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MANUALS:

The SPAW model descriptive manuals are written as three separate documents, each with a different level of user interest or question in mind.  The three manuals by necessity have some overlap and duplicative material since they are describing the same simulation model.  They do, however, address similar descriptions in a progressively detailed manner.

SPAW Screen Help Manual:  This manual is intended to answer rather immediate and specific user questions while actually operating the model by manipulating the screen functions.  Most emphasis is placed on data and function descriptions to insure correct model application.

SPAW Users Manual:  This manual describes the model functions and typical applications to provide the user with ideas and concepts about these applications.  Descriptive detail is sufficient to assure that the model is being applied to a proper situation and with correct analytical interpretations.

SPAW Reference Manual:  This manual provides details about the model logic, algorithms and their source.  This material will be useful to the user who desires to know the scientific basis embodied in the model and the supportive reference material.  Soil water hydrology, pond hydrology and soil chemistry are sufficiently complex that even this level of manual will not provide the full documentation and the user will need to rely on reference reading to develop the full skill level included in the SPAW knowledge applications.

INTRODUCTION

The SPAW model is a daily hydrologic budget model for agricultural fields with a moderate level of complexity to account for the most important hydrologic processes that will be impacted by the field characteristics.  The model inputs describe the climate, soils and crops of a particular farm field in the one-dimensional vertical plane.  The climatic variables, a principle hydrologic input, are daily rainfall and evaporation with optional air temperature for cold climate hydrology.  The soils and crop descriptions determine the daily disposition of this water into and out of the soil-plant-air-water (SPAW) system.  The basic hydrologic budgeting by SPAW has been enhanced by the addition of an irrigation field budget (scheduling) and an inundated pond (wetland/lagoon/pond/reservoir) budget.

The objective of the SPAW model was to provide a mid-range of technical complexity that will be useful to achieve understanding and predictions about agricultural hydrology and its interactions with crop production without undue burden of computation time or input details.  This required continual vigilance of the many choices required about how each physical, chemical and biological process was represented to achieve a “reasonable” and “balanced” approximation of the real world with numerical solutions.  Over the development years, both the model and the method of inputting the system descriptors have evolved for improved accuracy, additional applications, and ease of use.

The SPAW-Field model is a daily vertical water budget of an agricultural field, given that the field can be considered, for practical purposes, spatially uniform in soil, crop and climate.  These considerations will limit the definition of a “field” depending on the local conditions and the intended simulation accuracy.  For many typical farm cases, the simulation will likely represent a typical farm field of tens to a few hundred acres growing a single crop with insignificant variations of soil water characteristics or management.  In other cases, a single farm field may need to be divided into separate simulation regions because of distinct and significant differences of soil or crop characteristics.  These definitions and divisions will depend on the accuracy required.  Making a number of alternative solutions will soon provide the user with enough experience to guide these choices.

The SPAW-Field model is a daily water budget simulation and has no infiltration time distribution less than daily and no flow routing; therefore this model is generally not applicable for large watershed hydrologic analyses.  However, it can be utilized for water budgets of relatively small watersheds composed of multiple farm fields, each simulated separately and the results combined.  With no streamflow routing there are no channel descriptors included.  Daily runoff is estimated as an equivalent depth over the simulation field by the USDA/SCS curve number method.  The combined field concept to represent a watershed is used as the input source for the pond simulations.

The SPAW-Pond model simulates the water budget of an inundated depression or constructed impoundment.  The water supply to the inundated area is either runoff from one or more previously simulated SPAW-Fields or from a described external source such as an off-site pump or flush water from an animal housing facility.  Climatic data are provided from the SPAW-Field simulation.  Additional features are included such as outlet pipes, outlet pumps, irrigation demands and water tables.  A wide variety of pond situations can be described such as wetlands, small ponds, water supply reservoirs, lagoons and seasonal waterfowl ponds.
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EXAMPLE APPLICATIONS
Some common SPAW applications for hydrologic budgeting on agricultural fields and ponds would be:

· Evaluating the status of available crop water from either natural rainfall or as augmented by irrigation.

· Scheduling of supplemental irrigation or assessment of irrigation efficiencies of known irrigation regimes.

· Assessing the deep seepage of particular field water regimes that may contribute to deep percolation contamination.

· Assessing the frequency and duration of wetland inundation being supplied by surface runoff or inter-flow from up-slope agricultural fields.

· Designing ponds for water supply which are supplied by watershed runoff or pumping from nearby streams.

· Designing storage lagoons for remedial treatment of animal housing flush water and feedlot runoff.

· Designing irrigation supply reservoirs that are supplied by watershed runoff or stored off-site pumping.
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HYDROLOGIC PROCESSES
The SPAW model is a daily hydrologic budget model for agricultural fields. It also includes a second routine for daily water budgets of inundated ponds and wetlands, which utilizes the field hydrology as the watershed.  A hydrologic budget such as being simulated for either an agricultural field or pond requires the definition of a hydrologic system and associated processes.  The field budget utilizes a one-dimensional vertical system beginning above the plant canopy and proceeding downward into the soil profile a sufficient depth to represent the complete root penetration and subsurface hydrologic processes (lateral soil water flow is not included).  The pond hydrologic system is for a water holding depression with external inputs from a watershed and other water sources and outflow by spillways, pumps or seepage.  The following schematics describe the field and pond hydrologic systems and each major hydrologic process impacting water movement across the system boundaries and within the systems.  These are the systems and processes represented mathematically in the field and pond hydrologic simulation model and become the basis for analytical hydrologic budgets.

Field Hydrology

The principle hydrologic processes considered in the SPAW model are the following as depicted in Figure 1 by a schematic of the vertical movement in an agricultural field:

· Rainfall: daily totals, although snow accumulation and snowmelt are considered when air temperature is included.  Applied irrigation water is added to and similar to rainfall.

· Runoff:  Computed by the USDA/SCS curve number method that considers the soil type, antecedent soil moisture, vegetation and surface conditions.  Frozen soil effects are included if air temperature data are available.  No stream routing is provided.  Observed runoff can be substituted for estimated values.

· Infiltration:  A daily amount based on the difference of rainfall and runoff and stored in the uppermost soil layers as currently available capacity permits.

· Redistribution within the soil profile:  Infiltrated water is moved between assigned soil layers by a Darcy tension-conductivity procedure providing both downward and upward flow components.  Soil water holding characteristics of tension and conductivities are estimated from soil layer textures and adjusted for organic matter, gravel, density and salinity.

· Evapotranspiration:  Combined daily estimates of plant transpiration, direct soil surface evaporation and interception evaporation estimated from an atmospheric daily potential evaporation and controlled by the plant and soil water status.  The potential evaporation may be one of several methods such as the Penman and/or Monteith method, daily pan evaporation, temperature or radiation methods, or mean annual evaporation distributed by months and mean daily.

· Percolation:  Daily water leaving the bottom layer of the described soil profile.  Percolated water is considered to be temporarily stored in an “image” layer just below the profile and is upward retrievable.  Upward percolation (negative) is considered for cases of groundwater contributions or dry profiles over wet subsurface soil.  .  

· Deep drainage to groundwater or interflow occurs when the image layer achieves near saturation and additional percolation occurs.
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Figure 1.  Hydrologic processes within the Soil-Plant–Atmosphere–Water (SPAW) system of an agricultural field.

Pond Hydrology

The principle hydrologic processes considered in the POND model are the following as depicted in Figure 2 by a schematic of the inflows, with-drawls and losses from various inundated wetlands, lagoons, ponds or reservoirs.  A depth-area table describes the ponded area supplemented by specific depths for permanent storage, pump inlets, pipe-outlet and the emergency spillway outlet.  Each of these depths provides limits, or impacts the operation of the various budgeting processes such as the pumps, pipe outlet, or availability of irrigation water.

· Field runoff inflow:  Daily water supplied to the pond by watershed runoff comprised of one or more fields that have had runoff estimated by a SPAW-Field hydrologic simulation.  

· Pond Side Runoff:  Runoff from pond side-slopes above the water level. 

· Inter-flow inflow:  Daily water supplied to the pond by an estimated percentage of deep drainage by the watershed fields.

· External input: Water supplied to the pond from a source other than a watershed such as an off-stream pump or an animal housing flush system.  An optional pump control by specified pond depths is provided.

· Rainfall:  That precipitation falling directly on the pond surface.

· Evaporation: Daily ponded surface evaporation estimated as the potential of the climatic data.

· Infiltration:  An amount infiltrating into the pond bottom soil as it is initially inundated.

· Seepage:  A constant daily seepage rate to the local groundwater beneath the inundated area (positive), or upward groundwater seepage into the pond due to external high water levels (negative).

· Outlet Pipe:  A daily flow of a pipe outlet system having a specified crest elevation above the pond bottom and a stage-discharge relationship for depths above the crest.  Crest heights are variable over time for water depth management.

· Spillway overflow:  An uncontrolled daily flow from the uppermost spillway or outlet when pond storage is less than inflow.

· Supply pump:  A daily amount pumped from the pond for designated periods and rates with a specified inlet lower limit of pond depth.

· Drawdown pump:  A daily amount pumped from the pond for designated periods and rates with specified upper and lower limits of pond depths to start and end pumping.

· Irrigation:  A daily irrigation amount supplied by the pond to one or more fields previously defined by a SPAW-Field water budget simulation with irrigation for each field if water depth is above a specified irrigation lower limit.

· Water Table:  A time varying depth of water table external to the pond such as a nearby waterway or river which may supply water to the pond each year by negative seepage.
· Permanent Pool:  Depths between the lowest outlet pipe or structure and the pond bottom.
· Active Pool:  Depths between lowest pipe or structure intake and pipe outlet crest elevation.
· Flood Pool:  Depths between pipe outlet crest elevation and spillway elevation.
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Figure 2.  Hydrologic processes within the Wetland/Pond/Reservoir hydrologic budget.

EXAMPLE: 

After installing the SPAW model, initiate the model from the WINDOWS screen by selecting Start/Programs/Spaw Hydrology.  It is recommended to close most other programs which may be running since these compete for available “system resources” and can cause malfunctions.  (The percentage of free system resources can be determined from the HELP/ABOUT SPAW screen, then SYSTEM INFO button.)

Complete the User Options information that will be printed in all output files.  The two options on the right, Directory Access and File Selection Method, would best be left as SPAW Standard and Drop Down List until more advanced use is desirable.  

Both field and pond hydrologic simulations require sets of Data descriptors for climate, crop and soil.  Several example data sets have been included with the SPAW installation.  As a result, it is possible to perform an example Field and Pond simulation using these data to become acquainted with the analyses and insure the model run capability.

Simulation:
Select the Project/Field menu item that opens the “Open Field Project” screen.  You will note selection options of LOCATION and FIELD.  A field is the unit of land for which a water budget simulation is made, but these are filed by multiple locations (eg. farms) of which each may have multiple fields.  Selecting Brookings-Corn and “Open” initiates the main screen for a single field hydrologic budget.  The previously defined example includes selected files for Climate (which already contains a link to precipitation, evaporation and temperature), Management (containing crop, rotation, and irrigation information) and Soil (previously defined). 

“Observed Soil Data” (moisture or chemicals) is optional and can be included if available with the option of setting the simulation to equal the observed data on the given date or just providing it for comparison with that simulated.  The “Simulation Period” may be all or portions of the period for which climatic data are available.  Runoff Curve Numbers can either be as “Calculated” from the soil and crop information provided, or set “Manually” for the fallow and cropped case (see tabled values provide later) if adjustments are needed.   “Output Budgets” are selectable for a variety of time periods and details.  The “Detailed” budgets are generally not needed unless there is interest in the computations by soil layer and individual hydrologic processes.  Select “Begin Simulation”.  The model will assemble the run files and the dates of simulation will scroll on the screen as the computations are made.

POND simulation is much the same as FIELD.  Select the Project/Pond menu to open the “Open Pond Project” screen. Then select the sample Location-Pond designation and open to initiate the main POND input screen.  Using the appropriate tabs allows viewing the previously been entered data for pond depths, infiltration, seepage, depth-area relationship, watershed fields and sizes and spillway and pump characteristics.  Note that we must have previously made at least one FIELD simulation to use as the POND watershed.  If a wetland is being analyzed, set the Start and End dates of the “Wetland Growing Season”.  Set the simulation dates to be within the period used for any of the previously run field simulations for the watershed representation or irrigated fields as shown on the field designations.  “Output Budgets” are designated by time period and degree of information.  “Detailed” budgets are generally not needed.  Select “Begin Simulation” to generate an input file and execute the POND simulation.  A scroll bar indicates the simulation progress.

Results:

The simulation results are viewed in either tabular (screen or printed) or graphic form under the View menu.  Selecting these will open the designated file for the last FIELD or POND simulation.  To view files of previous runs, select them from the PROJECTS list and “open” the run file, then select VIEW.  Results of multiple runs can be reviewed by simultaneously opening the various screens. Each output file contains the user information, simulation designations, simulation data and the data files utilized.  Note that some files may be quite long, particularly the Detailed Budget and Input Data File, thus should be reviewed before printing.

For a graphical review, with a recent FIELD screen selected, select View/Graph menu for the results of the last simulation. The graph screen menu identifies the daily and accumulative values for most of the major hydrologic processes plus soil water for the total profile, individual soil layers and a “stack chart” of accumulative water by profile layers.  The graphs and tables can be printed from the FILE menu.  

Similarly, results from the most recently selected POND simulations are viewed by selecting from the VIEW list.  The menu indicates the variables available and can be selected by the toggle box.  Printed outputs are also listed, but again some are noted as very long.  

Now you are ready to select your own hydrologic budget problem and using existing or modified data files as appropriate.  Under DATA are listed screens for the soils, crops, management and climatic parameters and variables which define the combinations of these data sets which are pertinent to the specific FIELD or POND to be simulated.  Weather data are selected from data imported from the National Climatic Data center or other sources, but the formats must be those specified.  Details on the DATA screens are available in later sections.
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SPAW INPUT DATA
The original SPAW model was operated by defining a single input data file to define and parameterize the particular soil, crop and climate of the field being simulated.  Subsequently, these input data were separated into individual files and labeled with “KEY WORDS” so they could be randomly (almost) inserted into the data string to add flexibility to the applications.  This manually assembled file became the input to the SPAW model.  A definition of these descriptors can be found in the SPAW Reference document.

The model input files are now assembled via a series of input screens that are subsequently assembled by the program into the complete input file (Input Data File) just prior to the program execution.  The assembled input file looks much like the original “Key Word” file and has an extension *.SPW.  (The model can still be run by advanced users with a proper manually assembled *.SPW file by editing directly without using the screens.)

The input screens accomplish several functions.  First, they provide a file management system that is very similar to that of a hard-disk directory, sub-directory, and file system. Secondly, the input screens manage all file finding and saving in the hard-drive DOS structure such that the user does not need to provide any file management unless desired.  All base data are in a directory Database and all individual field data and simulation results are in the directory Projects. 

File finders and savers are included to manage a variety of separate files each describing a unique input to the model such as daily climate, soil profiles and individual crop growth parameters.  This capability was arranged such that a user could describe several files unique to the study region for crops, soils and climates, then use them in many combinations as fields and pond descriptions require. For example, one typical soil file might be applied with several crops for fields with unique precipitation or irrigation schedules.  By establishing linkages to these named input files in the run management, many unique file combinations for individual simulations can be made with minimal duplication of inputs.

The following sections describe details for entering data by the related data input screen.  New data sets require all appropriate entries and exiting by the “Save & Exit” to assure the data are saved and available for later selection in the run process.  Use the copy command if new descriptions are more easily developed by editing an existing file.

Additional details about the input data screens are provided in the HELP menu.
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CLIMATIC DATA:

Climatic data are prepared for model input in three separate data screens and associated files.  The first of these contains the daily climatic data provided from an external source such as the USDA/NRCS Water and Climate Center or the US Weather Bureau.  These data are accessed and copied into the SPAW Hydrology directory prior to model simulations.

A second screen prepares regional potential evaporation defaults values.  Daily potential evaporation values are a prime requirement for a daily water budget simulation but often one of the more difficult data sets to obtain.  To provide multiple methods to input observed or estimated data, these “default” methods allow model applications for a variety of circumstances.

The third screen specifies the climatic data applicable to a specific location such as a particular farm or field.  The previously entered files of climatic data and default evaporation are selected along with adjustment factors if required.

Daily Climatic Data:
Original weather data in text form as obtained from usual sources such as NOAA National Climatic Data Center or the USDA/NRCS Water and Climate Center are down-loaded into the following directory:  SPAW Hydrology\SPAW\Database\Climates\Data for later access by the model.  These files must contain at least daily precipitation data with temperatures and evaporation optional.  If daily potential evaporation methods, such as the Penman-Monteith or Thornthwaite equations, were to be used, these calculations would be made separately before running the SPAW model and the values entered in the appropriate climatic data file.  The values may be entered using the CLIMATE DATA screen editor or any common spreadsheet program saved in text format with proper headings and order with tab delimiters between columns.

The climatic data are designated as *.Txt files, and must be in a specific format for access by the model.  The first line must be of the exact format and wording as follows:  “XXXXXX-date  ^  tmax  ^  tmin  ^  prcp  ^  evap”, where the XXXXXX is the  station identification composed of the two letter state abbreviation and the 4-digit station identification number, “^” symbol denotes a single tab either side, and the designators must be spelled exactly as shown, although the order can be varied if the data are in another column arrangement.  Additional data can be included; tab delimited, and will be ignored by the read routine.  Missing (blank) data fields are indicated by the code “-999”.  The date is in the format “mmddyy”, e.g. 021598 for Feb. 15, 1998.

An example first three lines of an appropriate *.txt field would be as follows:

WA6789-date
tmax
tmin
tavg
prcp
snwd
snow
stn1
stn2
stn3
stx1

100160
73.00
38.00
55.50
0.00
0.00
0.00
    
    
    
    
    

100260
78.00
39.00
58.50
0.00
0.00
0.00

The Climatic Data screen shows all data files previously entered.   Selecting a file allows viewing and editing the climatic data and a data checking routine will scan and report data values outside of specified limits.  With hydrologic budgets very dependent on correct climatic data inputs, this review and accuracy assurance is an important step to simulation results.
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Climatic Defaults:
Daily potential evaporation is an important data input to hydrologic simulation but is commonly not available, thus routines to estimate monthly mean daily values are often applied.  Even those climate data files with evaporation data often have missing values, particularly if pan evaporation data are recorded which are not available in winter months.  Since a continuous daily value is required to run the simulation, any missing values must be estimated from a default file.  Estimated values are often quite reasonable over time periods of a week of more, and values from some distance from the study site often provide reasonable values since evaporation is quite spatially conservative (not highly variable) unless there are large topographical differences.  Often a "few" (perhaps 2-4) default evaporation data sets can be used to represent regions as large as a Midwest US state.

Daily potential evapotranspiration (PET) values for the SPAW model are considered to be the result of atmospheric variables such as radiation, wind and humidity.  Major plant and soil related effects on evapotranspiration (ET) are accounted for within the model to modify these climatically defined potential values.  Reference crop values common in irrigation scheduling would be correct only when the well-watered crop was in full growth.

The two most common potential evaporation estimates by climatic data are evaporation pan values and calculated values from climatic measurements such as the Penman method.  Pan values overestimate potential PET because their local exposure results in more energy absorbed and elevated water temperatures, thus reduction coefficients are required to provide a realistic PET estimate.  These coefficients vary over the course of the year due to energy and temperature variations.  Potential ET values estimated by Penman are usually quite close to that from an extended field of well watered, actively growing plants, thus generally no adjustments are needed.  Evaporation from a large lake, (open water evaporation), is also a close estimate of potential ET and is similar to that from the Penman method.  Mean monthly and annual values of both pan and open water evaporation can be obtained from US Weather Bureau maps.
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Location Climate:

Climatic data to be applied to a specific study site location are selected from those climate data and evaporation default files previously defined.  These files are selected from the pull-down lists generated from the related file directories.  Only those files containing the selected data are shown to be available.  Note that only the files for "evaporation defaults" and precipitation are required.  Daily evaporation and air temperature are optional but useful if available.  Daily air temperatures are only used in cold weather routines for soil freezing and snow accumulation-melt, but this makes them essential for cold weather simulations.

Adjustment values can be applied to observed data to more correctly represent the study site if the data are known to be biased.  Precipitation and evaporation values will be adjusted by the ratio of the annual Study-Site and Data-Site values.  Daily air temperatures will be biased by the entered difference.

Cold weather constants for snow melt and soil freezing simulation routines can be adjusted if necessary to more appropriately represent snow depths and soil freezing patterns.  Increasing the snow factor (0.00-5.00, default = 4.00) will increase the melt rate, but does not change the accumulated snow depths which are estimated from air temperature and precipitation data.  Decreasing the soil freezing coefficient (0.90-1.00, default = 0.97) increases the freezing depths.  Accuracy of both snowmelt and freezing depths is limited by being only a function of air temperature as the driving variable.
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SOIL DATA
The Data/Soil screen opens an existing soil description or the entry screen for a new soil.  These data describe the typical soil profile to be represented by a series of layers each with its own water holding characteristics of tension and hydraulic conductivity as automatically represented by the texture class method of Saxton et. al (1981).  Soil profile descriptions can be used as a guide to develop the soil input data, but modifications are generally needed to provide useful layer definitions for water movement and budgeting.

Soil Layers:  The soil profile layers can be specified as either “Depth” or “Thickness” and  each will adjust to the other as entries are made. The first layer is defaulted as 1-inch thick to serve as an “evaporative” upper surface control layer.  The following layers are generally set in the range of approximately 5 to 8 inches thick to develop a complete profile to the depth of interest.  Deeper depths can readily be made up to 1-foot thick.  The layers should approximate the soil profile descriptions.  Sand and clay percentages are entered as whole numbers of percent by weight.  Organic matter and gravel are entered as % by weight.  The more common metric units of g/cm^3 can be accessed with the Options/Units selection.

Selecting the symbol just before the sand percentage initiates a texture triangle method to estimate soil water characteristics associated with soil texture.  The texture is selected by a mouse click on the triangle or slide-bars for sand-clay percentages.  The associated estimated soil water characteristics are displayed in text and graphical form as the pointer is moved over the texture options.  Organic matter effects on the water holding characteristics are a ratio with 0.7 % average of the data used to develop the estimating equations.  The effects of salinity are displayed on the graphed tension curve as the addition of osmotic tension to matric tension.  The salinity values are not shown in the soil data screen but are described in the Project/Field screen and are used in the SPAW model simulations with the same effects as shown in the texture triangle.  Bulk density is estimated in the texture triangle by assuming the estimate of saturation indicates void space and the remaining space is solid material with a density of 2.65 g/g, then adjustments made for organic matter and gravels.  Selecting “Apply” will put the set texture into the layer description and use those characteristics in the simulation.  If water characteristics are known such as available water capacity (AWC) or field capacity (FC) for the soil being simulated, select a texture combination that best approximates the known data.

Boundary Options:

Vertical drainage is simulated by assigned characteristics of the “image” layer, which is a separate layer just below the deepest layer representing the actual soil profile.  This image layer functions as a temporary storage of percolation from the profile such that this water can either return into the profile as drying occurs or become deep drainage to groundwater when it reaches a specified moisture content.  Deep drainage out of the image layer can be set as: 1) freely draining such that water drains from the image layer when the moisture content reaches a specified percentage of the field capacity due to profile percolation, 2) restricted drainage such that water will drain from the image layer at a specified maximum flow rate (in./day) when the moisture content reaches 90% of saturation, or 3) a rising water table case in which water will flow upward at the maximum flow rate specified.  The water table case is controlled by the entered date-depth data and adjusts between dates at the deep drainage flow rate as described in the next section.

Soil water evaporation is estimated as water removed from either of the top two soil layers.  The soil profile layer one is set by default at a one-inch “evaporative” layer (EV1) in which water will freely evaporate at the potential evaporation rate minus that potential first intercepted by a plant canopy.  Water in layer one will move downward as a result of infiltration exceeding its water holding capacity and as a result of equilibrating with layer two moisture tension.  Water is not allowed to equilibrate upward from layer two because water in layer two is evaporated as next explained.

Soil water evaporation is also estimated as occurring from soil profile layer two (EV2) at a rate depending on some percentage of the unsaturated conductivity at its existing moisture content.  This represents stage-two surface drying in the traditional drying concept since layer one will have been depleted to a nearly air-dry condition at the maximum rate before the reduced rate evaporation from layer two.  The evaporation rate occurs at significantly less than the estimated unsaturated conductivity rate of layer two to account for the process of vapor transport rather than liquid transport.  The conductivity is specified as the “soil water evaporation conductivity percent” and set at a default of 5 % of the liquid conductivity.  This rate only effects layer two evaporation, thus the coefficient is only effective on a portion of the estimated soil water evaporation.  Adjusting the coefficient upward will provide additional evaporation due to effects such as tillage or cracking which would enhance the upward vapor loss from within the soil profile.

Water Table:  Water table depths for any depth within the soil profile and throughout the year in the Water Table entry specify the conditions for drainage option 3.  This water table depth pattern repeats for each year of simulation.  Water tables above the lowest soil depth will cause saturation in these layers and allow upward water movement by tension to the adjacent layers.  The rate of this water table development is controlled by the maximum image layer flow rate, in/day.

Ground Water Chemistry:  For those simulations involving chemistry and groundwater interaction with the soil profile, it is necessary to include estimates of ground water quality that would transport chemicals upward.  The concentration of those chemicals involved is specified as a constant value of the groundwater assuming any downward leaching would not significantly impact the groundwater quality.

Hydrologic Group:  Runoff curve number values for the USDA/SCS method are assigned by soil texture classes of the surface layer.  These textures are combined with crop descriptors to estimate the runoff curve numbers for the field simulation. (See Appendix I for curve number details).
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CROP DATA
Select DATA/CROP to start a new screen or select an existing description.  These data describe an annual distribution of a crop growth pattern and condition.  The graphs are shown for relative reference as the data points are entered in the table.  Crop development is described by three annual patterns, canopy, greenness, and rooting depth.  A fourth curve, yield susceptibility, defines the relative impact of crop water stress on grain yields over the growing season such that when accumulated for the crop year is correlated with grain yields.  For simulations involving nitrogen budgets, the nitrogen uptake annual pattern is included in the crop definitions. Crops growing over the end of the calendar year require two years of definitions.  Multiple year crop rotations are developed by selecting the cropping sequence in the “management” screen.  (See Appendix II for example crop curves and blank graph to sketch new curves)

Canopy:  The percentage of average daily soil surface effectively protected from solar radiation is described by date-percentage data points throughout the calendar year for linear interpolation.  The calendar year must be fully described to be correct.  Residue, green crop or some combination may all provide the canopy percentage.

Greenness:  The percentage of the described canopy that is green and which can readily transpire is entered as date-percentage data points.  A newly emerging plant canopy over a bare soil would have a Greenness of 100 %.  A partial canopy of residue would have a Greenness of 0% unless it had some green weed growth interspersed.  A maturing crop would have a declining Greenness from 100 % to near 0% as it matured and ripened to full maturity.

Root Depth:  An actively transpiring canopy generally has an effective rooting system whose maximum depth moves downward at about the same pattern as the top growth (canopy).  The maximum root depth throughout the calendar year is described as Date-Depth data points.  The rooting density by depth is partitioned by the 40-30-20-10 rule as the maximum depths are interpolated between the input data points.  The maximum rooting depths and seasonal patterns are quite subject to plant and soil profile characteristics and local knowledge is generally adequate for most hydrologic simulations.  Annual variations do occur due to water tables, rainfall patterns, etc. These can be represented if adequate data are available, but this information would require individual yearly simulations, thus not very applicable for long term simulations.

Yield Susceptibility:  The susceptibility of grain production by an agricultural crop is affected by crop water stress in a variable pattern over the crop growing period varying from little effect at early growth and late maturity to maximum during the pollination and early grain filling periods.  This susceptibility pattern is described by arbitrary weighting values of 0.00 to 0.50, and these are entered as date-susceptibility data values over the calendar year.  These data are optional and have no effect on the simulated water budgets.  They are only used to those instances if the user in interested in water stress impact on grain yields.

Maximum Interception  

Both plant and soil surfaces will intercept precipitation on their surfaces which will readily evaporate with little or no resistance as compared with water in the plant or soil.  The amount of maximum interception by these two surfaces, plant and soil, may be somewhat different, although defining either is difficult.  Maximum plant interception is generally about 0.10 inches and soil surfaces may be slightly less.  The maximum amount of interception by these two surfaces is specified separately and then appropriately combined as the canopy of a seasonal crop covers the bare soil surfaces.

Wilting Point Factor

Wilting point of most crops can generally be specified as 15 bars of soil water tension, but not all crops respond in the same manner.  Some crops will wilt at a lesser tension and those drought resistant will continue drawing water to a higher tension and thus lesser percent moisture.  A 1.0 factor would use the standard 15 bar moisture content, a value of 0.5 would decrease a soil wilting point of 8 %v to 4 %v, and a factor of 1.25 would change the 8 %v to 10 %v.

Hydrologic Curve Options  

Land Use, Treatment/Practice and Hydrologic Condition are selected from the several standard options.  These are the cropping parameters that contribute to the estimate of the USDA/SCS curve number method shown in the Project/Field screen.  (See Appendix I)
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MANAGEMENT DATA
Data/Management describes the year-to-year crop rotation to be represented by the various crops previously described.  If applicable, the irrigation and nitrogen parameters for these crops in each of their respective rotation year are also included.

Select a rotation year, eg. 1, then select the appropriate crop to be represented.  The crop must have been previously described using the Crop data screen.  If that crop is to be used every year for the entire simulation, then only one is required.  If a multiple year rotation is to be represented, add a second and subsequent year to the rotation years, and select the appropriate previously defined crop for that year.  This crop rotation will be repeated for the complete simulation period beginning with the first crop in the first simulation year. 

The Irrigation tab provides the parameters to describe the irrigation options.  Irrigation water is added as precipitation to form the total water simulation budget.  The Irrigation Method is used to evaluate the evaporation potential through intercepted water.  Start and End dates are for the beginning and ending dates of the irrigation season.  Minimum Interval defines the minimum number of days between irrigations, and Maximum Annual Depth is a total limit for the season.  

Irrigation Timing may be defined by any one of 10 options.  These include some that are user specified criteria and others defined by simulation results.  Each option has unique input data entries shown when it is selected.  Essentially all options will either cause irrigation when the date is reached, or when a wet soil has dried to the extent specified.  Many of the criteria can be changed over the course of the irrigation season by entering a date and value.  The option of Specific Dates requires both a calendar day and year designation and is almost always teamed with the Specific Depth amount option to provide an historic irrigation record.  

Irrigation Depth may be defined by any of 6 options, each with specific definition criteria to be completed as they are selected.  Several of these criteria may also be altered as the irrigation season progresses, thus entering date-value will change the criteria after the specified date.  This is often useful for defining "deficit" irrigation during selected crop growth stages.

Irrigation Water Chemistry defines the quality constituents of the irrigation water applied if that is a consideration.  This option is useful for saline water and nitrogen budgets when the irrigation water has significant nitrogen content.

The Chemical tab inputs the chemical definitions largly used for nitrogen budgets.   Fertilizing and crop utilization are two major processes.  Residue nitrogen is that in the residue at the beginning of the crop calendar year, some portion of which is made available to the plant over the year as it decomposes.  Annual crop nitrogen uptake is related to the expected crop growth and grain yield and is distributed over the year according to an annual uptake curve defined in the crop screen.   Fertilizers can be specified as applied in several forms of nitrate, ammonia and urea.  These forms are released to the soil and plant in different patterns depending largely on the effects of seasonal soil temperature relationships.  A "tracer", such as Bromide or Chloride, is often useful to show only soil water interactions with chemistry since it does not interact with any of the plant growth or plant uptakes.
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DATA SENSITIVITIES
Simulations are always an approximation of the real world, so it is quite logical to be concerned with the data description accuracy and their impact on the simulation results.  This is particularly true when dealing with natural subjects such as soil, crops and climate, which comprise the major inputs of hydrologic models.  While there are no definitive answers as to what is adequate accuracy, the following generalities can be offered from simulation experiences with the SPAW model for typical agricultural fields.

Climatic Data:  Hydrologic budgets are largely driven by the climatic inputs of precipitation and evaporation potential, thus these values are the most sensitive for accurate simulations.  We have chosen daily values as appropriate input for the SPAW model for a daily time-step hydrologic simulation.  While we often must use the available climatic data from a nearby local source, knowing that each day's values are important alerts us to review these data carefully for obvious errors and missing values, particularly for precipitation.  Often the available data are not at the simulation site, thus the impact of spatial variation must be assessed and recognized when evaluating simulation results.  Evaporation and air temperature data are not as spatially or time variable as that of precipitation and are less critical to accurate simulation than precipitation, thus they can often be transferred some distance or estimated by time-averaged values of weeks or months and yet provide reasonable results.  A common error is that of accumulating several days’ evaporation into a single days reading, thus creating a serious error unless these values are distributed back over the days of accumulation.  Measured evaporation rarely exceeds 0.5-0.6 inches/day and the data should be checked for higher values before applying.

Soil Profile Characteristics:  The soil profile representation comprises the hydrologic storage mechanism on a field and as such the specified water holding capacities play an important role in the water budget.  Soil texture of each major profile layer is the first important variable to determine water holding characteristics, and we have provided average relationships determined from a very large data set of laboratory analyses.  Varying the texture data can certainly provide different water characteristics and thus change the simulation results, particular if they are quite different, however, this effect will almost always be less than that determined by the climatic inputs.

Other variables such as gravels, salinity, bulk density and organic matter can alter these water holding characteristics, and thus alter the water availability to crops.  Approximate adjustments for bulk density, gravel, salinity and organic matter are provided on the texture triangle and the soil input screen.  In general, we have found that using readily available soil profile texture descriptions will provide useful solutions for most typical agricultural applications.  Should there be other extenuating and known characteristics, the input textures can be used as calibration values to provide soil water tensions and conductivity’s more appropriate.  Small variations in soil water characteristics will generally not change the hydrologic budgets, but may influence the estimated percent moistures for comparison with measured soil moisture.

Crop Characteristics:  It often seems a difficult, if not near impossible, task to describe a set of time-variable crop characteristics sufficient to interact with water processes given the many variables and various configurations of stems, leaves and roots.  But we have found that it is possible to represent the plant characteristics over time through a reasonably simple set of descriptors such that reasonably accurate hydrologic simulations can be made.  We have chosen to define the crop with four annual curves representing: 1) canopy cover, 2) greenness of the canopy representing it’s ability to transpire, 3) root depth with a standard depth distribution, and 4) grain yield sensitivity to water stress for those cases where grain yields are of interest.  The grain yield sensitivity only reflects relative impact of water stress on grain yields and thus does not effect the hydrologic simulations and is not needed unless the water stress impacts on crop production are of interest to the user.  

Given familiarity with the common crops in the region, these crop characteristic curves can usually be sketched as a series of straight line segments with enough accuracy to provide the crop impact on the general soil water hydrology.  Beginning with usual dates and knowledge about field preparation, seeding, crop heights, stand densities, senescence (browning), and harvest, an annual crop cycle can be described for the canopy present and the greenness (transpirability) of that canopy.  Rooting depths are usually an estimate at best, but typically a new crop will root downward at about the same depth pattern as the upward top growth proceeds.  Perennial crops of course would have a more constant root depth after initial development.  Fortunately, root depth is not a highly sensitive parameter because of a compensating linkage between crop water uptake and the redistribution of soil water movement between soil layers. Under or over estimation of withdrawal by the roots is counter balanced by water movement simulation.  Thus, providing approximate crop growth characteristic curves over the annual cycle can provide adequate definition for most field scale hydrologic water budgets.
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PROJECT SIMULATION

A simulation for either a field or pond is initiated from the Project menu.  It is assumed that all necessary Data files for the project intended have been completed and are available.  Each project is labeled by both a “Location” and “Field” or “Pond” and these names are used for the file directories and all output files.

Field Hydrology:
Project/Field provides a list of previously simulated Location-Field, or the option to designate a new Location-Field.    The Field screen provides for the selection of a previously defined Location Climate file (which already contains a link to precipitation, evaporation and temperature), Management file (containing crop, rotation, irrigation and chemistry information) and a Soil file (previously defined).   The location climate file shows the beginning and ending dates of the data to avoid selecting simulation dates outside the range of the available data.

Observed Soil Data (moisture or chemicals) are optional and include the option of setting the simulation to equal the observed data on the measurement date or just for comparison with that simulated.  The “Simulation Period” may be all or selected portions of the period for which climatic data are available.  

Runoff Curve Numbers can either be as “Calculated” from the soil and crop information provided, or set “Manually” for the fallow and cropped case if adjustments are needed (See Appendix I).  

Output Budgets are selectable for a variety of time periods and details.  The Detailed budgets are generally not needed unless there is interest in the computations by soil layer and individual hydrologic processes.  Select Begin Simulation to assemble the various files, generate an Input Data File, and initiate the SPAW model simulation.  If all data have been properly specified, the dates of simulation will scroll on the screen as the computations are made.  The output files are then available for selection under the View menu.

Pond Hydrology:

Projects\Pond shows a list of previously simulated Location-Pond, or the option to designate a new Location-Pond.  This selection of a new or previous pond brings up the main simulation screen where the previous data files are selected plus other options to represent the current pond.  A series of tabs provides for the numerous options to represent a wide variety of “ponding” situations ranging from inundated surfaces such as small wetlands and ponds, storage lagoons for animal waste, or water supply reservoirs.  Since no detailed routing beyond the daily budget is provided, hydrograph analyses are not included.

One or more SPAW-field simulations must precede a daily pond budget to provide estimates of daily runoff into the pond as surface or interflow flow, daily precipitation and potential evaporation.  Selecting one or more of the SPAW-field simulations and their respective areas under the Watershed Fields tab specifies the watershed.  A percentage of the deep percolation from each field may be assigned to enter the pond as subsurface interflow.  

The inundated ponded area is described in terms of a depth-area relationship from the pond bottom to above the spillway crest, the outlet pipe as depth-discharge relationship and depths above the pond bottom to various pump inlets and spillway outlet levels.  The pump intake depths provide a depth below which no withdrawal can occur, and the draw-down pump has an upper limit to turn it on when exceeded.  If an outlet pipe is involved, the depth above the pond bottom to the inlet is specified and spillage begins anytime the water depth exceeds this level at a rate specified by the depth-discharge table, the depth being the water depth above the intake.  A maximum depth is specified at which spillway overflow occurs at an unrestricted rate if the water depth exceeds this level.  Lastly, an initial water depth is specified for the simulation.

A dry bottom soil infiltrates some depth of water before becoming inundated, e.g. increasing from field capacity to saturation content for some perceived depth of active soil profile (e.g. 45% SAT – 30% FC for 60 inches depth = 9.0 inches depth over an area of the newly inundated bottom).  A specified seepage rate plus direct precipitation and evaporation occur for the estimated pond surface area.  If an external groundwater source is available such that the levels are greater than those in the pond, an annual date-depth distribution is entered and negative seepage occurs as a water source to the pond.

Runoff from the pond bank area above the current water depth is estimated by a daily balance of the infiltration capacity of the pond bottom material with daily rainfall, seepage and evaporation.  Runoff is assumed to occur when there is no infiltration capacity remaining.  A high local ground water depth as specified in the input data also will fill the bank storage and cause runoff.
Beyond considerations for a wetland/pond with natural inflow and outflow, several options are provided for constructed situations involving pumps, pipe outflow and water supplied to user needs. An input pump from an off-stream source into the pond can provide supplemental inflow.  Each pump period can be specified by day-on, duration and pump rate (gallons/minute, GPM) or the input pump on-off can be controlled by maximum-minimum pond depths.  This supplemental input could also be used to simulate inflow from other sources such as wash water from an animal confined housing unit.  

Two other pump options provide water from the pond to user needs such as a supply pump, for example for animal water, and a drawdown pump such as that used for lagoon water depth management.  The supply pump will operate whenever the water level is above the pump intake depth and a pumping period has been designated.  If during the designated period the pond level drops below the pump intake, the pump will be shut off but will restart when the pond depth is again above the intake level, and a deficit amount is tabulated for the “off” period for risk assessment.  The drawdown pump will either operate automatically between an upper and lower level in “sump-pump” fashion, or between specified beginning and ending dates if no upper level is specified.

Irrigated Fields are specified by first simulating an irrigated field by SPAW for each separate field, then selecting these field simulations on the Pond screen and assigning field acreage and irrigation efficiency.  The specified daily irrigation water will be withdrawn from the reservoir anytime the pond level is above the irrigation lower limit depth specified (feet above the reservoir bottom) and water is required according to the SPAW simulation for any one of the specified fields.  Irrigation efficiency is assigned to each irrigated field representing application losses such that more water is withdrawn from the pond than required by the irrigation.

For wetland analyses, the inundation hydrology is simulated and analyzed by the pond model.  Inputs include the “wetland growing season" and the minimum duration period to be inundated.  Outputs include a depth-duration table and an inundations table including the percentage of years qualifying as a wetland for various ponding depths.

Output Budgets are selected by toggling the various files.  The number of files selected will moderately affect the computational speed.  The detailed file is primarily for debugging and usually not needed.
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VIEWING FILES AND GRAPHS

Files generated by either a Field or Pond simulation can be selected under the View menu.  An open Field or Pond project file determines the files available.  The files are available directly after the simulation, or can be re-opened at any later time by again selecting the project field or pond.  All files can be saved and/or printed. All field files are labeled with user information, simulation dates and complete file descriptions; followed by labeled variables. Pond output tables provide the user information, simulation dates, file information plus the descriptive data of the simulated impoundment.  Most standard word processing or spreadsheet programs can also view the output files.  

Each file can be saved to the same project directory under a new name.  This is especially useful for multiple runs of a field or pond since each simulation generates the identical file names based on the field or pond name and thus will write over any existing files of the same designation.  

Annual, Monthly, Daily Budgets

Hydrologic budgets for various time periods are provided.  Each has full heading information followed by the unique data with column headings and units.  Average data for the appropriate time period (annual, monthly or daily) are shown at the end of each summary table.

Irrigation Summary

A summary of the field irrigations by date and amount is shown.

Depth Duration

An annual summary of the number of days the pond depths equaled or exceeded the indicated depths.  Depths are 10% increments of the maximum depth.

Inundation

A summary of inundation periods defined as individual periods when separated by one or more days of dry pond.  This is most useful for wetland hydrologic analyses.  A statistical summary of the all inundation periods for the entire simulated period is provided at the end of the report.  The percentage of years the inundation periods met the criteria of wetland hydrology (inundated for more than "X" days within a specified "Wetland Growing Season") shown by each 10% of the maximum pond depth defines the depth at which a percentage of the years would have met the wetland definition.

Detailed Budget

A detailed hydrology report of the field simulation and contains more information than the other budget files.  It is used principally for simulation accuracy assurance or more detailed information than otherwise provided.  Three levels of output can be selected.  Minimum shows only daily totals, Medium provides budgets for each soil layer, and Maximum provides soil water movement each delta time increment within days for each soil layer.

Input Data File

Each field and pond simulation is an assimilation of various input data from the previously defined files and final input screen.  The input data file is written as the first step in the simulation and is used as the principle input data for each simulation.  It is primarily useful for error checking and simulation quality assurance. 

Graph

A separate graph routine is used to visually view daily hydrologic values within the budgets.  A separate graph file is written during simulation for the input to the graph routine.  Upon selection, the program reads the entire graph file and determines variable ranges.  Variables to view are selected at random by the sidebar check boxes.  Most variables are available as both daily values and accumulative values over the calendar year.  The time period of the graph is selectable by months (1-24) and years.

Soil water values by total profile or each soil layer are selectable.  A particularly useful combined graph of water in all layers is shown under the label "Stack" which relates well to the various variables that determine daily soil water.  Chemical values are available under a separate tab.  The pond graph is similar to that of the field with both daily and accumulative variable values over each calendar year.   Each annual graph can be printed with a pre-defined format, or saved to the WINDOWS clip-board for pasting into other programs by simultaneously using the “Alt-Print Screen” keys
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TROUBLE SHOOTING
A simulation will run and be valid if all input files have been properly specified and selected before the run.  Assuming the inputs have been properly entered in the input screens, most errors occur with incompatible data sets due to timing or unreasonable values.  Most of these probable errors have “catch” routines for warnings at the time of data input, but there may be incompatible combinations yet possible.

Once a simulation has been completed, the output and graph files are available to review the results.  The “Input Data File” (*.spw) is the main input file generated before simulation begins and contains all of the assembled data.  Reviewing this file may identify the problem.   Details required in this assembled input file can be reviewed in the “Reference Manual” document.  

Similarly, reviewing the “Detailed Budget” file that shows a summary of the input values followed by results of the simulation hydrologic process values may indicate obvious errors.  A check of this file for the printed word "Error" using the “Find” command is a useful screening tool to show any data or computational error occurrences.  Various computational errors encountered during simulation will generate and “error” message to this file.
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CURRENT PROGRAM STATUS

Simulation programs such as SPAW are continually being modified, supplemented, tested and revised.  Thus, new versions are developed just as new models of manufactured machines are brought to the market.  While SPAW has now been developed to a stage of correctness and utility, users would be advised to check the WEB site (http://www.bsyse.wsu.edu/saxton/spaw) or correspond with the authors or supporting agencies before extended new applications.  

This manual applies to the SPAW model version 6.1 current as of July 2002.  The soil water hydrology and associated irrigation scheduling components have been quite well developed and tested.  Some exceptions are the frozen soil predictions and its impact on the infiltration and the snow accumulation and melt routines that have had several “reality” checks but not extensive verification.  Additions to the lower soil boundary to represent varying drainage and groundwater possibilities beyond the verified “well drained” case have more recently been added and as a result not as thoroughly tested.  

The nitrogen budget routines and inputs are shown but not active during the current version simulations.  They will be included in future versions to provide reasonable estimates of this soil chemistry.
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COMPUTER REQUIREMENTS:
The typical PC computer which will operate this model will be an IBM compatible, Windows 95 or newer, 486/Pentium or similar processor, and moderate size hard drive.  Memory should be least 32 MB of RAM plus 10 - 15 MB of hard disk space available.  VGA graphics is preferred over monochrome, but either will work.  It is suggested to not run additional programs simultaneously with the SPAW model to avoid memory conflicts.  A mouse driven screen pointer is most convenient to quickly operate the screens, although keyboard controls are available for most functions if necessary.
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SPAW ACCESS
General information about the SPAW model and latest versions can be found at the following Web Page: http://www.bsyse.wsu.edu/saxton/spaw/.  You will be asked to “register” prior to downloading the program files to provide us the opportunity to contact you with up-dates if needed.  The files are also available on CD’s by request to the personnel listed under the heading “Contacts”.

This program was developed through the support of the US Department of Agriculture agencies of Agricultural Research Service and Natural Resource Conservation Service (formerly Soil Conservation Service) and is publicly available at no cost.  User training and support are currently provided by these agencies.

PROGRAM INSTALLATION:

Open the “readme” file to find the current directions for downloading the files appropriate to your system.  Before installing, any previous WINDOWS versions of SPAW Hydrology (versions older than 6.01.06) or SOIL WATER CHARACTERISTICS (versions older than 6.01.07) must be uninstalled to avoid program conflicts.  Database files and projects not distributed with SPAW Hydrology will not be removed during the uninstall.  For SPAW Hydrology to find existing project and database files, it must be installed in the same disk directory location as previous, or the files need to be moved into the appropriate directory.  Normal WINDOWS installation routines will automatically provide this correct location.

Different files will need to be copied to your system for different versions of WINDOWS operating systems.  For Windows 95 or Windows NT-4, copy the files:


InstMsiA.exe (Needed for Windows 95 and older)


InstMsiW.exe (Needed for Windows NT and older)


setup.exe (Needed for Windows 95/NT and older)


setup.ini (Needed for Windows 95/NT and older)


SPAW Hydrology.msi

into a temporary directory.  To install SPAW Hydrology, initiate the setup.exe file to start the installation process and follow the screen directions.  

For all other versions of WINDOWS (eg. 98, ME, XP, 2000, etc), only the file 


SPAW Hydrology.msi 

is needed.  To install, initiate the SPAW Hydrology.msi file by double clicking or open/install to initiate the installation process and follow the screen directions.

In addition on all operating systems, one of the following programs will be required on your system to provide support for the HELP screens:


Microsoft Internet Explorer 3.02 or newer


Microsoft Office 2000


Windows 98 or newer


Windows 2000 or newer

If one of these programs is not installed on your system, there will be an error message during the SPAW installation "unable to register hhctrl.ocx".  If “ignore” is selected, the program will be fully and correctly installed but the HELP will not function.

Once you have the program installed, initiate the SPAW Hydrology model from the 

Start/Programs/SPAW Hydrology directory or the screen icon. If you are new to the SPAW model, go to the HELP menu and select TUTORIAL for an overview, or select any one of the other help documents and images for full descriptions of the data, model and results. If you are knowledgeable with the SPAW model, proceed to use the main screen for file editing and simulation runs as usual.

SOIL WATER CHARACTERISTICS:

A graphical and interactive method of relating soil texture to soil water holding characteristics is included with the SPAW model.  It can also be obtained as a “stand-alone” program from our web site: http://www.bsyse.wsu.edu/saxton/soilwater

Download all of the following files into a temporary directory, uninstall any previous version and close all but the directory program.

Readme.txt

Setup.exe

Setup.ini

Soil Water Characteristics.msi

InstMsiW.exe

InstMsiA.exe

For computers with operating systems of WINDOWS 95/NT and older, initiate the Setup.exe program for the installation routine.  For machines with operating systems of WINDOWS 98/2000 and newer, right-click the “Soil Water Characteristics.msi” file and select “Install”.  The program will be installed under the “Programs/SPAW Hydrology” directory.

.
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CONTACTS
The best way for us to continue to enhance and improve the SPAW model is to learn of your application successes and failures.  Please do let us know about your applications and results, suggestions for further improvements.  We look forwarding to hearing from you.

Contacts:

Dr. Keith Saxton 

PH: 509-332-7277

Research Engineer

FX: 509-332-7277                          

1250 SW Campus View

ksaxton@wsu.edu
Pullman, WA 99163

Pat Willey

PH: 503-414-3092

Wetlands/Drainage Engr.

FX:

USDA/NRCS

pwilley@wcc.nrcs.usda.gov
Climate and Water Center

Portland, OR

Roger Nelson

PH: 509-335-1100

Computer Programmer (DOS/C++)

FX: 509-335-2722

Washington State University

rnelson@mail.wsu.edu
Dept. of Biological Systems Engineering

Pullman, WA 99164-6120

Christopher Robinson

PH: 509-335-1100

Computer Programmer (WINDOWS)
FX: 509-335-7786

Washington State University

crobinson@wsu.edu
Dept. of Biological Systems Engineering

Pullman, WA 99164-6120
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Appendix I:  Estimating daily runoff by the USDA/SCS curve number method.

Table 1:  Runoff curve numbers for hydrologic soil cover

	(Antecedent moisture condition II, and Ia=0.25)

	Cover
	
	
	
	

	Land use
	Treatment 
	Hydrologic
	Hydrologic soil group

	
	or practice
	condition
	A
	B
	C
	D

	
	
	
	
	
	
	

	Fallow
	Straight row
	----
	77
	86
	91
	94

	
	
	
	
	
	
	

	Row crops
	Straight row
	Poor
	72
	81
	88
	91

	
	
	Good
	67
	78
	85
	89

	
	Contoured
	Poor
	70
	79
	84
	88

	
	
	Good
	65
	75
	82
	86

	
	Terraced
	Poor
	66
	74
	80
	82

	
	
	Good
	62
	71
	78
	81

	
	
	
	
	
	
	

	Small grain
	Straight row
	Poor
	65
	76
	84
	88

	
	
	Good
	63
	75
	83
	87

	
	Contoured
	Poor
	63
	74
	82
	85

	
	
	Good
	61
	73
	81
	84

	
	Terraced
	Poor
	61
	72
	79
	82

	
	
	Good
	59
	70
	78
	81

	
	
	
	
	
	
	

	Close-seeded
	Straight row
	Poor
	66
	77
	85
	89

	legumes
	
	Good
	58
	72
	81
	85

	or
	Contoured
	Poor
	64
	75
	83
	85

	rotation
	
	Good
	55
	69
	78
	83

	meadow
	Terraced
	Poor
	63
	73
	80
	83

	
	
	Good
	51
	67
	76
	80

	
	
	
	
	
	
	

	Pasture
	Natural
	Poor
	68
	79
	86
	89

	or range
	
	Fair
	49
	69
	79
	84

	
	
	Good
	39
	61
	74
	80

	
	Contoured
	Poor
	47
	67
	81
	88

	
	
	Fair
	25
	59
	75
	83

	
	
	Good
	6
	35
	70
	79

	
	
	
	
	
	
	

	Meadow
	Natural
	Good
	30
	58
	71
	78

	
	
	
	
	
	
	

	Woods
	Natural
	Poor
	45
	66
	77
	83

	
	
	Fair
	36
	60
	73
	79

	
	
	Good
	25
	55
	70
	77

	
	
	
	
	
	
	

	Farmsteads
	
	----
	59
	74
	82
	86

	
	
	
	
	
	
	

	Roads
	(dirt)
	----
	72
	82
	87
	89

	
	(hard surface)
	----
	74
	84
	90
	92


SCS curve numbers are used to estimate the amount of precipitation which becomes runoff, and the amount which infiltrates into the soil.  The curve numbers are selected from tabulated values for fallow or appropriate land use, treatment, and hydrologic conditions (crop condition) plus an antecedent moisture adjustment. Runoff and infiltration volumes can be calibrated by entering override curve numbers for a field.  The standard SCS-CN method (USDA-SCS National Engineering Handbook, 1973) was modified as suggested by Woolhiser (1976).  The enhancements are curve numbers that vary from fallow conditions to full crop cover, depending on canopy cover, and automatic adjustments for wet and dry antecedent conditions (conditions I and III) depending on estimated soil water in the top soil layer (layer no. 2).  If the moisture of layer 2 is below 60% of field capacity (antecedent condition I) the curve number is adjusted down (equation 1), and if the moisture of layer 2 is above field capacity (antecedent condition III) the curve number is adjusted up (equation 2).  The amount of runoff is determined by equation 3.

CN = .39*CN*EXP(0.009*CN)





(1)

CN = 1.95*CN*EXP(-0.00663*CN)





(2)

S = (1000/Curve Number) - 10

Runoff = (Precipitation - 0.2 S)2/(Precipitation + 0.8 S)


(3)

(If (Precipitation - 0.2 S) is negative Runoff = 0
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Figure 15:  Graphical solution of the SCS Curve Number method for estimating daily runoff from daily rainfall.

Appendix II:  Example crop data curves and blank chart for new estimates.

CORN
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WINTER WHEAT-HARVEST YEAR
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PERENNIAL PASTURE GRASS
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� From SCS National Engineering Handbook
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Corn

		Crop Data																		Graphing Dates				Offset =		1

		Date		Greenness		Date		Canopy		Date		Yield Susceptibility		Date		Root Depth				Date		Date		Date		Date

		1/1/00		0		1/1/00		15		1/1/00		0		1/1/00		6				1/2/00		1/2/00		1/2/00		1/2/00

		5/9/00		0		3/15/00		15		5/10/00		0		3/15/00		6				5/10/00		3/16/00		5/11/00		3/16/00

		5/10/00		100		3/16/00		5		5/21/00		-7.5		3/16/00		0				5/11/00		3/17/00		5/22/00		3/17/00

		8/1/00		100		5/10/00		0		6/1/00		0		5/9/00		0				8/2/00		5/11/00		6/2/00		5/10/00

		9/1/00		90		5/21/00		5		7/1/00		20		5/10/00		6				9/2/00		5/22/00		7/2/00		5/11/00

		9/15/00		80		6/7/00		20		7/15/00		50		6/7/00		12				9/16/00		6/8/00		7/16/00		6/8/00

		10/1/00		50		6/14/00		40		8/15/00		50		6/14/00		24				10/2/00		6/15/00		8/16/00		6/15/00

		10/7/00		20		7/1/00		70		9/15/00		30		6/27/00		30				10/8/00		7/2/00		9/16/00		6/28/00

		11/1/00		0		7/15/00		90		10/1/00		0		7/4/00		36				11/2/00		7/16/00		10/2/00		7/5/00

		12/31/00		0		8/1/00		95		12/31/00		0		7/11/00		42				1/1/01		8/2/00		1/1/01		7/12/00

						9/1/00		95						7/18/00		48						9/2/00				7/19/00

						9/21/00		90						7/25/00		54						9/22/00				7/26/00

						9/30/00		85						8/1/00		60						10/1/00				8/2/00

						10/1/00		30						9/30/00		60						10/2/00				10/1/00

						11/15/00		30						10/1/00		6						11/16/00				10/2/00

						11/16/00		15						12/31/00		6						11/17/00				1/1/01

						12/31/00		15														1/1/01
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Fallow-Winter Wheat Curves
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		36723		36723				36662

		36724		36724				36679

		36790		36785				36693

		36801		36786				36709

		36807		36790				36723

		36832		36801				36724

		36838		36821				36789

		36845		36832				36790

		36892		36892				36801

								36807
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								36892
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Fallow-Winter Wheat

		Crop Data																		Graphing Dates				Offset =		1

		Date		Greenness		Date		Canopy		Date		Yield Susceptibility		Date		Root Depth				Date		Date		Date		Date

		1/1/00		0		1/1/00		30		1/1/00		0		1/1/00		6				1/2/00		1/2/00		1/2/00		1/2/00

		2/28/00		0		3/1/00		30		12/31/00		0		2/15/00		6				2/29/00		3/2/00		1/1/01		2/16/00

		3/1/00		25		3/21/00		40						3/1/00		9				3/2/00		3/22/00				3/2/00

		3/31/00		25		3/31/00		40						3/15/00		12				4/1/00		4/1/00				3/16/00

		4/1/00		0		4/1/00		15						3/31/00		12				4/2/00		4/2/00				4/1/00

		5/15/00		0		5/15/00		15						4/1/00		0				5/16/00		5/16/00				4/2/00

		5/16/00		40		6/1/00		25						5/1/00		0				5/17/00		6/2/00				5/2/00

		7/15/00		40		7/15/00		25						5/15/00		3				7/16/00		7/16/00				5/16/00

		7/16/00		0		7/16/00		10						6/1/00		6				7/17/00		7/17/00				6/2/00

		9/20/00		0		9/15/00		10						6/15/00		9				9/21/00		9/16/00				6/16/00

		10/1/00		10		9/16/00		0						7/1/00		12				10/2/00		9/17/00				7/2/00

		10/7/00		100		9/20/00		0						7/15/00		12				10/8/00		9/21/00				7/16/00

		11/1/00		100		10/1/00		5						7/16/00		0				11/2/00		10/2/00				7/17/00

		11/7/00		15		10/21/00		20						9/19/00		0				11/8/00		10/22/00				9/20/00

		11/14/00		10		11/1/00		25						9/20/00		3				11/15/00		11/2/00				9/21/00

		12/31/00		10		12/31/00		25						10/1/00		6				1/1/01		1/1/01				10/2/00

														10/7/00		9										10/8/00

														10/14/00		12										10/15/00

														12/31/00		12										1/1/01
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Winter Wheat-Fallow

		Crop Data																		Graphing Dates				Offset =		1

		Date		Greenness		Date		Canopy		Date		Yield Susceptibility		Date		Root Depth				Date		Date		Date		Date

		1/1/00		10		1/1/00		25		1/1/00		0		1/1/00		12				1/2/00		1/2/00		1/2/00		1/2/00

		2/15/00		15		2/15/00		25		4/1/00		0		2/15/00		12				2/16/00		2/16/00		4/2/00		2/16/00

		2/28/00		20		3/15/00		30		5/1/00		10		3/1/00		15				2/29/00		3/16/00		5/2/00		3/2/00

		3/1/00		100		4/15/00		80		6/1/00		50		4/1/00		21				3/2/00		4/16/00		6/2/00		4/2/00

		6/1/00		100		6/1/00		95		7/1/00		50		4/15/00		27				6/2/00		6/2/00		7/2/00		4/16/00

		6/15/00		95		7/1/00		95		7/7/00		10		5/1/00		33				6/16/00		7/2/00		7/8/00		5/2/00

		7/1/00		90		7/15/00		93		7/21/00		0		5/15/00		39				7/2/00		7/16/00		7/22/00		5/16/00

		7/31/00		15		7/31/00		85		12/31/00		0		6/1/00		45				8/1/00		8/1/00		1/1/01		6/2/00

		8/1/00		0		8/1/00		60						7/1/00		48				8/2/00		8/2/00				7/2/00

		9/15/00		0		8/31/00		60						8/31/00		48				9/16/00		9/1/00				9/1/00

		9/16/00		30		9/1/00		25						9/1/00		0				9/17/00		9/2/00				9/2/00

		10/31/00		30		9/15/00		25						9/15/00		0				11/1/00		9/16/00				9/16/00

		11/1/00		0		10/31/00		35						10/1/00		3				11/2/00		11/1/00				10/2/00

		12/31/00		0		11/1/00		30						11/1/00		6				1/1/01		11/2/00				11/2/00

						12/31/00		30						12/31/00		6						1/1/01				1/1/01
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Generic

		Crop Data										Graphing Dates				Offset =		1

		Date		Greenness		Date		Root Depth				Date		Date

		1/1/00		0		1/1/00		0				1/2/00		1/2/00

		12/31/00		0		12/31/00		0				1/1/01		1/1/01
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Corn

		Crop Data																		Graphing Dates				Offset =		1

		Date		Greenness		Date		Canopy		Date		Yield Susceptibility		Date		Root Depth				Date		Date		Date		Date

		1/1/00		0		1/1/00		15		1/1/00		0		1/1/00		6				1/2/00		1/2/00		1/2/00		1/2/00

		5/9/00		0		3/15/00		15		5/10/00		0		3/15/00		6				5/10/00		3/16/00		5/11/00		3/16/00

		5/10/00		100		3/16/00		5		5/21/00		-7.5		3/16/00		0				5/11/00		3/17/00		5/22/00		3/17/00

		8/1/00		100		5/10/00		0		6/1/00		0		5/9/00		0				8/2/00		5/11/00		6/2/00		5/10/00

		9/1/00		90		5/21/00		5		7/1/00		20		5/10/00		6				9/2/00		5/22/00		7/2/00		5/11/00

		9/15/00		80		6/7/00		20		7/15/00		50		6/7/00		12				9/16/00		6/8/00		7/16/00		6/8/00

		10/1/00		50		6/14/00		40		8/15/00		50		6/14/00		24				10/2/00		6/15/00		8/16/00		6/15/00

		10/7/00		20		7/1/00		70		9/15/00		30		6/27/00		30				10/8/00		7/2/00		9/16/00		6/28/00

		11/1/00		0		7/15/00		90		10/1/00		0		7/4/00		36				11/2/00		7/16/00		10/2/00		7/5/00

		12/31/00		0		8/1/00		95		12/31/00		0		7/11/00		42				1/1/01		8/2/00		1/1/01		7/12/00

						9/1/00		95						7/18/00		48						9/2/00				7/19/00

						9/21/00		90						7/25/00		54						9/22/00				7/26/00

						9/30/00		85						8/1/00		60						10/1/00				8/2/00

						10/1/00		30						9/30/00		60						10/2/00				10/1/00

						11/15/00		30						10/1/00		6						11/16/00				10/2/00

						11/16/00		15						12/31/00		6						11/17/00				1/1/01

						12/31/00		15														1/1/01



&A

Page &P



Fallow-Winter Wheat Curves

		36527		36527		36527		36527

		36585		36587		36892		36572

		36587		36607				36587

		36617		36617				36601

		36618		36618				36617

		36662		36662				36618

		36663		36679				36648

		36723		36723				36662

		36724		36724				36679

		36790		36785				36693

		36801		36786				36709

		36807		36790				36723

		36832		36801				36724

		36838		36821				36789

		36845		36832				36790

		36892		36892				36801

								36807

								36814

								36892



Planting

Tillage

Frost

Root Depth

Canopy

Greenness

Yield Susceptibility

Residue

Weed Growth

Weed Growth

Tillage

Greenness

Canopy

Yield Susceptibility

Root Depth

Date

Relative Values (%)
Greeness, Canopy, Yield Susceptibility

Root Depth (inch)

Fallow / Winter Wheat Crop Curves (Planting Year)

0

30

0

6

0

30

0

6

25

40

9

25

40

12

0

15

12

0

15

0

40

25

0

40

25

3

0

10

6

0

10

9

10

0

12

100

0

12

100

5

0

15

20

0

10

25

3

10

25

6

9

12

12



Fallow-Winter Wheat

		Crop Data																		Graphing Dates				Offset =		1

		Date		Greenness		Date		Canopy		Date		Yield Susceptibility		Date		Root Depth				Date		Date		Date		Date

		1/1/00		0		1/1/00		30		1/1/00		0		1/1/00		6				1/2/00		1/2/00		1/2/00		1/2/00

		2/28/00		0		3/1/00		30		12/31/00		0		2/15/00		6				2/29/00		3/2/00		1/1/01		2/16/00

		3/1/00		25		3/21/00		40						3/1/00		9				3/2/00		3/22/00				3/2/00

		3/31/00		25		3/31/00		40						3/15/00		12				4/1/00		4/1/00				3/16/00

		4/1/00		0		4/1/00		15						3/31/00		12				4/2/00		4/2/00				4/1/00

		5/15/00		0		5/15/00		15						4/1/00		0				5/16/00		5/16/00				4/2/00

		5/16/00		40		6/1/00		25						5/1/00		0				5/17/00		6/2/00				5/2/00

		7/15/00		40		7/15/00		25						5/15/00		3				7/16/00		7/16/00				5/16/00

		7/16/00		0		7/16/00		10						6/1/00		6				7/17/00		7/17/00				6/2/00

		9/20/00		0		9/15/00		10						6/15/00		9				9/21/00		9/16/00				6/16/00

		10/1/00		10		9/16/00		0						7/1/00		12				10/2/00		9/17/00				7/2/00

		10/7/00		100		9/20/00		0						7/15/00		12				10/8/00		9/21/00				7/16/00

		11/1/00		100		10/1/00		5						7/16/00		0				11/2/00		10/2/00				7/17/00

		11/7/00		15		10/21/00		20						9/19/00		0				11/8/00		10/22/00				9/20/00

		11/14/00		10		11/1/00		25						9/20/00		3				11/15/00		11/2/00				9/21/00

		12/31/00		10		12/31/00		25						10/1/00		6				1/1/01		1/1/01				10/2/00

														10/7/00		9										10/8/00

														10/14/00		12										10/15/00

														12/31/00		12										1/1/01
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Winter Wheat-Fallow Curves

		36527		36527		36527		36527

		36572		36572		36618		36572

		36585		36601		36648		36587

		36587		36632		36679		36618

		36679		36679		36709		36632

		36693		36709		36715		36648

		36709		36723		36729		36662

		36739		36739		36892		36679

		36740		36740				36709

		36785		36770				36770

		36786		36771				36771

		36831		36785				36785

		36832		36831				36801

		36892		36832				36832

				36892				36892



Harvest

Tillage

Frost

Flowering

Senescence

Root Depth

Canopy

Greenness

Yield Susceptibility

Residue

Weed Growth

Greenness

Canopy

Yield Susceptibility

Root Depth

Date

Relative Values (%)
Greeness, Canopy, Yield Susceptibility

Root Depth (inch)

Winter Wheat / Fallow CropCurves (Harvest Year)

10

25

0

12

15

25

0

12

20

30

10

15

100

80

50

21

100

95

50

27

95

95

10

33

90

93

0

39

15

85

0

45

0

60

48

0

60

48

30

25

0

30

25

0

0

35

3

0

30

6

30

6



Winter Wheat-Fallow

		Crop Data																		Graphing Dates				Offset =		1

		Date		Greenness		Date		Canopy		Date		Yield Susceptibility		Date		Root Depth				Date		Date		Date		Date

		1/1/00		10		1/1/00		25		1/1/00		0		1/1/00		12				1/2/00		1/2/00		1/2/00		1/2/00

		2/15/00		15		2/15/00		25		4/1/00		0		2/15/00		12				2/16/00		2/16/00		4/2/00		2/16/00

		2/28/00		20		3/15/00		30		5/1/00		10		3/1/00		15				2/29/00		3/16/00		5/2/00		3/2/00

		3/1/00		100		4/15/00		80		6/1/00		50		4/1/00		21				3/2/00		4/16/00		6/2/00		4/2/00

		6/1/00		100		6/1/00		95		7/1/00		50		4/15/00		27				6/2/00		6/2/00		7/2/00		4/16/00

		6/15/00		95		7/1/00		95		7/7/00		10		5/1/00		33				6/16/00		7/2/00		7/8/00		5/2/00

		7/1/00		90		7/15/00		93		7/21/00		0		5/15/00		39				7/2/00		7/16/00		7/22/00		5/16/00

		7/31/00		15		7/31/00		85		12/31/00		0		6/1/00		45				8/1/00		8/1/00		1/1/01		6/2/00

		8/1/00		0		8/1/00		60						7/1/00		48				8/2/00		8/2/00				7/2/00

		9/15/00		0		8/31/00		60						8/31/00		48				9/16/00		9/1/00				9/1/00

		9/16/00		30		9/1/00		25						9/1/00		0				9/17/00		9/2/00				9/2/00

		10/31/00		30		9/15/00		25						9/15/00		0				11/1/00		9/16/00				9/16/00

		11/1/00		0		10/31/00		35						10/1/00		3				11/2/00		11/1/00				10/2/00

		12/31/00		0		11/1/00		30						11/1/00		6				1/1/01		11/2/00				11/2/00

						12/31/00		30						12/31/00		6						1/1/01				1/1/01
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Generic Curves

		36527		36527

		36892		36892



Greenness

Root Depth

Date

Relative Values (%)
Greeness, Canopy, Yield Susceptibility

Root Depth (inch)

Crop Curves

0

0

0

0



Generic

		Crop Data										Graphing Dates				Offset =		1

		Date		Greenness		Date		Root Depth				Date		Date

		1/1/00		0		1/1/00		0				1/2/00		1/2/00

		12/31/00		0		12/31/00		0				1/1/01		1/1/01
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