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1.0
SCOPE AND APPLICATION
This SOP describes the procedures necessary for the proper field deployment of multiprobe sondes, in order to collect unattended, continuous monitoring data for D.O. and temperature (and pH and specific conductance if available).   It is intended to provide specific guidance on how to deploy multi-probes in rivers, streams, lakes and impoundments under typical conditions and for short-term (~2-10 days).   Project-specific circumstances may require that these guidelines be modified during planning or in the field, based on consensus amongst DWM project staff.

For information (not contained in this SOP) related to laboratory instrument setup, calibrations, QC checks, etc., see CN 4.21 (SOP for Multiprobe Use).

For information on continuous temperature monitoring using small temperature loggers (e.g., Stowaways), see CN 103.1.

This SOP does not address permanent or semi-permanent (>~10 days) installations.

2.0
SUMMARY

As of 5/2007, DWM has approx. 20 multiprobe (Hydrolab®) sondes that are available for deployment.   This SOP has been developed to ensure protective, effective and efficient use of the instruments to meet project objectives.   Example project objectives include:

· Diurnal dissolved oxygen (D.O.) fluctuations.   

· Spikes in conductivity, pH or temperature indicating possible episodic events, such as illegal discharges or stormwater runoff

· Evaluate stream temperature dynamics for cold water vs. warm water fisheries 

· Provide greater quantity of data at selected locations over time.

3.0
SAFETY CONSIDERATIONS (including equipment protection)
The following personal safety and equipment protection points should be considered when deploying multiprobes for continuous monitoring:

· Follow field safety guidelines in CN 1.21

· Follow lab safety guidelines in CN 0.3 and CN 4.21

· Choose deployment locations that are low risk for vandalism, gunplay, troll fishing, etc. 

· Make installation as unobtrusive as possible (i.e., invisible) 

· Wherever possible and necessary, use protective sleeves for sondes, and always in river installations to protect sondes from damage

· Anchor unit to an immovable object or otherwise so it does not move

4.0
SAMPLE COLLECTION, PRESERVATION AND HANDLING
Typically, water quality samples are not taken because sonde data quality is verified through pre-calibration and post-survey checks.   If water samples are taken and analyzed to generate data to compare to the sonde data, follow CN 1.21 for sample collection, and project QAPP and lab QAP for analytical quality control.

5.0
APPARATUS, EQUIPMENT AND MATERIALS

The following equipment is needed for the proper setup and field installation of deployment sondes.  Extra materials as may be needed in the field should also be taken when deploying.

· Calibrated multiprobe sonde with internal logging capability and setup for interval recording

· Anchoring assembly (cable and lock)

· Protective sleeve or tube for sonde (preferably black color)

· GPS device, buoys, digital camera and/or other locating tools as necessary (to reference deployment location)

· Carbiners, hooks, cable/crimps, polypro rope, buoyancy devices (lakes), ABS plastic pipe, etc. (installation hardware), as necessary

· deploment fieldsheets (pre-loaded top section ONLY)

6.0
REAGENTS    N.A.
7.0
CALIBRATIONS and CHECKS

Perform all instrument calibrations in the lab (per CN 4.21) prior to deployment using logger display units.   Do not perform calibrations in the field.   Following sonde calibration in the lab, enable circulator/stirrer (for Hydrolab units).  Calibration includes use of a “zero” DO standard in pre- and post-survey checks on dissolved oxygen for surveys in which low D.O.s are critical (e.g., lake hypolimnions, highly polluted/ enriched waterbodies).  Confirm <0.5  mg/l result for D.O., per CN 4.21 SOP.  Upon retrieval, perform post-survey checks.    

Perform side-by-side QC using an additional pre-calibrated sonde at deployment, when moving a sonde from one location directly to another location and at pickup/retrieval. 

8.0
PROCEDURES
The general procedures for unattended multiprobe monitoring (instrument setup, deployment apparatuses and field placement and retrieval) in streams/rivers and lakes/impoundments are as follows:

Multi-Probe Setup:   
1. Coordinate with survey crew leader to get required information re: # of probes requested, parameters, file setup, etc.   Survey Coordinator should fill out a multiprobe request form.

2. Replace D.O. probe membranes prior to deployment, and a minimum of 12 hours prior to pre-calibration.   Perform calibration of DO (prior to each use) and conductivity (prior to each use or periodically if only to ensure DO accuracy) probes using the display units.    Record calibration data to file.   For D.O./T –only sondes, use DIW cal solution.   Also, check battery life and memory to ensure that the sonde has sufficient charge to record all desired data.

3. Unattended Setup (Hydrolab):  For Hydrolab units, use PC or laptop computer (QMODEM or Hyperterminal program) with 9-pin cable and auxillary battery to setup sonde to log data in unattended mode.   Settings= 19200 baud rate, 8-0-1, create file, enter start date/time and end date/time.   For file name, use OWMID # or record to the manual file for file name. As the final step, go to Setup/System/Circulator “ON”.

4. Unattended Setup (YSI):   Use the 650 display unit.   Go to Sonde menu, Run, Unattended sample”.  Set desired parameters:  Enter file name, site name, interval, start date, start time, stop date, stop time, sensor warmup (2 min.), circulator warmup (2 min.), and enable audio and all applicable water quality parameters.  For file name, use OWMID # or record to the manual file for file name. 

5. Enable “AUTOLOG” feature as a backup in case setup is flawed (optional).

6. A log file will contain parameters that are enabled at the time of creation and “enabling” parameters after a log file is created will not be successful.  Therefore, select “ALL” parameters to be enabled prior to file creation.   

7. Verify setup parameters (esp. logging “armed”).   If pre-set start time not used, start logging.

8. Disconnect cable and return sonde to deployment setup.   

9. Pack sonde deployment apparatus with probe storage cup on and necessary accessories for transport to site. 

Stream/River Deployments:

1. Review sampling plan for any last-minute changes re: locations, intervals, analytes, etc.

2. Complete multi-probe request form and coordinate with multiprobe coordinator to schedule/reserve required instruments, and to discuss type of installation(s) needed.  Select sonde type (D.O.&T, or D.O./T/pH/Cond) needed based project-specific objectives.

3. Attend pre-deployment meeting with all involved staff to review setup and deployment procedures.

4. In general, the accuracy of D.O. readings may diminish over time, dependent on ambient water quality, type of DO probe used and flow conditions.    If possible, avoid low velocities (~<1 fps), turbulent conditions and elevated suspended solids near the sensor/membrane.  In some cases, D.O. data may only be valid for only 1-2 days, due to membrane fouling.  Make sure stirrers are engaged during deployments.

5. Only deploy stand-alone units with internal logging capability (i.e., no cable connections to separate logger boxes)

6. In general, do not download data in the field; retrieve instruments for data download at an office  PC.

7. The default sampling interval is every 30 minutes.

8. Place sonde in representative, shaded location (with the bottom of the unit (and probes) off the bottom!) and one that is well hidden.  

9. For deployment AND retrieval, record location, time, condition, etc. on ONE standard DWM fieldsheet (or an ‘Unattended Logging Fieldsheet’ for this “event”, if available).  That is, use the same fieldsheet for deployment and retrieval.

10. Protect sonde units in rivers using protective tubes, cages or other (see Appendix A).   Securely anchor the assembly to an immovable object at the site using metal cable and crimps.  Use anchor rocks atop tubes for additional shading from heat gain.  

11. Photo-document installation and retrieval (recommended, but optional).  

12. Use standard start/stop times for all deployed data files.

Lake/Impoundment Deployments:

1. Follow steps above (as approp.), and 

2. Assemble lake deployment sonde apparatus IN THE LAB.   Refer to Appendix B for lake/impoundment deployment apparatuses (or similar).  This method places the sonde unit a minimum depth of approx. 4 feet down from the water surface (protecting it from boat motors) and allows it to be relocated for pickup.   Perform demonstration of exactly what will be done once on the lake to deploy the unit. 

3. Prepare survey equipment, including GPS device.

4. Heavy duty float jug should be filled with 1/3 foam insulation/2/3 air (or ½ water ½  air).

5. Motor to desired location (typ. deep hole).  Drop boat anchor.   Record location, time, etc. on standard DWM fieldsheet for Lakes or on an ‘Unattended Logging Fieldsheet’ for this “event”. 

6. Drop sonde anchor attached to polypropylene rope.  Marking rope at the surface, pull anchor in and tie loop ~7.5-8 feet below the mark.  Clip sonde deployment assembly to loop and lower anchor in place.   The large loop should be floating about 4 feet below the surface allowing it to be hooked with a boat hook.   Attach thin 6 foot long string with bobber as an additional aid in finding unit.
7. For additional specifics on lake deployments, see Appendix B.
Post-Event QC Checks and Data Retrieval:

1. Retrieve units from the field and deliver back to DWM lab for data download and processing.   Before pulling units, run QC checks using separate probes or water samples right beside the unit to check field accuracy.  Use a separate fieldsheet for these data.
2. Perform post-survey checks per CN 4.21, and as follows: Low ionic (if needed) and DI checks both before and after membrane cleaning.  

3. After every deployment, use logger/display unit to transfer and store sonde data file(s) to appropriate display unit files (create files in all loggers for downloaded “unattended” data).    Verify transfer.   After transfer, delete sonde data files.   

4. After each deployment, contact the Database Manager to transfer logger data files to PC (per CN 4.21) for long-term storage.  Raw data files will be stored as read-only files on the network server.  The Database Manager and QC Officer (or another appointed staff member) will verify that the downloaded raw data files and the files on the units contain the same information (by comparing the header and first and last lines of data).  Once verification is complete, the Database Manager and QC Officer will erase the memory of the units and record all actions affecting data (download, erase) in the Data Maintenance Logbook.

5. For more specific details on post-deployment data management, see current deployment data team staff at DWM.   See also procedures as described in CN 4.21. 

9.0
QUALITY CONTROL

The following actions to control data quality are required:

· Planning to collect continuous multi-probe data should be performed by developing sampling plans (locations, frequencies, schedules etc.) and QAPP information to ensure the quality of the data. 

· Employ comparison sampling where possible in order to evaluate instrument accuracy throughout the deployment using periodic and/or end-of-survey water samples for lab analysis, co-located duplicate sonde/single probe measurements and/or field check samples (e.g., 0.0 mg/l D.O. standard) .   This will allow decisions re: whether any data “shifts” should be performed during data validation.

· If used, prepare “zero” D.O. standard by adding sodium sulfite to one full liter of water until no more dissolves, then add a trace of cobalt chloride (optional catalyst), top off and cap (no head space).   Always maintain this standard with no headspace.

· Adherence to quality control procedures for probe calibration and checks, maintenance and use contained in CN 4.21.  Note:   any deployment data not supported by pre-survey calibration and post-survey check data shall be censored.

10.0
DATA DOCUMENTATION, REVIEW AND VALIDATION

Field documentation shall follow standard DWM protocols, including the use of fieldsheets (standard or other) and photo-documentation.   Likewise, data validation shall generally follow DWM’s data validation SOP, as well as USGS guidance on data acceptability (USGS, 2000).

In the review and validation of the data, the performance criteria for DO and temperature data shall be as shown in Appendix C, based on both post-survey checks and in-situ comparisons to duplicate multi-probe measurements.

11.0 CORRECTIVE ACTIONS

Corrective actions shall be taken as needed, and may include the following:   TBD

12.0
WASTE AND POLLUTION PREVENTION
N.A.

13.0
REFERENCES
USGS. 2000. Guidelines and Standard Procedures for Continuous Water-Quality Monitors: Site Selection, Field Operation, Calibration, Record Computation and Reporting, WRIR 00-4252

EPA.  2003.   SOP for Calibration and Field Measurement Procedures for the YSI Model 6 Series Sondes.  USEPA-New England, OEME

Battelle.  2002.   Generic Verification Protocol for Long-Term Deployment of Multi-Parameter Water Quality Probes/Sondes

14.0
APPENDICES

Appendix A:
Standard Apparatus for Rivers  

Appendix B:
Standard Apparatus for Lakes  

Appendix C:
Decision Criteria for Deployment Data

Appendix D:
Multiprobe Deployments: Survey Reminders

Appendix E:
OTT Hydras3 LT Manual (by reference)

Appendix F:
Hydrolab Series 4/5 User’s Manual  (by reference)

Appendix G:
YSI Environmental Operations Manual  (by reference)

Appendix A:
Selected Apparati for Rivers (circa 2004-06)
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Appendix B:
Standard Apparatuses for Lakes (circa 2004)
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Lakes Deployment:

Pick up GPS unit, hydrolab probes, floats, rope and cinderblocks and large chain linknut, bobber and string,  field sheet owmid,  Prepare lakes field sheet and write down probe serial numbers for each lake on field sheet.

Carry probe etc to center of lake (or near deep hole but at least 20feet off to the side of any existing floats).   Anchor and immediately record GPS lat long.  Refer to the labeled photograph below. Lower cinderblock on 3/8 inch rope to bottom and clip or otherwise mark surface on rope. Tie tag end of rope to boat tempoprarily.    Pull up cinderblock and rope.  Measure surface clip minus about 5 ½  feet (below the surface) and tie a figure 8 loop knot (see attachment) using about 9 inches of loop to tie the knot and ending with a 2 inch loop.  Using the large chain linknut secure 3 loops inside the linknut, one loop being the cinderblockline figure 8 loop, the second loop being the middle loop on the probe cable, and the third loop being the center loop on the jug. Tighten chain linknut finger tight. Use a tiewrap to loosely secure sonde near probe end to both the jug rope near the jug and the tag end of the cinderblock rope. If you put the tiewrap inside probe guard be sure it is on the slot away from mixer!  Jug should be half filled with air with cap on so it is buoyant enough to easily float probe but not so buoyant as to lift the cinderblock. Check to make sure all three loops are in the chainlink (probe, cinderblock line and float line). Lower the cinderblock and with it the probe/jug using the excess tag end of the cinderblock rope.  Check to see that the probe is floating about 4 feet below the water with the top of the jug at least 3 feet below the water (to avoid direct hits by boat propellers).  Attach a thin 6 foot string with a bobber as an additional aid to finding the float. If necessary to adjust up or down a foot, simply pull everything up and unscrew the chain linknut and reattach the cinderblock loop to the higher or lower loops on the probe and/or on the jug and retighten.  The jug should always be next to and slightly above the probes.  You should be able to see jug clearly when boat is overhead, otherwise raise jug and/or also attach a string and surface bobber to the float if algal bloom prevents seeing jug.  When jug is suspended 3-5 feet below surface, the bobber on the surface and all looks well you can untie and drop cinderblock rope into water.  Before you move you must record position again using GPS lat long etc.

Record visual position:

Record general position on field notes (e.g. probe SN 040600074123 deployed at 10:12am approx, 25 feet sw of deep hole float in center of lake with float 4 feet below surface.  In line with dock and south corner of white house on west shore and inline with lone white pine and pumphouse on north shore.

Record GPS position as follows.

Open lowrance, velcro round white antenna to lid, power on.  Hit PAGES < or > to navigate screen enter and when position is acquired Lat and Long should be stable (not flashing).  Record lat and long on field sheet.   Next, set a waypoint position on the GPS as follows: To get to map screen hit PAGE < or > to MAP enter.   Hit WPT button and toggle > to save, new.  Toggle down v to new and choose create waypoint at current position.  You can give it a new name or use default numbername.  Record name of waypoint and check lat long agrees with previous position.

Pull up anchor and carry on with sampling.

If you wish to test the sonar you can move 50 feet away and scan the sonar horizontally under the surface.  The sonar typically has a blank screen with a flashing constant depth to warn you it can not see the bottom or the float.  Rotate the sonar probe 360 degrees slowly.  At some point in the scan you should pick up a solid signal from the jug that looks like a hard bottom and the sonar will give a depth in feet which is steady (not flashing).

_______________

To recover probes the following day.

Take copy of yesterdays field sheet, lowrance GPS unit or hummingbird sonar, and a long handle rake or boat hook to lake.  You may need an extra sonar and the Secchi view tube (and skin diving mask) as well. Turn on lowrance, wait for position.  Hit PAGE < or > to navigate enter. Hit WPT, select mywaypoints enter, select nearest, enter.  Navigate to nearest waypoint which should be the one you set yesterday, if it is a previous waypoint then select yours from the list.  Use PAGES <> navigate enter to show the navigation screen showing magnetic bearing and distance to waypoint. Go there.  Look for bobber and look down. Find subsurface float.  If you don't see it turn on sonar screen split with map and then take sonar pole and hold it level at arms length under water and sweep it in a circle while observing sonar screen to see if the sonar screen shows a solid signal like the bottom; (that is the float) go and get it. If you can't find it check deployment notes and either go swimming or come back and tell Mattson that he needs a swim.  When you find it, hook the float loop rope with the rake and pull it up, checking SN and note condition of probes. Record recovery time on field sheet. Bring everything back to DWM and give probe to Jeff for downloading.

Appendix C

Decision Criteria for Unattended Multi-Probe D.O./Temp Data 
(for Lakes and Rivers, unless otherwise specified)

Assumptions:

· decisions are based on trimmed datasets (i.e., data when unit out of water, away from site, otherwise affected, etc. deleted.)

· parameter-specific decisions apply to all data within “blob” unless further review dictates otherwise
· lab pre-cals and post-checks performed on all units

· DO membranes changed and acclimated prior to each deployment

· all deployments “representative” of site conditions (at least at dropoff)

· typical deployment duration 2-7 days

· for lakes, deployment depth = QC probe depth (if not specified; should be available on fieldsheets) 

1. If side-by-side QC data (attended) is available at deployment and pickup, and post-check acceptable, then:
	TABLE 1
	Avg QC diff < 0.5 mg/l
	Avg QC diff 0.5<x<1.0 mg/l
	Avg QC diff > 1.0 mg/l

	D.O.
	accept
	Qualify with “i”
	Censor with “i”

	D.O. (post-check not acceptable)
	Qualify with “i”
	Censor with “i”
	Censor with “i”

	Temperature
	Avg QC diff < 0.3 C
	Avg QC diff 0.3<x<0.6 C
	Avg QC diff > 0.6 C

	
	accept
	Qualify with “i”
	Censor with “i”



* avg difference calculated by taking the mean of dropoff DO diff and pickup DO diff (between QC probe and nearest-in-time deploy QC)

2. If no QC side-by-side field data available, but only lab pre- and post-check of deployed unit available, then:

	TABLE 2
	Post-check acceptable    (< +/- 0.2 mg/l)
	Post-check not acceptable (> +/-0.2 mg/l)

	D.O.
	Qualify with “i”
	Censor with “i”

	Temp.
	same as above (Table 1)


3. If only side-by-side QC for one end of the deployment (dropoff or pickup) is available:  use Table 1 above using the one value as “avg QC DO diff”.

4. Review data recorded following deployed unit “power loss” normally as above (no special criteria), subject to data availability and integrity (if downloadable, readable, etc.). 

5. Use BPJ as needed for deployment-specific situations affecting data quality (e.g. censored or qualified QC data, availability of duplicate tube data, etc.).

6. For tidally-influenced deployments, % SAT data using DO/T-only sondes (ie, no conductivity/salinity data) will not be accurate when conditions other than freshwater are encountered.   If % SAT readouts are not internally-compensated for salinity (and no related data is available (e.g., chloride) to estimate equilibrium oxygen concentrations), then censor all % SAT data.

Appendix D

Multiprobe Deployment Survey Tips 
To expand the quantity and quality of dissolved oxygen and temperature data collected by DWM, in-situ, continuously-monitoring multiprobe (DO and temperature) and temperature data loggers will collect data at selected stations.   Multiprobes are deployed on multiple (3-4 times during the summer low flow period) 48-96 hour-long occasions throughout the assessment monitoring period.   Temperature loggers are deployed once at selected locations for 2-3 months.   This approach captures “worst-case” dissolved oxygen and temperature data (without the risks and logistical problems associated with “pre-dawn” surveys).  Although deployed units are secured and locked, leaving probes unattended does carry some risk of loss and/or damage to one or more of the multi-probe units due to improper installation, theft or vandalism.  For additional tips, see SOP CN 103.1.
Multiprobes (DO/TEMP):

In 2009, a multiprobe “pool” of approx. 10-12 stand-alone DO/T loggers are available.  These units can be deployed at pre-selected stations in the year-2 watersheds on a weekly basis, as illustrated below.  

Three distinct groups of DWM staff facilitate data collection and management:

1) Calibration Team (Jeff Smith with Richard Chase, Matt Reardon and Bob Nuzzo available as backup)

2) Deployment Team (Richard Chase, Brian Friedmann, Jamie Carr, Matt Reardon, James Meek, Peter Mitchell, Chris Duerring, Bob Maietta and 2-3 dedicated seasonal staff)

3) Data Group (Tom Dallaire, Steve Daukas, Jane Ryder, Jeff Smith, and R. Chase)  

Example Process:   Probes are calibrated and programmed on Fridays by one or more DWM calibration staff using either saturated air or saturated water techniques.  Calibrated probes are then placed in protective deployment cases, such as perforated, black PVC pipes with cable attachment.   These are cabled securely to fixed objects at each site and deployed in the water column at locations where they can collect representative data and be hidden from view/vandalism.  On ensuing Mondays or Wednesdays (after 3-5 nights of data collection at 30 minute intervals) deployment staff visit each site to retrieve the probes (and redeploy them if necessary on Mondays).   The units are transported back to DWM for post-survey checks for precision and accuracy.   General inspection, cleaning and QC checks are performed in the field upon deployment and retrieval.   Instrument maintenance, data uploads to PC and project coordination are performed on Thursdays.  Project OWMIDs are used for probe and QC data.  The above process is repeated each week for each successive watershed project.   

Logged multiprobe data are uploaded to a PC once a week by the multiprobe data group.   Data are stored and managed in the WQD database.   Multiprobe use for other projects (e.g., CERO-SMART, lake surveys, other) is provided via DWM’s existing non-internal-logging units.

Data to date indicate that DO and temp data are not affected by placement of the multiprobe sensors inside the deployment tube (insignificant or no “container effects”).   Recent data also indicate that redeployment in the field (moving probes from their original location to another without re-calibration) does not compromise the accuracy and/or reproducibility of DO data.    If further testing indicates otherwise, then the field crew shall perform field calibration for DO.  

Efforts to promote and maintain quality assurance, data quality, safety and efficiencies for all probes in use include the following:

· Side-by-side, simultaneous probe readings at deployment and pickup using just-calibrated sonde unit

· Unique fieldsheet for deployments

· Project planning/coordination meetings as needed during the project

· Adequate field training for seasonal staff re: transport, pickup and deployment

· Daily oversight by project manager

· Detailed and complete photodocumentation

· Safe and representative station locations

· Secure placement and anchoring of sonde assembly

· Prompt, expedient data upload to PC at the office

· Accurate and precise data processing and management

· Pre-evaluation of possible “enclosure effects” (i.e., tube vs. no tube side-by-side)

Potential pitfalls to guard against include:

Lab:

· Late start for time-consuming pre-calibrations affecting deployment schedule.

· One or more units found to be not working or to have unacceptable calibration data, resulting in the need for backup units  

Field:

· Poor locating of units resulting in vandalism

· Poor placement of units resulting in poor quality data, movement and/or loss (e.g., in direct sunlight)
· Lost/misplaced equipment (locks, keys, tube caps, L-brackets, etc.)

· Forgot QC muli-probe (esp. needed for retrieval) or other equipment (anchors, cable, probe guards) 

·  Poor scheduling/timing resulting in time loss

DWM SOP REFERENCES:  (DWM network access)
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