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This SOP is adopted from the Northern Colorado Plateau Network’s SOP #10 Well installation and hydrologic 

monitoring, Version 1.05 (August 2016) in Weissinger, R., D. Witwicki, H. Thomas, A. Wight, K. Lund, and 

M. Van Grinsven. 2018. Riparian monitoring of wadeable streams protocol for park units in the Northern 

Colorado Plateau Network: Version 1.05. Natural Resource Report NPS/NCPN/NRR—2018/1636. National 

Park Service, Fort Collins, Colorado. 

 

This SOP describes installation techniques, instrument set up, and monitoring measurements for groundwater 

wells. An equipment list is provided in SOP #2. The initial site visit includes infrastructure installation and 

development, programming and installing dataloggers, and taking initial water level measurements. Monitoring 

revisits include water level measurements, downloading dataloggers, and infrastructure maintenance, if needed. 

Installation and ground surface elevations are also recorded annually (SOP #8). 

A three-person team comprised of one installation specialist and two assistants is required to effectively 

complete the installation tasks described below. All crew members should have good physical endurance and be 

capable of heavy lifting. Revisits can be completed by one person. 

 
1. Installation type 

This SOP outlines installation for groundwater monitoring using below-ground installations such as a well or 

piezometer are required.  

1. Hydrologic monitoring assemblies 
The objective of a groundwater monitoring installation is to place the well screen deep enough into the 

floodplain to penetrate the perennial alluvial water table or deep enough to maintain contact with water levels as 

they decline during the growing season. The deepest placement possible allows for water level measurements to 

be obtained as groundwater levels decline during long-term drought. Wells can be installed to maximum depths 

of 3 to 6 meters in finer textured substrates such as sand and gravel by pounding steel pipe into the ground with 

a post pounder.  

 



Springs Monitoring Protocol – SOP#9 - Version 20180930 

Page 2 of 42 

 

Groundwater well – This type of well is used to measure groundwater levels. Wells may be constructed of 

galvanized steel or PVC pipe; either is typically constructed of one screened section attached to one or more 

solid pipe sections (risers) reaching to the ground surface (see Fig. 1a). 

For galvanized steel wells, also known as sand-point wells, an iron drive point at the base of the screened 

section enables driving the well into the substrate with a post pounder. Sand-point wells are typically used 

in relatively coarse substrate like sand and gravel. Because the screened section of these well s is relatively 

short, care should be used where subsurface layers of clay or dense silt are probable. Groundwater can perch 

on top of these occluding lenses or layers, and driving the screened section too deeply through an occluding 

layer can result in an apparently dry well or poor connectivity with the perched water table.  

 

PVC wells (Fig. 1b), 1.5 or 2 inches in diameter, are typically used in finer-grained (silt) or clayey 

sediments, and the screened section may be five to 10 ft. in length. They are installed into a 3- to 4-inch 

diameter hole augered through the substrate to the appropriate depth.  

1.1 Determining locations for hydrologic installations 
Hydrologic installations are typically placed in riparian vegetation around the spring.  .Attempt to avoid placing 

a well downstream of side canyons, culverts, or any other source of disturbance that could increase flood risk or 

channel change.  At some sites, and/or where legacy hydrologic data are available, installations may be sited to 

take advantage of favorable conditions or to enhance continuity of legacy data.  

 

Usually,  at least two wells are installed at the upper and lower extent of riparian vegetation, other locations can 

be added specific to the site.  Some constricted reaches may not permit installation of two wells due to the 

presence of bedrock.  In this case, only one well should be installed on the non-constricted side of the spring. 

 

 

1.2  Wells: drive point assemblies 
1.2.1 Drive-point well ground surface preparation 
Mark locations for the installations. Dig a hole 1-2 feet deep and no more than 2 feet in diameter with a shovel. 

This preparation will remove any near-surface cobble that will otherwise make a perfectly plumb installation 

more difficult, and will also significantly reduce total resistance between the well point assembly and the 

surrounding sediments during installation.   

 

1.2.2  Drive-point well assembly 
The initial height of the well point assembly depends on the depth of the hole and the height of the crew 

members relative to the top of the well point assembly.  

 

A. Connect a screened well point to the appropriate galvanized riser pipe (Figure 1a). Be absolutely sure that 

you have connected the appropriate type of riser pipe (screened for instream wells or solid for riparian 

wells). For a 3-foot screen, using a 2- or 3-foot riser length is recommended for the initial installation 

step. The top of the well point assembly should be approximately shoulder height prior to pounding. Wrap 

all threads with Teflon tape, and use heavy-duty stainless drive couplings at each pipe junction.   

 

B. Attach a sacrifice pipe to the top of the well point assembly. Make sure to use Teflon tape and a drive 

coupling here as well. 

 

C. Use two large pipe wrenches and a cheater pipe, if available, to tighten all of the threaded junctions as 

much as possible. 
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Figure 1a. Components of a steel monitoring well assembly, including screened well drive point, drive 

coupling, sacrifice pipe, screened galvanized riser, and solid galvanized riser. 
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Figure 1b. Diagram of PVC monitoring well installed into augered 

hole in floodplain, showing screened and solid riser sections, bottom 

cap, and top plug or cap. 

 

 
1.2.3  Driving in the well point assembly 
Use a large diameter, heavy-weight fence post driver to pound the wells into place (Figure 2). Handlebar grip 

tape (used on road bikes) attached to the handles of the fence post driver will significantly reduce the vibration 

on your hands. Use thick padded gloves (or two sets of gloves) to additionally reduce vibration forces. High 

decibel ear protection must be worn by all crew members at the installation location. Ear muff-type protection is 

recommended (versus ear-plugs) due to ease of taking them on and off. 
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Figure 2. Installing a riparian well at the East Fork of the Virgin River, Zion National Park. 

 

A. Place the well point assembly at the pre-determined location. It is easiest to begin installation by sliding 

the post pounder over the top of the well before it is raised to vertical; one person should then help hold 

the post pounder while another stabilizes the well point assembly at the point of installation. A third 

person uses a bubble level to make the well perfectly plumb. Once plumb, two crew members can begin 

pounding. Determine the number of repetitions (reps) before you begin to pound (typically 7 reps). One 

person should call out the repetition number (“1, 2, 3.” as pounding proceeds to ensure that both crew 

members stop pounding at the same time.  

 

Make sure you don’t over-drive the well. It needs to be checked and adjusted periodically during 

installation to ensure it is level upon completion. 

 

Leveling the well point assembly 

-Check the alignment of the well at two perpendicular locations along the riser section.  Use a bubble 

level to perform this task between each set of reps of pounding.  

 

-At first it should be easy to level the well point assembly. The well point can be shifted to the level 

position with little effort in between reps.  

 

-Once the well point assembly attains a sufficient depth, it will no longer be easy to level. Try moving 

the assembly in a circular motion to loosen the adjacent sediments, and then re-level. Be careful not to 

torque the assembly while leveling, and always apply pressure toward the base of the well, not the top. 

Too much torque can bend the well or damage threads, which may necessitate removal and 

reassembly. It is better to have the well not perfectly vertical than to damage the assembly.   

 

-After 3-5 feet of the well point assembly is beneath sediments, it will become extremely difficult to 

adjust the alignment of the well. If necessary, one crew member can use a rope or webbing to apply 

pressure to the well point assembly while the other two crew members initiate pounding. Loop the rope 

around the well point assembly near the soil surface and apply a constant pulling force.  

 

B. After one set of reps, remove the fence post driver. Level the well and use the pipe wrenches to tighten all 

threaded junctions again. Tightening should be performed every time the fence post driver is removed 
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(between 1 and 3 sets of approximately 7 reps). If threaded junctions are not regularly tightened, the 

threads will suffer significant and irreparable damage. Thread damage to the well point assembly (not the 

sacrifice pipe), may necessitate removal and re-assembly. 

 

If the well point assembly is bent or threads are damaged during installation 

- The well point assembly should be removed and a new one should be installed. If the screened 

section, including threads, is undamaged, it can be re-used. It may be necessary to dig deeper to 

remove the well point assembly. Removal may be difficult or impossible depending on the depth 

achieved before damaged occurred.  

 

-If the well point assembly has been damaged enough that it will not function properly, and it cannot 

be removed, the last resort is to detach remaining riser sections and bury the stuck section. This should 

be avoided at all costs. 
 

C. Once the well point assembly is level and all pipe junctions are tight, begin pounding again. Continue re-

tightening all exposed couplings between 1-2 sets of pounding.    

 

D. Wells should be installed to a depth of 2-3 feet below the lowest anticipated water level. In most 

locations, a depth of 11-15 feet is sufficient. Check the depth of water present in the well regularly after 

the screen and first riser are pounded below ground surface, using the water level meter (see instructions 

in section 4.1). It will typically be necessary to agitate the water inside the well with an inertial lift pump 

to clear sediments around the screen and ensure sufficient hydraulic connectivity (see instructions in 

section 1.2.4). After agitating the sediments, allow time for the water level to equilibrate prior to 

measuring the water level. 

 

E. If the depth of the well is not sufficient, continue pounding until the appropriate depth is reached. 

Depending on the groundwater level, you may choose to use a smaller length of riser pipe for the last 

section. Six to18 inches of pipe should be exposed above the surface of the completed well. Shorter 

exposed sections reduce the likelihood of flood damage and may be desirable for aesthetic reasons (e.g. 

proximity to a trail or likelihood of visitor interaction). Longer sections help to prevent burial during large 

flood events. To protect longer exposed sections, a 1-inch diameter galvanized steel pipe five to six feet in 

length can be driven by post pounder and sledgehammer next to the upstream face of the well. Use a 

block of wood, if necessary, to carefully drive the last few inches of the protector pipe so that its top is 

lower than the top threads of the well. Strap the well to the pipe using standard hose clamps.  

 

 

1.2.4  Developing the well  
The sediments surrounding the well screen may become smeared during installation, clogging the well screen 

and reducing hydraulic conductivity of the sub-surface material. Pump the well with an inertial lift pump to 

eliminate smearing and to create a sedimentary filter pack surrounding the well screen that maintains proper 

hydraulic connectivity in the sub-surface environment and responds quickly to changes in water level. The 

amount of time it takes for water levels to respond to natural variation in the well is a function of the hydraulic 

conductivity of the sub-surface material and the connectivity between this material and the well screen. The 

plunging motion of the pump will effectively push the finest sediments (fine sand, silt and clay) further away 

from the well screen or suck them into the well, allowing coarser materials (coarse sand, gravel, and cobble) to 

remain closer to the screen. This procedure reduces or eliminates fine sediment buildup in the well over time.  
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All wells require plunging and pumping for development. This procedure is most effective when performed by 

two crew members, although the task can be completed by one person if necessary. 

 

A. Insert the foot valve end of the inertial lift pump into the well until it reaches the bottom (Figure 3). With 

one person holding the opposite end of the tubing away from the well, the other person should initiate a 

plunging motion within the well. If there is not enough water to purge the sediment, use a bucket to pour 

water into the top of the well during purging. 

 

B. The check valve in the pump allows water in the well to enter the tubing during the downward motion, 

and prevents water from escaping during the upward motion (see Figure 3). Water will continue to fill the 

tubing with each plunge and eventually will be expelled from the opposite end. The water will slowly 

clear as this procedure continues, typically in 5-10 minutes of pumping.   

 

C. If water quality samples or measurements are to be obtained from the well, remove the inertial hand pump 

once the water expelled from the well is clear.  Insert the tubing attached to the Geopump 2 peristaltic 

pump (Figure 4). The flexible tubing should reach the bottom of the well. Turn on the peristaltic pump 

and allow it to continue pumping until the water being removed from the well is visibly clear.   

 

 

     

Figure 3.  Diagram of inertial lift pump (image from www.waterra.com). On the actual pump, the tubing 

extends several meters beyond the top of the well casing so that you can direct the expelled water away from the 

well. 
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Figure 4. Pumping a well with a peristaltic pump at the East Fork of the Virgin River, Zion National Park. 

 

1.2.5  Completing the well  
Once the well is installed to a sufficient depth and pumped, a few remaining tasks are necessary to complete the 

installation.   

 

A. For riparian wells, it will be necessary to back-fill the sediments removed during the installation. Fill in 

sediments to within 1-2 feet of the ground surface. Compact the soil with your feet. 

 

B. Place enough dry bentonite pellets in the bottom of the hole surrounding the well to cover the surface (a 

few shovels worth). Arrange the pellets so that there is a thicker coat around the exposed well riser 

section.      

 

C. Using a small bucket or water bottle, slowly pour water on top of the bentonite pellets.  Use your hand to 

ensure that all of the bentonite pellets become saturated and form a smooth impermeable surface. Pay 

careful attention to the area around the exposed well. Once hydrated, the bentonite pellet layer will 

effectively seal the annular space surrounding the well and prevent preferential flow paths from forming 

adjacent to the well.   

 

D. Pour water into the instream well to ensure proper connectivity with the surface water. If proper 

connectivity was achieved, the level in the well should quickly equilibrate with the surface water 

elevation. 

 

E. Back-fill the rest of the hole, and scatter leaves and branches to camouflage the site (Figure 5). 
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         Figure 5.  Completed riparian well in Courthouse Wash, Arches National Park. 

 

1.3 Wells: PVC wells – Used at sites where there are interbedded clay laters at depths below the surface 

or were suoer fine substrate near the ground surface might mask higher connectivity in the courser 

substrate beneath. 

1.3.1 Augering the well hole 
Use an extendable soil auger with ratcheting handle to excavate the hole for the well down to the depth 

estimated as approximately 2 feet below the low (dry season) water table elevation, probably 11 to 15 ft. below 

ground surface. A 3- to 4-inch diameter bucket auger works well for installing 1.5-inch or 2-inch PVC wells in 

most soil conditions. Document the substrate layers found and the depth of saturation on a well log form 

(sample form in section 6) as augering proceeds (e.g., "dry sand, surface to 2.5 ft., moist clay/loam 2.5 ft. to 4.6 

ft., saturated clay/sand 4.6 ft. to 6.0 ft., ...").  Record the total depth to the bottom of the hole from the ground 

surface when the hole is complete.  

1.3.2 Assembling the well 
A. A. “Dry-fit” the well components (bottom cap, screen section, riser section(s) to the desired total length, 

to exceed the total depth of the well hole by approximately 1-3 feet. A screened section 5 feet in length 

is generally sufficient, with the remainder of the well composed of solid riser pipe, but a longer screen 

can be used where large groundwater level fluctuations are anticipated, The length of pipe that should 

remain exposed above the ground surface partly depends on the well's location relative to the active 

channel. If possible, approximately 1.5 feet of pipe should remain exposed for wells installed on 

floodplain surfaces, to minimize the chance of burial during floods; however, the higher the exposed 

length of pipe, the more susceptible it is to damage during floods (see Completing the well, below). A 

hacksaw can be used to cut the top section of riser pipe to the desired length; take care to ensure a 

uniform cut so that the top of the well is level on completion. To protect an exposed well riser on the 

floodplain, drive a 5- to 8-foot section of 1-inch galvanized pipe into the ground on the upstream face of 
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the well. Use a post pounder and sledgehammer to drive the pipe. A block of wood can be used to 

carefully drive the last few inches of the protector pipe so that its top is lower than the top threads of the 

well. Strap the well and pipe together with two or three standard galvanized hose clamps.) For wells 

installed on higher surfaces, leave 1 to 1.5 feet of exposed riser pipe above the ground surface.  

 

B. Commercial well screen is pre-threaded to allow the sections to be screwed together; the riser pipe may or 

may not be threaded. If not, a PVC thread–slip coupling can be used to join a threaded screen section to an 

unthreaded riser section, and slip couplings used to join the risers to each other. Use Teflon tape on all thread 

joins. 

C. Glued sections and caps: Use PVC primer and the correct PVC cement for glued joins. Resting the PVC 

parts being glued across a board or flat rock helps to keep the joins clean; it is essential that no grit or dirt 

adheres to primed or glued surfaces. Glue sections together one at a time. Carefully apply the PVC primer to 

both surfaces to be glued (e.g., coupling interior/riser exterior). Wear gloves and avoid drips; the primer 

permanently stains clothing. Apply PVC cement to both surfaces and then immediately and firmly press the two 

parts together with a ¼ turn to ensure full adhesion. Continue pressing the two parts together for about 30 

seconds before moving to the next join. 

D. Drill 3-4 small (1/16
th

 inch) holes through the cap for the bottom of the well to allow water to drain from cap 

and bottom of the screened section. Use a threaded PVC cap, or, if using a slip PVC cap, use a hacksaw to cut 

off the bottom threads of the screened section. Use Teflon tape on all threads. Screw the drilled bottom cap on 

tightly, or glue in place. 

E. For later measurements, it is easier to remove a threaded top cap than a slip-on cap. If the top of the final 

riser is not threaded, a slip–male threaded coupling can be glued to the top of the pipe to allow a threaded cap to 

be used. (Alternatively, a locking well plug can be used inside unthreaded pipe; see Completing the well.) Drill 

a 1/8” hole through the top plug or cap to allow equalization of atmospheric pressure in the well. 

F. Insert the assembled well into the soil hole, making sure that it occupies the full depth of the hole and is 

seated firmly in the bottom of the hole. 

 

1.3.3 Measuring water depth inside the well 

Check the depth of water in the well using a water level meter (see section 4.1). In fine-grained soils, it may 

take an hour or more for the water level in the well to equilibrate with the surrounding aquifer. Riparian wells 

should be installed to a depth of 2-3 feet below the lowest anticipated water level. The water level in wells 

installed during the fall (September-November) should be 4-5 feet above the well bottom; during drier months, 

depth of water in the well should be a minimum of two feet. If this is not the case, even after the depth to 

water in the well has stabilized, the pipe may have to be removed and the hole deepened. 

 

1.3.4 Completing the well installation 
Use the bubble level to hold the well plumb, and pour coarse sand into the cavity around the well. Tamp the 

sand down around the screened section with a narrow tool (the shovel handle, auger rods, or a capped length of 

½” PVC pipe can be used.) Add enough sand to fill the cavity to at least 2 feet above the top of the well screen. 

The sand helps filter fine sediments from groundwater entering the well. Fill the remainder of the cavity to 

within 2 feet of ground surface with bentonite powder or pellets, again tamping the material to avoid leaving 

large cavities below ground surface. Slowly add water to the bentonite; it will swell and coalesce to seal the 

upper cavity so that precipitation or overtopping during floods do not enter along preferential flow paths, 

resulting in falsely elevated water level readings. Fill the remainder of the cavity with native soil cuttings, 

packing the soil until it is even with the remaining ground surface. Alternatively, a two-foot diameter hole can 
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be excavated around the top of the well to a depth of approximately one foot. A standard concrete mix can be 

used to fill the hole; wooden rods or stakes should be used to push the concrete down into the remaining cavity 

around the top of the well. 

1.3.5 Developing the well  

Use the inertial hand pump to clear sediment from the well and screen. See section 1.2.4 above.  

2.  Installing the pressure transducer 

2.1 Program the loggers 
For detailed instructions on settings, refer to the instrument’s user manual (i.e., Solinst Levelogger User 

Manual). Depending on accessibility of the reach, you may perform these steps in the office ahead of time or in 

the field using a laptop loaded with Solinst Levelogger 4.0.3 software. Stage loggers should be programmed for 

each hydrologic installation, and a barometric logger is needed for each monitoring reach to compensate for 

atmospheric pressure. 

 

A. Before employing transducers in the field, it is important to test them to insure they are accurately 

reading pressure.  The easiest way to do this is to put them through an air test.  Gather the transducers to 

be installed at a park on the next monitoring visit.  Keep the groups as large as possible to support as 

many “should be the same” comparisons as possible.  The minimum number of transducers should be a 

set of three transducers that will be used at one site (two water  and one air).  The transducers to be 

tested should be placed in a stable environment (office desk).  Synchronize the time and program a 

common start time for all transducers. Let the transducers run for at least a 24 hour period and ideally 

for up to a week of exposing the transducers to an identical environment. This data will support 

identification of potential fixed offsets among transducers which will then be used in analysis or may 

show a transducer is no longer operational.   

 

B. Stop the test and download the transducers using Solinst or Hobo Software (see Section 5.0 Return 

Visits below for information on how to download the transducers). 

 

C. If the transducers air tests are successful (<5 cm deviation, see Figure 6), store the test data on Z and 

reset the loggers using the elevation of the site where they are to be deployed.  NOTE that when 

comparing data from barologgers (air transducers) to leveloggers (water transducers) the barologgers 

must be multiplied by 1.01702 for the graphing operations.  It is fine to just keep them recording through 

transport and deployment.   
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Figure 6. Example of a successful air test.   

 

D. Electronically label each pressure transducer with the stream and reach location, and any well-specific 

identification information, e.g. CHA0610a, SAPU01RSG, HUTR_Baro etc.   

 

E. Set the logging interval to 15 or 30 minutes depending on the data resolution desired. 

 

F. For stage loggers, change the units to centimeters. For barometric pressure loggers, use the default units. 

Adjust the site elevation, if programmable. Elevations acquired from online mapping applications such 

as Google Maps are sufficient for this setting.  

 

G. Synchronize the logger time to your computer’s time. If needed, adjust the computer time to Mountain 

Standard Time. Set a future launch date and time at an even time step interval (e.g., 10:15:00, 

13:30:00). It is best to set the start time in the field just prior to logger installation so you can collect a 

representative water level elevation and flow measurement at the same time. If this step is completed 

prior to field work, make sure to provide an appropriate buffer between the anticipated time of well 

completion and the logger start date and time.   

 

2.2 Install the logger 

A. Cut a length of Kevlar cord or line approximately the same length as the depth of casing where the 

logger will be deployed. Attach one end of the Kevlar line to the hanger on the pressure transducer with 

a ring terminal. Use the crimping tool to properly connect the ring terminal to the pressure transducer. 

Alternatively, double the Kevlar line, pull both ends through the cap, and then pull both ends through the 

loop of the line near the cap.  
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B. Stretch the logger and cord out next to a meter tape with casing cap, eyebolt, and a 2” carabiner. Make a 

mark where the total length is approximately 3 cm shorter than the depth of the casing. Attach the cord 

to the carabiner using a ring terminal and crimper or a bowline knot. Use electrical tape to secure the end 

of the line when using a bowline knot. The pressure transducer sensor should be situated at least 3 cm 

above the bottom of a well to allow for minor sedimentation between visits, and 0.5 to 1 cm above the 

bottom of the open casing in surface stage installations.  

 

C. Measure and document the distance to the nearest 0.1 cm from the transducer measuring line (Figure 7) 

to the point on the cap or plug corresponding with the well or gage measuring point.  

  

D. Clip the carabiner to the eyebolt attached to the cap, and lower the pressure transducer into the well. For 

barometric pressure loggers (e.g., Solinst Barologger), suspend the barometric pressure logger in a 

nearby tree affording the most shade possible but safe from flooding. 

 

E. Lower the pressure transducer into the well or casing, grease the well threads with plumber’s grease, and 

tighten the well cap or plug with pipe wrenches. 

 

 
Figure 7. Transducer measurement lines for Solinst Junior, Edge, and Gold 

models. 

 

 

3.  Recording location and photos 
Record a waypoint for each installation and Barometric pressure logger using a mapping grade GPS unit. Make 

sure the coordinate system of the GPS unit is set to NAD 1983. Also record the northing, easting, and elevation 

of each well on the Well Installation data sheet.  

 

Photos should be taken throughout the installation process to document conditions that may help interpret 

results, including photos of each completed installation. To help re-locate installations and the Barometric 

pressure logger during future site visits, take landscape photos that contain unique features, such as rock 

outcrops or large trees that serve as reference points. On the Installation data sheet, record the photo number, 

the installation ID, the photographer, and a brief description of each photo.  

 

Installation locations and elevations are also recorded during the reach survey (SOP#8). 
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4. Data collection 

4.1 Manual water level measurements  
The water surface level is the depth of the water surface beneath the top of the installation casing. Use a Solinst 

water level meter and the appropriate data sheet (Well Installation or Well Revisit) to record your 

measurements. 

 

A. Remove the cap and pressure transducer, if installed. Wait at least one minute to allow the water level to 

equilibrate. 

 

B. Turn on the water level meter and adjust the sensitivity. Setting the sensitivity too high can result in false 

readings from condensation on the inside of wells; an overly low setting will not register the correct water 

surface.  

 

C. Lower the water level sensor into the casing at the marked measuring point (or streamward side of the 

well if no MP is evident), holding the tape away from the edge of the well until the sensor sounds.  

 

D. When the sensor encounters water, you will hear a loud constant tone. Raise the water level meter up until 

the tone stops. Slowly lower the water level meter back into the well, and determine the depth to the water 

surface (DTW) once the sensor begins making the tone again. It may be necessary to raise and lower 

several times to obtain an accurate measurement. Keep the tape away from the edge of the well until 

making the actual measurement. 

 

E. On the data sheet, record the time the measurement was taken and the DTW in the “Measured” column to 

the nearest 0.1 cm.   

 

F. Repeat steps D–E at a one-minute interval. If the readings differ by more than 1 cm, the water level may 

not have equilibrated sufficiently. Wait five minutes and try again. 

 

G. Record the true DTW measurement to the nearest 0.1 cm. Make sure all units are the same (cm). 

 

H. Turn off the sensor. 

 

4.2 Other manual well measurements 
A. Lower water level meter until it reaches the bottom of the well. The tape will go slack when you reach 

the bottom. It may be necessary to raise and lower the water level meter to obtain an accurate 

measurement.   

 

B. Record the depth between the TOC and the bottom of the well (BW) in the “Measured” column on the 

data sheet to the nearest 1 cm. Make sure the datasheet shows a record of any offset between the tape’s 

water sensor (the needle near the center of the sensor probe, on some models) and the bottom of the 

sensor probe.  (If the well point assembly has just been installed, this measurement will also be used to 

estimate the length of Kevlar rope that will suspend the pressure transducer in the well.)   

 

C. Use a standard hand tape measure to measure (along the outside of the well casing) the distance from the 

measuring point (TOC) to the ground surface to the nearest 1 cm. Record on the data sheet. 
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5. Return Site Visits 
Each set of monitoring wells is visited at a minimum of 3-month intervals through the year where site 

conditions make winter visits possible. Visits are timed to capture the greatest variation in groundwater level 

and streamflow and will enable computation of a robust stage-discharge relationship over time.  At sites where 

there is a danger of the pressure transducer becoming encased in ice, a freeze-resistant transducer (e.g., some 

Onset models) should be used, or the transducer should be removed from the installation prior to winter and 

reinstalled in very early spring. A lens of ice at the surface of the water can affect pressure transducer readings 

but does not jeopardize the equipment. 

 

On each visit to the installations the following procedures should be performed.  

A. Note on the datasheet whether the visit is in Mountain Standard Time (MST) or Mountain Daylight 

Time (MDT). Use your watch’s time to record times for all field measurements on the datasheet. 

Adjustments to MST will be made during data entry. 

 

B. Measure the water level in each well following the instructions in section 4.1. 

 

C. When possible (staying overnight on sight), take alltransducers out of there casings and place them in a 

stable environment (i.e. tent) for as long as possible. Then repeat steps 1-9 except naming this as a test.  

If all water transducers are recording within 3 cm, proceed to step 11.  If there is obvious drift, replace 

the entire set of transducers with a set that has gone through air tests in the office as outlined in section 

1.1 above. 

 

D. If the logger is partially or fully buried in sediment, make a note in the field comments including a 

qualitative description of the depth and type of sediment or debris. Clean out the sediment and rinse the 

logger, replace the logger, and take a water level measurement. 

 

E. Measure the distance between the top of casing (TOC) to the ground surface at the mark on or the notch 

filed into the well casing. 

 

F. Measure the distance between the top of casing (TOC) and bottom of the well (BW) following the 

instructions in section 4.2.  If the TOC-BW measurement is smaller than what was recorded during the 

original installation (due to sediment buildup), then well re-development is necessary. Follow the well 

development procedures in section 1.2.4 to remove the sediment. If there is more than 6 cm of sediment 

buildup, you should re-develop the well during this visit.  Otherwise, you can plan on developing the 

well during the next site visit.  Always keep well development equipment in your vehicle in case you 

need it. 

 

G. Download data from pressure transducers and barometric loggers. Detailed instructions for downloading 

data are provided in the manufacturer’s user manual for each instrument. 
 

A field laptop loaded with Solinst Software can be used to download data from wells that are close to 

the vehicle. Make sure to bring the optical interface USB cable that is compatible with the pressure 

transducers and barometric logger. A field laptop may also be used to re-program instruments when 

necessary. 
 

For routine visits to wells in remote locations, a smaller Solinst Leveloader PDA is recommended.  

Make sure to bring the correct interface cable (which is different than the cable used with a field laptop).  

The Leveloader does not have the ability to re-program the instruments so you will need to bring a 

laptop if this is necessary.  
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H. Record the transducer removal and replacement times, % battery remaining, logger time, and laptop 

(system) time for each logger. Check the transducer function and battery voltage using the 

Utilities/Diagnostics in the Solinst download software. For Gold and Edge transducers, if the battery 

voltage is 3.4 volts or less, replace the logger with a new logger (replace Junior model loggers when 

battery voltage is 3.3 volts or less). If the logger time and system time are off by more than 5 minutes 

(accounting for the difference between Standard and Daylight Savings time), the logger should be 

synchronized with the laptop, set to Mountain Standard Time. 

 

I. It is usually best to stop all loggers at each site to clear memory and avoid “wrapping” the data. Delay-

launch loggers to restart simultaneously, again selecting an “even” time step (e.g., 08:15:00, 14:30:00).  

 

J. If possible, take additional water level measurements after reinstalling a datalogger in a well, using the 

methods detailed in section 4.1. 

 

K. Record flow information following the instructions in section 4.3.1. 

 

L. Record detailed notes about any changes to the wells, leveloggers, geomorphic setting (e.g., channel 

change due to significant flooding), or vegetation noted at the site. 

 

6. Hydrologic Data Processing 
 

Detailed methods for data archiving and processing are provided in Appendix A. Upon returning from a field 

visit, the datasheet is scanned, and datalogger files are uploaded to the SCPN server. Water level data are 

barometrically compensated and adjusted to the manual water level measurement taken at the beginning of the 

test, and all data are visually reviewed for gaps or errors. Logger and manual depth to water data are uploaded 

to the Aquarius platform as time series datasets. Data are inspected for error or drift, and relevant corrections 

are applied if manual measurements (true water level) are more than 0.5 cm from the concurrent recorded 

logger measurement. Derived datasets convert the raw data to data referenced to a permanent datum, referenced 

to the ground surface, and referenced to a stage-discharge rating curve (when feasible). Finally, daily mean 

datasets are derived from approved data for data summary and analysis.  
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Park Code: HUTR

Observers:

Abbrev. Measured Units

TOC- BW (cm)

TOC-PTS (cm)

TOC- BW (cm)

TOC-PTS (cm)

TOC- BW (cm)

TOC-PTS (cm)

*Riparian well on left or right when facing downstream.

Water Surface Elevation Measurements

WELL ID Abbrev. Time Measured Units

HUTR02a  DWS (cm)

HUTR02b  DWS (cm)

HUTR02c  DWS (cm)

WS = water surface, Time = time of measurement (24:00)

GPS Coordinates UTM NAD 1983

WELL ID Northing Easting Units

(cm)

(cm)

(cm)

(cm)

Log at least 30 points on GPS 

Photos taken?   yes   no Reference images taken of well and general comments

Photo # Photo Type

digital

digital

digital

digital

digital

digital

HUTR02b

HUTR02c

Barologger

Elevation

Photo Log

Date:

Start Time:

Distance between top of casing (TOC) and bottom of well (BW)

Distance from TOC to pressure transducer sensor (PTS)

Distance between top of casing (TOC) and bottom of well (BW)

Distance from TOC to pressure transducer sensor (PTS)

Distance between top of casing (TOC) and bottom of well (BW)

Distance from TOC to pressure transducer sensor (PTS)

Measurement description

Site Code: HUTRPUE

Transect number:  2

Well Installation: Driven Well Data entered by: Data verified by:

SCPN Riparian Monitoring

HUTR02a

Measurements for Levelogger deployment

WELL ID

HUTR02b

(Shoreward left*)

HUTR02c

(Streamward left*)

(Right*)

Measurement description

Distance between TOC and WS

Distance between TOC and WS

Distance between TOC and WS

HUTR02a

Well ID Photographer Description
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Well Subcode: 02a Date:

Field Notes            Add descriptive notes and general comments below

Park Code: HUTR Site Code: HUTRPUE
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Date:

From: To: Moisture content (circle)

0

Abbrev. Units

TOC- BW (cm)

TOC-PTS (cm)

WELL ID Abbrev. Units Time

HUTR02a DWS (cm)

Units

(m)

(m)

Photo # Photo Type Well ID Photographer Description

digital 02a

digital 02a

digital 02a

digital 02a

Standing water    Saturated    Moist    Dry

Standing water    Saturated    Moist    Dry

Standing water    Saturated    Moist    Dry

Standing water    Saturated    Moist    Dry

Standing water    Saturated    Moist    Dry

Standing water    Saturated    Moist    Dry

HUTR02a

Barologger

UTM NAD 1983

ElevationEastingNorthing

Data verified by:

Park Code: HUTR Site Code: HUTRPUE

Observers: Well Subcode: 02a Start Time:

Measurement description

Distance between top of casing (TOC) and bottom of well (BW)

Distance from TOC to pressure transducer sensor (PTS)

Measured

Reference images taken of well and general comments

WS = water surface, Time = time of measurement (24:00)

Measurement description

Distance between TOC and WS

Measured

Clay    Clay/Loam    Clay/Sand    Si l t    Sand    Coarse Sand/Gravel

Clay    Clay/Loam    Clay/Sand    Si l t    Sand    Coarse Sand/Gravel

Clay    Clay/Loam    Clay/Sand    Si l t    Sand    Coarse Sand/Gravel

Clay    Clay/Loam    Clay/Sand    Si l t    Sand    Coarse Sand/Gravel

Clay    Clay/Loam    Clay/Sand    Si l t    Sand    Coarse Sand/Gravel

Clay    Clay/Loam    Clay/Sand    Si l t    Sand    Coarse Sand/Gravel

Soil textures encountered (well log) 

DEPTH BELOW GROUND SURFACE

Substrate texture (circle)

Clay    Clay/Loam    Clay/Sand    Si l t    Sand    Coarse Sand/Gravel Standing water    Saturated    Moist    Dry

Photo Log Photos taken?    yes       no

Log at least 30 points on GPS 

WELL ID

GPS Coordinates

*Riparian well on left or right when facing downstream.

Water Surface Elevation Measurements

(Shoreward left*)

HUTR02a

Measurements for Levelogger deployment

WELL ID

SCPN Riparian Monitoring

Well Installation: PVC Augered Well Data entered by:
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Well Subcode: 02a Date:Site Code: HUTRPUE

Field Notes            Add descriptive notes and general comments below

Park Code: HUTR
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Appendix A - Hydrologic Data Processing 

Hydrologic data collection methods are detailed in SOP #5. Upon returning from a field visit, the datasheet is scanned, 

and the scanned datasheet, datalogger files, and current meter files are uploaded to the NCPN server. Water stage data 

are barometrically compensated and adjusted to the manual depth to water measurement from the beginning of the 

logger test. Logger data are uploaded to the Aquarius platform as time series datasets. Field visit data are entered 

manually in Aquarius. All data are visually reviewed for gaps or errors. Data are inspected for error or drift, and relevant 

corrections are applied. Derived datasets convert the raw data to data referenced to the site’s permanent datum and 

referenced to the ground surface for riparian wells. Daily mean datasets are derived from approved data for data 

summary and analysis. 

Acronyms and Naming Conventions 

For naming purposes, the following codes should be used: 

Park Code Park 

CACH Canyon de Chelly National Monument 

CHCU Chaco Culture National Historical Park 

GLCA Glen Canyon National Recreation Area 

NAVA Navajo National Monument 

YUHO Yucca House National Monument 
 

Each site and installation is assigned a site sub-code by GIS staff. Site subcodes use the format “PARKXXXXXXXx.” The 

first 4 characters are the established park code (above); followed by a 3-letter stream identifier code and a 2-digit site 

number. Where hydrologic installations are sited on a transect, a 2 digit transect number follows, and then an identifier 

for recording stage gages (RSGs) or a letter identifying each well. Each well on a transect is lettered in left-to-right order 

facing downstream (e.g., CHCUCHA0206a is the well farthest left at site 02, transect 06 on Chaco Wash at CHCU; 

CHCUCHA0206b is the center well on the transect; CHCUCHA0206c is the well farthest right.  

 

Dates use Year-Month-Day (YYYYMMDD) format, e.g., 20120514 

Firmware and Software Deployment History  

 

Data Management Use started Use ended 

Aquarius 3.x  11/1/2012  

Data sheet v. 1.0 10/2010 11/31/2012 

Data sheet v. 1.1 12/12/2012 12/09/2013 

Data sheet v. 1.2 12/10/2013  
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Fig. A-1. File structure for hydrology data on NCPN server. 

Upon completing a field visit, upload raw logger files to the SCPN server at 

X:\Active_Monitoring_Projects\Riparian\Data\Hydrology\Levelogger Data into the appropriate park, reach and date 

folder (YYYYMMDD of site visit). Make sure the levelogger file uses the following convention: 

PARK_Reach_well_date, e.g., ARCH_C1_instrm_20120514.lev, ZION_P3_left_20131008.lev, etc. 

Scan the datasheet and upload to  X:\Active_Monitoring_Projects\Riparian\Data\Hydrology\Field Forms in the 

appropriate park, stream reach and date (YYYY) folder. Name the field visit data sheet using the following convention: 

PARK_Reach_Date, e.g., ZION_P3_20120514.xls 

Update each well log with the site visit date, the period of record that was downloaded, the observer, and any 

maintenance issues pertaining to the well or notes about geomorphic change at the site. These logs are essential for 

interpreting potential jumps or drifts in the logger data. 

When applicable, upload current meter files in their native format and as .csv files to 

X:\Active_Monitoring_Projects\Riparian\Data\Hydrology\Current_Meter in the appropriate park, stream reach and date 

(YYYY) folder. Name the current meter file using the following convention: 

Reach_date, e.g., F1_20120514.csv 
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Upload photos to X:\Archive\NCPN Photos\Incoming\Monitoring\Riparian to the appropriate year and project folder. 

Leave photo names as produced by the camera. 

Barometric Pressure Compensation of Water Level Logger Data 

All water stage data must be barometrically compensated by subtracting the barometric pressure recorded by the 

barometric pressure logger from the water stage recorded by each well’s pressure transducer. Barometric pressure 

compensation can be completed using Solinst Levelogger software. Compensated data are then adjusted to the manual 

water level measurement taken during the field visit at the beginning of the logger record using Aquarius  software. 

Software compensation 

These instructions are written for Solinst Levelogger Software v. 4.3.0 for use with the Levelogger Gold and Edge series. 

1. Open Solinst Levelogger Software. 

2. Open groundwater or surface water data file. Multiple files from a single site visit can be opened simultaneously. 

3.  Open the corresponding Barologger data file. 

4. Select Data Wizard tab. 

a. Make sure Barologger file is active (highlighted) under “Select a Barologger file.” 
b. Make sure submerged levelogger file(s) is/are active (highlighted) under “Select Levelogger file(s) to 

compensate,” then click next. Barometric compensation will be performed on each file selected, and a 

list of compensated files appears on the screen.  

 

5. If a “Warning” message is displayed next to the file name, data collected by the Barologger file do not overlap 

completely enough with the transducer data. Open the compensated file and compare the beginning and end 

time and date with those from the Barologger file. Compensation may need to be repeated (steps 2–4 above) 

using a Barologger file downloaded at an earlier or later date. In this case, the second compensated file 

generated will probably include only a few hours of data (from the missing period of overlap). Save the second 

compensated file as “xxx_Compensated-2” to avoid overwriting the first file.  

6.  Once a complete compensated data set is generated, open each file or set of files and export it (File/Export) as a 

.csv file with the same name as the compensated .xle file.    
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7. Open the adjusted levelogger file you just created (filename_compensated_compensated.lev). Export the 

adjusted and compensated levelogger file as a comma separated value (filename.csv) file. All files should be 

saved in the same folder on X (original, compensated, and exported .csv files). 

8. Open the .csv file and delete any measurements taken prior to the equilibrated measurement. Round the level 

measurement column to the nearest 0.1 cm and the temperature measurement column to the nearest 0.01°C. 

9. Repeat steps 2-6 for each levelogger file (riparian groundwater and instream leveloggers). 

 

Aquarius Database 

The following instructions are written for Aquarius 3.x developed by Aquatic Informatics.  

The Aquarius database is currently accessed through five concurrent licenses held by the Water Resources Division 

(WRD). Permission to use a license is arranged by contacting the data manager for WRD, Dean Tucker 

(Dean_Tucker@nps.gov). Each unique user must have an account created by Dean. 

Once an account has been created, to access the Aquarius database, double click the Aquarius Remote Assistant icon on 

your desktop. Use your PIV card or NPS username and password to log in to the Ft. Collins server (‘localhost’  or 

‘inp2300fcvgett1.nps.doi.net’). Once you have logged in to the server, right click the Aquarius Assistant (Remote) icon in 

the notification area of the Windows Task Bar (you might have to click the double-carets to show hidden icons), and 

select “Launch Springboard.” Log in to the Aquarius database using your NPS username and password. 
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When you are finished using Aquarius, close the interface (Workstation/Whiteboard or Springboard).  Right click the 

Aquarius Assistant (Remote) icon in the notification area of the Windows Task Bar, and select “Exit” to free up the 

license for another person’s use. 

Data in the Aquarius database are organized by Organization, Project, and Location. Use the Northern Colorado Plateau 

Network Organization folder and Wadeable Streams Project folder. Each installation is a Location, and each parameter 

(i.e., levelogger depth to water, manual depth to water measurement, manual discharge measurement) is stored in a 

separate time series within the Location. Tutorials for getting started in Aquarius are available from WRD at: 

http://nrdata.nps.gov/programs/water/aquarius/AquariusVideos.htm  

and at the Aquatic Informatics support portal: http://aquaticinformatics.com/main/%3FSupport_Login. 

Data in Aquarius 

After all steps have been completed, you should have the following time series in Aquarius for each well: 

Filename Type Description Use 

DepthtoWaterFromCasingTop.compensated 
logger@Location 

Basic 15-minute 
barometrically 
compensated 
water stage data 
adjusted to manual 
depth to water 
measurement (cm) 

Convert to Stage 
or Discharge; 
apply data 
corrections 

Water Temp. logger@Location Basic 15-minute water 
temperature (°C) 
from datalogger 

Summarize and 
analyze 
approved data 
(optional) 

DepthtoWaterFromCasingTop.Field Visits@Location Basic Manual depth to 
water (cm)  

Compare to 
logger time 
series to 
determine drift 
corrections 

http://nrdata.nps.gov/programs/water/aquarius/AquariusVideos.htm
http://aquaticinformatics.com/main/%3FSupport_Login
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Filename Type Description Use 

Stage.Datum@Location Derived – 
calculated 

Depth to water 
data converted to 
water elevation 
referenced to site’s 
permanent Datum 
(m) 

Summarize and 
analyze 
approved data 
(SOP 14; stage 
metrics); apply 
well elevation 
corrections; 
archive; compare 
groundwater 
well elevations to 
interpolate 
groundwater 
elevations 
between wells; 
compare to 
geomorphology 
data 

Stage.Dailies@Location Derived – 
statistical 

Calculated daily 
mean stage in site 
datum (m) 

Summarize and 
analyze 
approved data 
(SOP 14) 

Riparian shallow groundwater wells 

DepthtoGroundFromCasingTop.Field Visits@Location Basic Manual depth to 
ground (cm) 

Look for changes 
in ground surface 
elevation 

DepthtoWaterFromGroundSurface.Calculated@Location Derived – 
calculated 

Calculated 15-
minute depth to 
water from ground 
surface (m)  

Convert to daily 
mean time 
series; apply 
ground surface 
elevation 
corrections 

DepthtoWaterFromGroundSurface.Dailies@Location Derived – 
statistical 

Calculated daily 
mean depth to 
water from ground 
surface (m) 

Summarize and 
analyze 
approved data 
(SOP 14) 

Instream wells (CARE and ZION only) 

Discharge.Field Visits@Location Basic Manual discharge 
measurements 
(m3/s) 

Create and 
maintain rating 
curve 

Stage-Discharge.rating curve@Location Rating 
curve 

Stage-discharge 
relationship based 
on field visit 
measurements 

Convert 15-
minute stage to 
15-minute 
discharge time 
series 

mailto:Stage.Datum@Location
mailto:Stage.Dailies@Location
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Filename Type Description Use 

Discharge.Calculated@Location Derived – 
rating 
curve 

Derived discharge 
(m3/s) based on 
rating curve 

Convert to daily 
mean time series 

Discharge.Dailies@Location Derived – 
statistical 

Calculated daily 
mean discharge 
(m3/s) 

Summarize and 
analyze 
approved data 
(SOP 14) 

Discharge.gagenumber.Discharge_ 
(cfs)_Daily_Mean@Location 

External – 
USGS 

Daily mean 
discharge (cfs) at 
USGS gaging 
station 

Data quality 
checking and 
interpretation; 
summarize and 
analyze data 
(SOP 14; 
optional) 

 

 

Fig. A-2. Example data set file structure for an instream well in Aquarius. 

Upload Logger Data to Aquarius 

mailto:Discharge.Calculated@Location
mailto:Discharge.Dailies@Location
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1. Open the Northern Colorado Plateau Network organization folder. 

2. Select the appropriate well location, e.g., CARE_F1_instrm. 

3. Click on the Append Logger File icon. 

4. Browse to the appropriate park and reach folder on X, and select the.csv file for upload. Make sure you upload 

the compensated and adjusted data! Use the appropriate configuration file or set up a configuration using the 

following steps. 

5. Click on Config Settings. 

a. Select Time Series, Text File (CSV, etc), and click Next. 

b. Adjust the “Start import at row” so that the first row of data in your .csv file is shown in white in the 

import box in Aquarius (Solinst v.4.0.3 row 14). Adjust the “Number of headers” so only the column 

names are shown in gray in the import box (Solinst v.4.0.3 = 1). The “Delimiter” should default to 

“Comma.” Click Next. 

 

Fig. A-3. 

Importing logger data into Aquarius. 

 

c. Define upload information for each column. For Solinst v.4.0.3 logger files: 

i. For Column 1 (Date), select “Date/Time” and choose mm/yy/dddd in the ‘Date/Time Format’ 

drop down list. Select time zone UTC-07:00 (Mountain Standard Time). If for some reason the 

logger used a different time zone (such as daylight savings) during the period of upload, select 
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the time zone used by the datalogger, and Aquarius will adjust to the correct Standard time 

when appending the data to the existing time series.  

 

Fig. A-4. 

Example Date Format for logger data import in Aquarius 

 

ii. For Column 2 (Time), select “Date/Time” and choose HH:MM:SS in the ‘Date/Time Format’ drop 

down list. Leave the default Time Zone value selected for Column 1.  

iii. For Column 3 (ms), select “Do not import column (skip).”  

iv. For Column 4 (LEVEL), select Data (Raw). For “Parameter” select DepthtoWaterFromCasingTop. 

For “Units”, select cm. If for some reason the logger file is not in cm, select the appropriate unit 

(such as m), and Aquarius will adjust to the correct unit when appending to the existing time 

series. For Gap Tolerance, write in the sampling interval plus one (e.g., “16” for a 15-minute 

sampling interval). For “Label” write “compensated logger.” The remaining selections can 

remain at their defaults (Int. Type = 1, Grade = unspecified, Approval = unspecified).  
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Fig. A-5. Example depth to water data format for logger data import. 

 

v. For Column 5 (TEMPERATURE), select Data (Raw). For “Parameter” select Water Temp. For 

“Units”, select °C. If for some reason the logger file is not in °C, select the appropriate unit (such 

as °F), and Aquarius will adjust to the correct unit when appending to the existing time series. 

For Gap Tolerance, write in the sampling interval plus one (e.g., “16” for a 15-minute sampling 

interval). For “Label” write “logger.” The remaining selections can remain at their defaults (Int. 

Type = 1, Grade = unspecified, Approval = unspecified).  

vi. Once all columns are defined, click Next. 

d. On “Time Series Import Options” accept the default of “Apply Gap Processing Tolerance.” If you have 

not used a pre-made configuration file, you can choose to save the configuration you just created. Click 

Finish. 

6. Select the target datasets and, in the “Append to” dropdown boxes, select the appropriate existing time series. 

Click Append.  
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Fig. A-6. Appending data to existing datasets. Note the import history at the bottom of the screen and the ability to undo 

imports. 

 

7. You can then choose to upload additional files, or exit out of the Append Logger tool by closing the window via 

the ‘X’ in the upper right corner of the window to return to the Location folder. 

8. To ensure that the data have uploaded correctly, click on the large, right-pointing blue arrow to move to the 

location’s data sets.  Select a data set and then click on the Quick View icon to visually inspect the period of data 

just uploaded. 

9. If incorrect data are uploaded (i.e., the wrong well, data that have not been barometrically compensated, etc.), 

select the appropriate location, and launch the Append Logger File toolbox.  In the History section at the bottom 



Springs Monitoring Protocol – SOP#9 - Version 20180930 

Page 33 of 42 

 
of the window, select the date/time and data set(s) that were incorrectly uploaded and click “Undo.” The 

incorrect data will be removed from the time series. 

 

Enter Field Visit Data in Aquarius 

1. Select the appropriate well location. 

2. Click on the Field Visit icon, and select New Field Visit in the field visit toolbox.  

a. Enter the date, start time (adjusted to Mountain Standard Time), observer (party), and relevant logger, 

well, or geomorphic notes in the Remarks section. Record top of casing to bottom of well (TOC-BOW) in 

the Remarks section. 

b. For instream wells, under Hydrometric Field Notes, upload copies of the data sheet and current meter 

file. Under Maintenance Notes, upload the updated well log. 

c. For all wells, under Hydrometric Field Notes, upload copies of relevant site visit photographs. 

d. If applicable, under Survey Notes, upload final copies of the survey data for the well transect (see 

geomorphology SOP). 

e. Click Save. 

 
Fig. A-7. Example Field Visit in Aquarius. 

 

3. For instream wells, select “New Measurement Activity from File” in the field visit toolbox, and select Flowtracker 

DIS.  

a. Navigate to the appropriate current meter file on X and import the discharge data. Aquarius will create 

five parameters with default units: Discharge, River x Area, Water Velocity, River x Width, and Water 

Temp. 
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b. Click Save. 

c. After the data have imported, click on the Discharge Measurement Details icon. Look at the Summary 

Result tab. Evaluate the Uncertainty (Stats) to determine the data quality as follows: 

Uncertainty (Stats) Grade 

<2% Excellent 

2-5 Good 

5-8 Fair 

8-10 Poor 

>10 Unusable 

 

d. Click Save. 

4. For “Conditions” include the hydrograph stage (base, rising, falling) and weather conditions during the site visit. 

5. For instream wells, click the green plus icon to add observations. For riparian wells, select New Measurement 

Activity. Manually enter the Depth to Water measurements from the data sheet to the nearest -0.01 cm (e.g., if 

the depth to water was 213.1, enter -213.1). If the tape guide was used, enter 6 in the Correction cell, and the 

true depth to water will automatically be calculated. Adjust the time of the measurement to Mountain 

Standard Time if necessary. Grade the measurements as follows:  

Range of 3 measurements Grade 

0 cm Excellent 

0.1-0.3 Very Good 

0.4-0.5 Good 

0.5-0.8 Fair 

0.8-1.0 Poor 

>1.0 Unusable 

 

6. Enter the Depth to Ground from Top of Casing measurement to the nearest -0.01 cm (e.g., if the depth to 

ground was 14.5 cm, enter -14.5) 

7. For instream wells, click the green plus icon to add observations. Manually enter the stages recorded before and 

after the discharge measurement.  

8. Click Save and close. The new site visit will show up in the Visit Log on the location page, and the data will be 

appended to the relevant field visit data set automatically. 
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Fig. A-8. Example Measurement Activity for an instream well showing imported discharge data and manually entered 

stage data. 

 

Acquire USGS gage data in Aquarius 

The East Fork Virgin River and Fremont River have USGS gages with 15-minute discharge data relevant to our monitoring 

locations. 

Gage 
number 

Gage name Location relative to monitoring 
site 

09330000 Fremont River near Bicknell, UT About 21 miles upstream of 
CARE-F01 

09404900 East Fork Virgin River near Springdale, 
UT 

Co-located with ZION-P03 

 

The East Fork Virgin gage is co-located with the monitoring wells at Zion, and gage data may be used to quality check 

NCPN data and fill gaps in the NCPN data record for discharge. The Fremont gage is too far upstream from the 

monitoring wells at CARE to be used in the same way, but it can still provide a useful comparison to NCPN data for 

identifying some flood events, the opening and closure of irrigation diversions, etc. 

1. Select the appropriate instream location, and click on the Location Manager icon. Select the Data Sets tab, and 

click on the New Time Series icon. 

2. Under Type, select ‘External’.  Click on the ‘…’ and set the Data Provider to ‘USGS Water Services’. 

3. Enter the gage number in the Location field or Browse to find a gage and then click ‘Load’. 
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4. Once a gage has been selected, select the time series of interest (generally Discharge (cfs) Daily Mean). 

a. The Start date and End date will show the period of record available. You may select the entire period of 

record or specify an interval to extract. Click OK. 

5. Specify Parameter (Discharge), Units (ft^3/s), and Gap Tolerance (1440 minutes per day). 

6. Save and close. Launch the time series in Quick View to visually inspect the data. 

 

Fig. A-9. Creating an external dataset to acquire USGS gage data. 

After the time series is created, Aquarius creates an active link to the USGS gage data. The data are not stored in 

Aquarius, but are pulled in each time the time series is needed.  

Data Corrections and Edits to the compensated logger time series in Aquarius 

Data corrections and edits are accomplished using the Data Corrections toolbox. The Data Corrections toolbox creates a 

log of each edit applied to the dataset. The underlying raw data are maintained in Aquarius as well as the corrected 

dataset, and each edit can be toggled on or off by selecting it in the correction log. 

The goal for each well’s hydrograph is to have the logger data match up with manual water level measurements taken 

during each field visit. Manual depth to water measurements are assumed to be the true water level, and logger data 

should be corrected to match the manual water level measurements. The beginning datapoint of each imported logger 

file is adjusted to match the manual water level measurement using Solinst Levelogger software (see Software 

Compensation section above). 
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Several types of data corrections may be needed. Faulty data are collected any time the sensor is out of water, such as 

during data download or sensor programming. Drift corrections occur due to the gradual degradation of the pressure 

transducer sensor and components and can be seen as a mismatch between the last recorded logger value and the 

manual water measurement taken during the field visit at the end of the logger record. Offset corrections may be 

needed to correct unusual jumps in the data, perhaps from sedimentation, ice, or differing sensor elevations.  All of 

these corrections should be applied to the DepthtoWaterFromCasingTop.compensated logger@Location time 

series. 

When evaluating a data record, look for smooth curves and reasonable agreement between wells. Investigate and 

attempt to explain any jagged (noisy), spike (non-event related jumps), or flat (instrument malfunction) data. Do 

instream peaks match known precipitation events or rises in discharge or stage at relevant gaging stations? Do 

Stage.Datum curves match for all wells? Detailed instructions for removing faulty data and adjusting for sensor drift are 

included below. 

Removing faulty readings corresponding to field visits 

Incorrect depth to water data that correspond to when Leveloggers are removed from wells for data downloads should 

be flagged in the raw dataset and removed for data summary and analysis. In Aquarius, open the logger time series for 

the well of interest in the Data Correction toolbox. Select the values that correspond to when the logger was out of the 

water, and select Delete Region. When prompted, add a note, e.g. “logger out of water.” Save. 
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Fig. A-10. Deleting erroneous data in the Data Correction toolbox. 

Adjusting for sensor drift or offsets 

Compare the levelogger reading at the end of the period with the manually measured depth to water reading from the 

corresponding field visit. If the difference is 0.5 cm or less, no corrections are applied.  

If there is more than 0.5 cm difference between the two measurements, a data correction should be applied. The quality 

goal for NCPN is to have less than 1.5 cm drift between site visits spaced two months apart. If there is more than 1.5 cm 

difference between the two measurements on a recurring basis, the logger should be serviced or replaced. 

In the Data Correction toolbox, open the logger (DepthtoWaterFromCasingTop.compensated logger) time series as the 

Target and the field visit time series (DepthtoWaterFromCasingTop. FieldVisit) as the Surrogate. If field visit values are 

offset from the logger time series, check for possible user errors such as: an offset of one hour due to differences 

between Daylight Savings and Standard time, an offset of 6 cm due to incorrectly accounting for whether or not the tape 

guide was used, etc. Other specific corrections include corrections for sediment and ice effects. 

Adjusting for sedimentation 

If a logger sensor becomes partially or completely covered in sediment, the pressure of the sediment is added to the 

water pressure, and stage records can be artificially high. If the logger record is higher than the manual measurement, 

check the field visit information to see if sediment may have affected the record. If so, apply the relevant offset 

correction back to the peak flood flow since the previous field visit and record "sedimented logger" as a note on the data 

correction. 

Adjusting for ice effects 

During particularly cold periods, surface ice may accumulate on streams. When the stream warms, an ice blockage may 

suddenly break, causing a surge of water down the stream that is unrelated to a precipitation event. Remove the false 

spike using the Delete Region function, and interpolate a linear line between the stable water depth measurements 

using the instructions below. 

Interpolating missing data 

Missing data can occur due to equipment failure, staff turnover, ice, flooding, siltation or other causes. Gaps of less than 

two hours may be filled using linear interpolation, although caution should be used during flood events. Open the time 

series of interest in the Data Correction toolbox. Select the gap of interest, and choose “Fill Data Gaps” and “Linear 

Interpolation.” Apply and save.  

Corrections when the cause is unclear 

If no user errors are apparent and the data record is smooth with no apparent problematic areas, select the appropriate 

period of record, and select “Drift Correction”.  A drift correction applies a correction incrementally over the selected 

time period. 

Click on the hand icon and select the crosshairs at the end of the selected region. Drag the crosshairs to the manual 

water level reading data point. Note the calibration drift, and click Apply. When prompted, add a note indicating the 
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series was adjusted to the manual water level reading and the level of drift, e.g., “adjusted to manual water level 

reading, drift =- 1.2 cm.” Save. 

Other data corrections 

For corrections based on changes in well elevations or ground surface elevations, see the section on correcting derived 

datasets below. No other routine data corrections are anticipated at this time. However, should the need for additional 

data corrections arise, make sure each correction is documented using an explanatory note in Aquarius. 

Approving and grading the time series for data summary and analysis 

Once the data have been corrected and edited and are ready for use in derived datasets, data summary and analysis, 

select the appropriate period of record, and select “Set Approval.” Select “Approved,” and apply it to the time series. For 

any period of data that has a beginning and ending field visit, a minimal drift correction, and no unexplained noise or 

jumps, set the Grade to “Good”. For any period of data that has a beginning and ending field visit, but has an unusually 

large offset, unexplained spikes, or some other problem that can be rectified with corrections, set the Grade to “Fair.” 

For any period of data that 1) is missing either a beginning field visit, an ending field visit, or both; or 2) has unexplained 

spikes or noise that cannot be reasonably corrected, set the Grade to “Poor” or “Unusable”. Save and close. Only “Fair” 

or better graded data should be summarized and used for analyses. 

Create Derived Datasets in Aquarius 

Derived datasets include calculating water elevation tied to the site’s permanent datum and depth from ground surface 

for riparian well logger data. Statistically derived datasets include daily mean depth to water, stage and discharge. 

Calculate derived datasets 

1. Select the appropriate location and click on the Location Manager icon. Select the Data Sets tab, and click on the 

New Time Series icon. 

2. For type, select Derived – calculated.  

3. Click on the ellipsis to select the time series from which you will derive the calculated time series.  

a. For Stage.Datum, select the DepthtoWaterFromCasingTop.compensated logger time series.  

b. For DepthtoWaterFromGroundSurface.calculated, select the Stage.Datum time series. 

4. Create a formula to calculate the new time series: 

a. For Stage.Datum: calculated y = initial datum elevation of top of casing from geomorphic surveys + data 

x1 

Reach Right well elev (m) – Date Instream well elev (m) – Date Left well elev (m) - Date 

ARCH C-01 N/A 993.350 – 3/1/2014 995.749 – 3/1/2014 

CARE F-01 1580.555 – 3/20/2013 1578.501 – 3/20/2013 1580.603 – 3/20/2013 

NABR A-05 N/A 1976.717 – 3/25/2015 N/A 

ZION P-03 998.347 – 2/28/2013 996.075 – 2/28/2013 997.962 – 2/28/2013 

 

b. For DepthtoWaterFromGroundSurface.calculated: calculated y =  -(initial datum elevation of ground 

surface from geomorphic surveys – data x1) 

Reach GS at right well (m) - Date GS at left well (m) - Date 

ARCH C-01 N/A 995.592 – 3/1/2014 
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CARE F-01 1580.244 – 11/14/2009 1580.471 – 11/14/2009 

ZION P-03 997.450 – 10/27/2011 997.606 – 10/27/2011 

 

c. Make sure all units in the formula are the same. To convert from an input in centimeters to an output of 

meters, write the formula so that all units are in cm. Set the dataset units to m. 

d. Add a label: “Datum” for elevation referenced to the datum or “calculated” for depth to water. Select 

the appropriate Time Zone (UTC-07:00), Parameter (Stage or Depth to water from ground) and units 

(cm). Choose a Gap Tolerance of the sampling interval plus one (e.g., “16” for a 15-minute sampling 

interval). 

5. Click Save and Exit. A new derived time series will appear in the dataset list. Visually inspect the dataset using 

the Quick View toolbox. After a derived time series is created, the derived dataset is updated each time data are 

appended to the original time series or the original time series is edited or corrected. 

 

Daily means 

1. Select the appropriate location and click on the Location Manager icon. Select the Data Sets tab, and click on 

click on the New Time Series icon. 

2. For type, select Derived – Statistical. 

3. Choose the parameter (Stage, Depth to water from ground or Discharge) and the appropriate units. 

4. Click on the ellipsis to select the time series from which you will derive the daily mean time series, the 15-

minute depth to water or discharge data. 

5. Select Aggregate and Daily, and click OK. 

6. Add a label “Dailies.” Choose a Gap Tolerance of 1440 (number of minutes per day). 

7. Click Save and Exit. A new derived time series will appear in the dataset list. Visually inspect the dataset using 

the Quick View toolbox. After a derived time series is created, the derived dataset is updated each time data are 

appended to the original time series or the original time series is edited or corrected. 

 

Derived dataset corrections 

Changes in well elevations 

Occasionally, the top of well casing elevations may change due to flood damage, the need to deepen a well to capture 

extreme drought, or for other reasons. If the well casing elevation changes by more than 0.01m, an offset should be 

applied. In the Data Correction toolbox, open the Stage.Datum time series. Select the period affected by the change and 

select “Offset Correction”. An offset correction applies the correction immediately and for the entire period selected, 

rather than incrementally. Enter the offset needed, and click Apply. When prompted, add a note indicating the well 

elevation changed and the level of offset, e.g., “well deepened, offset = 58 cm.” Save. 

Offsets to the DepthtoWaterFromGroundSurface time series should be applied if the ground surface elevation has 

changed more than .05 m (5 cm) based on field measurements of top of casing to the ground surface and/or 

geomorphic survey data. If a flood event has caused significant change, apply the new ground surface elevation as an 

offset correction at the flood peak. If there is no associated flood event, a drift correction can be applied between field 

visits. 
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1. Open the derived dataset using the Data Correction toolbox. Select the region to which the correction needs to 

be applied.  

a. If you want to apply an open-ended correction (i.e., a change that should be applied to data added to 

the time series in the future), check the Open box under End Date.  

2. Select Offset Correction, and enter the correction that needs to be applied. You will see a preview of a corrected 

time series shifted to your offset. If you are satisfied with the correction, click Apply.   

3. Add a note indicating the reason for and magnitude of the offset correction, e.g., “Flood reshaped 

groundsurface; resurvey indicates surface is +0.22m higher than earlier survey.” Click save. 

 

Create a Rating Curve in Aquarius  

Once the instantaneous (15-minute) water stage data have been corrected, additional steps are needed to convert 
water stage data to discharge. These steps include the establishment or maintenance of the stage-discharge relationship 
(rating curve), and finally, computation of 15-minute and mean daily discharges. The development of the rating is one of 
the principal tasks in computing discharge records. Due to predominate low flows, no stable section control, and a very 
dynamic channel geometry it would be extremely difficult to create an accurate stage-discharge relationship at ARCH C-
01. Stage-discharge relationships may be created for CARE and ZION. 
 
A rating curve or stage-discharge relationship is developed from numerous stage and discharge measurement 

computations made at the site over a range in flows by plotting stage versus discharge in the Rating Development 

toolbox. The more points, the more precise the rating curve is likely to be. A minimum of 10 sampling events over a 

range of flow levels is recommended initially. However, the rating curve will shift over time, and periodic measurements 

are necessary throughout operation to either confirm the permanence of the rating or to apply changes/shifts in the 

rating. In order to be most accurate, it is important that the rating curve include measurements made at flow extremes, 

under both high flow and extreme low flow conditions. Because of the flashy nature of NCPN streams, it is unlikely NCPN 

will be able to sample high flow events for safety and access reasons. Extrapolating values for discharge outside of the 

range of actual stage/discharge measurements can introduce error. Because of the log relationship between stage and 

discharge, small errors in the rating curve can result in large errors in discharge calculations. NCPN may require expert 

assistance when first developing rating curves for each site.  

Open the Location Manager toolbox for the appropriate instream well, select the Data Sets tab, and click on the New 
Rating Curve icon.  Label “rating curve”. Specify the Input Parameter as Stage (cm) and the Output Parameter as 
discharge (m3s). Click Save and Exit. Aquarius automatically populates the rating curve with the manual stage and 
discharge measurements taken during field visits. 
 
Go to Data Sets. Select the rating curve and stage time series, then open the Rating Development toolbox. 
 
Select the points to use to develop the rating curve; for example, measurements taken during the period of record, 
measurements at stages that fall into the same type of control, etc. 
 
In log-log space (Rating Zoom 1 view), use the Offset Manager tool to create Offset 1, single plotting offset. Enter offsets 
until the selected points begin to create a straight line in log-log space. To better visualize departures from linearity, add 
rating points between the lowest and highest selected points. Consult the Shift Diagram. For a good offset, the rating 
curve line will cross the error bars of all points. Look at the Rating Table, and check that the slope is between about 1.3 
and 2.8. 
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Create additional offsets for stages with different control, geomorphic breaks, etc. When adding additional offsets, one 
of the rating points must be defined as the breakpoint. 
It is highly unlikely that NCPN will have measured stage and discharge values for high flow events. Extrapolation of the 
rating curve is acceptable up to 2x the highest measured discharge value OR up to a stage that corresponds to a 
different channel geometry (e.g., when flow overtops the channel and moves onto the floodplain). To extrapolate the 
rating curve, use the Extend Rating in a Straight Line icon. 
 
Open the Rating Period Measure and choose the period of record for which the rating curve applies. 
 
Temporary shifts to the rating curve 
Temporary shifts to the rating curve often apply during periods of scour (rising hydrograph) and deposition (falling 
hydrograph). Stage/discharge measurements from these periods may not align well with an established rating curve. In 
such cases, the Shift Manager can be used to shift the curve away from the underlying curve temporarily. Select the 
applicable points, and in Shift Diagram select Move Shift Point. In Shift Diagram, drag the rating curve to the applicable 
points. Set the start date and end date to which to apply the shift in the Shift Manager toolbox, and fine tune dates 
using Adjust Date in the Time Series View.  


