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Introduction
Roegner et al. (2009) identifies hydrology, and specifically, measures in the variation of water-surface elevation (WSE) as part of the “Core Monitored Metrics” (see Section 2.2.1 – Hydrology).  Pressure transducers with automated hourly logging are the recommended approach for capturing the variability in water levels.  Section 4.1 – Hydrology (Protocol 1) of Roegner et al. (2009) provides the field deployment and general calculation and analysis methodology.  The information contained in this document provides a procedure for processing data collected with a data-logging pressure transducer (hereafter water level logger), methods for calculating WSE, quality control measures, and final data formatting for entry into the Oncor database.  This document also refers to a number of folders and files that correspond to suggested directory structure for processing data and example spreadsheets that help the user to process data into the final Data Exchange Template format.  In the future, these companion tools/examples will be made available on the Oncor website.
The Sensor Log
The sensor log is a way of tracking and organizing the information collected as part of the field deployment and retrieval of water level loggers.  The sensor log should contain information such as the following:
serial number of each sensor for data tracking
deployment and retrieval date and time
initials of personnel conducting deployment/retrieval
water depth above the sensor at the time of deployment and retrieval.  This information is used to verify that the sensor is measuring correctly.
distance from the sensor to the top of deployment post (or some way of marking position of the sensor) at deployment and retrieval.  This information is critical to determining the sensor elevation when elevation is surveyed at the top of the deployment post.  This distance is also useful for determining whether the sensor moved during the deployment period.
distance from the sediment to the top of the post.  This measurement is not needed for the processing, but indicates whether conditions surrounding the sensor changed during the deployment (e.g., erosion, deposition) or if the post moved.
elevation of the top of the deployment post and/or elevation of the sensor
notes about the deployment or retrieval.
Steps for Determining Water Surface Elevation
The following sections provide the steps needed to correct the absolute pressure readings measured with the pressure transducer to sensor depth and subsequently to WSE.
An organized file structure is important for keeping track of the various files created throughout the data correction process.  A suggested file structure is provided as part of the Data Exchange Template and includes the following folders:
Step0_Sensor Log
Step1_Original Files
Step2_Corrections
Step1_AtmCorrection
Step2_ElevCorrection
Step3_QAQC
Step4_Final.
These folders are referenced in the sections below with the following notation to indicate nested folders:  \\Step2_Corrections\Step1_AtmCorrection
Suggested filenames and locations in the file structure are provided in the sections below.
Atmospheric Pressure Correction
Water level loggers record absolute pressure, which is converted to water depth by processing software.  Absolute pressure includes atmospheric pressure and water pressure.  Atmospheric pressure is nominally 100 kPa (14.5 psi) at sea level and must be separated from the water pressure to determine water depth.  In addition, atmospheric data fluctuates with weather and altitude; left uncompensated, barometric variations could result in errors of 0.6 m (2 ft) or more.
To compensate for barometric pressure changes, hourly atmospheric pressure data need to be acquired from either a local meteorological station (i.e., from the nearest station listed under the National Oceanographic and Atmospheric Administration’s National Climatic Data Center [NCDC]) or from another water level logger that was deployed near the site and out of the water, specifically to collect atmospheric pressure.  In either case, the time period of atmospheric pressure data needs to span the same time period over which the water level logger was deployed and at the same temporal resolution (i.e., hourly).  Some software allows for the direct input of atmospheric data when they are collected with the same kind of data-logger.  If this is the case, then simply follow the manufacturer’s instructions for the correction process.  If atmospheric data are needed then they can be downloaded from the NCDC at:  http://cdo.ncdc.noaa.gov/pls/plclimprod/poemain.accessrouter?datasetabbv=DS3505
Follow these steps at the NCDC website:
1. Click “I Agree to these terms (continue)”.
Click “Continue With SIMPLIFIED Options”.
Select the “Country – United States” radio button and then click “Continue”.
Select “Oregon or Washington” from the dropdown menu and click continue.
Select the station of interest with a comparable data range (e.g., Portland Troutdale, WBAN# 24242) and click “Continue”.
Choose your date and time window from the dropdown menus and click “Continue”.  (Note:  hourly-only data can be selected; however, this can sometimes result in an incomplete data set.  Check the resulting data set to be sure adequate data exist and if not then re-submit request without hourly-only data being selected.)
Check the “Inventory Review” box, type in your email address and click “Submit request”.  You will receive an email from NCDC with links to your data.  Save the data as a text file and proceed to the next step.
Format the data file according to the software’s specifications for using an imported atmospheric data file.  For example, Onset Computer HOBOware® software requires a tab delimited text file with only three columns: “Date”, “Time (in same time zone as data was collected)”, and “Sea level pressure (SLP) (mbar)”, with the data in the following format:  mm/dd/yyyy, hh:mm:ss, and the SLP should have one decimal place visible (see example below).  Formatting can be done in Excel or any other spreadsheet. 
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Follow the manufacturer’s software instructions for converting pressure data to water depth using the atmospheric data file and specifying the water density.  Water density is determined based on salinity and/or the water temperature if freshwater.  After the water depth is calculated, export the data for further manipulations in a spreadsheet.
Example filename:   SITE_atm_correct_mmddyy.xlsx
Located in:  \\Step2_Corrections\Step1_atm_corrected
Elevation Correction
NOTE:  In the future, a script will be written to automate the process in this section and will be included as part of the Data Exchange Template package.
The WSE is determined by the sum of the sensor depth below the water level surface and the surveyed elevation of the water level logger (see Roegner et al. 2009, 4.1 Hydrology).  The WSE will be relative to the datum in which the elevation was collected and can be converted into different data if desired.
The file exported from the water depth processing software will look something like the screen shot below.
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1. Save the file “atm_correct” as “elev_correct”
Example filename:  SITE_elev_correct_mmddyy.xlsx
Located in:  \\Step2_Corrections\Step2_elev_corrected
Remove unnecessary data columns.  Keep the “Plot Title:  Site ID” text at the top of the spreadsheet.  The only needed columns are:
 “Date time” 
“Temp, °C” 
“Sensor Depth, meters”
If the atmospheric pressure and the absolute pressure do not occur at the same logging interval, blank cells will occur in the Sensor Depth column and need to be removed.
Often the data are collected in the time zone at the time of deployment (e.g., daylight savings time, which is GMT-7 in the Pacific time zone).  If desired, convert the time to a different time zone such as GMT-0 or “local” time, which will switch between daylight savings and standard time on the correct date.
1. If converting to local time, then the following steps can be followed:
From the Data Exchange Template package open:  WL_Localtime_correction_template_v2.xls located in (\\Step2_Corrections\time_template).
Copy the TimeRef worksheet from its original workbook to the WSE workbook you are currently editing.
Insert a column for the “Date Time, local.”
Copy the formula found in cell C3 from the example worksheet in the “WL_Localtime_correction_template_v2.xlsx” workbook. 
Paste the copied formula into the first blank cell in your new column below the Date Time, local header.  Populate the rest of the column with the formula.
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If converting to GMT+0, follow the steps above except populate the column with the sum of GMT-7 date/time and the value 0.2916666 or the sum of GMT-8 (Pacific Standard Time) and the value 0.33333333.
Remove the data with time stamps that are outside the deployment period—i.e., times when the logger is recording, but is not in the water—by referring to the deployment/retrieval times in the Sensor Log.  Be sure times zones are the same in the sensor log and in the data file.
In the sensor depth column, if the sensor was out of the water at any time the values will be negative.  These negatives need to be changed to 9999 so they are easily identifiable during later processing.
Label column F “ElevCorrection”.  Get the sensor elevation value from the Sensor Log and place it in the first row under the new heading.
Label column G “WLElev (m, NAVD88)”.  In the first row under this header, sum the values from columns E (“Sensor Depth, meters”) and F (“ElevCorrection”).  The resultant value is the WSE.  Populate the rest of columns F (“ElevCorrection”) and G (“WLElev (m, NAVD88)”) with the same calculations as are in the first row.
To convert to the Columbia River Datum (CRD), insert the heading “CRD Conversion:” in cell G1.  Get the CRD conversion value for the site from file:  \\Step2_Corrections\Step3_CRD conversions.xlsx
1. Place the CRD Conversion value in the cell H1. 
In column H add the header “WL Elev (m, CRD)”. 
Below the header “WL Elev (m, CRD)” enter the equation “=IF(E3<9000,(G3+$H$1),9999)”.  This will produce the final WSE in meters, relative to the Columbia River Datum.  Populate the rest of the column with this equation. 
See screen shot below for example of the elevation corrected worksheet.
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Quality Assurance/Quality Control of Water Surface Elevation Data
At this stage, the water level calculations and data that went into those calculations need to be “quality assured” to ensure quality of data for any following tasks involving these data. 
The quality assurance/quality control (QA/QC) log file, provided as part of the Data Exchange Template package (\\Step3_QAQC\1_QAQC_log.xlsx), provides a working example.  All QA/QC steps should be listed in the QA/QC log regardless of the results.  Any issues found during the QA process should be marked and commented on in the Excel file so they can be corrected for the final version.  Open the QA/QC log and create a new entry for the site you are checking.  Follow the format of the example QA/QC log provided. 
1. Atmospheric data correction check.
The atmospheric check is made to look for sensor malfunction or variability and to ensure the atmospheric data were appropriate for the site.  Pre- and post-deployment of the sensor should record a “depth” value close to 0 and not vary too much.
Open the atm_corrected.csv file of interest from the location at \\Step2_Corrections\Step2_atm_corrected.
Using the data in the sensor log, determine the date/times of deployment and retrieval.  Check the sensor depth column before and after the dates listed for deployment.  In the QA log, record the greatest value within 2 hours prior to deployment or after retrieval. 
See screen shot below and the file “atmospheric_correction_example.xlsx” for examples of what to look for in this file.
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Sensor depth verification.
Open the Excel file (*.xls, *.xlsx) of interest found at \\Step2_Corrections\Step2_elev_corrected.
Find the times in the Excel file closest to the times of deployment and retrieval.  Compare the water level measurement in the sensor log with the sensor depth measurement in the water level file (make sure the times and time zones are the same).  Note any differences in the QA/QC log (1_QAQC_log.xlsx).  See screen shot above and notes highlighted in blue for an example.
If the sensor log has notes about potential issues with this measurement, copy the note into the QA/QC log.
Elevation correction check.
1. Check the depth sensor elevation value to make sure the correct value was used.  Refer to the Depth Sensor Log.
Check the CRD conversion value to make sure the correct value was used.  Refer to the CRD Conversion workbook located at \\Step2_Corrections\Step3_CRD_Elevations\CRD conversions.xlsx.
Also check the equations where these values are used to make sure that they are correctly calculated.
Check for sensor movement during deployment.
Within the Depth Sensor Log, check for differences in the measurement of the sensor to top of post (“Dist to top of post” in Log) between deployment and retrieval.  Note any difference in the QA/QC log; differences greater than 10 cm require an investigation of the water level data to see if the time of change can be determined.
Check the Sensor Depth column for 9999 values; there can be no negative values in this column or subsequent calculations will be incorrect.
Create a hydrograph.
The last step of the QA/QC is the creation of the hydrograph to check for any anomalies or odd trends in the data. 
1. Create a new tab in the workbook and label it “graph”.
Copy the “Time, Local” and “WL Elev (m, CRD)” columns into the new tab.  Select the relevant time period to plot.
In the ribbon, go to the Insert tab and select a Scatter with Smooth lines Plot type.  Select the time column for the x value and select the wl elev column for the dependent variable. 
Note any anomalies in the QA/QC log. 
If there are errors in the water level file make sure they are highlighted and commented then save the file and change the file name from “elev_correct” to QA/QC with date and initials at the end of the filename in the format mmddyyii.
Example filename:  SITE_QAQC_mmddyyii.xlsx
Located in:  \\Step3_QAQC.
Finalization of Water Surface Elevation Processing
This step completes the preparation of the WSE data for use in analysis or by others.
1. If uncorrectable errors are found, the QAQC version of the file should not be finalized.  If there are no errors or any detected errors are corrected, save the file in the Final folder.
Example filename:  SITE_FINAL_mmddyyii.xlsx
Located in:  \\Step4_Final
Delete the CRD conversion value and its label in the first row.  Delete any of the date/time columns except the desired time zone.  Delete columns with any conversion values.  Make sure the plot title is still in cell A1.  Resave the document. 
The time-series WSE is the final product produced for the calculated WSEs.  There are derivatives including SEV and Area-Time Inundation Index calculations that use these data, but the time-series data show plainly what the water level is doing at the site over time.
Reference
Roegner GC, HL Diefenderfer, AB Borde, RM Thom, EM Dawley, AH Whiting, SA Zimmerman, and GE Johnson.  2009.  Protocols for Monitoring Habitat Restoration Projects in the Lower Columbia River and Estuary.  U.S. Department of Commerce, National Oceanic and Atmospheric Administration Technical Memorandum NMFS-NWFSC-97, Northwest Fisheries Science Center, Seattle, Washington.
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