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PURPOSE:   This technical note provides guidance on how to monitor water tables for purposes of soil survey. Monitoring wells and piezometers installed with these procedures act as unlined and lined bore holes, respectively (Soil Survey Manual, 1993, page 93). Although the guidelines are applicable to most soils, exceptions exist where it may be necessary to employ alternative procedures. 
BACKGROUND: Monitoring wells and piezometers are perforated pipes set vertically in the ground to provide information about hydraulic heads in groundwater (Figure 1). Groundwater flows passively into the stand pipe and rises until the pressure head inside the pipe balances the pressure head in the groundwater outside. The difference between shallow monitoring wells and piezometers is the depth of intake along the side of the pipe and therefore the portion of water column being monitored. Monitoring wells are slotted the entire length of the underground portion of the pipe and generally record water table surfaces as experienced in the bulk of the rooting zone. A piezometer allows water to enter only at the bottom of the pipe and therefore records the hydraulic head only at that depth within the soil water column. 
Figure 1. Schematic diagram of installed monitoring well (1A) and piezometer (1B). 
Unless otherwise indicated, all references to water and water flow in these guidelines refer to water in its free state; wells and piezometers do not collect water that is held by the soil with matrix suction. Stand pipes for both wells and piezometers are vented so that air pressure within the pipe is in equilibrium with atmospheric pressures outside the pipe. The term “permeability” is used in its general sense of “saturated hydraulic conductivity” (Ksat).
Monitoring Wells: Water flows into and out of a monitoring well along the entire length of the pipe except from the ground surface. The water level inside the pipe is controlled by the water pressure heads and available water capacities of the various layers intercepted and by the volume of the well. When wells fill in non-artesian conditions, the water level is controlled by the highest layer that delivers the most water to the pipe the most rapidly, usually the A, E, and upper B horizons. When wells drain, the water level is controlled by the lowest layer that drains the least water out of the pipe the most slowly, usually a restrictive layer or an argillic horizon. 
The most common sequence of hydraulic conductivities and water capacities intercepted by shallow monitoring wells is that more permeable topsoil’s overlie less permeable subsoils. Consequently, the most common problem encountered with monitoring wells is a lag time for drainage due to the inability of the subsoil to drain the large volume of water in the well and its sand pack. It is not uncommon for water levels in monitoring wells to indicate saturation in subsoils for several weeks after tensiometers and gravimetric measurements show the subsoil has desaturated. 
Therefore, monitoring wells are best used to determine water table depths in relatively homogenous soils with moderate to high saturated hydraulic conductivities. They are not adequate to characterize perched water tables, artesian water layers, stratified water regimes, or water flow paths within landscapes (Soil Survey Manual, 1993, page 93). A threshold Ksat has not been determined for when monitoring wells are not appropriate.
Monitoring wells should be installed no deeper than study purposes require. The deeper the well, the greater the likelihood of intercepting contrasting layers, and the greater the uncertainty about interpreting the well data.  For this reason, 15-inch deep wells are often used in legally contentious cases where the only study objective is to determine if the wetland hydrology criterion is met (US Army Corps of Engineers 2005); this very shallow well depth minimizes the uncertainty about the meaning of the water level readings if  pipes were installed deeper.

Piezometers: The water level in a piezometer reflects the water pressure in the soil layer intercepted by the narrow filter pack at the bottom of the pipe and the ability of the soil to fill or drain the stand pipe and filter pack. Two different kinds of studies employ piezometers: 
1. Piezometers are used most frequently in soil characterization studies to assess frequency and duration of saturation in soils with contrasting permeabilities. The layers of interest are likely to be unsaturated some of the year. Monitoring wells are not adequate for this task because of the complexity of water regimes in the stratified soil and because of the low saturated hydraulic conductivities of the restrictive layers. In these studies bentonite plugs are installed to minimize bypass flow down the side of the riser to the well screen so one can be certain that all water in the pipe came from the zone of interest, not from a different zone above. 

2. Piezometers are used in hydrologic studies to assess gradients (either horizontal or vertical) in water pressure within an unbroken water column. In these studies piezometers are almost always installed in nests of two or more pipes slotted at different depths (Figure 2), so hydraulic gradients can be calculated using Darcy’s Law. For example, nests of several piezometers are often used to quantify pressure gradients below a stream bed and thereby quantify water flows to and from the stream. Bentonite seals are not necessary because the entire water column is moving around the piezometer. 
Geometry of well screen intake has a significant influence on lag time in instrument response, possibly leading to errors of many centimeters of water head for up to several hours (Hanschke and Baird 2001). In general, lag times are minimized when intake screen has a maximum external surface area and a small interior area.
Figure 2. Schematic diagram of water levels in piezometers. A. Water table rising (discharge system or artesian flow). B. Water table dropping (recharge system).
Pedological studies of water flow nets within landscapes are hybrids of these two study types in that some of the flow paths may dry out seasonally. Here bentonite seals are used to prevent by-pass flow from surficial inputs. But because the purpose of the study is to define hydraulic gradients, piezometers are installed in nests with individual instruments carefully located to monitor specific strata at specific locations in the landscape.
Piezometers can be used to determine saturated hydraulic conductivity in the field. Installation procedures differ from those described in this Technical Note. See Amoozegar and Warrick (1986).

Study Design

As in most research, study objectives should dictate methodology. Monitoring wells serve many soil survey characterization studies where soil morphology and sampling experience show there are no slowly permeable layers, restrictive layers, or layers of preferential flow within the depth of characterization. Restrictive layers are layers where saturated hydraulic conductivity is significantly lower than in adjacent water bearing layers. These typically include lithologic discontinuities, lamellae in sandy soils, spodic horizons, and the various natural and artificial pans in soils. When these horizons are present, some study purposes would be better served with piezometers. The need for piezometers increases as one moves down-gradient from groundwater recharge zones because subsurface flow components become more complex. For example, discharge and recharge flow have head gradients in opposite directions in the soil (Figure 2) and are more appropriately characterized with piezometers rather than monitoring wells. 

The fundamental approach to selecting instruments and installation procedures is to evaluate qualitatively where and why water flow paths may exist and figure out how to intercept them with as little disturbance as possible. Clarity about study purposes will often let the researcher simplify instrumentation. For example, piezometer nests may not be necessary for a study, and/or monitoring well depths may be shortened. 

Steps of a design plan are:

1. Investigate stratigraphy to be encountered before the design process is started.

2. Define study questions. 

a. Identify which flow paths you need to intercept or avoid in order to answer your study questions (for example, all separate flow paths within the top 2 meters of the soil versus those that contribute significantly to the surficial water table).

b. Identify which elements of the selected flow paths need to be monitored (for example, depth, duration and frequency of saturation versus quantification of pressure head gradients).

3. Identify site-specific problems or requirements for instrument design or installation (for example, bypass flow from large cracks or need for rapid response time, etc.)

4. Design instruments and installation procedures to answer study questions in the target paths.

CONSTRUCTION OF PIEZOMETERS AND SHALLOW MONITORING WELLS 

The following recommendations are for most soils consisting of consolidated soil material. Rocky, clayey, and unconsolidated soils (organic soils, sands and gravels) may require different methods and are discussed in Section XXX below.
Well Stock. Whenever practical, shallow monitoring instruments should be made with commercially manufactured well stock, usually of Schedule 40 PVC pipe. Use the smallest diameter well stock that will accommodate your recording instruments. Automatic pressure transducers commonly require 2-inch diameter pipes. One-inch diameter pipe or smaller is preferred if you have the option. Well stock greater than 2 inches in diameter is not recommended. Geometry of well screen and well stock influences lag times in instrument response (Hanschke and Baird 2001); thick-wall well stock with long screen length and small interior cross sectional area generally decreases lag time in slowly permeable soils.
Well Screen. Recommended slot size and spacing is 0.010-inch-wide slots for commercially manufactured well stock. Length of well screen for piezometers is usually 6 inches (Figure 1B). For monitoring wells, the slotted screen should extend from approximately half a foot below the ground surface down to the bottom of the well (Figure 1A). 
One problem with use of commercial well screen for very shallow monitoring wells and piezometers is that there often is a length of unslotted pipe and joint or threads below the screen. This extra length often protrudes into an underlying soil horizon that should be left undisturbed. In combination with a commercial well point, this extra length also provides a reservoir where water can remain trapped after the outside groundwater has dropped, making readings difficult to interpret during dry seasons. To avoid these problems, cut commercial well screen to the desired length within the slotted portion of the pipe (Miner and Simon 1997). Glue a PVC cap at the bottom of the screen and drill a small vent hole in the bottom cap (Figure 3).
Figure 3. Modified commercial well screen. A. Commercial well screen with threads at both top and bottom. B. Screen after sawing off lower threaded portion of pipe and closing with vented PVC plug (after Sprecher 2000). 

Riser. The riser is the unslotted PVC pipe that extends from the top of the well screen to above the ground surface (Figure 1). The riser should extend far enough above ground to allow easy access but not so high that the leverage of normal handling will break below-ground seals. Nine to 12 inches is usually sufficient. A greater length of riser above the ground may be needed on sites that are inundated regularly or where automatic recording devices are used. 

Well Cap. Well caps protect pipes from contamination and rainfall. Most automatic recording devices include their own well cap. If manual recording is required, select a cap that can be removed and replaced easily at each reading. Tight-fitted caps (threaded or unthreaded) may seize to the riser and require rough handling to remove, thereby breaking the underground seal. All caps should be vented to allow equilibration of air pressure inside and outside of the riser. Well caps should be made of materials that will not deteriorate in sunlight or frost.
[[A suitable well cap can be constructed from larger-diameter well stock as shown in Figure Well Cap. The homemade cap can be attached to the riser by drilling a hole through both the cap and the riser and connecting the two with a wire lock pin. 

Figure Well Cap. Well cap made from oversize PVC pipe stock fits loosely over smaller diameter riser and is attached with lock pin through appropriately sized drill holes. JIM, I DON’T KNOW IF THIS IS APPROPRIATE FOR YOUR AUDIENCE OR NOT. I INCLUDED IT IN MY 2000 VERSION]]
Well Point. Commercial PVC well points are not needed if the bottom of the screen is capped. A PVC cap glued on the bottom of the slotted portion of the screen keeps out sand and has the advantage of being shorter than most commercial well points (Figure 3). 
Filter Pack. The filter pack is the length of sand packed into the annular space around the perforated portion of the monitoring well or piezometer. It protects the well screen from plugging with fines and promotes water movement via a hydraulic gradient of flowing water from the denser soil to the well screen. 
Clean silica sand is available from water-well supply houses in uniformly graded sizes. Sand that passes a 20-mesh screen and is retained by a 40-mesh screen (20-40 sand) is recommended with 0.010-in. well screen; finer sized 40-60 grade sand is appropriate for use with 0.006-in. screen. The finer sand and screen should be used to pack instruments in dispersive soils that have high silt contents. In sandy soils, natural sand removed from the soil bore hole may be repacked as a filter pack as appropriate.
Soil water leaves the soil via the filter pack rather than flowing directly into the well screen. This distinction is important because installers often overfill the annular space with sand and thereby lengthen the zone of soil intercepted for monitoring. Similarly, boreholes augered too deep and backfilled with sand may intercept permeable layers that should not be disturbed. Finally, filter packs increase the volume of water that needs to drain from a well or piezometer; therefore, filter packs should be kept small or even be replaced with filter socks if hydraulic response time is important to study objectives. 
Filter socks are tubes of finely meshed fabric that can be slipped over the screened end of a well to filter out silt and clay particles. Filter socks are recommended for problematic situations discussed in Section XXX below. They have been assembled successfully in-house from geotextile fabric and glued to the PVC riser with epoxy.
Bentonite Sealant. In both monitoring wells and piezometers, the annular space is filled with a bentonite plug that extends from the top of the sand pack to the bottom of the mound of soil/bentonite at the soil surface. This protective plug minimizes runoff water running down the riser from the ground surface and, in piezometers, minimizes bypass flow through macro-cracks that intercept the riser above. After wetting, the bentonite plug in deep piezometers may expand and swell out the top of the bore hole. The surface mound of soil/bentonite should be shaped after the bentonite plug has stabilized.
For both monitoring wells and piezometers a mound at the soil surface is formed from a mixture of bentonite and natural soil material. This mound is shaped around the riser so that water will flow away from the riser and not pond there. 
Bentonite is available from well-drilling supply companies in either powder, chip, or pellet form. Chips are easiest to use in the field. They can be dropped directly down the annular space above the sand filter and gently tamped into place. Bentonite dropped into free water will swell in place; if dry, add water to pre-seal the annular space. 
Water level reading equipment. The preferred method to monitor water levels is with automatic recording devices. The most commonly used instruments are down-well transducers or capacitance-based sensors. It is important to purchase devices with the ability to compensate internally for variations in barometric pressure. 

The credibility of monitoring results is enhanced by the high frequency of readings allowed by automatic recording devices. Because automatic devices may be reused for several projects, cost estimates should be prorated over their expected life rather than assigned only to one study. Automatic recorders may be less expensive than travel costs and salaries if study objectives require frequent readings at remote sites. 
If manual reading is necessary, use a steel measuring tape marked with carpenter’s chalk or a water-soluble marker to note water levels in stand pipes. 
INSTALLATION OF SHALLOW MONITORING WELLS AND PIEZOMETERS 

Monitoring wells and piezometers are generally installed into bore holes that have been augered manually to the depths of interest. Auger holes are 2 inches wider than the well stock, providing a 1-inch wide annular space in which to drop and tamp filter pack and bentonite, as appropriate. Exceptions include sands, unconsolidated muds, organic soils, and very rocky soils; these will be discussed in Section XXX below. 
Assemble wells/piezometers prior to installation so the screen will fit to the proper depth for each bore hole. 
Monitoring Wells. Typical installation of a monitoring well follows.

1. Auger a hole in the ground with a bucket auger 2 inches wider than the well stock to a depth approximately 1 inch deeper than the bottom of the well. Be sure the auger hole is vertical. 

2. Scarify the sides of the auger hole if smeared during augering. 

3. Place 1-2 inches of silica sand in the bottom of the hole. 

4. Insert the well or piezometer into the hole but not through the sand. 

5. Pour and gently tamp more of the same sand in the annular space around the screen to within 4 inches of the ground surface.  

6. Pour and gently tamp 4 inches of bentonite above the sand to the ground surface. Pour water into the bentonite to cause it to expand. 

7. Mix bentonite, augered soil, and water in a bucket to form a thick paste. Form a mound of a soil/bentonite mixture at the top of the ground around the base of the riser, shaped to direct surface water flow away from the pipe and prevent puddling.
8. Check for clogging as described below. Reinstall and recheck if necessary.
9. Mark the side of the riser with paint at the top of the mounded soil/bentonite mixture and label the well.

10. Record height of well above ground surface and document installation. 

11. Install any water level recording instruments.

Piezometers. Installation of a piezometer entails the same steps as above, with the modifications that (1) the filter pack extends only 2 inches above the top of the well screen, and (2) the bentonite plug is built from the top of filter pack to the soil surface. Drop and tamp bentonite down the annular space around the stand pipe and add water to expand the clay and form a seal (Figure 1B). 
Equipment. Equipment needs vary with depth and diameter of instruments to be installed.  

Piezometer or well
Bucket auger 1-2 in. wider than the OD of the pipe being installed, with auger extensions
Water level reading instruments
Tamping tool (Lengths of PVC pipe cut in half longitudinally have been used successfully.)
Bentonite chips 
Commercial grade silica sand 
Steel tape long enough to measure deepest hole 
Paint marker to label pipes 
Bucket for mixing soil/bentonite/water

Water sufficient to fill all pipes a couple times, and to swell bentonite
Hand pump sufficient to empty deepest pipe 
Survey equipment of sufficient accuracy to measure elevations required for study purposes 
Soil description equipment
Documentation forms

Checking for Clogged Pipes. After the pipe has been installed, check response to changes in water head by either adding water to the stand pipe or pumping water out. The depth of water added or removed for the test depends on the hydraulic conductivity of the soil being studied. Record the depth of any water left in the pipe for the test and measure how long it takes for the water level to return to the depth recorded before the test. Water levels should return at approximately the same rate as they would in freshly dug holes without any pipe. If the water does not return to the pre-pumped level within the expected time, pull the instrument out and determine why it is plugged. This test should be performed every few months throughout the study because wells can plug due to bacterial growth as well as migration of dispersed fines. 
Elevations. Most methods of determining water levels in pipes entail measuring from the top of the riser above the ground to the water surface inside the pipe. Therefore, a correction must be made for the difference between riser elevation and ground elevation. If study objectives require comparing water levels in different pipes, then relative elevations of pipes also need to be surveyed to within the accuracy required by the study. Note that ground elevation itself may rise and fall in Vertisols. Record the height of the riser above the ground surface at the time of installation and every few months thereafter. Pipes can move upward 3 inches or more during cycles of wetting/drying and freezing/thawing. Mark the side of the pipe with a paint marker for future reference; paint lasts longer than permanent marking ink. 
Foot Traffic from Study Personnel. Microtopography and shallow soil properties can be altered when foot paths are worn into the ground during the wet season. This can even puddle the soil around a shallow well if it is visited numerous times when saturated. It may be appropriate to install boardwalks between instruments at long-term study sites. 
Concrete Pads. Some localities require concrete pads around wells to protect drinking water sources from surface runoff. Local regulations should be observed at all sites. 
Vandalism. Vandalism cannot be avoided at some sites. Extra wells, installation equipment, and accessories should be brought along on monitoring trips if vandalism is a problem. 

READING WATER LEVELS: 
Height of the riser above the ground surface should be noted every time data are downloaded. If possible, measure water depths manually, too, in order to verify the instrument is reading accurately. Automatic water-level recorders should be checked every few months and recalibrated as necessary. Wells should be pumped and checked for clogging occasionally, the frequency depending on local experience with soils being monitored.
It is easy to check water levels manually with a steel measuring tape marked with chalk or a water-soluble marker. The only equipment needed is the tape, marker, and a rag to wipe the tape dry after each reading. Alternatively, one can use electric sensors with an open electric circuit that is completed when the junction makes contact with water. If using such a device, be aware that flexible wire will give a less accurate depth measurement than a rigid tape. Do not read water levels with a dowel stick because of the large displacement of the volume of the dowel. 
Time lag of response can be significant in piezometers. If study purposes require rapid instrument response to actual changes in hydraulic head, the surface area of the well screen at the piezometer intake should be maximized and the cross sectional area of the reservoir should be minimized (Hanschke and Baird 2001). 

Section XXX.  Problem Soils: Sandy, organic, clayey, and very rocky soils 

The standard guidelines above work well in most soils. However, in organic soils, very sandy soils, very rocky soils, and soils with vertic properties, the standard procedures often fail or some element is unnecessary. Modifications to the standard procedures are appropriate whenever local conditions require changes. The guidelines below are less specific than the standard procedure because local conditions often require site-specific modifications. The major problems are discussed and alternatives are suggested based on the experience of investigators who have encountered these problems. 
Sandy soils: Plugged well screen is not a problem in most sandy soils, so filter pack is seldom necessary. Bentonite seals may be dispensed with in non-indurated sands because by-pass flow is inherent in sandy aquifers. Bore holes can be re-filled with the sand removed during augering.

If the soils collapse too much to be augered, then it will be necessary to build the wells with well points and drive the pipes in. Sandy soils are often soft enough that PVC well stock can be used. Well points are available for most commercial well stock. Drill drain-holes in the sides and bottom of well points to minimize water storage in the bottom of the well. Wells can be vibrated  or jetted into wet, unconsolidated sands, too (Reeve 1986). See the section on driven wells, below, for installation alternatives that have been successful for manually driven, shallow pipes.
Peraquic silty and organic soils: These soft, fine-grained soils often slough in during augering, and sediment may migrate through the filter pack into the well screen. If experience has shown that sedimentation is a problem, try using a filter sock. Filter socks are available from engineering and water-well supply houses and can be constructed in-house from geotextile fabric; they have been successfully attached to the riser with epoxy cement. Filter fabrics, too, can clog with fines or with bacterial growth. Pipes protected with filter fabric should be checked for clogging on a regular basis.

Auger as deep as possible into these soils and then drive the well and filter-sock the rest of the way into the wet soil.  Bentonite seals are not needed in these soft soils because the soil matrix generally sloughs around the pipe and minimizes bypass flow within the water column.
Soils with vertic properties:  High shrink-swell soils present numerous problems when well pipes are installed in them.
· Bypass flow: These soils crack during dry seasons, allowing water to flow down the cracks, often to the well screen.
· Very low Ksat: The soil matrix of these soils has very low saturated hydraulic conductivity. If bypass flow causes water to enter the pipes, it will do so much more quickly than it will drain out of the pipes. Water levels in the pipes may not reflect saturation conditions in the soil. 
· Pipe movement: These soils may pull pipes out of the ground 3 to 6 inches each season due to swelling in the rainy season.
· Perched water tables: Surface water tables are often very shallow and perched. The more permeable upper horizons may be instrumented with a very shallow well that doesn’t extend into the slowly permeable, perching horizon below. 
· Lag time for piezometer response: Select a recording system that will allow the smallest diameter well stock available.
Surficial and deep water regimes vary greatly in these soils. Monitoring wells should be no deeper than the depth of perching. Otherwise they will drain under control of the impermeable layer rather than the topsoil layers. Deeper water regimes need to be monitored with piezometers. 

The major installation problem for piezometers in high shrink/swell soils is to avoid bypass flow. The surface area of the filter pack should be kept small in order to reduce the likelihood of being intercepted by macro cracks. Some researchers have constructed piezometers with only one inch of slotted well screen and 3 inches of filter pack (1 inch above and 1 inch below the screen). If bypass flow still occurs, instruments should be replicated 3 times at each depth. Soil should be sampled periodically for gravimetric water content to check the validity of piezometer readings.

Some Vertisols have a “bowl and chimney” morphology and hydrologic regimes. In these cases be sure to monitor water regimes separately in contiguous micro-highs and micro-lows. 
Very stony soils.  Very stony soils do not allow for hand augering of bore holes for installation of PVC well stock. Two successful alternatives are drilling bore holes with engine-powered equipment and driving steel well stock into rocky soil. 

Drilling requires a drill rig and access to the site. Giddings probes have been fitted with bits and operated at very slow speeds to penetrate rock. Once a bore hole has been drilled out, PVC well stock can be installed using filter packs and bentonite plugs per the standard guidelines. Disadvantages are cost, limitations of site access, time, and requirement for operator experience. The principle advantages are that commercially milled, PVC well stock can be used along with filter packs and bentonite plugs. Deep-well drilling is discussed in US Geological Survey Documents, such as Shuter and Teasdale (1989). 
Driven Wells: Several of the problem soils require that well stock be driven into the soil, often with sledge hammers and/or fence post drivers. The necessary steel wells have usually been constructed in-house for soils studies, although some commercially manufactured wells have been designed for manual installation. Installation of filter packs and bentonite plugs is not practical for driven wells, so study designs and data interpretation may need to be adjusted. The design of driven wells will depend on the nature of the soil, the depth and seasonality of the aquifer being monitored, and the requirements of your water-level recorder. 

The methods presented below are examples of designs that have been used successfully in rocky soils or sediments. Driven wells do not allow for bentonite plugs to prevent bypass flow. Many wet soils will collapse about the pipe, forming a natural seal without a bentonite plug. 
Two different approaches are commonly used when driving wells into the soil: (1) the well stock itself is strong enough to be driven directly into the ground (Figure Driven-Well-a), or (2) a drive rod is placed inside the well stock and receives the bulk of the pressure from the hammer and soil (Figure Driven-Well-b). In both cases a steel hammer cap is constructed so the pipe doesn’t receive blows directly. 

Figure Driven Wells. Three alternative designs used successfully to drive wells manually into stony soils and sediments.

Wells driven directly require a drive point to penetrate the rocky soil. Reeve (1986) inserted a large rivet in the bottom end of the pipe as a drive point. After driving the well into the soil, he pushed the rivet out with a narrower “punch-out rod” and flushed a cavity at the base of the pipe. The open end of the pipe and cavity flushed out below served as his well-screen. Geist (1998) welded a conical steel point onto the end of the pipe; the driven well point pulls the standpipe behind it as the drive rod is pounded downward. The closed end of his pipe necessitated creating a well screen by drilling ⅛-inch to 3/16-inch holes through the pipe over a foot-long length of pipe. It is necessary to pump or blow sediment out of the drill holes of these pipes after installation. 

Variations on these models have been devised. Baxter et al (2003) used a drive rod and drive cap to force steel well casing into the rocky stream bed (Figure Driven Well-c). They then pulled out the drive rod, inserted a small-diameter PVC piezometer into the casing and pulled the casing out, leaving the PVC piezometer in the stream bed. The well point was incorporated into the design of the drive rod so the well casing was free to be extracted. The steel well casing and drive rod could be used multiple times for installation of numerous PVC wells.

DATA RECORDING: Jim, somebody who knows NASIS requirements will have to write this part.  
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