AGNPS VERSION 5.00 VERIFICATION:  Science�Kevin D. Baker, Fred D. Theurer, & John Witte


introduction


AGNPS version 5.00 is a single-event, lump-sum parameter, pollutant loading (PL) computer model.  This means AGNPS version 5.00 will handle only one storm event at a time and uses lump-sum parameter models for the physical-processes to predict PL’s throughout a watershed.  The hydrology, sediment, and chemical models are all lump-sum models--not distributed-processing models in spite of the input being grid-based.


The concept of the hydrologic movement of water, sediment, and chemicals is quite simple for AGNPS and will also be used for ANNAGNPS.  There are the in-cell processes of surface runoff, erosion, and the dissolving of chemicals that deliver them to the stream system within their respective cells for the in-stream processes.  The in-stream processes deal with the fate and transport of sediment and chemicals from cell to cell according to the user-defined hydrologic linkage defined by the receiving cell information.


AGNPS version 5.00 was initially created from the source code from AGNPS version 4.03.  The science (or model) was not changed from what was intended to be in version 4.03.  During the verification process, sufficient corrections were made to warrant the change in the major version number identification.


The guidelines for this verification of AGNPS version 5.00 were focused on two objectives. The first objective was to correct error conditions where necessary and only if practical; and the second was to explain the model behavior where the verification team deemed it to be important.  Lack of modularity of the AGNPS version 4.03 source code was the main reason for not revising the source code except to correct coding errors.


The team conducting the verification were not members of the team that developed AGNPS.  The old development team is no longer available due to retirements and personnel turnover.  The verification team is a new development team who are responsible for developing the continuous simulation version (ANNAGNPS).  The time allowed for the new team to verify AGNPS version 5.00 was deliberately kept short because:  (1) they are to develop the continuous simulation version; and (2) the first stage of the continuous simulation development will be to replace the current single-event version (AGNPS version 5.00).  ANNAGNPS will be designed to accept the input file of AGNPS version 5.00 but will improve and expand the physical-process models associated with runoff events.  For example, deposition in the fields of sheet & rill erosion instead of complete delivery of erosion to the stream system will be an improvement included in ANNAGNPS.  Therefore, the responses will be different in ANNAGNPS for the same input data to the extent that the physical-process models have been improved.


The following tests were run with AGNPS version 5.00 in order to verify that the code for the computer program satisfies the science; i.e., the physical-processes or model(s) are defensible.  The team was limited by the available personnel time that can be devoted to the project.  Standard agricultural land uses were the primary focus of this verification; i.e., special features such as feedlots were not thoroughly examined.  However, the sediment trap feature was partially verified and the results are included in this report.


water Tests


The purpose of this set of water tests were to verify the:  (a) hydrology and hydraulics methods (H&H�methods); (b) geomorphology options; and (c) composite hydrograph generation.  These involve calculations for overland flow, shallow concentrated flow, channel travel time within a cell, time of concentration for a cell, runoff volume, peak flow calculations, and hydrograph time-to-base and time-to-peak, and hydraulic geometry.


H&H


The choice for the H&H�method affects the: (1) peak flow calculations method; and (2) channel geometry shape.  The AGNPS choice uses the CREAMS peak discharge equation and the TR55 choice uses the SCS hydrograph generation.  The CREAMS equation is a regression model based upon data collected in fourteen states in the mid-west for drainage areas up to 25 square miles.  It is a function of runoff, channel slope, drainage area, and basin channel length..  TR55 is based upon unit hydrograph theory and is applicable worldwide wherever one of the SCS rainfall distributions are reasonable.  It is a function of rainfall amount and distribution, SCS curve number, drainage area, and time of concentration.  The AGNPS choice limits the channel geometry shape to triangular (side-slope); and TR55 choice limits the channel shape to rectangular (top width and bankfull depth).


Channel hydraulics are a function of the hydraulic geometry and are important for the following calculations.


Determining the time of concentration at bankfull depths when using the TR55 peak flow calculation method.


Calculating sediment transport including detention time for sediment traps as a function of discharge and time.


Calculating the fate and transport of chemicals when using the AGNPS decay option for chemicals.


The choice for the H&H�method should be based upon the scale of application.  The choice of AGNPS for the H&H�method assumes only triangular-shaped channels which are valid approximations for concentrated flows in fields (e.g., grassed waterways) but poorly represents natural channels (drainage areas greater than 640 acres).  Rectangular shapes are reasonable approximations regardless of drainage area.  If AGNPS version 5.00 is to determine PL’s for watershed-scale applications, then the choice of TR55 for the H&H�method is recommended.


Hydrograph Generation


A composite hydrograph is constructed for each cell to calculate the in�stream processes for the fate and transport of sediment and chemicals. Sediment is routed by partitions of the composite hydrograph.  The composite hydrograph is partitioned into three equally spaced ascending limb time increments and whatever number of partitions results from using the same time increment for the recession limb.  Soluble chemicals are assumed to be at the same concentration throughout the runoff event.  Therefore, the travel time of the mass movement for the water and sediment of each of the composite hydrograph partitions should be the basis for the time-related decay functions for the chemicals.


The composite hydrograph algorithm does satisfy conservation of mass principles using the:  (a) runoff volume; (b) peak flow; and (c) time to peak based on the amount of runoff under the ascending limb of the hydrograph (pre-peak runoff fraction).


Geomorphology Option


When choosing geomorphic for the geomorphology option, the following interpretations should be noted.


TR55 H&H�method:  The geomorphic option is a power curve function of total drainage area for:  (a)  stream channel total lengths from the hydraulically most distant point; (b) channel top widths; and (c)  bankfull depths.  The power curve representations are as shown in classic geomorphologic literature.  Zero exponents can be used to force actual total channel lengths, top widths, and bankfull depths on a cell-by-cell basis.  The non-geomorphic option requires cell-by-cell input of the:  (a) channel segment length within the cell; (b) top width, and (c) bankfull depth.  (Note the difference in the definitions of channel lengths between the geomorphic and non-geomorphic options!)


AGNPS H&H�method:  The geomorphic option is limited to the:  (a) stream channel total lengths from the hydraulically most distant point; and (b) triangle-shaped channel side-slope (default is 10:1). The non-geomorphic option requires cell-by-cell input of the:  (a) channel segment length within the cell; and (b) triangle-shaped channel side-slope (default is 10:1) for each cell.  (Note the difference in the definitions of channel lengths between the geomorphic and non-geomorphic options!)


Tests


Tests were conducted using a 2x2 watershed with 100 acre cells.  Flow direction for cells 1, 2, and 3 was toward cell 4.  The outlet cell was cell 4.


Table � SEQ Table \* ARABIC �1�:  Water Tests


�Test ID�
�File�Name�
�H&H Method�
�Geomorphology Option�
SCS Curve No.�
�Ia/P�(in/in)�
Pre-Peak Runoff Frac.�(%)�
�
H.1�
W00TRGEO�
TR55�
geomorphic�
100   �
0  �
37.5�
�
H.2�
W00TRNON�
TR55�
non-geomorphic�
100   �
0  �
37.5�
�
H.3�
W00AGGEO�
AGNPS�
geomorphic�
100   �
0  �
37.5�
�
H.4�
W00AGNON�
AGNPS�
non-geomorphic�
100   �
0  �
37.5�
�
H.5�
W01TRGEO�
TR55�
geomorphic�
66.67�
0.1�
37.5�
�
H.6�
W03TRGEO�
TR55�
geomorphic�
40   �
0.3�
37.5�
�
H.7�
W05TRGEO�
TR55�
geomorphic�
28.57�
0.5�
37.5�
�
H.8�
W08TRGEO�
TR55�
geomorphic�
20   �
0.8�
37.5�
�
H.9�
W00TRG50�
TR55�
geomorphic�
100   �
0  �
50.0�
�
All verification runs were completed without encountering run-time errors.


DISCUSSION


No discrepancies were found for either H&H�method or geomorphology option with respect to channel hydraulics, runoff volumes, peak flow calculations, and basic hydrograph generation.  However, the algorithm chosen for creating the composite hydrograph was flawed.  The computer program develops inflow and outflow hydrographs for each cell.  Averages of their times to peak and their times to base are calculated.  The peak flow for the outflow hydrograph is used together with the averages for the time to peak and time to base for the composite hydrograph.  The resulting composite hydrograph will consistently overpredict sediment transport capacity and therefore the sediment yield.  The numerical error is most pronounced for primary cells where the inflow hydrograph is zero.  Since all analyses start with primary cells, a better algorithm would have been to generate a single hydrograph at the mid-point of the cell for the composite hydrograph.  This flaw will be corrected in ANNAGNPS.


All computer-calculated values agreed with corresponding hand-calculated values to at least 5 significant figures.  The composite hydrograph algorithm used by AGNPS version 5.00 was estimated to increase sediment and sediment-attached nutrient calculations by about 10% for the test cases.


Sediment Tests


The purpose of this set of sediment tests was to verify each sediment source by particle size class; and unit-width sediment transport capacity and sediment discharge for each hydrograph partition by each particle size class.


There are only three sources of sediment:  (1) sheet and rill erosion from the in-cell processes; (2) bed and bank material (channel scour) from the in-stream processes; and (3) gullies from the in-cell processes.  AGNPS version 5.00 assumes that all sediment from all in-cell sources of erosion are transported, without any deposition, to the upper end (inlet of the cell) of the stream channel segment within the cell for sediment transport to the downstream end of the cell (outlet).


TESTS


Sheet and rill erosion was assumed to be the same for all cells for any given test.  Only one cell was needed to test for channel scouring; therefore, only cell ID 1 was used for bed and bank material.  Inputs varied for this set of tests were the amount of sheet and rill or gully erosion and availability of sediment for channel scouring.  Tests were conducted choosing TR55 for the H&H�method, the geomorphic option, an SCS curve number of 100, and pre-peak runoff fraction of 50% for a 2x2 watershed with 100 acre cells set up as in the tests described in Test ID H.9, Table 1.  Clay soil texture classification was chosen for the initial starting particle size distribution.  Table 2 shows the various conditions assumed for the sediment tests.


Table � SEQ Table \* ARABIC �2�:  Sediment Tests


��Test ID�
��File�Name�
Sheet & Rill�(tons/�acre)�
Availability of Bed & Bank Material Load by Particle Size Class for Cell ID 1 Only--None Available in the Other Cells�(yes/no)�
��Gully�(tons)�
�
�
�
�
�clay�
�silt�
small�agg.�
large�agg.�
�sand�
�
�
S.1�
WS0CLS00�
10�
no�
no�
no�
no�
no�
0�
�
S.2�
WS0CL0CL�
0�
yes�
no�
no�
no�
no�
0�
�
S.3�
WS0CL0SI�
0�
no�
yes�
no�
no�
no�
0�
�
S.4�
WS0CL0SM�
0�
no�
no�
yes�
no�
no�
0�
�
S.5�
WS0CL0LG�
0�
no�
no�
no�
yes�
no�
0�
�
S.6�
WS0CL0SA�
0�
no�
no�
no�
no�
yes�
0�
�
S.7�
WS0CL0AL�
0�
yes�
yes�
yes�
yes�
yes�
0�
�
S.8�
WS0CLG00�
0�
no�
no�
no�
no�
no�
1000�
�
S.9�
WS0CLA00�
5�
no�
no�
no�
no�
no�
500 �
�
Discussion


All verification runs were completed without encountering run-time errors.  All computer-calculated values agreed with corresponding hand-calculated values to a precision of at least ( 0.01 for tons or ( 0.000001 for concentration.  Sediment from sheet and rill erosion (calculated by using USLE) was treated the same as sediment from gullies and other erosion sources in that:  (a) sediment was delivered to the channel at a constant rate determined by dividing the total mass of sediment by the time-to-base of the runoff hydrograph; and (b) all sediment was delivered to the cell inlet and if the amount of sediment in the channel exceeded the sediment transport capacity for the channel flow conditions, deposition for that cell was calculated using the channel flow sediment deposition procedure.


The assumption of no deposition of sheet and rill erosion in the fields is flawed and will be corrected in ANNAGNPS.


Chemical Tests


The purpose of this set of chemical tests was  to verify yields and concentrations of sediment-attached and soluble chemicals at the watershed outlet when varying the amount of chemicals present in rainfall and soil, the application rates of fertilizers and pesticides, and the chemical decay factors.  There are four chemicals recognized by AGNPS version 5.00.  They are:  (1) nitrogen; (2) phosphorous; (3) chemical oxygen demand (COD); and (4) pesticides.


The following bullets are helpful to understand some of the chemical processes:


Surface runoff is assumed to flow through a 1 cm soil surface layer.


Chemicals on the soil surface are assumed to be uniformly mixed with the surface layer.


Infiltration first must pass through the surface layer.


The initial abstraction (Ia) is the first increment of rainfall prior to surface runoff.


TestS


Tests were conducted using TR55 peak flow calculation method, geomorphic channel hydraulic geometry, and SCS curve number = 100 on a 2x2 watershed with 100 acre cells set up as in the tests described in Test ID H.9, Table 1.  Tests involving sediment-attached chemicals used clay soil texture and no channel scouring as described in Test ID S.1, Table 2.  Organic matter levels for the sediment-attached chemical tests were either 0 or 20 %.


Table 3 shows the various conditions assumed for the chemical tests.


Table � SEQ Table \* ARABIC �3�:  Chemical Tests


Test ID�
File Name�
Description�
�
N.1�
WSCSNR00�
Checking soluble N with 1 ppm N in rainfall, none in soil, no fertilizer, and 0% decay.�
�
N.2�
WSCSNS00�
Checking soluble N with no N in rainfall, 1000 ppm N in soil, no fertilizer, and 0% decay.�
�
N.3�
WSCSNF00�
Checking soluble N with no N in rainfall, none in soil, 200 lb/A N fertilizer at 50% availability, and 0% decay.�
�
N.4�
WSCSNA00�
Checking soluble N with 1 ppm N in rainfall, 1000 ppm N in soil, 200 lb/A N fertilizer at 50% availability, and 0% decay.�
�
N.5�
WSCANS00�
Checking sediment-attached N with 0.001 lb N/lb soil and no fertilizer.�
�
N.6�
WSCSNA50�
Checking soluble N with 1 ppm N in rainfall, 1000 ppm N in soil, 200 lb/A N fertilizer at 50% availability, and 50% decay per cell travel time.�
�
P.1�
WSCSPS00�
Checking soluble P with 1000 ppm P in soil, no fertilizer, and 0% decay.�
�
P.2�
WSCSPF00�
Checking soluble P with no P in soil, 200 lb/A P fertilizer at 50% availability, and 0% decay.�
�
P.3�
WSCSPA00�
Checking soluble P with 1000 ppm P in soil, 200 lb/A P fertilizer at 50% availability, and 0% decay.�
�
P.4�
WSCAPS00�
Checking sediment-attached P with 0.001 lb P/lb soil and no fertilizer.�
�
P.5�
WSCSPA50�
Checking soluble P with 1000 ppm P in soil, 200 lb/A P fertilizer at 50% availability, and 50% decay per cell travel time.�
�
COD.1�
WSCCOD00�
Checking soluble COD with COD factor of 100 mg/l and 0% decay.�
�
COD.2�
WSCCOD50�
Checking soluble COD with COD factor of 100 mg/l and 50% decay per cell travel time.�
�
N.P.COD.1�
WSCSAAAG�
Checking all soluble N, P, and COD with 1 ppm N in rainfall, 1000 ppm N and P in soil, 200 lb/A N and P fertilizer at 50% availability, and AGNPS-supplied decay functions.�
�
PST.1�
W0CPST00�
Checking pesticide with no sediment and 10 lb/acre of atrazine at 50% availability applied 5 days prior to rainfall.  Canopy cover was 10%, with washoff fraction at 50%, no prior foliar or soil residue, foliar half-life of 5 days, soil half-life of 60 days, solubility of 33 ppm, and organic carbon sorption of 100.�
�
PST.2�
WSCPST00�
Checking pesticide with sediment at 0% organic matter and 10 lb/acre of atrazine at 50% availability applied 5 days prior to rainfall.  Canopy cover was 10%, with washoff fraction at 50%, no prior foliar or soil residue, foliar half-life of 5 days, soil half-life of 60 days, solubility of 33 ppm, and organic carbon sorption of 100.�
�
PST.3�
WSCPST20�
Checking pesticide with sediment at 20% organic matter and 10 lb/acre of atrazine at 50% availability applied 5 days prior to rainfall.  Canopy cover was 10%, with washoff fraction at 50%, no prior foliar or soil residue, foliar half-life of 5 days, soil half-life of 60 days, solubility of 33 ppm, and organic carbon sorption of 100.�
�



Discussion


Run-time errors were encountered during four of the verification runs.  The errors resulted from:  (a) an input value for precipitation that was less than the total porosity in a 1 cm depth of soil for the input value of soil texture which resulted in a divide by zero in the slnut.c routine; (b) no sediment in a cell with pesticide application which  resulted in taking the log of zero in the pesticid.c routine; (c) sediment with zero organic matter in a cell with pesticide application which resulted in a divide by zero in the pesticid.c routine; and (d) the conversion of soluble pesticides from parts per million to tons per acre in the pesticid.c routine was incorrectly assumed to always be for 40 acre cells.  The causes of these errors were found and corrected.


Soluble Chemicals


Contributions to soluble nitrogen (N) in runoff water can occur due to N in precipitation, residual N in soil, and N fertilizer applications.  The total mass contributed from precipitation is equal to the amount of runoff water times the N concentration in precipitation.  The maximum total mass contributed from soil residuals is equal to the amount of soil pore space in the 1 cm surface layer times the initial residual N concentration.  This maximum mass is reduced due to a specified rate of leaching in the infiltration water and due to a specified runoff extraction rate for the runoff water.  The maximum total mass contributed from fertilizer application is equal to the rate of fertilizer application times the input value for fertilizer availability.  The maximum mass from fertilizer is reduced in the same manner as the residual soil N.  Contributions from the three sources are additive when combined; thus, there is no interaction among sources.  All computer-calculated values agreed with corresponding hand-calculated values to a precision of at least 5 significant digits.


Contributions to soluble phosphorous (P) in runoff water can occur due to residual P in soil and P fertilizer applications.  The maximum total mass contributed from soil residuals is equal to the amount of runoff water times the initial residual P concentration.  Note that this is different than the calculation procedure for residual soil N. This maximum mass is reduced due to a specified runoff extraction rate for the runoff water, but is not reduced for leaching.  The maximum total mass contributed from fertilizer application is equal to the rate of fertilizer application times the input value for fertilizer availability.  The maximum mass from fertilizer is reduced in the same manner as the residual soil N.  Contributions from the two sources are additive when combined; thus, there is no interaction between sources.   All computer-calculated values agreed with corresponding hand-calculated values to a precision of at least 5 significant digits.


Chemical oxygen demand (COD) contribution to the runoff water is determined from the amount of runoff water times the input value of COD concentration in the runoff water, which must be adjusted according to land use. All computer-calculated values agreed with corresponding hand-calculated values to a precision of at least 5 significant digits.


Contributions to soluble pesticide in runoff water can occur due to residual pesticide and effects of the most recent pesticide application.  From input data, such as, percent canopy cover at application, application efficiency, washoff fraction, solubility, foliar half-life and soil half-life for the pesticide, the program calculates the current concentration in the pore water and adds this to the residual pesticide concentration.  The maximum total mass of soluble pesticide in the runoff water is equal to the amount of runoff water times the calculated sum of pesticide concentrations.  This maximum value is reduced due to a model-calculated rate of leaching in the infiltration water and due to a model-calculated runoff extraction rate for the runoff water.  All computer-calculated values agreed with corresponding hand-calculated values to a precision of at least 5 significant digits.  Note that for the test sets with an organic matter level of 0, the mass of pesticide in the runoff exceeded the amount that was applied.  This flaw will be corrected in ANNAGNPS.


Breakdown of soluble chemicals to metabolic products is modeled by a percentage decay in each cell.  The percentage decay may be specified as an input, or it may be calculated by the model.  If calculated by the model, percentage decay is a function of time-to-base for the runoff hydrograph.  Soluble chemical output is calculated by multiplying the expression (1. - percentage_decay/100.) times the sum of the soluble chemical input and that generated within the cell.  AGNPS v5.00 allows for decay of N, P, and COD, but not pesticides.


Attached Chemicals


N and P amounts associated with sediment loss, or sediment-attached N and P, are both calculated by the same method, which is based on the input value of soil N or soil P (lb of nutrient/lb of soil).  The mass of sediment-attached nutrient generated within a cell is calculated by multiplying the total mass of soil erosion by the soil nutrient concentration and by a calculated enrichment ratio.  The enrichment ratio depends on the mass per unit area of sediment and the soil texture classification. Enrichment ratio decreases as sediment mass per unit area decreases and increases as the proportion of clay in soils increases.  Sediment-attached nutrients are transported with the sediment to channel inlet for the cell. The total mass of sediment-attached nutrient at the cell inlet is the sum of that flowing in from adjacent cells and that generated within the cell.  The total mass of sediment-attached nutrients at the cell inlet is distributed among the five soil particle size classes based upon the fraction of total sediment surface area for each class.  The mass of sediment-attached nutrients for each particle size class is decreased in proportion to the amount of deposition that occurs for that particle class.  The total mass of sediment-attached nutrients at the cell outlet is then calculated by summing the mass for each of the five particle size classes.


The pesticide amount generated within each cell that is associated with sediment loss, or the sediment-attached pesticide, is calculated from the soluble pesticide concentration in runoff water from that cell.  To calculate the sediment-attached pesticide concentration, the soluble pesticide concentration is multiplied by an enrichment ratio, calculated as described for sediment-attached nutrients, and that product is multiplied by a pesticide distribution coefficient, which is a linear function of the organic carbon sorption value for the pesticide being considered.  The mass of sediment-attached pesticide generated within a cell is calculated by multiplying the mass of eroded sediment for that cell times the sediment-attached pesticide concentration.  The mass of sediment-attached pesticide generated within the cell is added to the mass flowing in from adjacent cells to obtain the total mass of sediment-attached pesticide at the cell inlet.  To calculate the total mass of sediment-attached pesticide at the cell outlet, the total mass at the cell inlet is adjusted for sediment deposition using the same procedure described above for sediment-attached nutrients, then the sum of soluble and sediment-attached pesticide is redistributed between runoff water and sediment so that the soluble and sediment-attached pesticide concentrations remain in equilibrium.  The equilibrium state is defined by the pesticide distribution coefficient discussed at the opening of this paragraph. 


Sediment Traps


The purpose of this set of tests was to verify that the procedure described in the user guide (pages i and 3-29) for testing sediment traps works as described.  Tests were conducted using TR55 peak flow calculation method, geomorphic channel hydraulic geometry, and SCS curve number = 100 on a 2x2 watershed with 100 acre cells set up as in the tests described in Test ID H.9, Table 1, and using clay soil texture, no organic matter, and no channel scouring as in the tests described in Test ID S.1, Table 2, except that cell 4 was set up as a water cell containing a sediment trap with a length of 100 ft., a width of 10 ft., and a depth of 1 ft. Input values for cell 4 that were changed from the WS0CLS00 file to create the WS0TRAP4 file were:


Soil texture code changed from 3 to 0


Channel indicator changed from 1 to 0


Channel length coefficient changed from 100.0 to 1100.0


Channel length exponent changed from 0.5 to 0.0


Channel depth coefficient changed from 0.05 to 1.0


Channel depth exponent changed from 0.5 to 0.0


Channel width coefficient changed from 0.5 to 10.0


Channel width exponent changed from 0.5 to 0.0


Note that  the length calculated from the length coefficient and exponent for cell 4 is 1100 ft., which is 1000 ft. (for the length of channel leading to the inlet for cell 4) plus 100 ft. (for the length of the sediment trap) and not just 100 ft. for the length of the sediment trap.


Test


Table 4 shows the various conditions assumed for the sediment trap test.


Table � SEQ Table \* ARABIC �4�:  Sediment Trap


Test ID�
File Name�
Description�
�
ST.1�
WS0TRAP4�
Test ID S.1, Table 2, except that cell 4 was designated a water cell with a sediment trap.�
�
Discussion


The difficulty with the sediment trap routines is specifying the correct input value for the sediment trap length when using the geomorphic option as specified by the User’s Guide on pages i and  3-29.  The program uses the cell segment length as the sediment trap length, but the geomorphic option input value is the total channel length from the source cell to the current cell outlet.  If sediment trap length is input instead of total channel length, the segment length may become less than 0.  In such cases,  run-time errors were encountered.  To avoid a run-time error, the source code has been modified to print a message to the screen and exit if cell segment length is less than 0 for a water cell, or if cell segment length is less than or equal to 0 for an non-water cell.  Another point to consider is that both soil texture and channel indicator must be input as 0 in order to have a water cell for the sediment trap.  If soil texture is not 0, local cell erosion will be calculated for that cell.
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