ESRI
Environmental Systems Research Institute, Inc.

FC
Fecal coliform

GIRAS
Geographic Information Retrieval and Analysis System

GIS
Geographic information system

GUI
Graphical user interface

HUC
Hydrologic cataloging unit code

HSPF
Hydrologic Simulation Program-FORTRAN

mg/L
Milligram per liter

NPSM
Nonpoint Source Model

NSI
National Sediment Inventory
RF
Reach file

SAWWTP
San Andreas Sanitary District Wastewater Treatment Plant

SS
Suspended sediment

STORET
STORage and RETrieval Database

TKN
total kjeldahl nitrogen

TMDL
Total maximum daily load

TN
Total nitrogen

USGS
U.S. Geological Survey

View
BASINS GIS environment

1.0 INTRODUCTION TO BASINS

 TC “1.0
INTRODUCTION TO BASINS”
As agencies, resource managers, and concerned public continue to focus on water quality and the health of aquatic ecosystems, the need for data management, data assessment, and modeling tools continues to grow.  Watershed assessments traditionally have entailed many separate steps such as: preparing data, summarizing information, developing maps and tables, and applying and interpreting models.  Each step uses various tools and computer systems and programs.  The isolated implementation of each step may result in an overall lack of integration, limited coordination, and time-extensive execution (Environmental Protection Agency [EPA] 1998).  Better Assessment Science Integrating Point and Nonpoint Sources Version 2.01 (BASINS) is a publicly available computer software program supported by United States Environmental Protection Agency (EPA) that performs multipurpose environmental analysis of watersheds and water quality.  BASINS is unique in that it simplifies watershed and water quality studies by providing key data and analytical tools all within one package.  BASINS uses a geographic information system (GIS) to organize and display spatial information.  All within a Windows environment, analysts and managers are able to access environmental data, apply assessment and planning tools, and run a variety of proven watershed and water quality models.  

BASINS was conceived as a system that employs a watershed-based approach for support of Total Maximum Daily Load (TMDL) development.  Section 303(d) of the Clean Water Act requires states to develop TMDLs for water bodies that do not meet applicable water quality standards by using technology-based controls (EPA 1998).  Before BASINS is discussed any further, it is important to point out the capabilities of BASINS assessment and modeling tools in relation to stand-alone models that could also be used for TMDL development.  Models are used by numerous disciplines to describe cause-effect relationships and support decision-making.  Mathematical models are one type of model used by water resource managers and analysts to support these efforts.  Use of mathematical models does not necessitate use of computers.  In addition, mathematical models differ from empirical or statistical models that are also used to describe relationships affecting water quality.  Mathematical models vary from simple analytical equations to numerical solutions that convert differential equations into algebraic difference forms that can be solved for unknown values at incremental, finite points in space and time (Martin and McCutcheon 1999).  

Watershed models and water quality models are two types of mathematical models used in the realm of water resource research and management.  A watershed model is used for simulation of runoff (overland flow) caused by rainfall events.  Watershed topography, climate and rainfall patterns, soil and vegetation characteristics, and land use influence amounts of runoff, as well as the pollution transported by runoff.  Watershed models predict diffuse or nonpoint pollution loads entering a water body.  A water quality model differs from a watershed model in that the water quality model simulates what happens to pollution once it enters the water body.  Water quality models simulate the complex processes occurring within a stream or lake such as transport of pollution and how it is affected by, and interacts with, other components of the stream.  The most complex models are those that simulate processes occurring in all phases of the watershed, including the land surface and subsurface, local meteorology, and the water column.

BASINS is a computer software package that provides the user with various tools to display, organize, and assess data, as well as several numerical (mathematical) models to further describe and understand the watershed and water quality processes.  Modeling tools available to the BASINS 2.01 user include QUAL2E, TOXIROUTE, and Nonpoint Source Model (NPSM).  QUAL2E and TOXIROUTE are classic water quality models.  NPSM exemplifies the complex model described in the previous paragraph that is capable of simulating processes occurring in all phases of the watershed.  These models are described in the Section 2.0.

2.0 DESCRIPTION OF THE BASINS SYSTEM

 TC “2.0
DESCRIPTION OF THE BASINS SYSTEM”
EPA released the initial version of BASINS in 1996.  EPA currently supports BASINS Versions 2.0 and 2.01.  Functions and models in Version 2.01 are the same as in Version 2.0.  The versions differ in that 2.01 includes updates related to year 2000 compliance, as well as improvements to existing functions and models.  EPA will release BASINS Version 3.0 in the early part of 2001 (a beta version is currently available).  BASINS software and data are available from EPA on CD-ROM or through the following website: http://www.epa.gov/ost/BASINS.  The three principle objectives of BASINS are:  (1) to facilitate examination of environmental information, (2) provide an integrated watershed and modeling framework, and (3) support analysis of point and nonpoint source management alternatives (from BASINS 2.0 Fact Sheet).  The BASINS framework consists of interrelated components essential for performing watershed and water quality studies.  These components are presented in Figure B-1.  The components are organized into the following five categories below and discussed briefly in the following paragraphs (from BASINS 2.0 Fact Sheet).

Comprehensive databases organized for most eight-digit hydrologic cataloging units (HUCs) in the United States.  One database exists for each of the two HUCs comprising the Calaveras River watershed: 18040011 (Upper Calaveras River) and 18040004 (Lower Calaveras River/Mormon Slough)

· Assessment tools for evaluating water quality and point source loadings at a variety of scales.  Three tools are provided with the software: TARGET, ASSESS, and DATA MINING.

· Utilities, including local data import, land use and digital elevation model reclassification, watershed delineation, and management of water quality observation data

· Watershed and water quality models, including NPSM, QUAL-2E, and TOXIROUTE

· Tools for processing and interpreting model results

The databases and assessment tools provided by the BASINS system are operated using an Arcview GIS platform.  Arcview GIS software is required to run BASINS and is available for purchase from Environmental Systems Research Institute, Inc. (ESRI).  In addition, use of the models and certain analytical tools requires ESRI’s Arcview Spatial Analyst software, as well.

The databases used by BASINS are available for the majority of watersheds delineated by an eight-digit HUC in the United States.  BASINS data that comes on CD-ROM are compiled for each of the 10 EPA regions in the country.  The same data can be downloaded from the website listed above.  The user simply locates the watershed’s respective state(s), clicks on the HUC of interest, and downloads the respective data.  Three categories of data are used by the BASINS system:  (1) spatially distributed data, (2) environmental monitoring data, and (3) point source data.  The specific types of data for each category are listed below:

Spatially distributed data

· Land use/land cover 

· Urbanized areas

· Populated place locations

· Streams (Reach File [RF], Version 1 [RF1] and RF3 Alpha)

· Soils (STATSGO)

· Elevation (DEM)

· Major roads

· U.S. Geological Survey hydrologic boundaries (accounting and cataloging units)

· Drinking water supply sites

· Dam sites

· EPA regional, state, and county boundaries

· Federal and Indian Lands

· Ecoregions

Environmental Monitoring Data

· Water quality monitoring station summaries

· Water quality observation data (Environmental Protection Agency [STORET] data)

· Bacteria monitoring station summaries

· Weather station site location and data

· USGS gauging station location and data

· Fish and wildlife advisories

· National Sediment Inventory (NSI)

· Shellfish classified areas

· Clean Water Needs Survey

Point source data

· Permit Compliance System sites and computed loadings

· Industrial Facilities Discharge sites

· Toxic Release Inventory sites

· Superfund National Priority List sites

· Resource Conservation and Recovery Act sites

· Mineral Industry Locations

Various data assessment and analysis tools are available to the BASINS user.  TARGET performs evaluations of water quality and point sources on a regional or statewide scale.  ASSESS operates on a single watershed (HUC) or a limited set of delineated watersheds.  It reports the status of specific water quality stations or discharge facilities and their proximity to water bodies.  DATA MINING is the most powerful data assessment tool provided by BASINS.  DATA MINING assists the user with interpretation of environmental data on both geographic and historical bases by linking data elements using both tables and maps (BASINS 2.0 Fact Sheet).  Another tool provided for the BASINS user is the capability of delineating subwatersheds within a HUC.  Once delineated, the user is then able to apply data assessment tools and models to the subwatersheds.  Lastly, BASINS provides the user the option of generating reports on various aspects of the watershed, including topography, land use, and available water quality data.

The different models within BASINS provide analysis of point and nonpoint loads and subsequent impacts to water quality of the receiving water body at various levels of complexity.  All models are integrated with Arcview Spatial Analyst capabilities.  NPSM is the most complex model available within BASINS Version 2.01.  The model predicts land use-specific, nonpoint loads for user-specified pollutants.  Both land surface and water column processes are simulated by NPSM.  NPSM combines a Windows-based interface with EPA’s Hydrologic Simulation Program-FORTRAN (HSPF) model.  QUAL-2E is a one-dimensional, in-stream water quality model used for analysis of eutrophication processes associated with nutrient loads from both point and nonpoint sources.  QUAL-2E is a steady-state model, which means it is unable to simulate time-variable flow or water quality conditions.  TOXIROUTE is a screening-level stream routing model that performs simple dilution/decay calculations under mean or low-flow conditions.  TOXIROUTE is limited in its applicability and will not be included in BASINS Version 3.0.  Both NPSM and QUAL-2E will be included in BASINS Version 3.0.  In place of TOXIROUTE, EPA will include several other data assessment and modeling tools, including the Soil and Water Assessment Tool modeling program.  Finally, BASINS provides a postprocessing tool that assists the user in organizing and evaluating model output as well as facilitating comparisons of model predictions versus observed data.  This is especially helpful for model calibration and verification purposes.

3.0 APPLICATION OF BASINS TO THE CALAVERAS RIVER WATERSHED
 TC “3.0
APPLICATION OF BASINS TO THE CALAERAS RIVER WATERSHED”
This section will describe the application of the BASINS watershed model to the Calaveras River watershed.  Available data, assessment tools, and NPSM model development will be discussed first, followed by a presentation of flow and water quality models for the entire watershed.  Predicted watershed response to changes in land use scenarios will also be evaluated.

3.1
BASINS Data Assessment Tools

 TC “3.1
BASINS Data Assessment Tools”
BASINS program software and the databases for HUCs 18040011 (Upper Calaveras River) and 18040004 (Lower Calaveras River/Mormon Slough) were downloaded from the Internet site given in Section 2.0 of this appendix.  Data for each watershed were projected in Universal Transverse Mercator coordinates for Zone 10, based on the North American Datum 1927 (NAD27) for use with BASINS and its Arcview GIS and Spatial Analyst capabilities.  Figure B-2 presents a BASINS-generated view of the upper and lower watersheds (HUCs).  Major streams (RF1), minor streams (RF3), and elevation are shown.  Note that HUC 18040011 includes New Hogan Reservoir and a short reach downstream of New Hogan Reservoir.  Also, note that HUC 18040004 does not represent Mormon Slough in its entirety.  This is one example of the limitations of the data provided for the BASINS system.  Limitations of BASINS and the nationally available data sets provided for use with BASINS will be discussed in a subsequent section of this appendix.  

Certain data types listed previously in Section 2.0 of this appendix are not included with the data sets provided for the Calaveras River HUCs.  For example, NSI data, bacteria monitoring summaries, and locations of shellfish classified areas are not available for the Calaveras River watersheds.  To exemplify some of the data types that are available for the Calaveras River watersheds, maps were generated for the upper and lower watersheds (HUCs) showing examples of georeferenced data.  Figures B-3 and B-4 present locations where (1) water quality data were collected, (2) historic USGS stream gauges were located, (3) hazardous and solid wastes are located, and (4) mineral exploration or extraction occurred in the upper and lower watersheds, respectively.  Data corresponding to water quality data collection sites are maintained by the EPA STORET system and are discussed in Section 3.3 of this document.  Data provided by BASINS pertaining to hazardous and solid waste sites and mineral sites are presented in Tables B-1 and B-2 for the upper watershed and Tables B-3 and B-4 for the lower watershed, respectively.  The accuracy of these data have not been assessed.  It is important to note that BASINS users can add, delete, or edit any records of data used with BASINS.   

To exemplify a few of the report-generating utilities that can be used with the BASINS data, reports and additional maps were generated for the Calaveras River watersheds.  EPA provides data describing land use of the Calaveras River watersheds for BASINS users.  The land use data were obtained from the USGS Geographic Information Retrieval and Analysis System (GIRAS).  Land uses are classified using the Andersen Level II method.  The representative date of the land use data is not provided, but according to metadata (describes data) provided for BASINS, common representative dates of GIRAS land use data range from the mid-1970s to early 1980s.  For entire watersheds (HUCs) or subwatersheds delineated by the user, BASINS can generate both a summary report of land use types and a corresponding map.  Land use summary reports generated by BASINS for the upper and lower Calaveras River watersheds are presented in Tables B-5 and B-6, respectively.  Figures B-5 and B-6 present respective land use maps of the upper and lower Calaveras River watersheds.  In areas of a watershed where land use characterization is incorrect, the user can correct or reclassify the data.  

BASINS users can also use the system to generate reports of water quality data.  For any water quality parameter of interest, in a matter of a few clicks with a mouse, BASINS will provide an inventory of all water quality monitoring stations where that parameter was collected, as well as a statistical summary of the parameter for each station.  STORET water quality data for the Calaveras River watershed are rather limited.  However, example reports for several parameters were generated to demonstrate BASINS capabilities for extracting and summarizing data.  Example reports of station inventories and water quality summaries for the metal cadmium are provided in Tables B-7A and B-7B for the upper watershed, while station inventories and water quality summaries for the pesticide lindane are provided in Tables B‑8A and B‑8B for the lower watershed.  Again, the user can add, delete, or edit any water quality data in the BASINS system.  This allows the user to customize BASINS with the locations of any monitoring site and the corresponding observed data.  

As one last example of the utilities BASINS offers, the model was used to delineate subwatersheds within both the upper and lower Calaveras River watersheds.  Using BASINS 2.01, subwatersheds are delineated manually using a “point-and-click” method that defines the drainage area contributing flow to any stream reach of interest.  Subwatersheds can be delineated using either major (RF1) or minor (RF3) stream segments, depending on the stream type to be used for modeling.  Subwatersheds of the upper and lower watersheds were delineated based on major stream segments.  In the upper watershed (HUC 18040011), 15 subwatersheds were delineated—13 upstream from New Hogan Reservoir, 1 for New Hogan Reservoir, and 1 downstream of New Hogan Reservoir.  In the lower watershed (HUC 18040004), seven subwatersheds were delineated and as noted previously, Mormon Slough is not represented.  Delineated subwatersheds of the entire Calaveras River watershed are shown in Figure B-7.  Upon delineation of subwatersheds, the BASINS user can then utilize the data assessment use discussed previously at the subwatershed level.

The data management and analysis tools of the BASINS program are promising.  Utilization of these tools will streamline organization, evaluation, and reporting of Calaveras River watershed data.  Data representing the upper and lower Calaveras River watersheds that are available from USEPA are fairly comprehensive.  However, some of the data are out-of-date or of low resolution.  One of the strengths of the BASINS program is that it can be customized to incorporate and work with data that are not provided by EPA.  

3.2
NPSM Model Development

The  TC “3.2
NPSM Model Development”NPSM was applied to the upper and lower Calaveras River watersheds using (1) databases specific to the watersheds provided by EPA, (2) default input files provided by EPA for NPSM users, (3) historic USGS flow data for stream gauges in the watersheds, and (4) data characterizing effluent from a point source that are not included in the EPA database.  Because of limitations of available data, as well as resources allocated for watershed modeling, model applications and results are provided to demonstrate to the reader the capabilities and limitations of NPSM, given the current status of available data.  The remainder of this section will discuss (1) NPSM in general and (2) issues facing development of NPSM models for the Calaveras River watershed (see Section 3.3). 

The NPSM is a public-domain, planning-level watershed model that integrates point and nonpoint sources of pollution.  It simulates nonpoint source runoff and subsequent pollutant loadings, incorporates point source loadings, and performs flow and water quality routing through stream reaches and well-mixed reservoirs (EPA 1998).  NPSM uses most of the modeling capabilities of the HSPF model.  For a detailed description of the simulation algorithms, the reader is referred to Hydrological Simulation-FORTRAN, User’s Manual for Release 11.0 (Bicknell and others 1996), published by the EPA Environmental Research Laboratory in Athens, Georgia (EPA 1998).  The manual is available for downloading from the BASINS website listed in Section 2.0 of this appendix.  

NPSM provides the user a graphical user interface (GUI) that can be run directly from the BASINS GIS environment (View) or as a stand-alone program.  The user can use NPSM to simulate a single watershed (HUC), subwatershed, or a system of hydrologically connected watersheds or subwatersheds.  When NPSM is activated from the BASINS View for a user-specified watershed or subwatershed, the corresponding land use distribution, stream characteristics, and point source data are extracted and incorporated into the NPSM interface.  The user then specifies meteorological data to be used, model simulation period, model processes to be simulated, model input parameters, and model output parameters.  NPSM organizes all of this information into an input file that can be modified through the NPSM GUI or a text file editor.

When NPSM extracts land use data from the BASINS View, the model lumps the land use categories (for example, those describing the Calaveras River watershed in Figures B-5 and B-6) into 10 land use groups.  The groupings include:

· Urban or Built-up Land

· Rangeland

· Water

· Tundra

· Barren Land

· Agricultural Land

· Forest

· Wetland

· Perennial Snow or Ice

· Unclassified

Each land use category is assigned a percentage of both pervious and impervious land cover.  Default percentages are initially assigned by NPSM to the categories; however, the user can modify them with relative ease.  NPSM treats these two types (pervious and impervious) of land cover separately, that is, each is accompanied by a unique set of processes that can be simulated as different types of model input parameters.  This concept is discussed in more detail later in this section. 

Both major (RF1) and minor (RF3) streams can be simulated by NPSM.  Stream reaches are organized according to watershed or subwatershed delineation.  For each reach to be simulated, data describing stream length, width, depth, slope, and roughness are extracted.  In addition, data pertaining to mean flow, mean velocity, and linkage are extracted.  Linkage refers to the organization or network of the reaches (that is, stream networks or which reaches are upstream and downstream).  NPSM allows the user to add or remove reaches, visualize the stream network, and adjust stream morphology (channel cross-section characteristics).

Any point sources (such as National Pollutant Discharge Elimination System-permitted discharges) identified in the BASINS View are extracted to NPSM.  The user can edit, add, or delete point sources in the NPSM GUI.  In addition, the user can simulate incoming flow and corresponding water quality to the headwaters of a reach through the addition of a “point source” at the reach’s upstream boundary (for example, New Hogan Reservoir).

The user specifies the meteorological data to be simulated by NPSM.  BASINS data provided by EPA includes meteorological data for, on average, 10 meteorological stations per state.  For each station, the following meteorological data are supplied to and required by NPSM: air temperature, precipitation, dew point temperature, wind movement, solar radiation, cloud cover, potential evapotranspiration, and potential surface evaporation. These data typically covers the years 1970 through 1995.  NPSM can be customized to accommodate locally observed meteorological data.  Ultimately, the time span of meteorological data limits the NPSM simulation period available to the user.  Therefore, if using data provided for BASINS by EPA, the longest simulation period available is 1970 to 1995.  Note that NPSM operates on an hourly time step (any added data must be available in at least an hourly format). 

The user specifies the processes to be simulated in the model by selecting HSPF modules for pervious land cover, impervious land cover, and stream reaches.   Each module represents a different type of process for each type of land cover.  For example, for pervious land cover, modules are available that describe water budget, production and removal of sediment, soil and groundwater processes, and nutrient cycling.  For impervious land cover, available modules describe factors influencing runoff rates and constituents.  For stream reaches, as well as well-mixed reservoirs, modules describe factors influencing hydrodynamics and water quality.  Incorporation of certain modules requires incorporation of other particular modules.  The NPSM user can be selective in what land cover types and processes are simulated.  For example, NPSM can be run simply as a flow model or, if the user desires, additional processes can be included such as nutrient cycling, sediment transport, soil and groundwater interactions, and nutrient assimilation by terrestrial and aquatic plants.  The modules selected by the user dictate what water quality parameters NPSM can simulate.  

After selecting the processes and water quality parameters to be simulated, the user must then specify the input parameters to be used by NPSM.  This is the most critical step in NPSM development.  Input parameters are the data and kinetic rate coefficients incorporated into the numerous equations solved by NPSM.  An NPSM model simulating processes occurring on all types of land cover and numerous water quality processes will use hundreds of input parameters.  The user must exercise wise judgment in selection of these parameters.  An NPSM model is only as good as the input data and parameters provided by the user.  Scientific literature describes many of these parameters, and documents are available to guide the user in parameter selection.  Some parameters can be measured in the field, as well.  NPSM users are provided a default input file of input parameters that can then be modified as information specific to the watershed or subwatershed is gathered.  Recently, EPA has issued several technical documents designed to guide users of HSPF and NPSM in selection of input parameters.

As a last step before model execution, the user then specifies model output—the actual data (that is, water quality parameters) to be evaluated by the user.  The user also specifies the time intervals at which model output is printed to an output file.  Hourly, daily, monthly, and yearly print intervals are available.  BASINS provides a user-friendly postprocessor that automates analysis of NPSM model output, which can be viewed in either report or graphic formats.  Reports of model output are simple text files that can be organized and edited using text editors or spreadsheet programs.

Before any water quality-related processes are simulated, the user must ensure that the NPSM is correct in predicting the hydrology (flow) in the simulated watershed.  This entails proper representation of the channel shape, land cover, soil and groundwater, and meteorology.  In addition, this requires selection of appropriate model input parameters pertaining to hydrologic processes.  In order to ensure that the NPSM predicts flow correctly, it is critical to have observed flow data for comparison with the predicted flow.  In addition, when processes are simulated that are dependent on flow velocity (such as nutrient uptake by algae or reaeration), it is critical to have observed data describing relationships between flow and in-stream velocity.  A tracer experiment is one method of obtaining these data.  The process of adjusting model input parameters so that predicted output matches observed data is termed “model calibration.”  Typically, as the number of calibration parameters increase, model defensibility weakens.  Once a model is calibrated to a particular data set, the model must then be run under a different set of conditions using the same input parameters and compared to observed data for those conditions.  This is model verification.  A model cannot be used as a management tool until it has undergone rigorous review and can demonstrate success in predicting output under a wide spectrum of conditions.  Once the flow component of NPSM is successfully calibrated and verified, water quality parameters and processes are then incorporated in a stepwise fashion, moving from simple to complex.  The water quality component of NPSM must be calibrated and verified in a similar manner as the flow component.  

At this point in time, the data available to describe flow and water quality in the Calaveras River watershed are not sufficient for detailed water quality modeling.  This is due to the limitations of (1) the small data set provided by EPA for use by BASINS users for the Calaveras River watershed and (2) the small data set generated from current and historical flow and water quality monitoring performed within the watershed.  Therefore, a calibrated and verified NPSM watershed model was not developed.  However, there are sufficient data are available to demonstrate to the reader the capabilities of NPSM specific to the watershed.  NPSM models were developed for the upper and lower Calaveras River watersheds using (1) USGS flow data from three historic gauging stations in the watershed; (2) meteorological data from Yosemite National Park and Sacramento, California; (3) data describing effluent from a typical nutrient point source (San Andreas Sanitary District Wastewater Treatment Plant [SAWWTP]); (4) data provided by EPA describing the Calaveras River watersheds; and (5) default input files provided for NPSM users.  Model development is discussed below.

Selection of the NPSM model domains and simulation times were constrained by issues pertaining to watershed (HUC) delineation and availability of observed flow and meteorological data.  NPSM can be used to predict flow and water quality based on land use for multiple HUCs (the upper and lower watersheds).  One all-encompassing NPSM model was not developed for the entire Calaveras River watershed because of the limited data available to describe water quality and flow through New Hogan Reservoir.  NPSM can simulate flow through a well-mixed reservoir.  In essence, NPSM treats a reservoir just as it does a stream reach—one completely mixed reach or volume of water.  In order to incorporate New Hogan Reservoir into NPSM, it is necessary to incorporate the bathymetry of the reservoir as model input.  Given the limited data for the New Hogan Reservoir, as well as the model’s simple treatment of complex limnological processes, it was determined that including New Hogan Reservoir into NPSM added more error to the model and was beyond the scope of this project.  

Availability of historic flow and meteorological data also constrained NPSM modeling.  Collection of flow data by USGS for the majority of historic stream gauges in the Calaveras River watershed ended before 1970.  However, daily flow data from USGS flow stream gauges on the North Fork and South Fork of the Calaveras River (USGS Gauging Stations 11308000 and 1130600, respectively) are available between 1950 and 1979.  Daily flow data from the USGS flow gauge on the Calaveras River below New Hogan Reservoir are available from 1961 to 1990 and for certain periods in 1991 and 1992.  As noted earlier, meteorological data provided by EPA for BASINS users are available for 1970 to 1995.  This means that the largest simulation period NPSM can accommodate is 1970 to 1995.  The only flow data for the Calaveras River watersheds that can be used to check the model’s accuracy in predicting flow are flow data from 1970 to 1979 for the upper watershed and 1970 to 1990 for the lower watershed.  Also, regarding meteorological data constraints, Yosemite National Park and Sacramento, California, are the closest meteorological stations to the watersheds for which data are available.  Data from these stations were used for the upper and lower watershed NPSM models, respectively.  It is important to note that snowfall and influences of snowmelt were not incorporated for either watershed.  This is important mainly for the upper watershed modeling, which is using meteorological data observed at Yosemite (4,000 feet), which receives significant amounts of snowfall every winter.  NPSM can be customized to use observed meteorological data from a local weather station, if the station collects the eight types of meteorological data mentioned previously.  For the purposes of the NPSM modeling demonstration described here, it was determined that the meteorological data in the databases provided by EPA for BASINS users were adequate.

3.3
NPSM Flow Models of the Calaveras River Watershed
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The NPSM model was first used to predict only flow in the upper and lower watersheds.  To assess NPSM’s accuracy in predicting flow, models were developed for the upper watershed covering the years 1970 to 1979 and lower watershed covering the years 1970 to 1990.  Then, water quality components were incorporated into the NPSM models for the upper and lower watersheds (see Section 3.4).  Once the water quality components of the models ran satisfactorily, scenarios based on land use changes were then simulated (see Section 3.5).

The subwatersheds contributing flow measured at the USGS stream gauges on the North and South Forks of the Calaveras River were delineated.  Separate NPSM models were developed to compare predicted flow with observed flow at the two stream gauges.  The locations of the two USGS stream gauges and their respective subwatersheds are shown in Figure B-8.  The respective subwatersheds contributing flow to the two stream gauges are highlighted in yellow.  Historic daily stream flow reported for the two stream gauges was obtained from the following USGS Internet web site: http://h2o-nwisw.er.usgs.gov/nwis-w/US/.  NPSM was run so that only flow was simulated in the two subwatersheds shown in Figure B-8.  Default input parameters provided by EPA for NPSM were used.  The output manager in the NPSM GUI was programmed to print predicted flow at daily mean flow intervals to facilitate comparison with USGS daily mean flow data.  A comparison of stream flow predicted by NPSM with observed flow reported by USGS for the stream gauges on the North and South Forks of the Calaveras River are shown in Figures B-9 and B-10, respectively.  Several key observations should be noted when viewing the comparisons of observed and predicted flows.  First, prediction of flows in the North and South Forks of the Calaveras River by NPSM are approximate, in that NPSM flow output reflects the general shape of annual hydrographs for the two forks.  Second, for the most part, NPSM does not predict the peak flow events reflected by the observed USGS data.  Third, predicted flows corresponding to falling limbs of predicted hydrographs are typically higher than what is reported for the USGS stream gauges.  This may be attributable largely to differences in meteorological conditions of the upper Calaveras River watershed relative to the meteorological data used as input to the model.  NPSM is using meteorological data observed in Yosemite National Park that receives a greater amount of annual precipitation compared to the upper Calaveras River watershed.  Note that customization of NPSM using locally observed meteorological data and adjustment of model input parameters controlling predicted runoff and infiltration would result in an overall better match between predicted and observed flows.

An NPSM model was developed to predict flow in the lower Calaveras River watershed below New Hogan Reservoir.  Note that none of the other diversion structures on the Calaveras River or anywhere else in the lower or upper watersheds were simulated.  Because flow from New Hogan Reservoir into the lower Calaveras River was not simulated, it was necessary to incorporate New Hogan Reservoir outflow as an input (that is, boundary condition) into the NPSM model for the lower watershed.  Without specifying New Hogan Reservoir as a boundary condition, NPSM predicts flow in the lower Calaveras River as a function of runoff in the lower watershed only and completely ignores any flow transported from the upper watershed through the New Hogan Reservoir spillway.  Under this scenario (no New Hogan Reservoir outflow), NPSM under predicts flow in the lower Calaveras River by several orders of magnitude.  As a surrogate for New Hogan Reservoir outflow, observed flow reported by USGS for Stream Gauge 11308900 (Calaveras River below New Hogan Dam near Valley Springs), covering the years 1970 to 1990, was specified as inflow to the lower Calaveras River watershed through the subwatershed highlighted in yellow in Figure B‑11.  Essentially, flow data from this USGS stream gauge are treated as effluent from an “imaginary” point source at the most upstream endpoint of the watershed model domain.  The effluent in this case is the flow entering the lower watershed model domain from New Hogan Reservoir.  Meteorological data for Sacramento, California, supplied by EPA for BASINS were specified as input data to NPSM.  A comparison of NPSM predicted daily averaged flow at the mouth of the lower watershed is compared to observed mean daily flow reported by USGS for Gauge 11308900 in Figure B-12.  Predicted flows at the mouth are typically higher than observed flow at the USGS stream gauge, because they account for surface runoff entering the river along its course during simulated rainfall events.  From evaluation of model results presented in Figure B‑12, a few observed mean daily flows are higher than what were predicted by the model.  Observed flows in the upstream reaches of the lower Calaveras River watershed are higher than predicted flows at the mouth of the Calaveras River during peak flow events occurring in January 1973, 1975, 1980, and 1982.  This may be attributed to an increase in the release of water from New Hogan Reservoir during storm events in the upper watershed.  No other comparisons of predicted and observed flow were made because of a lack of overlap between available meteorological data and observed flow data.  Historical flow data are available from USGS for the Calaveras River near Stockton (USGS Gauge 11310500) but covers the years 1925 to 1926 and 1944 to 1950.  

3.4
NPSM Water Quality Models of the Calaveras River Watershed
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Water quality modeling simulations were performed using the NPSM flow models discussed previously, coupled with incorporation of water quality processes and input parameters necessary for simulating parameters of concern, which in this case include total nitrogen (TN), fecal coliform (FC), and suspended sediment (SS).  The water quality models were run to predict in-stream concentrations and loads of TN, FC, and SS based on the land use classifications in each watershed.  Simulation of in-stream TN, FC, and SS concentrations as a function of land use required activation of a majority of the HSPF modules in NPSM.  The source of TN, FC, and SS is primarily storage (in pounds per acre) of each parameter on the land surface.  For each parameter, the default input file provided by EPA assigns values to each land use representing initial storage, rates of accumulation on the land surface, and the maximum amount of storage for each land use.  Land uses extracted from the BASINS programs for both watersheds include impervious and pervious urban and built-up lands and pervious agricultural lands, rangelands, forest lands, and barren lands.  All urban and built-up land surfaces are assumed to be 50 percent pervious and 50 percent impervious.  All other pervious land surfaces are assumed to be 100 percent pervious.  Default values describing accumulation and storage of TN, FC, and SS on each pervious land surface type are presented in Tables B-9, B-10, and B-11, respectively.  Note that agricultural and urban pervious land uses are assigned the highest and second highest amounts of TN, FC, and SS storage and rates of accumulation.  Also, note that pervious rangeland does not store or accumulate TN, FC, or SS.  Therefore, runoff from rangelands does not carry TN, FC, or SS loads.  In-stream concentrations and loads of TN, FC, and SS predicted by the water quality model represent the net runoff from all land uses.  Uptake of nitrogen by terrestrial and aquatic plants was not simulated.  Also, the pervious land cover module describing the phosphorous cycle was not included, because phosphorous has not been identified as a parameter of concern for the Calaveras River watershed. 

NPSM was used to predict water quality conditions in the upper Calaveras River watershed using the upper watershed flow model presented previously, meteorological data reported for Yosemite National Park, the watershed’s GIRAS land use classifications, corresponding default model input parameters provided by EPA, and simulation of effluent from a typical point source (SAWWTP).  Land use classifications and composition of the upper watershed were extracted from the BASINS View to NPSM and organized according to the land uses differentiated by HSPF.  The classifications of the upper watershed used by NPSM and their corresponding percentages are presented in Table B-12.  

Development of NPSM to include water quality processes of the upper watershed entailed addition of a typical point source in the watershed that is not identified in BASINS data provided by EPA.  The added point source corresponds to the SAWWTP.  SAWWTP was included in the model mainly for demonstration purposes, without any intention of evaluating the effect of the plant’s effluent on in-stream water quality.  The plant is permitted to discharge treated effluent to San Andreas Creek during the months of November through April.  SAWWTP provided data describing 1997 and 1998 averages of effluent flow, SS concentrations and loads, and TC concentrations.  These data were used to develop an input file representing SAWWTP as a point source to San Andreas Creek in the Murray Creek subwatershed.  Effluent SS and FC loads during November through April of each year were simulated by NPSM.  TC concentrations were converted to FC loads using averages of the WWTP’s reported effluent, TC concentration data, and an assumption that 20 percent of the average reported TC concentration data are FC bacteria.  This assumption is based on information provided by Thomann and Mueller (1987), referencing Kenner (1978) who stated that, as a general rule, FC concentrations are about 20 percent of TC concentrations.

Water quality concentrations and loads in the upper Calaveras River watershed were predicted by NPSM for the years 1970 to 1979.  In the output manager of the NPSM GUI, the water quality model was programmed to print output (predicted TN, FC, SS concentrations and loads) for the reach of the Calaveras River just downstream from the confluence of the North and South Forks of the river.  In addition, the water quality model was programmed to print results on a monthly interval.  So, for each month of the simulation period, model results are presented as monthly averages of hourly output computed by NPSM.  This was done so that model output could be viewed in a simplified manner, without the scatter associated with daily output.  

Predicted TN concentration in the model output is the sum of ammonia nitrogen, organic nitrogen, and nitrate/nitrite nitrogen concentrations.  Predicted monthly mean flow and TN concentrations are presented in Figure B-13.  Because modeling was performed primarily for demonstration purposes and limited parameterization was included, discussion of model output will focus mainly on predicted trends.  However, in cases where observed data are available, simple comparisons of observed and predicted data are presented.  As shown in Figure B-13, predicted TN concentrations range between 0.2 and 0.4 milligrams per liter.  Note that the model results reflect an inverse relationship between TN concentrations and flow.  The highest concentrations occur during the months when flows are lowest.  Historic water quality data are available for the Calaveras River, just above New Hogan Reservoir.  According to EPA STORET data, four water quality samples collected by U.S. Army Corps of Engineers (ACOE) between 1981 and 1987 were analyzed for ammonia (reported as NH3 and NH4-N-dissolved), organic nitrogen (as N), and nitrate (NO3-N-dissolved).  Sums of the three nitrogen species concentrations (representing TN) for the four samples ranged between 0.46 and 2.1 mg/L, substantially higher than the range of TN concentrations predicted by the model. This means that other point and nonpoint sources of nitrogen in the upper watershed not considered by the model.  In assessing actual TN loads, there is a direct relationship between TN loads and flow.  Figure B‑14 presents predicted TN loads.  Note that on annual basis, highest TN loads are directly related to the occurrence of the highest flows (late fall through early spring).  In addition, the highest TN loads occur during late winter and early spring.  Observed flow data did not accompany the TN data observed by ACOE and maintained by the EPA STORET system.

Predicted monthly mean flow and concentrations of SS are presented in Figure B-15.  As seen with TN, an inverse relationship exists between the two predicted parameters shown in Figure B‑15.  Mean monthly SS concentrations range between 4 and 10 mg/L.  The highest predicted monthly mean SS concentrations occur when monthly mean flows are lowest.  USGS collected SS samples from the North and South Forks of the Calaveras River during the 1970s.  About 45 samples were collected from each fork during this time.  The average SS concentration for all samples is 148 mg/L, an order of magnitude higher than what the model predicts in the Calaveras River downstream of the confluence of the two forks.  This discrepancy is largely because of parameterization of NPSM.  The sediment module for stream reaches is activated in NPSM, but the model is not parameterized to describe the overall erodibility of any of the channels in the model domain.  Therefore, the model is essentially ignoring in-stream erosion and sedimentation processes, and the result is a gross under prediction of SS concentrations.  It is important to note that parameterization of the model with default values of SS concentrations for each land use also influences predicted in-stream SS concentrations.  The relationship between predicted SS and flow is somewhat erroneous.  Figures B-16 and B-17 are scatter plots of flow and SS concentrations observed by USGS in the North and South Forks of the Calaveras River, respectively.  In both figures, it is evident that SS concentrations are directly proportional to in-stream flows.  From this, it can be deduced that in-stream SS loads are directly related to in-stream flows.  While comparisons between the flow-SS relationship evident in Figure B-15 and the relationships in Figures B-16 and B-17 are not exactly straightforward, they do demonstrate how limited or inappropriate parameterization of a model can result in erroneous results that can ultimately lead to erroneous understanding of watershed processes.  In the case of the upper watershed NPSM model, the default model values describing channel sediment and its susceptibility to entrainment results in under predictions of SS concentrations during high flow.  The model is generally correct in its prediction of in-stream SS loads as function of flow.  Predicted SS loads are presented in Figure B-18.  Highest SS loads occur when highest in-stream flows occur—late fall through early spring.  

Predicted mean monthly flow and FC concentrations are presented in Figure B-19.  Again, predicted concentrations are inversely related to flow.  And, as presented in Figure B-20, highest FC loads occur during late fall through early spring concurrently with highest predicted flows.

In presenting model results for each parameter discussed above, the same relationships were evident between predicted concentration and flow and predicted load and flow.  The understood precipitation patterns of the meteorological input data, the influence of the precipitation on predicted flows, and the parameterization of the model all govern these relationships.  The model is predicting runoff using precipitation data observed at Yosemite National Park.  The bulk of precipitation occurring at Yosemite is centered on the winter months.  With the model ignoring the role of snowmelt on instream flows, the highest predicted flows in the upper watershed will occur simultaneously with highest periods of precipitation.  This was shown in Figures B-9 and B‑10.  The model’s computation of in-stream concentrations of TN, FC, and SS concentrations are based on the quantities of each species on the land surface for each type of simulated land use.  With respect to SS concentrations, in-stream erosion or sedimentation processes are ignored because of model parameterization.  This is an additional factor contributing to the relationship between predicted SS concentration and in-stream flow.  Over the course of any year, as precipitation events occur, the amount of water quality constituents entering receiving streams is related to the intensity and duration of the precipitation event.  Concentrations are lower in the winter months because they are diluted by the amount of runoff in the streams.  As runoff tapers, the dilution effect is minimized.  Any precipitation that occurs during times of lower flow will result in higher in-stream concentrations, but corresponding loads will be low simply because there are minimal levels of flow in the receiving streams.  Similar relationships were seen in evaluating predicted results from applying NPSM to the lower Calaveras River watershed.

The same approach was used to predict water quality conditions as a function of land use in the lower Calaveras River watershed.  Land uses extracted to NPSM for the lower watershed are presented in Table B-13.  The NPSM flow model of the lower watershed was used for modeling water quality in the lower watershed.  Meteorological data observed in Sacramento, California were used for model input.  Outflow from New Hogan Reservoir was used to represent inflow to the upstream boundary of the model domain.  TN, SS, and FC were the water quality parameters evaluated.  FC and SS concentrations were not assigned to inflow (from New Hogan Reservoir) at the upstream boundary.  A TN concentration of 0.86 mg/L was applied to all incoming flow.  

This value represents an average of TN concentrations for water quality samples collected from New Hogan Reservoir and the Calaveras River below New Hogan Dam that were analyzed for ammonia, organic nitrogen, or nitrate.  Therefore, the largest TN loads entering the model domain from the Calaveras River below New Hogan Reservoir occur when the highest inflows occur (largest releases from the dam).  The simulation period for the lower watershed model was 1970 through 1990.  The model was programmed to print model output on monthly intervals, representing mean monthly values of flow and water quality concentrations and loads.

Figure B-21 presents predicted mean monthly flow and TN concentrations for the lower watershed.  The average TN concentration of all lower watershed model output is 0.74 mg/L, 0.12 mg/L less than the concentration of inflow associated with New Hogan Reservoir releases.  The decrease in TN concentration is caused by dilution from simulated runoff entering the river that has lower TN concentrations than New Hogan Reservoir releases. The TN concentration in runoff is a function of model parameterization—how much TN storage is assigned to the land surfaces for each land use.  Predicted TN concentrations are directly related to in-stream flows.  This relationship is heavily influenced by flow and the associated TN concentration being released from New Hogan Reservoir.  During months of higher precipitation, outflow from New Hogan Reservoir is highest and dominates water quality conditions predicted by the model at the mouth of the lower watershed.  During months of lower outflow from New Hogan Reservoir and lower flow in the lower Calaveras River, land uses and landscape processes have a larger impact on in-stream water quality.  During the lower flow months of the year, runoff entering the lower Calaveras River has a lower TN concentration, which results in a lowering of in-stream TN.  Predicted TN loads generally follow the same trend, that is, TN loads are highest during periods of higher flow.  Figure B-22 presents computed mean monthly TN loads in the lower watershed.  During periods of highest flow (that is, winter and spring months of 1973, 1975, 1982, 1983, 1984, and 1986), TN loads are the highest.  However, in years of low flow, when mean monthly flows are not the highest in winter and spring (little or no releases from New Hogan Reservoir), the highest TN loads occur later in the year. 

As with the upper watershed NPSM water quality model, the only sources of SS and FC in the lower Calaveras River watershed model are the lands contributing runoff to the Calaveras River.  Simulated inflow from New Hogan Reservoir releases was not assigned values of SS or FC concentrations.  Therefore, the inflow does not carry loads of SS and FC.  This was done mainly because limited observed data exist for these parameters in either New Hogan Reservoir or in the Calaveras River below New Hogan Dam.  Figures B-23 and B-24 present predicted mean monthly flow data and SS and FC concentrations, respectively.  The highest predicted concentrations for both parameters occur during the periods of lowest predicted flow.  However, peak concentrations of both parameters also occur at certain times of high flow.  Predicted concentrations reflect a balance of the magnitude of dilution by simulated inflow from the Calaveras River below New Hogan Reservoir and the magnitude of contributions from lower watershed runoff.  Predicted SS and FL peaks also correlate with periods of high precipitation (indicated by large releases from New Hogan Reservoir).  Conversion of these predicted flows and concentrations to in-stream loads reveals that predicted loads of both constituents are the highest during years of highest flow.  Figures B-25 and B-26 present predicted mean monthly SS and FC loads, respectively.  During the higher peak flow periods, precipitation, runoff, and outflow from New Hogan Reservoir are also higher and are the same periods when the largest loads of SS and FC are predicted to occur.  

3.5
NPSM Water Quality Models of Calaveras River Using Change in Land Use Scenarios
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NPSM Water Quality Models of Calaveras River Using Change in Land Use Scenarios”The previous section discussed the use of NPSM to predict water quality conditions at the mouths of the upper and lower watersheds, based on each watersheds’ respective USGS GIRAS land use classifications.  As noted in Section 3.1 of this appendix, the GIRAS land use classifications were made between the mid-1970s and early 1980s.  This section discusses use of the NPSM water quality model to evaluate the effect changes to the GIRAS classifications, based on recently observed land use changes in Calaveras and San Joaquin Counties, have on predicted water quality loads. The California Department of Finance (CDOF) provides information on land use and land use trends for the all counties in California through the following website: http://www.dof.ca.gov/HTML/FS_DATA/profiles/pf_home.htm.  Data pertaining to Calaveras County were assumed to represent land use trends in the upper Calaveras River watershed, while data pertaining to San Joaquin County were assumed to represent land use trends in the lower Calaveras River watershed.  The data provided by CDOF for the two counties are reported current as of 1997.  The following paragraphs discuss the changes in land use incorporated into the NPSM water quality models discussed previously and the resulting changes in predicted water quality loading.

In Calaveras County, the CDOF website reports that urban housing increased 19.7 percent over the last 9 years, urban manufacturing increased 5.3 percent over the last 7 years, and agriculture decreased 0.4 percent over the last 7 years.  Changes to the land use characterization of the upper watershed NPSM model were made based on the increase in urban housing reported for Calaveras County.  A 19.7 percent increase over 9 years equates to an increase of 2.21 percent per year.  This rate was used to project a year 2020 characterization of land use in the upper watershed using the circa 1980 USGS GIRAS land use classification of the upper watershed as a base.  Assuming a constant 2.21 percent increase in urbanized areas per year results in an 88 percent overall increase in the year 2020, compared to circa 1980 classification.  Original (GIRAS circa 1980) land use and year 2020 land use classifications used by NPSM are presented in Table B-14.  Note that the increase in urbanized land was assumed to encroach on rangeland only.  Agricultural, forest, and barren lands were assumed to remain constant.  The implications of this change in land use scenario in the NPSM model include (1) an increase in impervious land cover from the increase in urbanized lands and (2) an overall increase in the amounts of TN, SS, and FC stored in the watershed caused by the decrease in pervious rangeland land cover.  

The upper watershed NPSM water quality model (GIRAS circa 1980) discussed in Section 3.4 of this appendix was run using the year 2020 land use scenario discussed in the previous paragraph.  The changes in land use resulted in negligible changes in predicted flow and concentrations and loads of in-stream TN, SS, and FC.  Instead of showing all model results, comparisons of predicted flow and SS load are used to demonstrate the negligible differences in predicted output, based on the GIRAS and year 2020 land use scenarios.  Figure B-27 compares predicted mean monthly flows in the mouth of the upper Calaveras River, upstream of New Hogan Reservoir.  The increase in urbanization results in a negligible change in predicted mean monthly flow.  Barely distinguishable, year 2020 flow is slightly higher.  This is confirmed in model output that demonstrates only a 1.6 percent average increase in mean monthly flow in the upper watershed.  This slight increase is attributed to the slight increase in amount of impervious land cover associated with the 2020 land use scenario.  Figure B-28 compares mean monthly SS loads based on the two land use scenarios.  Review of the graphical comparison of SS loads shows that the year 2020 scenario results in only slight changes in predicted mean monthly SS loads.  Analysis of model output reveals an average increase in mean monthly SS load of 11.0 percent.  This result is attributed to the increase in urban and built-up lands in the upper watershed model. 

Land uses (GIRAS circa 1980) in the lower watershed NPSM water quality model discussed in Section 3.4 of this appendix were also updated to year 2020 land use projections.  According to  CDOF data, San Joaquin County experienced a 12.3 percent increase in urban housing over the last 9 years, a 0.9 percent increase in urban manufacturing over the last 7 years, and a 3.2 percent increase in agriculture over the last 5 years.  The land use data describing changes in urban housing and agriculture were used to develop a land use scenario representing a hypothetical land use characterization of the lower Calaveras River watershed for the year 2020.  A 12.3 percent increase in urban housing equates to a 1.37 percent increase each year.  Extrapolating that rate out to year 2020 using the year 1980 as a base, results in a 54.8 percent increase in urban housing.  In the lower watershed NPSM model, urban and built-up lands were increased accordingly.  This increase in land was compensated for by an equivalent loss in area of rangeland in the lower watershed.  Agricultural land areal coverage was also increased in the lower watershed model.  However, the 3.2 percent increase over 5 years was not used as a guide to predict the amount of agricultural lands in the lower watershed in 2020, because it would result in almost all land being converted to agricultural use.  A 5 percent increase in agricultural lands was assumed to result after the 40-year span between 1980 and 2020.  The increase in agricultural land was also compensated for by a decrease in equivalent areal coverage of rangelands in the lower watershed.  

The original (GIRAS circa 1980) and year 2020 land use scenarios are presented in Table B-15.  Ultimately, the year 2020 land use scenario results in (1) an increase in impervious land surfaces from the increase in urban and built-up lands and (2) an increase the amount of land surface contributing TN, SS, and FC to the lower Calaveras River.

The year 2020 land use scenario resulted in slight increases in mean monthly flow and substantial increases in TN, FC, and SS loads in the lower Calaveras River.  As with previous discussion of the upper watershed model land use scenarios, comparisons of flow and SS load are used to exemplify any differences in model predictions.  Figure B-29 presents a comparison of mean monthly flows predicted by NPSM based on the GIRAS and year 2020 land use scenarios.  Review of the graphical comparison shows no apparent difference in predicted mean monthly flows.  Analysis of model output reveals a 4.2 percent average increase in mean monthly flow using the 2020 scenario.  Figure B-30 compares mean monthly SS loads predicted by NPSM based on the two land use scenarios.  The 2020 scenario results in a distinguishable increase in mean monthly SS load in the lower Calaveras River.  Analysis of model output reveals a 26.3 percent average increase in SS load associated with the 2020 scenario.  Similar results were obtained for comparisons of predicted mean monthly TN and FC loads, based on the two land use scenarios.  The resultant increases in loads are attributed to the increase in land use types contributing these constituents in runoff (urban and agricultural) and a decrease in rangelands that do not contribute any pollutants to runoff.  

4.0 SUMMARY OF APPLICATION OF NPSM TO THE WATERSHED, CONSIDERATIONS, AND DATA NEEDS FOR FUTURE MODELING
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Tetra Tech assessed the ability of the BASINS program to predict flow and water quality conditions in the Calaveras River using default data and modeling parameters.  Tetra Tech did not collect any additional data in support of this effort, nor did we attempt to calibrate the model.  Rather, this effort was completed as a planning activity to support future model development.  Overall, Tetra Tech recommends the BASINS program as a management tool for stakeholders in the Calaveras River watershed with the understanding that the model will become more robust as a baseline monitoring program is developed and implemented in support of model data needs.  The following paragraphs summarize Tetra Tech’s application of the BASINS program and it’s component model NPSM to the upper and lower Calaveras River watersheds and the types of data necessary to support future modeling.

NPSM land use models were developed to represent the upper and lower Calaveras River watersheds.  Default input data supplied by EPA were used because of the limited scope of this task, as well as the overall lack of data and parameters describing water quality conditions and processes in the watershed.  Land use characterizations used in the original model scenarios date back to circa 1980.  Each individual land use was assigned the same storage values of TN, SS, and FC.  Meteorological data used as model input were collected many miles away from and at different elevations than the respective watersheds.  The only value of the default input parameters used in the model was for that of model demonstration.  

The upper watershed model was somewhat accurate in predicting the general shape of observed hydrographs in the North and South Forks of the Calaveras River.  Because of parameterization of NPSM and specifically, its minimal treatment of in-stream sediment processes, predicted relationships between flow and SS were not correct.  The lower watershed model shed light on the importance of New Hogan Reservoir outflows on TN loading in the lower watershed.  The model also suggested the importance of other sources of SS and FC in the lower watershed.

If future NPSM modeling of the Calaveras River watershed is considered, the following changes are recommended to better represent watershed conditions.  Land use characterization of the upper and lower watersheds should be updated to year 2000 to accurately represent areal coverage of urban and suburban residential areas, industrial areas, agriculture, private and national forests, rangeland, barren land, and undeveloped land.  Agricultural areas should be categorized by the predominant crop types farmed in the watershed.  Locally observed meteorological data should be incorporated as model input.  If this is considered, however, the data must encompass the eight different meteorological parameters required by NPSM (HSPF).  General geomorphic characteristics of the watersheds creeks and rivers should be incorporated into the model such as bank full width and depth, flood plain width and depth, and bed material.  

Because stream velocities predicted by the model are critical to understanding of processes in the watershed such as reaeration, algal nutrient uptake, or in-stream erosion; time-of travel studies are worthy of consideration.  Numerous references are available describing these types of studies, many of which are available from USGS.  The general framework behind a time-of-travel study is that a measured amount of a tracer, such as dye or chloride (salt), is added to the upstream point of a stream and tracked downstream.  Typically, the arrival time of the highest concentration of the tracer downstream represents the time of travel between the two points.  This travel time converts to an average velocity for the reach if the reach distance is known.  NPSM can simulate such an event.  The user can increase or decrease predicted velocity by adjusting the roughness of the stream bed (Manning’s n roughness coefficient).

NPSM simulates infiltration of precipitation through the soil zone to shallow and deep groundwater.  Approximate depths of shallow and deep groundwater zones in the watershed should be ascertained and input to NPSM.  NPSM should also be supplied with pertinent data from soil surveys of the watershed.  These data will enable NPSM to more accurately represent infiltration and runoff processes.

Development of NPSM models of the upper and lower watersheds or the whole watershed must consider treatment of New Hogan Reservoir, New Hogan Dam, and any other diversion structures in stream channels of the watershed.  NPSM can simulate processes in well-mixed reservoirs.  This limits the capabilities of NPSM simulation of outflow from New Hogan Reservoir during periods of lake mixing.  Simulation of flow behavior and resulting water quality associated with flashboard dams (such as reaeration) may be initially difficult with NPSM.  This may require augmentation of the model’s programming code.  However, it is likely that reference materials are available from other work with HSPF to help guide simulation of such structures.  Although Mormon Slough and the Stockton Diverting Canal are significant flow and water quality components of the lower watershed, the fact that both water courses are currently ignored by BASINS stream data and therefore, NPSM, is critical.  Input data will have to be generated to represent the Mormon Slough and Stockton Diverting Canal channels as additional subwatersheds within the lower Calaveras River watershed.

As for the types of water quality data necessary for simulation by NPSM water quality models, water quality parameters to be simulated by the model are dependent on beneficial uses of water in the watershed and the resources available for monitoring and laboratory analysis.  In simulating any eutrophication or nutrient cycling processes, a full suite of nutrient parameters should be evaluated.  These include total kjeldahl nitrogen (TKN), ammonia, nitrate, nitrite, and total and inorganic phosphorous.  Organic nitrogen concentrations are obtained by subtracting ammonia concentration from TKN.  Organic phosphorous concentrations are obtained by subtracting inorganic phosphorous from total phosphorous.  Carbonaceous biochemical oxygen demand should also be evaluated.  Necessary in situ field measurements include temperature, pH, specific conductance, and diurnal dissolved oxygen fluxes.  Diurnal dissolved oxygen refers to measurement of in-stream dissolved oxygen concentrations collected during both day and night.  Daytime and nighttime dissolved oxygen concentrations and percent saturations fluctuate as a function of temperature and the degree of photosynthesis occurring by attached or suspended algae.  Collection of data pertaining to algae may be necessary in areas within the watershed that demonstrate problems associated with algal production.  Other recommended water quality parameters that should be collected as part of a monitoring program that could be incorporated into NPSM water quality models include metals, pesticides, SS, and total and FC bacteria.  NPSM can simulate almost any parameter.

NPSM predicts water quality at most downstream points of any simulated watershed or sub-watershed.  This should be used as a guideline for designating monitoring locations from which observed data would be compared with predicted data.  In the upper watershed, it is recommended that, at a minimum, the North and South Forks of the Calaveras River be monitored immediately above their intersection with each other.  Flow measurements must accompany any water quality observations.  A mass balance of flow and constituents would result in a computation of load entering New Hogan Reservoir.  If resources allow, monitoring should also be conducted on the major tributaries of the upper watershed.  Monitoring of tributary headwaters will aid in numerous ways, including model calibration and validation, computation of constituent loads, or identification of reaches where loads may be occurring.  In the lower watershed, recommended monitoring locations include any site along the main channel immediately upstream from a major tributary.  Flow and water quality data must be collected from both the main channel and the tributary.  Similarly, any stream of interest receiving flow from a point source should be sampled immediately upstream from the point source discharge.  In addition, it may be worthwhile to collect water quality and flow samples at any sites representing a significant break between land uses adjacent to the stream channel.

As for monitoring frequency, this is ultimately dependent on available resources.  The important things to note here pertaining to watershed modeling is that collection of monitoring data must encompass the full range in seasonal flow regimes (low- and high-flow seasons) and include storm flow events.
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