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Chapter I
INTRODUCTION
The Arizona Department of Water Resources (ADWR) has been in existence since 1980.
Before we became an agency, we were known as the Arizona Water Commission (a much
smaller group), which was a part of the Arizona State Land Department. The Field Services
Section, formerly known as Basic Data, has been the data collection arm of ADWR since the
beginning. The unit was patterned after similar data collection units in the United States
Geological Survey (USGS). We adopted all data collection protocols from the USGS,
including field inventories, water-level measurements, discharge measurements, automated
groundwater monitoring measurement and land subsidence surveying. This enabled the
data that we collected to have instant compatibility with all USGS historical data.
Personnel from the Field Services Section (FSS), which include hydrologists and water
resource specialists, perform many tasks. In the field, we measure water levels in wells,
measure discharge from pumping wells, measure stream flows, maintain a collection of
transducers, inventory wells for our (GWSI) database and collect elevation and gravity data
to monitor land subsidence throughout Arizona. Also, hydrologists of the FSS produce the
Hydrologic Map Series (HMS) reports, Hydrologic Monitoring Reports (HMR) and the Water
Level Change Map Series (WLCMS) reports, which show groundwater conditions statewide.
FSS maintains a statewide network of about 1800 index wells which are used to monitor
water levels. Manual water-level measurements are taken at all of these wells on an annual,
semiannual or quarterly basis. Approximately 125 wells are continuously monitored with
digital pressure transducers, shaft encoders, and bubblers. Many of the automated sites are
equipped with GOES radios, which transmit water-level data to ADWR via satellite.
The Field Services Section also maintains the Groundwater Site Inventory (GWSI) database.
GWSI is a field verified database consisting of thousands of wells – including cadastral and
GPS locations, current and historical water-level measurements and numerous associated
data relating to those wells (see Arizona Department of Water Resources, 2007).
This manual is intended to introduce the new employee to the “how and why” of what we do,
but it is also intended to serve as a reference manual for both new and experienced
employees. The procedures outlined in these pages are the “tried and true” methods which
have been perfected over the years. To become a skilled field hydrologist or field technician
takes time, you must gain experience in the field, and for this there is no substitute.
However, before you can work in the field, it is imperative that you have the proper
knowledge and introduction into how and why we collect data. This manual is intended to
provide FSS employees with the necessary techniques and understanding to facilitate the
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accurate collection of data. It is hoped that it will become a valuable reference for both new
and experienced FSS personnel.
The following performance skills checklist (Table 1) is a tool for the employee and their
supervisor to plan their training needs. Not all employees will receive all the training. This
checklist is primarily intended to assure the employee has the necessary training to
successfully complete their immediate assignments, but it also intended to be used to plan
career development. All employees in FSS that do field work are required to be trained in
each of the listed field skills. Computer skills and specialized skills will be taught to the
employee as needed.

Table 1: Field Services Section Skills Checklist

□
□
□
□
□
□
□
□

Field Skills
GPS
Well Location
Well Inventory

Water-Level Measurements
Safety

□
□
□
□
□

Computer Skills

Understanding GWIS
ArcGIS
Access & Excel
GPS & All Topos
ArcMap in the Field

First Aid
Dealing with the Public
4 x 4 Vehicle Training

__________________________________
Employee Signature/Date

□
□
□
□
□
□
□
□
□

Specialized Skills

Sounder Probe Construction
Sounder/Tape Calibration
Discharge Measurements
Water Level Measurements
Automated Sites Download
Automated Site Installation
GPS Survey Measurements
Gravimeter Measurements
Streamflow Measurements

__________________________________
Supervisor Signature/Date
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Chapter II
DATA
The primary responsibility of FSS is the collection of groundwater related data. The data that
we collect is critical to the planning and protection of Arizona’s groundwater resources. But,
what exactly is groundwater data? The evaluation of the groundwater resources of an area
should include such things as an assessment of the amount of water available, the depth to
the water, the conditions under which it occurs, the quality of the water, the past and present
uses of the water, and the effects of past and present water use. Much of this can be
determined by collecting well data, water levels and water samples from existing wells within
the area. An individual well owner may know the depth to water, production figures, water
quality, and pumping effects of his own well, but only an area-wide compilation of these data
from numerous wells can determine the groundwater conditions of an entire basin. The
collection and compilation of this data is our responsibility.
What Kind of Data Do We Collect?
We collect several different types of data including water levels, well discharge
measurements, streamflow measurements, various types of location and physical (inventory)
well information, and USGS grade GPS/elevation measurements in select areas. Each of
these data types will be discussed in detail in subsequent chapters of this manual.
Why Do We Collect Data?
To assure Arizona’s continued growth and prosperity, our State lawmakers enacted the 1980
Groundwater Management Act. At the very heart of this Act is the management and
conservation of Arizona’s groundwater resources. To effectively execute this mandate would
require vast amounts of information on the physical condition and make-up of Arizona’s
groundwater; past, present and future. Before 1980, the USGS was Arizona’s groundwater
data collection authority. After the 1980 Groundwater Management Act, the responsibility of
groundwater data collection was inherited by the newly formed ADWR (specifically the FSS).
How is the Data Used?
We use the data to publish our Hydrologic Map Series (HMS) reports, Hydrologic Monitoring
Reports, and Water-Level Change Map Series (WLCMS) reports. HMS reports contain maps
and associated text describing the hydrogeology of a given groundwater basin. The maps
show depth to water, contours of water table elevation, water level changes, flow direction of
the groundwater, approximate boundaries of the main and sometimes lesser water bearing
units (aquifers) in the basin, and water quality information. These published reports are a
compilation and interpretation of the hydrologic data we have collected. HMR and WLCMS
reports can be published for each basin, by AMA or on a statewide basis. The maps from
both series are made for the public. See appendices C and D for guidelines for preparing
these reports.
6
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Other uses of the data we collect include but are not restricted to the preparation of
groundwater models, numerous types of map construction, development of annual water
budgets, determination of assured water supply, growth and development planning for both
urban and rural communities and resource management (especially critical during drought
conditions).
Who Uses the Data?
Aside from the ADWR, our data is used by a wide spectrum of professionals and nonprofessionals. Our data is used by other government agencies (on the federal, state and
local levels), numerous municipalities and power providers, construction companies,
consultants, attorneys, universities and students, developers and realtors, farmers, ranchers
and land owners, drillers, and the general public.
Sales of real estate can frequently be dependent on the verification of the adequacy of the
water supply. This information is not only valuable to sellers, but to buyers as well.
Industries contemplating location within the state are generally concerned about the
availability and suitability of the groundwater. Industries requiring large amounts of water are
advised against locating in areas where water use is already in excess of recharge thereby
protecting interests of both the industry and the existing water users. Well owners whose
historically adequate water supply suddenly becomes inadequate may suspect that new use
or overuse by nearby users is causing the problem and may seek relief through the legal
system. In such a case, retained attorneys and consultants could make use of our
publications and historical data. Banks often require certificates of adequacy before granting
loans on land. Drillers are frequent users of our depth to water maps, especially in areas
where they have not previously drilled.
Construction interests commonly need to know depth to water information (especially where
deep basements or underground parking is planned).
The list goes on and on.
Environmental impact studies, the pollution of an aquifer and the resultant potential heath
concerns require vast amounts of current and historical groundwater data. It is extremely
important to know the depth of pollutants and which direction the contaminant (plume) is
moving, when an aquifer is found to be contaminated and before the clean-up can begin.
Water is important everywhere, but in an arid state like Arizona, it is vital that we be good
managers and custodians of our groundwater. The problem is exacerbated by the almost
uncontrolled growth and subsequent development the state is currently experiencing.
Arizona now finds itself in the throes of an extended drought, and the data we collect is
invaluable in assessing the drought’s impact.
Where Do We Collect the Data?
We collect data throughout the State of Arizona, with the exception of most Indian
reservations, (where we work only with the approval of the individual Tribal Councils). It is
our responsibility to provide current groundwater data for most parts of the state. We are just
as responsible to the citizens of Willcox, Snowflake, Sonoita and San Simon as we are to
those who live in Phoenix and Tucson. We are kept busy, but with the knowledge that we
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are being responsive to needs of all the people of Arizona and hopeful that our data will play
an important part in securing Arizona’s future.
The Importance of Quality Control
Without quality control, there can be questions regarding the integrity of the data. Incorrect
data can result in misleading conclusions, inaccurate maps, models, management and
ultimately in a loss of confidence in the unit. The job we do is important, and the data we
collect is vital if the Department is to manage Arizona’s groundwater resources properly. It is
therefore imperative that we do the utmost to insure accuracy. First, the data must always be
collected according to protocol with properly calibrated equipment. This however, is only half
the job. The data, once collected, must be entered into the database (see Arizona
Department of Water Resources, 2008). Great care must be taken when entering data, as
this process can introduce many errors. Data entry accuracy in any business has always
been a function of the diligence of those entering the data. It is extremely easy to misplace a
decimal, or invert two numbers. It can easily happen, even to the most experienced of
personnel. To combat this type of error, we have always used “field data sheets” which are
filled out immediately after the data is collected. It is imperative for FSS personnel to doublecheck every measurement, correctly document their findings and relate it to previous
measurement in order to find drastic changes, or possibly incorrect measurements. This type
of double check should eliminate most field generated errors. When entering data into GWSI,
if a water level differs from the previous water level by more that 10 feet, the computer
automatically generates a warning. These types of checks are extremely important if we are
to uphold the integrity of our database. It is not realistic to think that our database is perfect.
Sometimes errors are made, however, it remains our goal to be diligent with our data
collection, data entry and quality control as we strive to keep our database as accurate as
possible.
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Chapter III
NAVIGATION
Navigation is defined as the ability to control one’s course. Perhaps the most important
aspect of field work, regardless of the discipline, is knowing where you are. If you don’t know
where you are; any subsequent data that you collect is useless. Not to mention the fact that
in Arizona’s harsh summer climate, the result of becoming lost or disoriented can be fatal.
For these reasons, it is extremely important that field personnel know “where they are”. To
this end, it is necessary that all field personnel are well acquainted with and become fluent
with all of the navigational tools at our disposal.
It seems improbable that a trained Earth scientist could somehow be confused about where
they are. However, as unlikely as it sounds, it can happen; and we have had to discard a
considerable amount of data, simply because the “location of collection” could not be verified.
Maps
For decades, field hydrologists have used maps to guide them to well sites. Maps have
traditionally been the only navigational medium available for field work. There are several
types of maps at our disposal. We use road maps to guide us, in our travels, throughout the
state. The road maps are scaled at 1:1,000,000 (1” = 16 miles). By using road maps, we
can traverse the state and usually reach the general area we are looking for (i.e., assignment
area). We also use another set of road/topographic maps. This set of maps is called the
Arizona Atlas & Gazetteer. These maps are scaled at 1:250,000 (1” = 4 miles), and they
offer a more detailed view, than the previously mentioned road maps.
When looking for a particular area, a map with greater detail must be used; these maps are
known as Quadrangles or “topographic maps”. These maps are prepared by the U.S.
Geological Survey. A Quadrangle map covers four sided areas bounded by parallels of
latitude and meridians of longitude. Quadrangle size is given in minutes or degrees. Work
assignments (or working areas), are usually assigned by Quadrangles. That is, an individual
is responsible for all the wells found within the area covered by a given Quadrangle. The first
Quadrangles used by our office were the 15’ maps, (15 minutes of latitude and 15 minutes of
longitude). These maps are scaled at 1:62,000 (1” ≈ 1 mile). Most of the older 15’ maps
have now been replaced by 7½’ maps, (7½ minutes of latitude and 7½ minutes of longitude).
These maps are much more detailed than the 15’ maps and are almost exclusively used for
our field assignments. They are scaled at 1:24,000 (1” = 2,000 ft.).
Global Positioning System (GPS) Units
The advent of the GPS unit has greatly improved our ability to locate or orient ourselves in
the field. Briefly, the GPS unit communicates with any one of numerous GPS satellites (in
geosynchronous orbit), to tell the operator the current latitude and longitude of his/her
9
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position. By mounting the GPS unit in your field vehicle, your corrected latitude and
longitude will continuously be displayed as you drive. Considering the fact that we work with
maps delineated in degrees of latitude and longitude, the value of such an instrument is
obvious. At any given time, you can pinpoint your location on the particular map you are
working. This is extremely important as we commonly operate in areas where there are no
discernable roads. We occasionally must go cross-country, or travel up washes, as it is the
only way to get to an old abandoned well site. It is easy to become disoriented in these types
of situations. However, with a functioning GPS unit, becoming lost is no longer an issue.
Horizontal Datums
Please take the time needed to determine how to set the horizontal datum. FSS will be
collecting all latitude and longitude (in degrees-minutes-seconds format) in NAD27.
Laptops and PenTabs
Portable computers have made the life of the field hydrologist easier yet. The benefit of
having your computer-housed database in the field with you is clear, but modern technology
has again made field navigation easier. Some trucks are all outfitted with custom mounts to
accommodate a laptop. These mounts allow us to see the screen of the computer as we
travel (very similar to the arrangement in police cars). Our computers are downloaded with a
software called All Topo Maps: Arizona. This software makes available (in electronic form),
all the 7½ minute topographic Quadrangles in Arizona. The map upon which an individual is
working can then be displayed on the computer screen. By attaching the GPS unit to the
computer, the field person can follow his/her movements within their assigned area. An
ArcMap project on your laptop will also have similar capabilities. This innovation should
prevent field personnel from ever being lost or disoriented.
This arrangement also allows you to establish retraceable waypoints, or to program the
latitude and longitude of a particular well(s). The GPS will then lead you to the desired well,
as you follow your movements on the screen of the computer.
The new technology has certainly simplified field navigation, however it is not without its
potential pitfalls. The most common of which is a difficulty seeing the screen of the computer
in the bright Arizona sun. Another source of potential trouble arises when an individual
spends a little too much time staring at the computer screen, and not enough time watching
where they are going. You would be amazed how quickly you can drive into serious trouble
(even at <5mph). The backcountry is loaded with ditches, washes, holes, cactuses, trees,
posts, barbed wire fences, and occasionally mud. All these things have the potential to “ruin
your day”. The worst-case scenario would be gazing at your computer screen while driving
on a road or highway and drifting across the center line. Always exercise care and caution
when navigating with the computer and watch where you are going!
While off-road navigation with the GPS and computer have certainly simplified the lives of
FSS staff, to become completely reliant upon these innovations, is to invite trouble. Both the
GPS and laptops are sensitive electronic instruments and they can fail in the heat of an
Arizona summer, or due to the “beating” they take in the backcountry. Should such a failure
occur, the ability to read and be proficient with Quadrangle maps can at the very least allow
10
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you to continue your work assignment. The ability to read and fully understand a topographic
Quadrangle map could save your life.
For this reason, it is mandatory that all field personnel be trained to read and interpret
topographic maps and learn to navigate using them. This was the method used by field
hydrologists for decades, and it is still a virtually foolproof way to navigate in the field. If for
any reason your computer fails (and it eventually will), you must rely on your maps to
navigate, and complete your assignment. Ultimately, your field maps may be the only
navigational tool left to you, so make sure you have learned how to use them.
Summary
If you are well versed in the use of all methods of field navigation, you should never become
disoriented in the field. Should your computer “go down”, you can use the GPS to determine
the latitude and longitude of your position. By plotting that point on the 7½ minute map, you
can locate your position on the map. You may not know exactly where you are, but you
won’t be lost. If you can read and interpret the topographic Quadrangle maps, you can still
navigate, even if your GPS should fail.
Our computer, GPS, and topographic Quadrangle maps are the tools of navigation. They all
have their positives and negatives, but without them, we are truly lost.
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Chapter IV
WELL LOCATION
Before a well can be properly inventoried (see Chapter IV), it must first be located and
identified. Each well in the Groundwater Site Inventory (GWSI) has two unique identifiers; a
site identification number (site ID) and a cadastral location (local ID). This chapter will deal
with the protocols involved in locating and naming a well.
Site Identification Number
A site identification number or site ID is a unique 15-digit number assigned to one, and only
one well. It is based on the latitude and longitude of the well in question. Once a site
identification number has been assigned to a well, it is never changed for any reason.
In the interest of historical continuity, a bit of digression is necessary. The latitude and
longitude of any well was originally determined by locating the well on a topographic
Quadrangle (either 7½ minute or 15 minute), preferably a 7½ minute map, because of the
greater detail. Some wells are already located and printed on the maps, with an associated
well elevation. In this case, location of the well is already done, however, latitude and
longitude still must be determined. Very few wells are pre-located on the maps, so it became
the job of the field hydrologist to actually locate the well and mark its position on the map.
This is not a difficult task, but it requires patience and a great deal of attention to detail.
Once the well is located (and when back in the office), the latitude and longitude of the well
can be determined. This determination is made using a transparent interpolation grid. By
overlaying the map with the grid, and properly aligning it, the latitude and longitude of a
particular well can be determined. There are two separate grids; one for 7½ minute maps,
and one for 15 minute maps.
Well location became much easier and accurate with the development of orthophoto quads.
The orthophoto quads are essentially aerial photos of the exact area covered by a given 7½
minute topographic Quadrangle and they are in nearly all cases, much more current. They
are overlain with an imprinted latitude and longitude grid. The orthophoto quads became an
immediate and invaluable tool for well location and subsequent latitude/longitude
determination. Using orthophotos in the field made well location much easier. You could
often see individual wells on the photo, and when you couldn’t clearly see them, the well
could usually be located by spotting trees, bushes, or other noticeable nearby features. The
orthophotos greatly increased the certainty of accurate well location. Once located, a straight
pin was used to make a pinhole in the photo at the determined location of the well. Once
located on the photo, there was a permanent record of the well’s location regardless of what
future changes might be made in the area. Using the same transparent interpolation grids,
the latitude and longitude of the individual wells (pinholes) could be determined. Once
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locations are determined, the appropriate notations are made on the back of the photo, at the
proper pinhole.
So far, we have talked about latitude and longitude determination. As previously stated, the
site identification number is based on the latitude and longitude of the well. The latitude (ex.
32º 45’ 15”) and the longitude (ex. 109º 15’ 31”) are combined to form the first part of the site
ID. For example, the above hypothetical locations become 3245151091531. The suffix (01)
is added to indicate that there is only one well at this location. So the official site ID of this
hypothetical well becomes 324515109153101. There are rare occasions when more than
one well or perhaps a piezometer nest is located at a particular latitude and longitude. In the
case of two wells, (01) is attached to the oldest well, and (02) to the younger of the two.
Generally, piezometer nests house 3 wells and the suffixes (01, 02, & 03) are attached,
based on criteria such as depth, drilling order, etc.
When this unique site identification number is established for a site (well), it is never changed
and all pertinent data in the database (GWSI), will be referenced to that number. It should be
noted that the site ID, once determined, becomes an identifier, and should not be used as a
locator. The thinking behind this is, that for any number of reasons, errors can be made
when establishing the site ID. Numbers in the latitude or longitude can be transposed, or
incorrectly recorded. The latitude or longitude may have been incorrectly determined in the
first place, however those incorrect numbers become the basis for the site ID of the well.
Making a simple transcribing error such as 108º instead of the actual 109º, would place the
well miles from its actual location if you were using the site ID as a locator. You can easily
see how using the site identification number as the location of the well could lead to
problems. In many cases, the site ID is spot on to the actual latitude/longitudinal location, but
it cannot be assumed, and is therefore not to be used as a locator.
Many years have passed since the previously mentioned methods were used to determine
latitude and longitude of a well site. Portable (hand held) GPS units have replaced the old
methods and are now exclusively used to determine the location of wells. The GPS is placed
on the well and after stabilizing the location is saved. However, even though the GPS unit
will, when properly used, give you an extremely accurate latitude and longitude, transcribing
errors can still occur. For this reason, we still never use the site identification number as a
locator.
Cadastral Location
When the physical location of a given well is determined, based on its latitude and longitude,
a cadastral location [ex. (A-03-04) 25abc2] can be assigned. The well numbers and letters
(cadastral location) used by the FSS , as well as the USGS, are in accordance with the U.S.
Bureau of Land Management’s system of land subdivision (Cadastral system). The land
survey in Arizona is based on the Gila and Salt River meridian and baseline, which divide the
State into four quadrants. These quadrants are designated counterclockwise by the capital
letters; A, B, C and D. All land north and east of the point of origin is in A quadrant. The land
north and west is in B quadrant. The land south and west is in C quadrant and that south
and east is in D quadrant. The first two digits of a well location indicates the Township, the
second two digits, the Range, and the fifth and sixth refer to the Section in which the well is
13
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located. The lowercase letters a, b, c, and d after the section number indicates the well
location within the section. The first letter denotes a 160-acre tract, the second the 40-acre
tract, and the third the 10-acre tract. These letters are also assigned in a counterclockwise
direction, beginning in the northeast quarter. In the example, well (A-03-04) 25abc2 is read
as being located in the SW¼, of the NW¼, of the NE¼ of Section 25, Township 03 north,
Range 04 east. If there is more than one well in a given 10-acre location, then numbers (ex.
1,2,3) are added as a suffix, in chronological order if known, with the oldest well being
designated (1), and so on in order of age. If the chronologic order can’t be determined, then
the order will be arbitrary. A suffix number will not be used at all if only one well exists in the
10-acre tract, (for more information on the Cadastral system see Arizona Department of
Water Resources, 2007).
Once the well is accurately located (using GPS generated data) on the proper 7½ minute
topographic Quadrangle, the cadastral location can be determined by overlaying a
transparent locator. This is a multiple scale locator which can be used to name all wells
located within the Gila and Salt River meridian and baseline system.
Unlike the site identification number, the cadastral number is a locator, and can be changed if
found to be incorrectly designated. With the benefit of GPS units and proper quality control,
there should be very few newly generated erroneous well locations.
Whether you are attempting to assign a cadastral location to a well, or determine a site
identification number, multiple wells in a given 10-acre location can be a source of confusion.
As previously stated, suffixes are added to additional wells. In instances of more than one
well within a 10-acre tract, it is unlikely that both the latitude and the longitude for each would
be the same, especially now that we are using GPS units which report to the nearest tenth of
a second. Therefore, the latitude and/or longitude for each well within a 10-acre tract should
reflect a difference, either north-south or east-west, relative to one another. Although it might
not seem important at the time of location, a photograph should be taken and a sketch
should be drawn (on the back of the inventory sheet, see Chapter IV), showing the location of
each well in relation to the other. In following years, attempts to duplicate water level
measurements or water quality samples could be confused by the absence (destruction) of
one or more of the wells at a single location. Perhaps the only way of identifying a remaining
well or wells would be a photograph and/or a sketch of the original wells and some
permanent landmarks.
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Chapter V
WELL INVENTORY
The early part of any basin investigation involves a very important phase called the well
inventory. Well inventory consists of the collection of information pertaining to individual
wells. The inventory is conducted by the field personnel of the FSS. The first step in the well
inventory is the determination of the location of the well (covered in detail in Chapter III).
When conducting an inventory, a well inventory form is filled out (Figure 1). This form,
when properly filled out, will contain all pertinent “field” information regarding that individual
well. This data will eventually be entered into the GWSI database, and the inventory form will
be placed in the permanent well file along with all other pertinent data regarding that
particular well.
An obvious question might be, “How do we find all these wells?” Many wells are pre-marked
on the topographic Quadrangle maps. When working in a given area, visual observation will
yield many other wells not shown on the topographic maps. You can sometimes find
potential well locations by carefully inspecting the orthophoto maps. You should always visit
old homesteads. From a lofty vantage point use binoculars to scan the area, looking for dirt
mounds, old broken-down windmills, casing laying on the ground, old cable and isolated
power poles. Ask ranchers, farmers, foremen, drillers and land tenants if they know of any
old abandoned wells in the area, or any newly drilled wells. Search the GWSI for old wells
entered by the USGS; wells that have not been visited by ADWR staff.
Basin and Date
When a new well is found, the first thing the field person does is record the date and the
appropriate ADWR groundwater basin and sub-basin. The date that the inventory is
conducted is extremely important. The inventory form will become an official State
document, and without a date it is of diminished value. So always fill out the current date
first.
Site ID
This is the only data line that should never be filled out in the field. As previously stated in
Chapter III, this unique 15-digit number is to be determined in the office. The site ID data line
is only used for new wells (those not in GWSI).
Well Location
Again, this information and the way it is derived was covered in detail in Chapter III. This
information can be filled in, if known, at the time of inventory. If there is confusion regarding
multiple wells in a given 10-acre tract, the proper suffix number can more easily be
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determined when back in the office. In the office you would have access to driller’s logs,
GWSI, and 55-file information.
55 Number
This is a number assigned to registered wells, by ADWR. Unless you receive this
information from the owner at the time of inventory, you would have no definitive way of
obtaining it in the field. You should never match a 55 number to a well unless you are sure
that the two belong together. It is better not to match a 55 number to a well, than to attach
the wrong number to a well. This can best be accomplished in the office. Since many wells
are not registered, it is important to realize that some wells will not have a 55-number.
Latitude and Longitude
Now that we have the benefit of GPS units, this information should always be filled out in the
field. The first thing you do when you arrive at a well is to turn on the GPS and set it
somewhere on the well. When the unit has stabilized (it can take a minute or two for the unit
to acquire a satellite signal and become stable), you save the information in the GPS unit. It
will be saved as a waypoint (ex. 045). You then record the latitude/longitude values and the
waypoint number on the Inventory Sheet,. This allows you to quality control your
latitude/longitude values when back in the office (before you enter the data into GWSI).
Topographic Quadrangle
This information is simply the full name and scale of the topographic Quadrangle map where
you are working, (ex. Green Valley 7½’).
Topographic Setting
Fill in the description of the topographic setting where the well is located, (ex. valley flat,
undulating, stream channel, hillside, etc.). See ADWR, 2006 for a list of topographic settings.
Altitude
Fill in the altitude as determined from the topographic Quadrangle map. Some wells have a
surveyed value on the map. This value should be used when available. Otherwise you must
interpolate the altitude of the well site. Before assigning an altitude value, you should scan
the area to be sure that the well isn’t located in a high or a low that isn’t obvious on the
topographic map. If this happens to be the case, adjust the interpolation accordingly. After
recording the altitude, also record the accuracy (± ½ the contour interval). Altitude should
always be determined while in the field, never in the office.
Water Use/Site Use
Note the water use and any pertinent factors that might affect the use. If the use is irrigation,
you might note approximate number of acres irrigated, type of crop being irrigated, whether a
sprinkler system, center pivot, or if gravity flow is used. If the use is domestic, try to note the
number of families being served, number of houses or trailers, or if the use is public supply
you might ask the number of accounts being served or the annual pumpage. The essential
information is the actual water use, i.e. irrigation, domestic, public supply, stock, recreational,
industrial, etc.
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Pump Type/ HP/ Power Type
Note the type of pump such as turbine, submersible, piston (windmill or Jenson), etc. If the
pump is a turbine, you will see a data plate somewhere on the side of pump. The
horsepower of the pump will be listed on this plate. If the pump is a submersible, the
horsepower will be shown on the starter box. Power types include; electric, gasoline, diesel,
natural gas, wind, etc. If the well is, or was used for irrigation, check for indications of
previous different power sources, such as natural gas mounts near a well that is now electric.
This type of information is helpful in tracing historic pumpage data or in matching current
wells to old wells.
Meter Number
The meter number assigned to the meter by the utility company is what you should record,
rather than the meter manufacturer’s serial number. The number you want is usually on a
plate inside the glass meter housing on an electric meter and on a metal tab riveted to the
cubic feet meter on a natural gas meter. These meter numbers are the key to identification
of power use records, both past and present, and in the case of irrigation wells are extremely
important. They are also frequently the only clue to matching old records to new records. It
should also be noted whether the meter belongs to SRP, TGE, APS, etc., if known. In the
case of domestic or public supply wells, the meter number is not nearly as important, but it
should be noted and recorded if it is readily available.
Driller
If known, the drillers name is recorded (or it may be added later using a drillers log). This
information would probably come from the owner.
Construction Method
This information is generally taken from a driller’s log, and unless the owner provides the
information, you would most likely never have this information in the field.
Date Drilled
Again, an owner can often supply this data. Sometimes the date is scratched into the
concrete pad. There are many things that can be learned by being a “good detective” in the
field.
Depth of Well
This is also data that generally will come from the driller’s log if available. However, many
owners may have this information. This information may be scratched into the concrete pad,
so always check the pad carefully.
Casing Diameter
This is absolutely necessary information. You should never leave the well site without
measuring the diameter of the well casing. This information can be vital when matching new
well data to historical well data.
Casing Length
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This information comes from Driller’s logs and it is unlikely you will ever get this information
when performing a well inventory.
Casing Circumference
There are times when you can’t physically get a measure of diameter (due to pump sitting on
top of casing, etc.), however you may be able to measure the circumference of the casing.
Record this information, because the diameter can be calculated from the circumference.
Owner
If known, the well owner’s name is recorded.
Log
Generally, you will not have access to a log in the field, unless the owner lets you see their
copy, or if they give you a copy.
Depth to Water below Measuring Point and Remarks
The number that you record here is the measured depth below the measuring point. Note
this number (depth) is not the water level unless the measuring point height is 0.0’ (see
Chapter V, Water Level Measurement). Be sure to associate any measurement remakes,
and include them on your form (pumping, cascading etc.)
Measuring Point Description
This is the physical description of the location of the point where access for the sounder
probe or steel tape was gained. Examples might be the top of casing, hole in pump base, a
crack between wood timbers, slot between pump base and casing, hole in submersible pump
plate, etc. Meaningful abbreviations, such as TCA for top of casing, HBOP for hole in base
of pump and HISP for hole in submersible pump plate are generally used. See Figure 2 for a
full list of access descriptions and abbreviations. Frequently, more than one access hole is
available and sometimes when only one of several access holes allows access to the water
table, it becomes necessary to identify which point should be used for the current and all
future measurements. An example might be a hole in pump base, west side (HBOP,w), or
slot under pump base, northeast corner (BOP,ne), etc. Some pumps have completely
enclosed pump bases with the only access holes hidden inside. Some of these pumps have
a plate which is held in place by four screws. By removing the screws, the plate can be
removed and access may be gained, (always replace the plate when you are finished).
Inspect pump installations carefully for access, especially when the measurement is badly
needed.
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HTCA, w
HSCA, n
TCA, se
HBOP, s
BOP, n
ACTB, s
HISP, ne
AIRL, w
STB

Hole in top of casing, west side
Hole in side of casing, north side
Top of casing, southeast side
Hole in pump base, south side
Access under base of pump, north side
Access (measuring) tube, south side
Hole in submersible cap plate, northeast side
Airline, west side
Sounding tube (PVC)
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Figure 2: Measuring Point (Access Hole) Descriptions The access hole in the pump base
may be filled with debris (by digging around with a long screw driver or metal rod, the access
hole can often be found). Sometimes you may find a slot between the concrete pad and the
pump base or a small crack between the top of the casing and the plate that covers the
casing. It is incumbent upon each field person to fully inspect the pump for possible access
holes. Look carefully and take your time, you will often find an access hole where you didn’t
originally see one. Note! We often measure wells that have been measured before. When
this is the case, always try to use the same access hole from which the previous
measurement was made. This information is available in GWSI (in your PenTab) or on the
water level printouts we always carry in the field. If this is impossible, you must try to find
another access hole, accurately describe it, and note the reason for the change. This is
extremely important!
Measuring Point Height above Land Surface Datum (LSD)
This is the measured height (rounded to the nearest 0.5’), from land surface to the point of
access (access hole). If you are measuring a well that has been previously measured, use
the same measuring point height as previous. This information will be available in GWSI (in
your PenTab), or on the water level printouts that we always carry in the field. The only
exception to this rule would be an actual physical change to the pump or pump base, or the
need to use an alternate access hole, due to blockage, etc.
Method of Measuring
You record the type of instrument that you used to make the water level measurement. In
nearly all cases, this will be either the sounder (V) or the steel tape (S). The exception would
be an electric tape (T), which is used for measuring water levels in sounding tubes at
transducer sites.
Sketch
If there is more than one well at the site, or if the well is hard to find, always draw a sketch on
the back of the inventory sheet. Always use a north arrow, note landmarks, trees, power
poles, etc., and measure distances so that subsequent inquiries may easily be solved.
Field Checked By
Always print your name at the bottom of the field inventory sheet. The well inventory form is
one of the most important documents that field hydrologists and technicians use while
conducting an investigation. The accurate reporting of all possible data can be of
incalculable value a year, two years, or maybe even ten years down the road. Always be
diligent and thorough in your investigation. If something seems important, write it down.
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Figure 1: Well Inventory Form
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Figure 1: Well Inventory Form
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Chapter VI
MANUAL WATER-LEVEL MEASUREMENTS
Water levels are the measurement of the distance from the land surface down to the top of
the water table. The collection of high-quality water-level data is dependent upon specific
measurement techniques and the use of properly maintained and calibrated equipment. In a
non-pumping well, these measurements are called static levels. In a pumping well, the
resultant measurement is called a pumping level. The vast majority of the water levels we
collect are static levels, but pumping levels are important, and we do, at times, measure
pumping levels. In this chapter, it will be assumed that all the methodology discussed will
pertain to static water levels. There are three instruments that we use to measure water
levels: the electric tape, the steel tape, and the electric sounder. They all have strengths and
limitations. Electric tapes and steel tapes are usually more precise than electric sounders,
but electric sounders are generally more robust than steel tapes, and steel tapes are
generally more robust than electric tapes.
Steel Tape
The first 20 feet of our steel tapes are graduated in hundredths of a foot. It is this part of the
tape that is used to determine the water level. Before the tape is inserted into the well
opening, a small weight is attached to the end of the tape and the graduated part is coated
with chalk. The depth to water is obtained by lowering the tape to a predetermined footage
so that the lower few feet of tape are submerged in the water. The tape is quickly removed
from the well and the water level is determined by subtracting the length of wet tape from the
predetermined footage (amount of tape lowered into the well).
Example

100.00’
-9.15’
90.85’

(tape lowered into well)
(length of wet tape)
(depth to water)

If the general depth to water is not known, trial and error will be necessary before an initial
water level can be determined. Once the initial water level is established, the measurement
must be re-done until repeatable. All water levels obtained with the steel tape must be
repeated to insure accuracy.
Steel tapes are often used when the use of an electric tape or sounder is not feasible.
Examples include wells where the access hole is too small to accommodate the probe (of the
sounder). The steel tape can be slipped into small openings and cracks that the electric
sounder would never fit into. The steel tape is also used to obtain an oil measurement.
Another common application for the steel tape is to obtain water levels in shallow wells where
the water table can be seen.
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The steel tapes that we use are 500-foot tapes as well as 250-foot tapes, so an obvious
limitation is that we can’t measure a water level that is greater than 500 feet. Another
disadvantage of the steel tape is that it cannot be used when cascading water is present in
the well casing because the chalk will be removed. When the water level is deep, a lot of
time and energy can be spent obtaining an accurate measurement. In wells equipped with
electric-powered submersible pumps, a steel tape may cut through the insulation on the
electric power wires. This is a safety hazard, which could result in a severe shock,
electrocution, and/or pump failure. Using the steel tape to measure deep water levels in
equipped wells is discouraged. The tape may become wedged or hung-up. Pulling on the
tape can result in a break, which renders an expensive instrument worthless. Should such a
break occur, the broken part of the tape may fall down the casing of the well and become
entangled in the pump bowls. This can result in pump failure. To sum up, the steel tape, like
all tools has its limitations, but when used properly, in the appropriate application, there
should be no reluctance to use it. The steel tape is an invaluable tool, and an irreplaceable
part of the field hydrologist’s arsenal.
Electric Tape
Electric tapes are used on the transducer project and are used only in wells with sounding
tubes and in shallow wells were the water table is visible. Four electric tapes manufactured
by Waterline Envirotech LTD are available for use – two 500-foot tapes and two 1500-foot
tapes. These tapes have two stainless steel electrodes that complete an electric circuit when
they are in water (Figure 3). The first electrode to contact the water is the stainless-steel tip,
and the second electrode to contact the water is the stainless-steel tubing. The circuit is
completed when the bottom of the tubing contacts the water. When this happens, a buzzer
and/or LED is activated to indicate the water level has been contacted. Moving the probe
fractionally up and down, while noting the selected indicator, usually allows measurements to
be precisely determined to the nearest 0.01 foot.
Function Switch
This switch has four settings: off, test, LED, and buzzer. When not in use the setting
should be in the off position. The test position allows you to test the charge of the
battery and the function of the electronic circuitry. When set to LED, the LED light will
be activated when the circuit is complete. When set to buzzer, the buzzer will be
activated when the circuit is complete.
Sensitivity Switch
The “LO” position is used for high salinity water. The “HI” position is used for very
pure water.
Battery
The tapes require a 9-volt battery to operate. When not in use, turn the function
switch to off to keep the battery from draining.
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Figure 3: Electric Tape
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Operation
1.
Before inserting the probe into a well, the function switch should be set to test;
this activates the LED and buzzer. If this does not work, then turn the
sensitivity switch to HI and try again. If it still doesn’t work, then replace the
battery and try again.
2.
Clean the electrodes. It is common to have a thin film of dirt form on the
electrodes that may make it impossible for the electric circuit to be completed
when the electrodes are in water.
3.
Select the preferred indication. For most users and applications this will be
buzzer. Occasionally, because of noise such as traffic at a busy intersection, it
is hard to hear the buzzer and it may be easier to set the indicator to LED.
4.
Set the sensitivity to HI.
5.
Gently lower the tape into the sounding tube. Never let the electric tape free
fall; when the free fall stops the weight of the tape may cause it to be
permanently stretched and damaged. This is important because electric tapes
do not have the tensile strength of our sounders. It is easy to permanently
damage an electric tape by stretching it.
6.
When the indicator is activated, then slowly reduce the sensitivity until the
indicator is just deactivated, then increase the sensitivity about ¼ turn. This is
generally an ideal setting to get precise measurements. If the sensitivity is too
high, it is easy to get false readings when the stainless-steel tubing contacts
condensation on the side of the sounding tube. If the sensitivity is too low, it is
possible to have the stainless-steel tubing in the water without the indicator
being activated.
7.
Raise and lower the tape by small increments and observe the indicator until
the measurements are precise to about 0.01 foot. If this does not seem
possible then raise or lower the sensitivity by about ¼ turn and try again until
the desired precision is attained.
8.
Turn the function switch to off and neatly rewind the tape.
Troubleshooting
Installing a fresh battery will eliminate most problems.
1.
Continuous signal
i.
Thoroughly clean and dry the electrodes.
ii.
Check the sensitivity setting.
iii.
Inspect the electrodes and tape for damage which might cause a short.
2.
No signal
i.
Make sure the function switch is in the correct mode.
ii.
Set the sensitivity to HI.
iii.
Inspect the tape for damage.

Electric Sounder
The electric sounders used by the FSS consist of an all aluminum reel that can hold in
excess of 2000 feet of 22-guage insulated (military communication wire) wire, a battery26
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powered meter box, a probe and a ground wire. The probe is attached to the sounding wire,
which is connected through the reel and a brush system to the meter box, which is connected
to ground. When the probe enters the water, an electrical circuit is completed and a
deflection is indicated on the meter box. When using an electric sounder, water levels are
generally measured to a precision of about 0.1 foot.
The Calibrated Wire
The sounder wire is calibrated using a steel tape and marked at 25-foot intervals using
different colored three-quarter inch plastic tape. The 100-foot marks on the sounder
wire are an obviously recognizable and distinguishable sequence from 0 to 300 ft.
The same sequence is repeated for the interval from 400 to 600 ft., from 700 to 900 ft.,
from 1000 to 1200 ft., and so on for the entire length of sounder wire used. The
following scheme must be followed.
Distance
0
25
50
75
100
125
150
175
200
225
250
275
300

Color
Blue
White
Yellow
White
Red
White
Yellow
White
Red Red
White
Yellow
White
Red Red Red

The above 300-foot sequence is repeated and marked the same way for each
additional 300 feet of sounder wire used.
All sounding wire is marked at 25-foot intervals, and the reference point for
measurements is always the down hole side of the down hole mark.
All sounders are numbered, and a companion equipment book is kept with the
sounder. The equipment book is kept current for each sounder. The contents of the
book include the sounder calibration form (figure 4). This form must be completed for
each calibration of all sounders.
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Figure 4: Sounder Calibration Form
28

Revised November 2018

The Probe
The sounder probe used by ADWR is designed to minimize measurement errors
caused by cascading water. Cascading water is not always obvious by sound. A
number of assumedly accurate water level measurements made with steel tapes
by the USGS during the late 1950’s and early 1960’s were later found to be inaccurate
due to cascading water. A probe was developed to solve this problem.
At FSS, we use a very similar probe to the original design developed by the USGS.
We use a 16” length of 3/8” vinyl PVC tubing, a 24” length of 18 gauge insulated wire,
#7 steel shot and ½” lengths of plastic tubing (plugs), to construct our probes, (Figure
5). When first packed, the vinyl tubing will be curved and need to be straightened.
This can be accomplished in several steps:
• First, the probes should be massaged to tightly pack the shot into the bottom of
the probe; this will leave more room at the top of the probe to add additional
shot.
• Second, heating the probe with a hair dryer can take some of the curvature out
of the probe.
• Third, packing the probes tightly together into bundles with rubber bands and
leaving them to rest for a few days can help straighten the probes.
• Fourth, inspect the probes to make sure they are ready to use.
1) First, make sure the probe is tightly packed with shot. A good way to
make sure the probes are tightly packed is to hold them upright and tap
the bottom end of the probe onto a desk top. If the probes are not tightly
packed, there will be room at the top of the probe to add additional shot.
2) Finally, make sure the wire tip is not protruding from the vinyl tubing.
New employees should work closely with their supervisor to make sure
that their probes are being constructed properly.
The probes are designed so that a ¾” to 1” shroud (of PVC vinyl) protects the bare
wire at the tip of the probe, and thereby eliminating false readings on the meter box.
This simple, but effective development has made it possible to accurately measure
thousands of water levels in wells where cascading water is present. One of the
advantages of this probe is that it is designed to be disposable. It is attached to the
sounder wire in such a way as to be the “weakest link in the chain”. If it becomes
hung-up while removing the sounding wire from the well; it will pull off with a simple
pull on the wire. It is far better to lose one probe than to potentially lose hundreds of
feet of wire down a well. After the sounder has been strung with calibrated wire, a
probe is attached and the tare (including length of probe) is accurately measured and
recorded in the equipment book.

29

Revised November 2018

Figure 5: Probe Specifications
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Operation
A measurement may be obtained once the probe has been lowered into the water. At
this point, an electrical circuit will have been completed and the needle on the meter
will be deflected. The sounding wire is very slowly pulled out of the water until the
circuit is broken. This can be noted by watching the needle, (when it falls, the circuit is
broken, meaning the probe is no longer in the water). By very slowly lowering and
raising the sounding wire, the surface of the water table can be pinpointed. Note! The
point from which you measure is always determined coming out of the water, never
going into the water. By measuring from this point on the wire to the nearest 25-foot
mark, an offset distance can be calculated by either adding (if the measured point is
above the closest 25-foot mark), or by subtracting (if the measured point is below the
closest 25-foot mark). The offset distance and tare are added to obtain the depth to
water measurement. The measurement is then repeated to insure a precision of
about 0.1 foot. The measuring point is generally above the land surface. If this is the
case, by subtracting the height of the measuring point from the depth to water that has
just been determined, you will obtain an accurate measurement of the depth to water
below land surface at that particular well, (if below land surface, you add the
measuring point distance).
When using an electric sounder, always keep the unit sitting on a dry area. If you are
working in wet weather, carry some dry wood to sit the sounder on. Do not let the
sounder touch any metal around the well. Sounders can short out when touching the
well casing or being set on wet ground.
When lowering or removing the sounding wire and probe in a well, it should be done
very slowly so that “tight spots” can be noticed and negotiated. When lowering, the
“tight spots” are noted so that care can be taken when removing the sounding wire. A
second advantage of slowing lowering the sounding wire and probe is that it gives the
field person the opportunity to inspect the markings on the wire and determine
whether they may have slipped and/or need repair or replacement. Note! Tape can
slip after repeated use or become susceptible to slippage after coming in contact with
oil.
A good general practice is to gently “snap” the sounding wire every 50’ when lowering
it into a well. This will allow the operator to tell if the probe is hanging free, or if it is
hung-up. Note! Always know the length of the tare, before sounding for a water level.
This is important because the probe may be lost while retrieving the sounding wire.
Sounding wire should be reeled into and out of the well and not allowed to accumulate
on the ground. This can easily lead to tangles and kinks (which lead to weak spots),
in the sounding wire.
Oil Measurements
Oil-lubricated turbine pumps typically have an oil film on top of the water column. Care
should be taken that the oil does not foul the probe as it passes through the oil before
entering the water. If several feet of oil floats on the surface of the water, it is better to use a
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steel tape and record the oil level, rather than record the water level at the base of the “oil
column”. For example, assuming that there is ten feet of oil, the upper surface of the oil will
be within 1.4 feet of the true water level; the oil-water contact on the other hand will be 8.6
feet deeper that the true water level. However, it is possible to obtain a much more accurate
water level when dealing with an oil-water interface. To adjust the depth to water
measurement for the effect of the oil column, the height of the oil column must be
determined. The top of the column can generally be measured with a steel tape and the oilwater contact can be measured with an electric sounder. By subtracting the depth of the oil
measurement from the depth of the oil-water contact measurement, you can determine the
height of the oil column. The height of the oil column is then multiplied by 0.86 (constant), to
obtain the height of a water column of equivalent weight. Although this coefficient ranges
from 0.85 to 0.88, depending on the type of oil, 0.86 represents an average value for oils
typically used to lubricate turbine pumps. The height of the water column is then subtracted
from the depth to the oil-water contact. For example:
Depth to top of oil (using steel tape) =
Depth to oil-water contact (using sounder) =
Height of oil column
147.3 ft. - 132.6 ft. =
Height of oil column X 0.86 =
Depth to oil-water contact
minus 12.6 ft. =
Depth to water adjusted for the
Effect of the oil column =

132.6 ft.
147.3 ft.
14.7 ft.
12.6 ft.
134.7 ft.
134.7 ft.

Recording of Water-Level Data
When recording depth to water data, it is extremely important that the date and type of
instrument used is recorded. The code for steel tape is “S”, “T” for electric tape, and “V” for
electric sounder. Other data that must be accurately recorded is the description of the
measuring point and the height of the measuring point above/below the land surface. Unless
there have been physical changes to the measuring point since the last measurement, you
should always use that which was previously used for continuity.
Decontamination of Probes and Tapes
Water-level measuring instruments can become contaminated after use. It is good practice
to clean the equipment regularly. All parts of the equipment that come into contact with the
well water should be cleaned. Oil and grease can be easily cleaned using soapy water.
Biological microbes can be killed using a dilute bleach solution. For wells used for drinking
water, it is required that the equipment be cleaned before taking the measurement. A dilute
bleach solution that is at least 1-part bleach per 10 parts tap water is acceptable to spray
onto the equipment, then rinsed using a spray bottle of tap water. For wells that are located
within areas of known contamination, all parts of the equipment that have come into contact
with the well water must be cleaned immediately after the measurement using Alconox and
then rinsed with tap water. The wash water from contaminated sites must be collected and
handled in accordance with federal, state, and local laws or regulations.
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Calibration
Water level measuring instruments require periodic calibration. The frequency of their
calibration varies depending upon the instrument. The steel and electric tapes should be
calibrated no less than once per year. The electric sounder should have a full calibration
once a year, with a simple field calibration taking place daily, when the instrument is in
constant use.
One dedicated steel calibration tape is kept in the office at all times as a reference. This
tape is never used to measure water levels in wells. It is used as a “standard” for the
calibration checks of all the other tapes and sounders.
At the time a sounder is strung, you are in effect performing the initial calibration. Once
checked, the sounding wire is marked by variously colored 3M plastic tape. A new 25’
calibration table is now in use as opposed to traditional methods. The measured and
calibrated edge of the tape is the down hole (probe) end of the sounding wire. The sequence
for marking the sounder wire shall always be the same. That sequence is described earlier
in this chapter.
A master calibration book and the reference steel tape are kept by the FSS Supervisor.
Each time a sounder is strung, re-strung, has wire added, or is simply checked for calibration;
the sounder number, the date, and the amount of wire added, and the names of the staff
members performing the calibration is recorded in the book (Figure 4).
When working in the field, there is a simple field calibration that should be performed daily or
at any time that the user has reason to believe that his or her sounder may be out-ofcalibration. For example, if you think the length of wire has changed due to extended use, or
because of applying extended tension to wire has become hung during retrieval. An “easy to
measure” well should be selected that is representative of the general water levels in the
area you are working. Attach a small lead weight to the end of the steel tape and make a
water level measurement. Repeat the measurement to assure accuracy. You then measure
the well with the electric sounder. If the sounding wire is properly calibrated, the difference
between the two measurements should be less than 0.1 foot per 100 feet of depth to water.
Record the time, date, and depth to water of the steel tape and the sounder in the
equipment book, of the sounder you are using.
Anytime a new probe is attached, you immediately measure the new tare, the distance
between the down hole edge of the blue tape, and the exposed tip of wire in the shroud of
the probe. This is in effect a mini-calibration and should be recorded on a piece of paper
somewhere in your vehicle or tool bag. This “tare” will be added to the total length of your
measurement. Record the length of the new tare, along with the date and time. This
provides you with an accurate reference, until a new probe is attached, at which time the
procedure is repeated. By recording this measurement, you are assuring that you will never
forget the tare.
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The reference steel tape is used to check the calibration of other steel tapes and electric
tapes. This calibration technique is taken directly from Oregon District (USGS) Ground-Water
Technical Note N0. 3, (2003). An unobstructed area with a flat surface is needed to lay out
the tapes. We currently use the same 25’ calibration table. The reference tape needs to be
secure at both ends using appropriate hardware. Secure both ends of the tape and apply 20
pounds of tension. Unreel the field tape and align the zero marks of the two tapes and
secure the field tape applying 20 pounds of tension. It is critical to apply the correct tension.
Straighten and align tapes as needed with the tapes as close together as possible. Record
observations at intervals no greater than 25% of the entire length of tape (100-foot intervals
should suffice). At each observation point on the master tape, record the field tapes values.
Compute the interval and the cumulative difference between the master tape and the field
tape. Determine the accuracy standard for the tape. For example, steel field tape
measurements should be within +/-0.01% of the master tape value, therefore there should be
differences of no more than +/-0.005 feet (0.0001 ft. X 50 ft.) for each 50-foot interval, or
twice the values for 100-foot intervals. Attempt to isolate the location of any discrepancies
exceeding the standard to within an interval equal to 5% of the overall tape length. For
example, 5% of a 200-foot length would be 10 feet; if a difference exceeding 0.005 feet was
found in the 50 to 100-foot interval, check measurements should be made at 10-foot intervals
from 50 to 100 feet to try and isolate the part of the tape where the 0.005 difference is
located if possible. Release tension on tapes and rewind onto reels and fill out check sheets
and record findings in the master calibration book, (Figure 6) If the tape is found to be
within acceptable tolerances, the date for the next check is recorded and the tape may be
released for further field use. If the instrument failed to meet the accuracy standard, a
determination by FSS supervisor will determine whether the instrument should be repaired or
retired.
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ADWR/FIELD SERVICES SECTION
SOUNDER CALIBRATION CHECK SHEET
Inspected by:

Field Instrument/ID #

Date

Sounder Reference
Cumulative
Sounder Reference
Cumulative
Reading
Reading
Difference
Reading
Reading
Difference
0.0
0.00
0.00
25.0
625.0
50.0
650.0
75.0
675.0
100.0
700.0
125.0
725.0
150.0
750.0
175.0
775.0
200.0
800.0
225.0
825.0
250.0
850.0
275.0
875.0
300.0
0.00
900.0
0.00
325.0
925.0
350.0
950.0
375.0
975.0
400.0
1000.0
425.0
1025.0
450.0
1050.0
475.0
1075.0
500.0
1100.0
525.0
1125.0
550.0
1150.0
575.0
1175.0
600.0
0.00
1200.0
0.00
COMMENTS, RECOMMENDATIONS & CALCULATIONS:
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ADWR/FIELD SERVICES SECTION
SOUNDER CALIBRATION CHECK SHEET
Inspected by:

Field Instrument/ID #

Date

Sounder Reference
Cumulative
Sounder Reference
Cumulative
Reading
Reading
Difference
Reading
Reading
Difference
1225.0
1825.0
1250.0
1850.0
1275.0
1875.0
1300.0
1900.0
1325.0
1925.0
1350.0
1950.0
1375.0
1975.0
1400.0
2000.0
1425.0
2025.0
1450.0
2050.0
1475.0
2075.0
1500.0
0.00
2100.0
0.00
1525.0
2125.0
1550.0
2150.0
1575.0
2175.0
1600.0
2200.0
1625.0
2225.0
1650.0
2250.0
1675.0
2275.0
1700.0
2300.0
1725.0
2325.0
1750.0
2350.0
1775.0
2375.0
1800.0
0.00
2400.0
0.00
COMMENTS, RECOMMENDATIONS & CALCULATIONS:
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ADWR/FIELD SERVICES SECTION
TAPE CALIBRATION SHEET
Inspected by:

1.
2.
3.
4.
5.

Field Instrument/ID #

Steel Tape Range
Planned check Interval
Accuracy Standard for Steel Tape
Discrepancy Tolerance
Discrepancy Check Internal

Check
Instrument
Reading
0.0
50.00
100.0
150.0
200.0
250.0
300.0
350.0
400.0
450.0
500.0

Field
Instrument
Reading
0.00

500
100
0.01
.005
25
Cumulative
Difference

Ft.
Ft.
%
Ft.
Ft. < 5% of Full Range
Interval
Difference

0.00

General Condition of Instrument:

Date

Excellent

NOTES

0.00

Good

Fair

Poor

COMMENTS, RECOMMENDATIONS & CALCULATIONS:

Figure 6: Tape Calibration Sheet
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Chapter VII
AUTOMATED WATER-LEVEL MEASUREMENTS
This chapter is not yet completed but will be added in the future. For DH-21 operating
instructions, see ADWR, 2008a.
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Chapter VIII
WELL-DISCHARGE MEASUREMENTS
Measuring the discharge of pumping wells has constituted a significant portion of historic
groundwater data collection in Arizona. The USGS began measuring well discharge in the
1940’s. The vast majority of those measurements were made on agricultural irrigation wells,
since they accounted for more than 90% of the groundwater withdrawal in the state. The
results were combined with groundwater withdrawal data supplied by irrigation districts,
municipalities, industries, private water companies and military installations to determine
annual withdrawal in the state. The amount and distribution of annual withdrawal is an
extremely important parameter in the assessment of a state’s water resources, whether it is
for planning, development or modeling purposes.
The Groundwater Act of 1980 stipulated that persons who withdraw groundwater from a nonexempt well in an Active Management Area (AMA) or an Irrigation Non-expansion Area (INA)
are required to use an approved water-measuring device to monitor and annually report the
quantities withdrawn. The Act further stipulated that withdrawals of groundwater for domestic
use from wells having a pump with a maximum capacity of not more than 35 gallon-perminute are considered exempt from monitoring and reporting annual withdrawal. These
stipulations created a need for measuring the discharge of pumping wells that are now part of
the duties of the FSS. Although annual groundwater withdrawal in the AMA’s and INA’s can
now be ascertained from the annual reports required by the Act, periodic discharge
measurements to validate the accuracy of approved measuring devices are necessary.
When questions arise by the individual AMA’s as to the exempt or non-exempt status of
wells, discharge measurements by the FSS are the deciding factor.
The Cox Flow Meter and the Control-o-tron were at one time used by the FSS to measure
discharge, however the primary instrument now used to determine a well’s discharge rate is
the Fuji Portable Ultrasonic Flowmeter. This instrument can measure the flow rate in a nonevasive manner from outside the discharge pipe. Because the Fuji unit is small and
lightweight, it can easily be adapted to most all well sites. Once the section of pipe has been
selected where the measurement will be made, the discharge measurement is completed by
first measuring the outside diameter of the pipe as well as the pipe wall thickness (there is an
instrument that determines this measurement), and the type of pipe material that the
pumping groundwater is flowing through. This information is entered directly into the Fuji
Flowmeter which then calculates the cross-sectional area of the inside of the pipe and
displays the distance that the transducers need to be separated when attached to the outside
of the pipe. Once the transducers are attached with the correct spacing, the instantaneous
discharge is displayed as gallons-per-minute as well as an integrated flow rate in total
gallons. If possible, the flow discharge measurement is read over a 6 to 10-minute time
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period to minimize any possible varying flow rates by the pump. The Fuji Flowmeter can be
used on pipes that range from ½ inch to 72 inches in diameter with an accuracy of 1 to 2%.

Add Forms
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Chapter IX
STREAMFLOW MEASUREMENTS
In 2007 the FSS, using USGS standards, was asked to begin streamflow measurement on
two separate rivers in the state. The first being the Santa Cruz River which flows north
through the Satan Cruz AMA from Nogales toward Tucson. The second being the Verde
River which originates near Paulden, Arizona and flows through the Verde Valley Basin south
into Phoenix. Though the purpose of each project remains separate, the discharge
measurements in both rivers are generally taken within the same week on a quarterly basis.
Measurement of Discharge
The discharge or rate of flow of a stream is the quantity of water flowing past a cross section
of the stream in a unit of time. The unit in which discharge is usually expressed is cubic foot
per second, which is contracted into second-foot. A second-foot of water is defined as the
quantity flowing through a cross section 1 square foot in area at a velocity of 1 foot per
second. The procedure of measuring the area of a cross section of a stream and the velocity
of flow past the section is known as the velocity-area method of measuring discharge. The
product obtained by multiplying the area of the cross-section by the velocity constitutes a
discharge measurement for that area.
The velocity of water may be measured either directly or indirectly, depending on the method
employed. A direct method consists in observing the rate of travel of a float or a chemical
placed in the stream. An indirect method consists either in the measurement of the slope of
the water surface from which the velocity is computed by means of a slope-velocity formula
or in the use of an instrument to measure the velocity of flow within a selected section.
Discharge measurements are classified according to the method used in measuring velocity.
The most common method used by the USGS for measuring discharge in a stream is the
mechanical current-meter method. In this method, the stream channel cross section is
divided into numerous vertical subsections. In each subsection, the area is obtained by
measuring the width and depth of the subsection, and the water velocity is determined using
a current-meter. The discharge in each subsection is computed by multiplying the subsection
area by the measured velocity. The total discharge is then computed by summing the
discharge of each subsection. ADWR has adopted the same methods as the USGS to
complete any streamflow project.
Meter Types
To complete these stream discharge measurements field staff are equipped with two types of
devices, the Marsh McBirney and the SonTek FlowTracker. The Marsh McBirney provides
the hydrologist with an instantaneous velocity at each vertical within a cross-section. The
total discharge is calculated by hand after a sufficient number of verticals are taken. More
41

Revised November 2018

commonly used by FSS Staff, and many other entities, is the SonTek FlowTracker. This
device will calculate total discharge and all other cross-section information automatically at
the ended of the measuring period
Completing a Wading Measurement
Before making a wading measurement, the hydrologist should examine various cross
sections near the gage to find the one most suitable for this type of measurement. With the
measuring section selected and the equipment assembled, the next step is to span the
measuring section with a tag line at right angles to the direction of the streamflow. Any
unnecessary deviation should be avoided by careful placing of the line. While placing the tag
line, the hydrologist should obtain a general idea of the proper spacing of verticals by
observing the total width of the section and the character
of the stream bed.
After the tag line is placed, the actual discharge measurement has begun. The edge of the
water in reference to a marker on the line and the bank from which the measurement is
started (whether left or right bank, looking downstream) are recorded. The rod is then placed
in a perpendicular position in the first selected vertical and the depth observed. If the depth in
the vertical is 1.5 feet or greater, the two-point method should be used. If the depth is less
than 1.5 feet the method used will depend largely upon the type of current-meter, the depth
of the water, and the roughness of the stream bed. The performance of current-meters in
water of shallow depths has been investigated by the USGS at the National Hydraulic
Laboratory of the National Bureau of Standards. The results indicate that the 0.6-depth
method should be used for depths between 0.5 foot and 1.5 feet and that the 0.5-depth
method should be used for depths less than 0.5 foot.
It appears that coefficients other than unity may be necessary for current-meter
measurements in very shallow depths for two reasons: First, the distribution of velocity in a
vertical may be such that the actual velocity at the point of observation is not the mean for
the vertical as, for instance, an observation at 0.5 of the depth; and second, the registration
of the current-meter may be affected by its proximity to the water surface or the stream bed.
Sometimes the errors from those two sources may be of opposite sign and therefore
compensating. Under other circumstances the errors may be of the same sign, or may be
predominantly of one sign, and therefore not compensating. As a result of the investigations
mentioned above, coefficients have been determined for use with observations of velocities
in shallow depths.
In wading measurements, the engineer should stand in a position that least affects the
velocity of the water passing the current-meter. Field and laboratory studies conducted by the
Hydraulic Laboratory Committee of the USGS indicate that the position of the hydrologist
least affecting the accuracy of a discharge measurement by wading may be described as
follows: With the meter rod at the tag-line and facing the bank with the water flowing against
the side of his leg, the engineer, should stand from 1 to 3 inches downstream from the tagline and 18 inches or more from the meter rod. If facing the left bank, they will naturally hold
the meter rod with their left hand; if facing the right bank, they will hold it with their right hand.
The results of the investigation show that no coefficient for position need be applied if this
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position is used. The hydrologist can maintain a standing position 18 inches or more from the
meter rod with a reasonable degree of comfort and at that distance can also give proper
attention to the current-meter.
Care should be taken to keep the rod in a vertical position and the meter parallel to the
direction of flow while the velocity is being observed. If the flow is not at right angles to the
tag-line, the amount by which the angle deviates from 90° or the angle coefficient for that
difference should be recorded. This angle coefficient, which is the cosine of the angle of
difference, may be determined using an angle chart or a protractor held in proper alinement
with the tag-line while the "angle-coefficient line" that corresponds most nearly to the
direction of the flow is being observed on the chart or protractor. Upon completion of the
necessary observations at the first measuring point, a similar procedure is followed
successively at each of the remaining verticals.
If the velocity at the edge of the water is not zero, it is customary to estimate this velocity as a
percentage of the velocity measured at the first vertical or measuring point. In order that no
appreciable error may be introduced into the total measurement as a result of such
estimates, care should be taken to space the verticals so that the flow in the section
bordering the edge of water is extremely small in comparison with the total flow. Furthermore,
it should be kept in mind that the vertical-shaft cup-type meter tends either to under register
or to over register when used close to a vertical wall or bank where the velocity is
nonuniform, the direction of deviation depending on whether the bank or wall is to the right or
left of the meter, looking downstream.
Two-Point Method
In the two-point method of measuring velocities, observations are made in each vertical at
0.2 and 0.8 of the depth below the surface. The average of these two observations is taken
as the mean velocity in the vertical.
The two-point method is based on many studies of actual observations and on the theory that
the vertical velocity curve corresponds to part of a parabola with axis horizontal at the point of
highest velocity, for which it may be mathematically demonstrated that the average of the
velocities at 0.2114 and 0.7886 of the depth is equivalent to the mean velocity. Studies of
many vertical velocity curves made for different depths, velocities, and conditions of stream
bed support this theory. Experience has shown that this method gives more consistent and
accurate results than any of the other methods, except the vertical velocity curve method
when it is used under measuring conditions of constant stage and steady flow. Because of
the support given the two-point method by both theory and practice, it is generally used by
the USGS in current-meter measurements of discharge.
There are, however, a few situations where correct results are not obtainable using the twopoint method. One situation relates to the use of the vertical-shaft cup-type current-meter,
which under registers near the surface and near the bed of the stream, so that for shallow
depths a coefficient greater than unity may be required. The coefficient may vary with both
depth and velocity. With the cup-type meter it is generally not advisable to use the two-point
method in depths of less than about 2.0 feet unless a coefficient is applied. Occasionally,
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conditions may necessitate the application of a coefficient less than unity to obtain the correct
discharge, as for example in deep water immediately above a dam where the measuring
section is sloping upward. Before any coefficient is applied, however, its applicability should
be thoroughly established by vertical velocity curves for the entire range of conditions
covered by the measurement or by such other data as are available.
Sixth-Tenths-Depth Method
In the 0.6-depth method an observation of velocity is made in each of the selected verticals
at 0.6 of the depth below the surface. This method is based on the theory that the vertical
velocity curve corresponds to part of a parabola with the maximum abscissa within the upper
third of the ordinate representing the depth. On this basis, the mean abscissa lies between
0.58 and 0.67 of the depth below the surface. If the maximum abscissa is in the upper fourth
of the measured depth, the 0.6-depth ordinate is very nearly the mean. Although a large
percentage of velocity curves that have been studied indicate that the mean velocity in the
vertical is at approximately 0.6 of the depth below the surface, experience on certain
streams, particularly those of great depths or with smooth beds, has shown that the results
obtained by this method tend to be slightly greater than those obtained by the two-point
method. Under those circumstances it is possible that the maximum abscissa for several of
the selected verticals in the measuring section may be more than one-fourth of the depth
below the surface. Laboratory investigations of performance of current-meters in water of
shallow depth indicate that vertical-axis cup-type current-meters when used at 0.6 of the
depth give results that are too small (requiring coefficients greater than unity) for velocities of
0.3 foot per second and less and where depths are 0.5 foot or less.
Although the 0.6-depth method generally gives fairly satisfactory results, nevertheless as the
variations of individual observations may be somewhat greater than those shown by the twopoint method it is used by the USGS only if the two-point method is found impracticable
because of insufficient depth or for other reasons such as a rough stream bed or aquatic
growth.
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Chapter X
GEOPHYSICS & SURVEYING UNIT
The Geophysics/Surveying Unit's primary purpose is to gather, process and interpret land
subsidence and aquifer storage in order to aid the ADWR in better management of the
State's water resources. The data are gathered by using survey-grade Global Positioning
System (GPS) equipment, gravity meters, and Synthetic Aperture Radar (SAR) satellites.
The data consist primarily of GPS positions and elevations at discrete points, absolute and
relative gravity values at discrete points for depth to bedrock and aquifer storage modeling,
and broad swaths of SAR data that cover several critical areas of the State.
The primary programs supported by the Unit are the Land Subsidence Monitoring Program,
the Aquifer Storage Monitoring Program, and Depth-to-Bedrock Modeling Projects. In
addition, the Geophysics/Surveying Unit has performed surveys and supplied data to a wide
variety of ADWR programs.
In the past, the Geophysics/Surveying Unit has worked collaboratively with numerous outside
groups to perform projects that aid ADWR in a variety of efforts, including: water resource
management, required survey-grade GPS measurements, gravity measurements, and/or the
collection, processing, and interpretation of InSAR data. These efforts are mutually beneficial
to a great many organizations, including: AZGS, Flood Control District of Maricopa County,
State Land, CAP, SRP and more.

Trimble R8 GNSS Receiver Operating Instructions
45

Revised November 2018

To Check the Bluetooth Connection:
Press the windows button on the survey controller (the top left button on the TSC2 controller)
Click “settings”
Click the “Connection” tab at the bottom of the screen
Click “Wireless Manager”
If Bluetooth is off, just click on the Bluetooth line and the Bluetooth will turn on.
Click done after the Bluetooth shows up as “on”
Close the setting window by clicking on the “x” at the upper right corner of the screen
You should now be back in the main menu of the surveying software
Tripod and Receiver Set Up:
Verify the survey monument with the stamping to ensure you are surveying the correct
survey monument.
Set up the center leg of the tripod to the 2-meter mark.
Set up and level the tripod on the survey monument (depends on survey monument). Try to
have the two, hand-adjustable tripod legs on the south side of the center tripod leg.
Remove the brass receiver mount from the top of the tripod by loosening the holding screw.
Screw the brass receiver mount into the bottom of the receiver.
Plug the external power chord into the receiver by lining up the red dot and the red line on
the power port.
Place the receiver on top of the tripod and tighten the holding screw for the brass receiver
mount.
Re-check the level on tripod and re-level if necessary. Be sure to tighten the screw on the
third tripod leg.
Changing the Receiver Between Rover and Base Mode:
Select the Instrument Tab
Select the GNSS Functions Tab
Select the Bluetooth Tab
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If you want the receiver in rover mode, select the rover serial number from the drop-down
menu for the GNSS rover and select none for the GNSS base.
If you want the receiver in base mode, select the base serial number from the drop-down
menu for the GNSS base and select none for the GNSS rover.
After you make your selections, changing between rover and base mode, hit the accept
button at the bottom right corner.
It might take a few minutes for the receiver to change modes, but you’ll know when it has
been completed when all the buttons (position, receiver status, etc.) are illuminated again on
the GNSS functions screen
Starting GNSS Survey:
Turn on the TSC2 survey controller/handheld (Only push the green power button for a
second. Holding it down more than a few seconds will reset the controller.)
Connect the external power cables for the receiver to the battery.
Wait for the receiver to connect to the handheld.
Once the receiver is connected to the handheld, select the Measure tab.
Select the Fast Static Tab. Select Start Base Receiver.
Enter in the Point name (e.g. FRESH) and click okay for the error message regarding
entering GPS coordinates after the survey after you enter the point name.
Make sure the Height of the Antenna is 2.0 meters (or the height of the tripod labeled on the
center adjustable pole) and that the measured to bottom of tripod is selected.
Select the Measure button at the bottom right of the screen. Click OK for the message that
the Base has started.
Survey for four hours or whatever pre-determined time (use a stop watch and/or record the
starting time of the survey on the GPS session sheet).
Enter the PDOP and number of satellites on the form in 30-minute increments.
To check the name of the file for the current survey, select the Instruments tab, select the
Receiver Files tab, and the file with the T0A by it is the current file that is being created.
To check your current position, select the Instruments tab and select the Position Tab
Turn the controller off when you aren’t using it to check the PDOP or start/end the survey.
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Once the four hours is completed, select the measure tab, select the fast static tab, and
select End GNSS base survey.
Select Yes to power down the GPS receiver. Turn the controller off (Only push the green
power button for a second. Holding it down more than a few seconds will reset the
controller.)
Put the GPS receiver and controller back in the case, break down the tripod, and move to
your next point.
At the end of the day, download the receiver using the Trimble Data Transfer program and
place the files in a folder on your laptop
Rename both the .T01 and the .DAT files, so the Point name and date (using YYYYMMDD)
is at the beginning of each file name (e.g. X479_20180201_19940371)

Typical GNSS Survey Setup

Scintrex CG-3M Operating Instructions
Taking a Field Measurement:
Setting up Excel Gravity Data Entry Form
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Open the Excel Gravity Data Entry Form and rename it to the Date (yyyymmdd)
followed by the name of the gravity loop or base tie and gravimeter. For example,
20161206_Loop1_NewMeter,
or
20161206_Loop1_CG5,
or
20161206_PHXAA_PHXAB_BaseTie
Setting up the tripod and gravimeter
Set up the tripod so that the level bubble is oriented to the north. The two adjustable
legs should be on the southern and western-most points. The tripod leg with the
spacer is always on the top right (northeast). Never adjust the top right leg and make
sure it is hand tightened against the spacer. After you set up the tripod, very carefully
and very gently place the gravimeter on the tripod.
Changing the Gravimeter Mode (If needed)
Press the Aux button twice. Scroll to the Autograv setup screen and press enter.
Scroll to the mode screen. Press enter and then scroll to the appropriate gravimeter
mode (none, fld grav, or cycling) and press enter. For collecting data in the field, be
sure to scroll to the fld grav and then press enter. Press Aux twice to leave this
screen.
Changing the Time (If needed)
Press the Aux button twice. Scroll to the Initialize screen and press enter. Scroll to
the time screen. Press enter and then follow the screen by entering HH, then MM,
then SS, then YY, MM, and DD and press enter. Press the Aux button twice to leave
the time screen.
Changing the Enter the lat/long

CG-3M Gravimeter Screen/Menu

Press the Aux button twice and use the arrow keys to
scroll to the Autograv setup screen and press enter.
Then scroll until you see Deg Long to change the
Longitude. Press the enter button and then enter the
decimal longitude to one decimal place (for example
112.1) and press enter. To change the latitude, scroll
up to the Deg Lat and press enter. Enter the latitude
to two decimal places (for example 33.45) and press
enter. Press the Aux button twice to leave the time
screen.
Leveling the gravimeter
Press the Aux button twice and then press the start
button. The autograv adjust screen will appear with the X
and Y tilt. You always need to adjust the Y tilt first by
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using the upper left tripod adjustment knob. If the Y value is too negative, turn the
knob to the left or counter clockwise. If the Y value is too positive, turn the knob to the
right or clockwise. Adjust the Y until it is between +/-2. Next adjust the X tilt by using
the bottom tripod adjustment knob. If the X value is too positive, turn the bottom knob
to the left or counter clockwise. If the X value is too negative, turn the knob to the right
or clockwise. Adjust the X until it is between +/-2. Doublecheck that both X and Y tilt
are between +/-2 and make any necessary adjustments. Let the gravimeter sit and
stabilize for one minute.
Taking a measurement
After the gravimeter has stabilized for one minute,
press the Aux button twice. Press the start button and
confirm that the levels are still good (X and Y are
within +/- 2). Press the start button again for the
measurement to begin. The measurement takes
around 60 seconds. While the gravimeter is making
the measurement, remain as still as possible, and
shield the gravimeter from the sun and/or wind with
your body. The gravimeter will pick up the vibrations
from any operator movements, as well as other
environmental noise like traffic or wind. Also, direct
sun on the tripod will affect the gravimeter’s level.
Record the station number, name, and any comments
on the excel gravimeter form on the Microsoft Surface
Pro during the measurement. As the measurement is
CG-3M Gravimeter Setup
ending, be sure to record the SD value on the form.
When the measurement is complete, the final gravimeter value will appear. Enter the
final gravity value on the form press the record button to record the value. In rare
cases, you may not want to record the measurement. If you don’t want to record the
measurement, press the start button to start a new measurement without recording it.
If you want to cancel taking a measurement at any time while you are at the leveling
screen, press the Aux button a few times. If you want to cancel taking a measurement
at any time while a measurement is recording, press the start button again and the
measurement will stop. Don’t record the measurement by pressing the start button
again.
Be sure to take a minimum of two measurements at each location. Continue to take a
measurement until the final two measurements are within 0.003 mGal of each other.
When starting each field day, take a minimum of five measurements at the gravity
base station and continue taking measurements until the final two measurements are
within 0.003 mGal of each other.
Gravity Looping Procedure
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CG-3M Gravimeter Setup

The gravimeter is a relative gravimeter and will drift
during the gravity survey. To account for the drift,
gravity loops must be completed. Start each day
off by measuring the gravity base station first. You
will take five measurements at the gravity base
station and continue taking measurements until the
last two measurements are within 0.003 mGal.
After you measure the gravity base station, move to
the first gravity station and take a minimum of two
measurements and continue taking measurements
until the final two measurements are within 0.003
mGal of each other. Move to the next gravity
station and repeat these steps. Once all the gravity
stations have the first set of measurements, return
to the gravity base station (to close out the first
loop) and take a minimum of three measurements
and continue taking measurements until the final
two measurements are within 0.003 mGal of each
other.

After you measure the gravity base station for the second time, move to the first
gravity station and repeat the procedure of collecting measurements at all the gravity
stations. Once all the gravity stations have the second set of measurements, return to
the gravity base station (to close out the second loop) and take a minimum of three
measurements and continue taking measurements until the final two measurements
are within 0.003 mGal of each other.
At this point review the results worksheet on the gravity spreadsheet and see if the
differences between loops 1 and 2 for the gravity stations are within 0.005 mGal of
each other. If not, repeat a third loop of measurements ONLY for those stations that
have differences that are greater than 0.005mGal.
After the third loop of
measurements is completed, including the gravity base station, review the results and
see if differences between loops 1 and 3, and loops 2 and 3 are within 0.005mGal for
the stations measured in the third loop. If not, those gravity stations will need to be
measured a fourth time if time permits. Otherwise, measure those gravity stations
another day with a minimum of two gravity loops.
When completing gravity base ties, take a minimum of five measurements for all
the base stations. For example, a PHXAA and PHXCC base-time would have
five measurements each time at PHXAA and PHXCC for each gravity loop.
All gravity stations must be measured a minimum of two times using two gravity
loops.
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Returning to the Office:
Set up the gravimeter:
Set the tripod up and carefully place the gravimeter on the tripod. Plug the gravimeter
into the external power supply. Remove the battery compartment cover. Level the
gravimeter.
Downloading the gravimeter:
Plug the serial/parallel cable into the laptop and the gravimeter. Open the command
line on the laptop and type:
cd /
cd idump
idump mm_dd_yy.NEW com1 2400 no 8 1 s
(for example: idump 11_23_16.NEW com1 2400 no 8 1 s)
The idump window will then appear within the command line screen. Go to the
gravimeter and press the Aux button twice on the gravimeter and scroll to the Output
page and press enter and then press start. The data will then start to be dumped onto
the laptop and you will see it appear on the command line screen on the laptop. Let
the data download. If it’s just a field day of gravity data, it will only take a few minutes.
If it’s a few days to a week worth of drift data, it will take around an hour to download.
When no more data is scrolling across the command line screen the data dump is
completed. Hit the ESC key on the laptop and then type exit. The command line will
disappear. Copy the file onto N:\SUBSIDEN\ASM PHOENIX AMA\PHX AMA
GRAVITY\Phoenix AMA Gravity 2016
Open the idump file in excel. When the text import wizard appears, select fixed width,
and scroll down to row 15 and change the start import at row value to 15 and click
next. Insert break lines in between all the columns where break lines don’t already
exist. Copy and paste the Grav., SD., and Time values into the form. Copy the file
onto N:\SUBSIDEN\ASM PHOENIX AMA\PHX AMA GRAVITY\Phoenix AMA Gravity
2016
Erasing the memory:
Confirm that the dump file is on the laptop before erasing the gravimeter memory.
Press the Aux button and scroll to the Initialize screen, press enter and then scroll to
the memory screen. Press enter and then press start. The memory will be erased,
and you will know it’s done when it says 100%. Press Aux twice to return to the main
menu.
Setting up for a Drift Measurement (If needed):
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Press the Aux button twice. Scroll to the Autograv setup screen and press enter.
Scroll to the mode screen. Press enter and then scroll to the appropriate gravimeter
mode (none, fld grav, or cycling) and press enter. For drift measurements, be sure to
scroll to cycling and then press enter. Press Aux twice to leave this screen.
Be sure the memory is cleared on the gravimeter (see erasing the memory above).
Level the gravimeter and then start the measurement. There will be nothing to record
during the drift measurement.
The gravimeter will continuously be taking a
measurement every five minutes until it is stopped or runs out of memory. The drift
measurement usually last anywhere between 3 to 9 days.
Changing the Drift Value (If needed)
Press the Aux button twice. Scroll to the Autograv setup screen and press enter.
Scroll to the drift screen. Press enter and scroll to the drift date. Press enter and then
enter again to change the drift date. Next, change the drift value. Scroll to the drift
value. Write down the drift value and then calculate the new drift value by adding the
drift correction value to the drift value. (For example, Drift Value 0.251 + Drift
Correction value -0.008 = 0.243 New Drift Value). Press the enter button and then
enter in the new drift value (0.243 in the example) and press enter. Press Aux twice to
leave this screen.
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GPS STATION OBSERVATION SHEET
Project Name:____________________________________ Project Number(WO#):________
STATION INFORMATION

WEATHER

Station Name _________________________

START

4 Letter Station ID __ __ __ __

Temp. (F/C)

Lat: __ __ __°__ __’__ __”N
Long: __ __ __°__ __’__ __”W
Elevation: __ __ __ __ . __ meters/feet

Wind (mph)

MID

END

Cloud Cover

OBSERVATION INFORMATION
Operator:

Last Name: ______________________First Name: _______________________

File name:

__ __ __ __-__ __ __-__

Start:

Session :

Date:__ __/__ __/__ __
Time: Local __ __:__ __am/pm

__

Julian: __ __ __
24H __ __:__ __

U.T.C: __ __:__ __

Finish: Date:__ __/__ __/__ __
Julian: __ __ __
Time: Local __ __:__ __ am/pm 24H __ __:__ __

U.T.C: __ __:__ __

EQUIPMENT CONFIGURATION
Logged Data in (Data Collector / Receiver)
Equipment Name/Number: _______________
Receiver Type
_____________________________________________
Check Plumb
Antenna Type
_____________________________________________
Antenna Measurement __.__ __ __ meters / feet

true / uncorrected

MONUMENT DESCRIPTION

Begin
Mid
End

Monument type and description __________________________________________________
Monument stamping or tag number: _______________________________________________
STATION INFORMATION
Monument sketch

Remarks (Comment on any potential problems)
Time PDOP # SV

54

Revised November 2018

Chapter XI
DEALING WITH THE PUBLIC
Without the cooperation of the well owners of Arizona, we would effectively be out of the data
business. We rely on the well owners to allow us access to their property and to their wells.
This access and any subsequent information we receive is totally voluntary on the part of the
owners, and yet without it, most groundwater studies would be impossible. FSS staff have
worked hard to gain the respect of the land owners, well operators and the general public.
This respect is not something just given, it is something earned, and we constantly strive to
maintain that relationship and trust.
The keyword when working with the public is respect. It is incumbent upon each member of
our staff to show respect to any land owner. After all, we are a guest on their property. The
law provides for us to enter private property; to obtain permission, and nothing else. Unless
these are your intentions, you may well be trespassing, and you may incur the wrath of an
angry rancher or farmer, and be asked to exit, posthaste. Due to vandalism, disregard for No
Trespassing signs and the potential for legal issues, many land owners have become very
sensitive to unauthorized people “nosing” around their property.
When obtaining permission to enter anyone’s property, present yourself in the best possible
way. If you have to go to a public office, don’t show up at the end of the day in your dirty
clothes. It is far better to approach these types of situations first thing in the morning, when
you would be much more presentable. Many people judge us by first impression, and as the
old saying goes, “You only get one chance to make a first impression”. If you are requesting
permission from a rancher, farmer or rural landowner; approach their homes respectfully.
Nearly all rural roads are dirt, so drive slowly, raising as little dust as possible. If you must
open a gate to get in; once through, get out and close the gate. Many land owners have
animals freely roaming their land and just because you don’t see them at the time, doesn’t
mean they aren’t there. Always respect a closed gate (open it to pass through and
immediately close it). If the owner is not around, ask to see the foreman or someone in
charge.
Some owners have no problem with our visits to their property, but some take great
exception to our presence. Regardless of their disposition, they deserve to have their
permission sought in a courteous way. Many owners will ask why the government wants
information about their well or the groundwater beneath their property? What are we going to
do with the data? Why do we need to collect the data? Are we going to use the information
against them? They may see our presence as an intrusion into their privacy. However, when
presented with such owners, we need to explain, as best we can, that our request to
measure a well is strictly for scientific and resource assessment purposes that will benefit all
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well owners in the area. It may help to mention that you are a taxpayer just like them, and
that you are a scientist, not a bureaucrat.
Ultimately, it is up to you to try to answer their questions succinctly, in a very polite way, and
hopefully to sway their opinion. This means being informed on the water issues of the area
and being well versed with exactly what it is you are doing and why you are doing it, (See
Chapter I). You should explain why it is beneficial to know the groundwater conditions of the
area in which they live. You may even be asked to leave the property and yelled at, but if
you do a good job of explaining your (our) interest in their well, chances are you are going to
be granted permission most of the time.
If you get permission from one rancher, sometimes passing that information on to his
neighbor will carry some weight. If an owner requests information on their well, give them
copies of the data that we collect from their wells, and encourage them to visit our online
database to access historical records, or submit a public records request. If we have a
publication on the area, direct them to our website for further information. If time allows,
show the owner where his land is on the map and how to interpret the information. Offer to
come back when it is more convenient for them, especially if there are many gates that need
to be unlocked. Very seldom will the ranchers offer to give you a key, more than likely they
will want to accompany you. If they do give you carte blanche to their property, don’t ever
exceed your stated business. Close all gates, especially near windmills, as cattle are often
nearby. The last thing you want to have to do is tell the rancher you let some of his cattle
out, (however, if this should be the case, or if you damage anything while on the property,
you must report the loss immediately).
Be willing to make an appointment with the land owner. They are busy people, and we need
to try to accommodate them. Other than being well informed and respectful, most of our
interaction with the public is simple common sense. Treat people the way you would want to
be treated. Try to put yourself in their position. To whom would you grant access to your
land?
Never measure a well without permission. We won’t get permission to measure every well
we find; these wells may not be measured. Some owners simply can’t be found, and many
others are absentee owners. Occasionally, determining the actual owner is impossible.
Many wells are obviously abandoned or unused, but these wells may not be measured
without permission.
If you see someone (even if they are not the owner), tell them who you are and what you are
doing. Offer to show them your State ID or give them a business card. When in farm country,
it is extremely difficult to tell which farmer owns which well. The important thing is to try. If
there is a home, a barn, or an equipment shelter where people are gathered, stop and ask
questions about who owns which wells. Make the effort. Make yourself known, so people
are at ease with you, and what you are doing.
Never jump a fence to measure a well, unless you know it to be permissible. Never make a
discharge measurement without permission. Never start or turn-off someone’s well. Never
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enter Indian lands for the purpose of conducting any investigation without prior approval.
Indian reservations are considered sovereign nations and are administered by the U.S.
Bureau of Indian Affairs. We, as employees of the State of Arizona are considered to be
trespassing if we conduct any type of water resource investigation without approval of the
Tribal Council.
The overlying theme of all this is that the best source of hydrologic data in any area is the
existing wells, and their owners. Cooperation between owners and department personnel
provide an avenue to data and information that are mutually beneficial. It is of the utmost
importance that we do all we can to nurture this valuable relationship.
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Chapter XII
SAFETY
It is difficult to over emphasize the value of safety. When it comes to safety, doing little
things can pay big dividends. We work in climate extremes and are often exposed to the
denizens of the desert (i.e. bees, scorpions, black widows, rattlesnakes, etc.). You should
always be aware of the potential dangers to which you are exposed. The intent of this
chapter is to alert the FSS personnel to the potential dangers of field work. Doing what we
can to prevent accidents is important, but accidents will occasionally occur. While great
lengths can be taken to prevent an unfortunate accident or injury, it may well be how you
react, after an accident or injury that makes the difference.
Vehicle Safety
Each of our trucks are assigned to an individual staff member. That is to say that nearly
every time you go into the field, you will be in the same vehicle. All of our trucks are
maintained by the Arizona Department of Transportation. We and Fleet Management are
responsible for seeing to it that the trucks are serviced regularly (by ADOT). They maintain
the integrity of the mechanics of the vehicle. We are responsible for making sure the truck is
equipped with the proper safety equipment. You should become well acquainted with the
location of the jack, and how to use it. You should carry several small (6”), pieces of 2”x4” or
4”x4” wood to set the jack on (if you have a flat tire or get stuck in the mud, these pieces of
wood may come in very handy). Always maintain a complete set of tools. In the case of a
break down, you may have to perform some maintenance to get your vehicle back to town, or
at least out to the main road. The following is a list of some of the safety equipment your
truck should always be equipped with.
1.
2.
3.
4.
5.
6.
7.
8.
9.

Well stocked first-aid kit
Fire extinguisher
A nylon tow-strap
A shovel
An axe
Jumper cables
A portable air pump, and/or 2 cans of pressurized quick fix tire repair
At least 2 gallons of water
Flashlight (and extra batteries)

When you return from the field each day, you should do a quick inspection of the tires (a low
tire could be the result of a slow leak). Check the ground under the engine, looking for any
leaking fluids. If you should notice leaking fluids or tires, the situation needs to be addressed
immediately, so you can get back out in the field the following morning. Worse yet, would be
to ignore or not notice the leaks and become stranded somewhere far from help.
58

Revised November 2018

When operating a state vehicle always obey all traffic laws and speed limits. Remember that
while 65mph may be lawful and safe on a dry highway, it can be anything but safe on a wet
slippery road. Slow down when conditions dictate. Don’t drive into muddy areas without first
getting out of the truck and checking the conditions. One quick minute of your time may save
you hours of digging or walking for help. There is no substitute for common sense.
Personal Safety
The degree to which an individual may go to ensure personal safety, is indeed a personal
choice. However, there are some very basic and general precautions that all field personnel
should take to protect themselves. The first thing any field person should understand is that
the Sonoran Desert can be a very unforgiving place. There are temperature extremes,
dangerous insects, reptiles, a myriad of thorned plants and cacti, the potential for flash
floods, and very little help when you are in need. So, as previously stated, the way you
prepare yourself for and react to adversity may well save you a lot of heartache.
We do most of our field work in the Fall/Winter/Spring months, however there are many times
you will be in the field during the Summer months. There is no way a person can really be
immune to the extreme heat of an Arizona summer day. Even if you’ve spent your entire life
in Arizona, the heat can kill you just as certainly as it can a person who has only been here a
week. So don’t be arrogant and think you are immune to the heat. You must always respect
the heat and do all you can to protect yourself from it. General precautions include, starting
early in the morning, before the heat of the day. You can have most of a day’s work done by
2:00 PM, if you get an early start. So simply avoiding the heat is the number one thing you
can do. If the job you are doing requires that you stay out longer, be prepared. Always drink
plenty of water. Have plenty of extra drinkable water (at least 2 gallons). This will not only
sustain you, but if your truck overheats, you may have to add water to the radiator. Stay in
your truck as much as possible (shelter from the sun as well as air conditioning). So unless
the work you are doing absolutely requires you to be outside, stay in the truck. Even a
parked truck with the engine off (no AC), will give you shelter from the sun, but maintain
ventilation, by opening a window. Use protective clothing. Wear light colored shirts (long
sleeve shirts are better than the best sun block), long pants and leather field boots
(preferably some that offer ankle protection and steel toes). If you wear a short sleeve shirt,
use plenty of sun block. Never wear shorts and sneakers into the field. Wear a hat at all
times (the larger the brim, the more protection from the sun). Know the symptoms of heat
exhaustion. If caught in the Arizona sun for too long you will most likely suffer heat cramps
or heat exhaustion as a precursor to heatstroke, so those are the most important symptoms
for you to recognize. Heat cramps are associated with heavy sweating and painful spasms in
the legs and/or abdomen. The symptoms of heat exhaustion include an overall feeling of
weakness and profuse sweating. The skin feels cool and clammy and an individual’s pulse
becomes unsteady. Vomiting may occur, or possible fainting. If you ever recognize these
symptoms or general dizziness and headaches in a fellow worker, or yourself, there is still
time but you must act quickly. It may well save a life. Get yourself or fellow worker to some
shade or a cooler area (air-conditioned truck). Sit down and rest, slowly drink cool water if
available. If an individual’s symptoms have progressed to extremely high body temperature,
with hot dry skin, rapid pulse and possible unconsciousness, or if the lesser symptoms
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haven’t rapidly improved, seek medical attention immediately. Waiting, or being indecisive
can result in death. Don’t mess with heat stroke, it’s a real killer.
As previously stated, Field Services does the largest percentage of its fieldwork in the
Fall/Winter/Spring months. While the heat is generally not a factor in these months, the cold
can be the source of some difficult field conditions, especially when working in the northern
and southeastern parts of the state. It is not uncommon for us to work in cold rain, sleet and
occasionally in snow. Warm clothes, good leather boots, gloves and a hat are necessary to
protect us from the elements. It is far better to dress in layers, than to wear a large bulky
coat. By layering, you have the option to dress lighter as the daytime temperatures rise.
Good rain gear is also a necessity (either a rain slicker or “pancho”). The ability to stay dry,
when working in cold weather, is very important. Cold weather also presents a different set
of driving conditions. You must drive in accordance with the conditions. It is quite common
for Field Services staff to drive on wet and muddy roads, or occasionally in snow. Fog is
another common occurrence in the Winter months. The fog usually burns off, as the daytime
temperature rises, but proper caution must be exercised when driving in the fog. Wet roads,
rain, snow and fog all present problems, but these conditions can be overcome by slowing
down, staying on paved roads as much as possible and driving with your lights on. Know
your limitations as a driver, and never exceed your ability. Continually test your brakes in wet
weather, and never exceed your vehicles ability to safely stop.
Desert dust storms present problems as well. Blowing dust can literally cut visibility to near
zero. This situation is especially prevalent on Interstate 10 (between Phoenix and Tucson).
This area supports a great deal of farming, and when combined with high speed driving on
the Interstate, a very dangerous situation can be produced. Should you ever encounter these
conditions; pull safely (as far off the road as you can get) off the road or highway, stop your
vehicle and turn your lights off. Many people believe that you should keep your lights on,
so other drivers can see you. However, in a no visibility situation, other drivers might see
your lights and try to follow you. The results could be fatal.
Wear your leather work gloves anytime you are working, or handling tools. Don’t ever stick
your hand into something you haven’t looked into first, and even after you have looked, play
it safe and keep your gloves on. Dark, relatively cool places are ideal refuges for black
widows and brown recluse spiders, scorpions and sometimes a rattlesnake. If you have to
dig around in the base of a pump, use a long screw driver or metal rod. Don’t use your
hands. Anytime you are walking in the field, keep your eye on the ground in front of you.
When walking through tall grass or weeds, move slowly, and if possible, use a long stick to
prod the grass ahead of you. The department can provide you with snake guards that protect
your lower ankles from bites. Better the stick arouses a rattlesnake, than your foot. In the
mornings, rattlesnakes like to sun themselves out in the open, so be vigilant. Listen for the
characteristic “rattling” warning of an angered rattlesnake, and if you should ever hear it, stop
immediately. A rattlesnake strikes at motion, so your best option is to freeze until you
determine where the snake is. A rattlesnake bite, while generally not fatal, can make you
wish you were dead. Most rattlesnake bites occur on the hands, wrist, feet or ankle area.
High top leather boots and leather gloves may well save you from the misery of a snake bite.
Should you ever sustain a rattlesnake bite, do your best to stay calm and immediately drive
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to the nearest emergency medical facility, if your ability to drive is impaired, call 911 or an
emergency contact. This holds true for black widow and brown recluse spider bites, and
scorpion or bee (if allergic) stings.
Watch for wasp nests and bee hives. You must now assume that all honey bees in Arizona
are of the ”Africanized” variety. They regularly make hives in well casings and their presence
is not always obvious, so be vigilant. They don’t have to be provoked, if they feel you are too
close, they will attack. Their attack is relentless, and your only real retreat is to your truck.
Staff members have been chased for a quarter mile by attacking bees. If you are allergic to
bee stings, it is imperative that you carry a bee sting kit with you in the field. Even if you are
not allergic, a bee sting kit is a good idea and should be part of the first aid kit.
General Safety Tips
Perhaps the most important thing a field person can do is to keep their eyes open, be
observant, pay attention to the task at hand and don’t “daydream”. Look around and expect
the unexpected. Beware of open well casings. Don’t step on large pieces of plywood lying
on the ground. The wood may be partially rotted and covering a 20’’ well casing. When
looking under large pieces of wood, use a stick or metal rod to flip the wood over. Don’t use
your hands, as rattlesnakes often take refuge under wood, old blankets, or rugs. Be careful
around windmill towers. It is very easy to knock yourself senseless on the metal crossbars of
a windmill tower. Don’t try to measure wells if there is lightening anywhere near. Be careful
around pumping wells, especially natural gas wells. Natural gas pumps are driven by a very
rapidly rotating drive shaft. Stay clear of the drive shaft, as loose clothing or hair can easily
get wrapped around the shaft, resulting in severe injury, or perhaps worse. When working
around noisy pumps; for the purpose of obtaining pumping levels, or discharge
measurements, hearing protection is advised. Respirators are also advised for very dusty
work sites, or for use in sheds. Watch for nails sticking up through old boards. It is very easy
for a nail to penetrate the sole of a shoe or to scratch yourself on barbed wire, so a current
tetanus shot is highly recommended.
When approaching an owner’s home, you are often first met by any number of dogs. Some
dogs are very friendly, some are not. Unfortunately, you can’t always tell the friendly ones
from the unfriendly ones. Generally, when the owner hears his/her dogs barking, they will
investigate the cause, and call their dogs off. At this point, you can approach the owner. If
the owner doesn’t appear, you may choose not to get out of the truck. Sometimes a gentle
honk on the horn will bring the owner out, (excessive honking will only irritate the owner and
lessen your chances of measuring his wells). As a general rule, always leave the truck door
open when you approach the owner’s house. Dogs can often appear suddenly and your
ability to get back into the truck quickly can spare you the pain of a dog bite.
In addition to a couple of gallons of spare water, it is always a good idea to take a small ice
chest (filled with drinking water or Gatorade), into the field. Another handy item to take to the
field on an everyday basis, is a small knapsack. If you should become stranded and have to
walk, the knapsack will allow you to carry your drinking water, GPS unit, maps, binoculars,
first aid items and cell phone, while allowing you to keep your hands free. It is much easier
to walk over rugged terrain if your hands are free. If you become stranded, but know where
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you are, and you can reach help by walking, then this is the best plan of action. If you are
hopelessly lost, it is always best to stay with your vehicle and wait for help to find you.
In addition to these precautions, field services staff are equipped with a SPOT device. Each
SPOT device provides location-based messaging and emergency notification technology that
allows you to communicate from remote locations, where cell phone service may not be
available. Your SPOT device can send staff and supervisors a pre-determined message with
your current location, notifying them you may need assistance (truck stuck or flat tire). It is
also capable of notifying local emergency services of your location and that you are in need
of immediate, life threatening help. The operating instructions for the SPOT GEN3 device are
included in the manual.
As your day in the field comes to a close, it is important to notify your supervisor that you
have safely arrive back at your hotel room or at home. If your supervisor does not hear from
you by a set time, they may call, text or email you questioning your safety. DON’T FORGET
TO CHECK IN.
Fieldwork presents many challenges, but if an individual is observant and mindful of common
safety procedures and barring any unforeseen calamities, their time in the field should be just
as safe and productive as a day in the office.
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SAFETY CHECKLIST FOR FIELDWORK
Nearest Emergency Medical Care Facility
Area #1 Address:__________________________
Phone# :__________________________
Area#2

Address:__________________________
Phone# :__________________________

Area#3

Address:__________________________
Phone# :__________________________
Do You Have ?
____First aid kit (+bee sting)
____Fire extinguisher
____Nylon tow strap
____Shovel
____Jumper cables
____Extra water
____Quick fix tire repair
____SPOT device

Cell phone
____Knapsack
____Binoculars
____Hearing protection
____Respirator
____GPS
____Maps
____Hardhat

Should you receive one of the following:
Injury (cuts, broken bones, etc)
Toxic contamination
Scorpion sting
Black Widow or Brown Recluse spider bite
Bee stings (if allergic)
Rattlesnake bite
Dog or other animal bite
Heat cramps/exhaustion/stroke
Other emergency
If able
Note: Time of event_________ AM, PM
Phone ahead to nearest medical facility: Tell them where you are and ask for instruction on
how best to treat the injury until you can get there.
Remember: Try to stay calm; haste can cause further injury or accidents while driving for
help.
NOTE! Fill out this form and keep it handy when you travel
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SPOT Generation 3 Device Operating Instructions

P
O
W

C
TO TURN SPOT ON: Simply locate the Power button on the upper left corner of the device, press and hold the button; lights
will illuminate.
TO TURN SPOT OFF: Press and hold the Power button until the Power light blinks rapidly.
TO CONSERVE POWER: Your SPOT unit will automatically turn off after one hour of inactivity unless the unit is being line
powered.
PLACEMENT OF YOUR SPOT
The placement of your SPOT can make a difference. For best reception, always keep the logo pointed towards the sky
(the satellite antenna is located under the logo).
GPS
The GPS light notifies you whether SPOT is able to see the GPS satellites and obtain a GPS location.
• Green – The GPS light blinks green if SPOT sees the GPS satellites and is looking for/has found your GPS location.
• Red – The GPS light blinks red if SPOT cannot see the GPS satellites and /or cannot find your GPS location. If the GPS
light blinks red, you should move to a location with a clearer view of the sky.
USING THE CHECK IN OR CUSTOM MESSAGE FUNCTION
Press and hold the Check In or Custom Message button until the function light blinks green. The GPS light will blink green
when SPOT sees the GPS satellites and will continue blinking while obtaining your GPS location.
Once your GPS location is obtained, SPOT sends your message with GPS location. The GPS light and Message Sending
light will both blink green. The message is sent three times over a 20-minute period to the SPOT network - this is to ensure
maximum reliability in getting your message out. Only one message will be sent to your contacts.
The Message Sending light continues to blink green until the next scheduled message or until the mode ends.
If no GPS signal is found, the GPS light will blink red. If possible, you should move to a location with a clearer view of the
sky. SPOT will keep looking for your GPS location for up to 4 minutes. If no GPS location is found in 4 minutes, SPOT does
not send your message. To try again, simply press and hold the function button. If the message does not send, the Message
Sending light will blink red.
TO CANCEL
You can end the transmission of a Check In or Custom Message by pressing and holding the function button until the light
blinks red. This action does not cancel any message already transmitted.
----------------------------------------------------------------------------------------------------------------------------------------------------
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USING THE HELP FUNCTION
To send a Help message, open the protective flap then press and hold the Help button until the light blinks
green. The GPS light will blink green when SPOT sees the GPS satellites and while obtaining your GPS
location.
Once your GPS location is obtained, SPOT sends your Help message with GPS location every five minutes for
one hour. The GPS light and Message Sending light will both blink green.
The Message Sending light continues to blink green until the next scheduled message or until the mode ends.
If no GPS signal is found, the GPS light will blink red. If possible, you should move to a location with a clearer
view of the sky. SPOT will keep looking for your GPS location for up to 4 minutes. If no GPS location is found
in 4 minutes, SPOT sends your message without GPS location; the GPS light will blink red and the Message
Sending light will blink green in unison.
TO CANCEL
Press and hold the Help button until the Help light blinks red. Leave SPOT on while the Help cancel message
is sent, turning off your SPOT DOES NOT cancel the Help message. When it is finished, the Message
Sending light will blink green indicating it has sent the cancel message.
-------------------------------------------------------------------------------------------------------------------------------------------USING THE S.O.S. FUNCTION
To send an S.O.S. alert, open the protective flap then press and hold the S.O.S. button until the function light
blinks green. The GPS light will blink green when SPOT sees the GPS satellites and while obtaining your GPS
location.
Once your GPS location is obtained, SPOT sends your S.O.S. message with GPS location. The GPS light and
Message Sending light will both blink green.
The Message Sending light continues to blink green until the next scheduled message to notify you that your
most recent message was transmitted.
If no GPS signal is found, the GPS light will blink red. If possible, you should move to a location with a clearer
view of the sky. The first message will be sent within one minute after activation with or without your GPS
location. For all subsequent messages, SPOT will keep looking for your GPS location for up to 4 minutes. The
S.O.S. message will send every 5 minutes (with or without GPS) until cancelled or the power source runs out.
TO CANCEL S.O.S.
Press and hold the S.O.S. button until the light blinks red. Let SPOT work until the S.O.S. button stops blinking
red to finish sending the cancellation message. The Message Sending light will blink green indicating it has
sent the cancel message. Turning off your SPOT while in S.O.S. mode DOES NOT send an S.O.S. cancel
message.
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MESSAGE INDICATORS
For all functions, SPOT lets you know what it is doing.

INDICATOR
GPS
Message Sending
Check In or Custom Message
Help
S.O.S.

BLINKING GREEN
Searching for GPS signal
Message transmission schedule in
progress
Message sequence in progress
SPOT in Help/SPOT S.O.V. mode

S.O.S. is engaged

Tracking

SPOT in Track mode

Power

On
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BLINKING RED
GPS location fix failed, move to
a new location
Last message was not sent
Message sequence has been
cancelled
Help/SPOT S.O.V. has been
cancelled
S.O.S. has been cancelled
Track sequence has been
cancelled
Low battery
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Chapter XIII
GWSI & ACCESSING GWSI WITH ACCESS
The Groundwater Site Inventory (GWSI) database is ADWR’s main repository for
accurate, state-wide groundwater and well data. GWSI consists of field data
collected and verified by personnel from the ADWR’s Field Services Section or the
USGS. The information in GWSI is constantly updated and added to by ongoing
field investigations. In addition to normal field investigations, ADWR conducts a
state-wide water level monitoring program that annually measures water levels in
approximately 1800 wells, which are located throughout the state. Along with using
the application to access information, data can also be queried by using Microsoft
Access. More information on using the GWSI application and Microsoft Access
can be found in the GWSI Manual.
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Chapter XIV
MAKING MAPS WITH ARCGIS
In recent years FSS has become a more frequent user of ArcGIS. ArcGIS is a
platform for organizations to create, manage, share, and analyze spatial data. It
consists of server components, mobile and desktop applications, and developer
tools. This platform can be deployed on-premises or in the cloud (Amazon, Azure)
with ArcGIS Enterprise, or used via ArcGIS Online which is hosted and managed
by ESRI. Our most commonly used applications are ArcGIS Pro and ArcMap. They
are part of ArcGIS Desktop suite and allow users to publish and manage data and
maps in conjunction with ArcGIS Online and ArcGIS Enterprise. These desktop
tools also excel at detailed and sophisticated analysis and can be extended and
scripted with various tools. For an overview of the capabilities of ArcGIS Desktop,
visit the ArcGIS Desktop website.
In the FSS, ArcMap is commonly used for navigational purposes and to display
database information that may be related to a well you are visiting or a well nearby.
ArcMap can toggle between different layers of spatial data that contain a variety of
information that may be necessary to get you where you need to go, or to answer
questions that you may encounter in the field. The Department will assign you a
laptop along with a GPS unit that can connect to your computer. Once ArcGIS
Desktop is installed on your computer you can begin the process of adding the
needed project files to your laptop. Following this process will allow you to work
without an active internet or network connection. This is an extremely useful tool,
specifically when conducting a ‘Basin Sweep’. It allows access to imagery that
might not otherwise be available without a connection. You will likely still be
assigned a topo map packet, in case any technical errors should arise.

ARCMAP IN THE FIELD
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Before using ArcMap in the field, be sure to check out a license using “ArcGIS
Administrator” while connected to the network in the office.
1) Open ArcGIS Administrator
2) Click “Borrow/Return”
3) Select “Desktop Basic”
4) Select “OK”
Installing Imagery
1) On your laptop C: Drive create a folder titled < “ArcGIS Data”
2) In the “ArcGIS Data” folder, create a folder titled < “ArcMap”
3) On the N: Drive visit the following link
N:\SUBSIDEN\ArcGisData\ArcMap
4) Copy the “LayerNAIP” folder and paste it in the “ArcMap” folder
previously created on your C: Drive.
5) Copy the “NAIP2010” folder and paste it in the “ArcMap” folder
previously created on your C: Drive.
6) THIS WILL TAKE A WHILE – PLUG YOUR COMPUTER IN
Installing Your Arc Project/Updating Your Arc Project
1) Navigate to the “Basic Data” folder on the N: Drive
2) Copy the “GIS_FieldWork” folder and paste it on your C: Drive in the
“ArcGIS Data” folder
3) Open the “GIS_FieldWork” folder and open
“ArcProject_Field_Work_MapPack” and begin selecting layers you want to
use
4) To add imagery, navigate to the LayerNAIP folder in your ArcMap Catalog.
(Imagery is broken up in to sections throughout the state, select the degree
of Latitude and Longitude you are working in to display imagery.
Using Your GPS
1) Connect your GPS to your computer
2) In ArcMap navigate to the “Customize” Tab
3) Select “Toolbars” and Scroll down to “GPS”
4) Select the “GPS” dropdown in the toolbar and click “GPS Connection Setup”
5) In the “GPS Connection Setup” Window, select “Detect GPS port”
6) Your GPS should be recognized by your computer, select “OK”
7) On your GPS Toolbar click the “Open Connection” button, then click the
“Pan to GPS Position”
8) Your location should now be visible on your project.
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