Steps for Calculating Nitrate-N Load Estimates Using Linear Interpolation in Excel Spreadsheets
Below are the steps I followed to calculate nitrate N load estimates for the Illinois River at Valley City.  For the NLRS, Mark David calculated nitrate-N loads following the same basic method, but he used a SAS program to do the calculations. Our results were not identical, but differences were within 1%, possibly due to some rounding differences. 
I will also mention some initial error checking that I do, because it influences how I set up the spreadsheet.  
Column A of the spreadsheet is the date of sample collection.  Column B was intended to identify the agency that provided the concentration, but I was not consistent in filling that column, so I left that column blank. Data came from both IEPA and USGS, and if a question arose about the accuracy of a data point (either date or concentration) it could be useful trace back the values to the agency records. IEPA sent the full Ambient Water Quality Network dataset to Corey Mitchell (Research Specialist in NRES), and Corey extracted the data from individual rivers into separate spreadsheets. We also obtained data from the USGS NWIS website using parameter codes 00630 and 00631, unfiltered and filtered nitrate-N concentrations, respectively. There was a time in the 1980s and 1990s when IEPA and USGS cooperated on sampling, and so there were a significant number of dates where the two sources had identical concentrations. If there were small differences, we would average the two or three samples. If differences were large (greater than about 1.5 mg N/L), I would look for possible explanations (e.g., different time of sample collection, sudden change of flow between sample collections, incorrectly reported date, or incorrectly recorded concentration).  The time of sample collection is not included in this spreadsheet, but that info is available in the raw data.  
Additional initial error checking involved identifying outliers in plots of the concentrations as functions of date, flow on the day of sample collection (column G), and log of flow. For many, but not all rivers, concentrations will generally follow a pattern with flow and/or log of flow. If a single concentration value is considerably different than the general pattern, I would investigate whether the date or the concentration might be incorrectly recorded. I would exclude a data point if there was fairly good evidence that it was an error. Otherwise I would calculate the load with and without the suspect point to see if it made much difference. Oftentimes it would make little difference in annual load or multi year load estimates.  
In this dataset, the highest concentration (9.68 on January 25, 2006) did not necessarily appear to be an outlier when concentrations are plotted against date, but it does appear to be an outlier when plotted against the log of flow. It is a value from the IEPA, and concentrations (I think from USGS) 13 days before and 22 days after were 4.82 and 4.62, respectively. Flow was relatively low and steady during this period, so there is little reason to expect a high concentration on Jan 25. Nonetheless, I could not find a reason to exclude it as an error. Since the flow was low, and the time interval between samples was relatively short, this value has relatively little influence on the estimated nitrate load for that year.  
Column D in the spreadsheet is the number of days between successive samples, which serves two purposes. I plot this value as a function of date and look for large gaps between sample dates. In this dataset, samples were generally collected less than 40 days apart, which is a reasonably good sampling frequency for a large river that typically does not have large and sudden changes in concentration. But there are some gaps greater than 60 days and one gap of 101 days, between November 16, 1981 and February 25, 1982. If there were large changes in concentration between these two samples, and/or large flow events between these two samples, the load estimate for the 1982 water year (October through September) could be very inaccurate. I this case, there was not much change in concentration and flow was relatively low during most of the gap. I don’t have any rules of thumb for when a gap might be too large, but gaps larger than 40 days might be something to flag to users of the interface you are developing.  
In columns K and L are the date and daily average flow (also called discharge) values for each day of the period for which load will be calculated. These values were also taken from the USGS NWIS web site. It is important to check that there is a flow value for every day for the years of load calculation. Annual load is cumulative over the days in a year, so missing flow data will introduce a systematic downward bias in the annual load. There are sometimes gaps in the USGS record, in which neither dates nor flow values appear. I check for these gaps by creating a new column which is the difference between the current date and the next date. If any of these values are greater than 1, there is a gap in flow data. If there is a gap, I would try to estimate flow. Small gaps of a day or two can often be estimated by taking the average of the previous and subsequent values, so long as there is not much change in flow during the gap. For gaps longer than a few days, I’ll try to establish a relationship between the flow gauge in question and upstream, downstream and neighboring flow gauges before and after the gap.  I would use that relationship to estimate flows during the gap. If that does not appear to be feasible, I would not calculate a load for that year at the gauge in question. 
After assuring that there is a flow value for each day, I estimate a concentration value for each day by linear interpolation between the measured values. The flow values in this spreadsheet start on Oct 1, 1974, but the concentrations do not start till December 1974. So the interpolation calculations appear below row 70 in columns N through R. I use the vlookup function to assign the following to each day: the number of days between samples, the difference between subsequent sample concentrations, the date of the last sample concentration, and the last sample concentration value. For each day, the interpolated concentration is: 
Interpolated daily concentration in mg N/L  = 
(current date – date of last sample)*(dif. btwn subsequent samples/days btwn subsequent samples) + value of last sample concentration
The results can be checked by overlaying a plot of the measured concentrations and the interpolated values.  The interpolated values should form straight lines between the measured values.  
From the daily flow values and interpolated daily concentration values, the daily load values in Mg/day (metric tons per day) are calculated in column S as follows: 
Daily nitrate N load in Mg/day =
(interp. Conc.)* (Flow in cfs)*(3600 sec/hr) *(24 hr/day) *(28.317 liters/cu.ft) /(10^9 mg/Mg) 
[bookmark: _GoBack]I then calculate for each day the cumulative load by summing the daily loads from the beginning to the end of the record in column T. To aggregate to annual values, I create the table starting in column W below line 70. Column W has the last day of each water year. I used vlookup to get the cumulative load (from column T) for the last day of each water year into column X. The annual values for each water year (column Y) are the differences between cumulative values for the current year and the previous year. Column Z is simply the water year value. Column AA is the annual average water flow in the river, taken from the USGS NWIS site, although it could be calculated from the daily values in the spreadsheet. Column AB is the flow weighted average concentration, which is an estimate of the concentration of the average liter of water flowing past the gage location. This is calculated as: 
Flow weighted avg. concentration in mg N/L = 
Annual load (Mg)* (10^9 mg/Mg)						
(annual avg flow in cfs)*(3600sec/hr)*(24hr/day)*(365.25day/yr)*(28.317L/cu. ft)
A slightly more accurate calculation would use 366 days/year for leap years and 365 days per year for non-leap years, but the differences would be 0.2% on leap years and one third of that on non-leap years.  

