

















































































































































































































































































































































































































The Reference Point (RP) is a surveyed point established near the wellhead on a permanent object. It
serves as a benchmark by which the MP can be checked or re-surveyed if the MP is changed. The RP
should be marked, sketched, photographed, and described in the well file.

All MPs and RPs for the NMMA monitored wells should be surveyed using the same horizontal and
vertical datum by a California licensed surveyor to the nearest tenth of one foot vertically, and the
nearest one foot horizontally. The surveyor’s report should be maintained in the project file.

In addition to the MP and RP survey, the elevation of the ground surface adjacent to the well should
also be surveyed and recorded in the well file. Because the ground surface adjacent to a well is rarely
uniform, the average surface level should be estimated. This average ground surface elevation is
referred to in the U.S.G.S. Procedural Document (GWPD-1, 1997) as the Land Surface Datum
(LSD).

Water-Level Data Collection

Prior to beginning the field work, the field technician should review each well file to determine which
well owners require notification of the upcoming site visit, or which well pumps need to be turned off
to allow for water level recovery. Because groundwater elevations are used to construct groundwater
contour maps and to determine flow direction, all water level measurements should be collected
within a 24-hour period or within as short a period as possible. Weather and groundwater conditions
are least likely to change significantly during a short period for data collection. For an individual
well, the same measuring method and the same sounder should be used during each sampling event
where practical.

Prior to taking a measurement, the length of time since a pump has been operating should be
determined. If possible, a domestic well should be allowed to recover at least one half hour prior to
measuring, whereas an irrigation or public well should recover a minimum of eight hours prior to
measuring. If the well is capped but not vented, remove the cap and wait several minutes before
measurement to allow water levels to equilibrate to atmospheric pressure.

When there is doubt about whether water levels in a well are continuing to recover, repeated
measurements should be made. Or, if an electric sounder is being used, it is possible to hold the
sounder level at one point just above the known water level and wait for a signal that would indicate
rising water. For each well, the general schedule of pump operation should be determined and noted.

When lowering a graduated steel tape (chalked tape) or electric tape in a well without a sounding tube
in an equipped well, the tape should be played out slowly by hand to minimize the chance of the tape
end becoming caught in a downhole obstruction. The tape should be held in such a way that any
change in tension will be felt. When withdrawing a sounding tape, it should also be brought up
slowly so that if an obstruction is encountered, tension can be relaxed so that the tape can be lowered
again before attempting to withdraw it around the obstruction.

All water level measurements should be made to an accuracy of 0.1 feet. The field technician should
make at least two measurements. If measurements of static levels do not agree within 0.1 feet , the
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technician should continue measurements until the reason for the disparity is determined, or the
measurements are within 0.1 feet.

Where groundwater levels are found to be above ground surface, a sensitive pressure gage can be
used to determine the height above the measuring point or a sealed well could have a manometer tube
that would show the height above ground surface. A manometer tube may not be high enough to
measure the water level if the groundwater is under more than 5 feet of pressure.

Record Keeping in the Field

The information recorded in the field is often the only remaining evidence of the conditions at the
time of the monitoring event. It is important that the field book be protected carefully and that it
contains the name of the field technician and appropriate contact information. Because the field book
contains original tables of multiple monitoring events, copies of the tables should be made following
each monitoring event. The data can be further protected by entering the data electronically as soon
as practicable.

All field notes must be recorded during the time the work is being done in the field. Accurate
documentation of field conditions cannot be made after the field technician has returned to the office.
Because much of the data will be reviewed by office staff, and because more than one field technician
may participate in the monitoring program, it is essential that notes be intelligible to anyone without
requiring a verbal explanation. As a means to support field information, sketches or digital photos
attached to field notes should be encouraged.

All field notes should be made with a sharp pencil with lead appropriate for the conditions. Erasures
should not be made when recording data. A single line should be drawn through an error without
obscuring its legibility, and the correct value or information should be written adjacent to it or in a
new row below it.

During each monitoring event it is important to record any conditions at a well site and its vicinity
that may affect groundwater levels, or the field technician’s ability to obtain groundwater levels.
Table 2 lists important information to record, however, additional information should be included

when appropriate. Table 3, The Water Level Measurement Form, is a suggested format for recording
field data.

Table 2
Information Recorded at Each Well Site

Well name

Property access conditions

Downhole obstructions

Name and organization of field technician

Changes in land use

Presence of oil in well

Date & time (time in 24-hour notation)

Changes in MP

Cascading water

Measurement method used

Nearby wells in use

Equipment problems

Sounder used

Weather conditions

Physical changes in wellhead

Most recent sounder calibration

Recent rainfall events

Comments
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Measurement Techniques

Four standard methods of obtaining water levels are discussed below. The chosen method depends
on site and downhole conditions, and the equipment limitations. In all monitoring situations, the
procedures and equipment used should be documented in the field notes and in final reporting.
Additional detail on manual methods of water level measurement is included in the attached U.S.G.S.
Stand-Alone Procedure Documents and the “National Handbook of Recommended Methods for
Water-Data Acquisition”. The attached “Introduction to Field Methods for Hydrologic and
Environmental Studies” includes a discussion of pressure transducers.

Graduated Steel Tape
This method uses a graduated steel tape with a brass or stainless steel weight attached to its end. The
tape is graduated in feet. The approximate depth to water should be known prior to measurement.

e Chalk the lower few feet of the tape by applying blue carpenter’s chalk.

e Lower the tape to just below the estimated depth to water so that a few feet of the chalked
portion of the tape is submerged. Be careful not to lower the tape beyond its chalked length.

e Hold the tape at the MP and record the tape position (this is the “hold” position and should be
at an even foot);

e Withdraw the tape rapidly to the surface;

e Record the length of the wetted chalk mark;

e Subtract the wetted chalk number from the “hold” position number and record this number in
the “Depth to Water below MP” column;

e Perform a check by repeating the measurement using a different MP hold value;

e Al} data should be recorded to the nearest 0.01 foot;

e Disinfect the tape by pouring a small amount of chlorine bleach on a clean cloth and wiping
down the portion of the tape that was submerged below the water surface.

The graduated steel tape is generally considered to be the most accurate method for measuring static
water levels. Measuring water levels in wells with cascading water or with condensing water on the
well casing causes potential errors, or can be impossible. The tape should be calibrated against
another steel tape that is maintained in the office and is used only for calibration.

Electric Tape
An electric tape operates on the principle that an electric circuit is completed when two electrodes are

submerged in water. Most electric tapes are mounted on a hand-cranked reel equipped with batteries
and an ammeter, buzzer or light to indicate when the circuit is closed. Tapes are graduated in either
one-foot intervals or in hundredths of feet depending on the manufacturer. Like graduated steel
tapes, electric tapes are attached with brass or stainless steel weights.

e Check the circuitry of the tape before lowering the probe into the well by dipping the probe
into water and observe if the ammeter needle or buzzer/light signals that the circuit is closed;

e [ower the probe slowly and carefully into the well until the signal indicates that the water
surface has been reached;
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e Place a finger or thumb on the tape at the MP when the water surface is reached;

e If the tape is graduated in one-foot intervals, partially withdraw the tape and measure the
distance from the MP mark to the nearest one-foot mark to obtain the depth to water below
the MP. If the tape is graduated in hundredths of a foot, simply record the depth at the MP
mark as the depth to water below the MP;

e Make all readings using the same needle deflection point on the ammeter scale (if equipped)
so that water levels will be consistent between measurements;

¢ Make check measurements until agreement shows the results to be reliable;

¢ All data should be recorded to the nearest 0.01 foot;

¢ Disinfect the tape by pouring a small amount of chlorine bleach on a clean cloth and wiping
down the submerged portion of the tape;

e Periodically check the tape for breaks in the insulation. Breaks can allow water to enter into
the insulation creating clectrical shorts that could result in false depth readings.

The electric tape may give slightly less accurate results than the graduated steel tape. Errors can
result from signal “noise” in cascading water, breaks in the tape insulation, or tape stretch. Electric
tape products graduated in hundredths of a foot generally give more accurate results than electric
tapes graduated in one-foot intervals. This accuracy difference is due to less stretch and ease of
measurement in the tapes graduated in hundredths of a foot. All electric tapes should be calibrated
periodically against a steel tape that is maintained in the office and used only for calibration.

Air Line

The air line method is usually used only in wells equipped with pumps. This method typically uses a
1/8 or 1/4-inch diameter, seamless copper tubing, brass tubing, or galvanized pipe with a suitable
pipe tee for connecting an altitude or pressure gage. Plastic tubing may also be used, but is
considered less desirable. An air line must extend far enough below the water level that the lower
end remains submerged during pumping of the well. The air line is connected to an altitude gage that
reads directly in feet of water, or to a pressure gage that reads pressure in pounds per square inch
(psi). The gage reading indicates the length of the submerged air line.

The formula for determining the depth to water below the MP is: d = k — h where d = depth to
water; k = constant; and h = height of the water displaced from the air line. In wells where a pressure
gage is used, h is equal to 2.31 ft/psi multiplied by the gage reading. The constant value for k is
approximately equivalent to the length of the air line.

¢ Calibrate the air line by measuring an initial depth to water (d) below the MP with a graduated
steel tape. Use a tire pump, air tank, or air compressor to pump compressed air into the air
line until all the water is expelled from the line. When all the water is displaced from the line,
record the stabilized gage reading (h). Add d to h to determine the constant value for k.

e To measure subsequent depths to water with the air line, expel all the water from the air line,
subtract the gage reading (h) from the constant k, and record the result as depth to water (d)
below the MP.

The air line method is not as accurate as a graduated steel tape or electric tape. Measurements with
an altitude gage are typically accurate to approximately 0.1 foot, and measurements using a pressure
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gage are accurate to the nearest one foot at best. Errors can occur with leaky air lines, or when tubing
becomes clogged with mineral deposits or bacterial growth.

Submersible Pressure Transducers

Electrical pressure transducers make it possible to collect frequent and long-term water-level or
pressure data from wells. These pressure-sensing devices, installed at a fixed depth in a well, sense
the change in pressure against a membrane. The pressure changes occur in response to changes in the
height of the water column in the well above the transducer. To compensate for atmospheric
changes, transducers may have vented cables or they can be used in conjunction with a barometric
transducer that is installed in the same well or a nearby observation well above the water level.

Transducers are selected on the basis of expected water-level fluctuation. The smallest range in
water levels provides the greatest measurement resolution. Accuracy is generally 0.01 to 0.1 percent
of the full scale range.

Retrieving data in the field is typically accomplished by downloading data through a USB connection
to a portable “lap-top” computer. A site visit to retrieve data should involve several steps designed to
safeguard the data and the continued useful operation of the transducer:

Inspect the wellhead and check that the transducer cable has not moved or slipped;
Ensure that the instrument is operating properly;

Measure and record the depth to water with a graduated steel or electric tape;
Document the site visit, including all measurements and any problems;

Retrieve the data and document the process;

Review the retrieved data by viewing the file or plotting the original data;
Recheck the operation of the transducer prior to disconnecting from the computer.

A field notebook with a checklist of steps and measurements should be used to record all field
observations and the current data from the transducer. It provides an historical record of field
activities. In the office, maintain a binder with field information similar to that recorded on the field
notebook so that a general historical record is available there and can be referred to before and after a
field trip.

Summary and Recommendations

Static groundwater levels obtained for the NMMA monitoring program are determined by measuring
the distance to water from wellhead MPs that have been surveyed using an accepted sea level-based
datum. Subtracting the distance to water from the elevation of an MP determines groundwater
surface elevations above or below sea level. The following items should be considered important to
creating and maintaining a successful monitoring program:

o All wells should be surveyed by a licensed surveyor;
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Three survey points should be set for each well: the MP on the wellhead, the RP on a nearby
permanent object, and the adjacent ground surface;

The points should be surveyed to the nearest tenth of one foot vertically, and the nearest one
foot horizontally;

A one-inch diameter water-level sounding tube should be installed in each NMMA
monitoring program well;

Static water levels should always be measured to the nearest 0.01 feet from the same
measuring point, using the same measuring techniques for each well;

Measurement techniques using graduated steel tapes, electric tapes graduated in hundredths of
feet, or pressure transducers should be considered appropriate for the monitoring program;
Because of its lower accuracy and higher potential for errors than other methods, the air-line
method should not be used in the program;

Thorough and accurate field documentation and complete project files are essential to a
successful monitoring program.
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Addendum to Section 3.11 - Estimated Groundwater Production for Agriculture

To estimate groundwater production for agriculture by crop acreage, a crop specific unit production value is multiplied the acreage of
the crop. The unit production is estimated by the following formula, The formula is broken down into 8 steps below:

Unit Production = (Crop Coefficient*Potential Evapotranspiration - Rainfall)/Irrigation Efficiency
Step 1: Obtain Potential Evapotranspiration data
Reference potential evapotranspiration (ETo) approximates the evapotranspiration from a field of 4 to 6 inch tall, cool-season grass that
is not water stressed. Obtain the monthly data for ETo for the area of interest tabulated in inches per month. In the example, the ETo
data was obtained from the active California Irrigation Management Information System (CIMIS) Nipomo (#202) Station for for
Calendar Year 2009. http://wwwcimis.water.ca.gov/cimis.

Jan | Feb | Mar | Apr | May| Jun | Jul | Aug| Sep | Oct | Nov | Dec | Total (in)] Total (ft)

ETo (in) 2.64] 2.25] 3.76] 4.66| 4.39] 4.61] 5.02] 4.57]| 3.88] 3.63] 2.47]| 1.6l 43.5 3.6

Step 2: Obtain Crop Coefficient Estimates

To use this ETo to calculate water use for a crop type (example avocados) you must multiply the ETo by a crop coefficient (Ke) that
accounts for the ET difference between the crop (avocado) and the cool-season grass. Obtain the crop coefficient estimates from
scientific studies, Below are the crop coefficients for avocado based on research done in Corona, Ca (1988-92) and Covey Lane, Notth
San Diego County, Ca (1992-97). http://ucavo.ucr.edu/avocadowebsite%20folder/avocadowebsite/Irrigation/CropCoefficients.html

Jan | Feb | Mar | Apr | May| Jun | Jul | Aug| Sep | Oct | Nov | Dec

Kc (%) 04| 0.5] 0.55] 0.55] 0.6] 0.65] 0.65] 0.65] 0.6] 0.55] 0.55] 0.5

Step 3: Estimate Specific Crop Evapotranspiration (ETc) ETe=Kc*ETo
Multiply the ETo by the monthly crop coefficients to estimate the seasonal crop evapotranspiration (ETc). Below is the Etc for avocado
trees in the Nipomo area.

Jan | Feb | Mar | Apr | May| Jun | Jul | Aug| Sep | Oct | Nov | Dec | Total (in)] Total (ft)

ETec (in) 1.1 L1 2.1) 26] 26/ 3.0 33 3.0 23] 20{f 14| 08 25.2 2.1

Step 4: Rainfall Data

Obtain the rainfall from the real time rainfall stations and review data for inconsistencies, For the Nipomo Mesa the real-time stations
are CIMIS Nipomo #202, and ALERT stations 728 and 730 . For Calendar Year 2008, Nipomo #202 did not record rainfall data for
events in October 2008 and November 2008. Due to the missing data, data recorded by ALERT Station #730 Nipomo South was used
to represent the precipitation on the Nipomo Mesa.

Jan | Feb | Mar | Apr | May| Jun | Jul | Aug| Sep | Oct | Nov | Dec | Total (in)]  Total (ft)

[ Rainfall (in) 02 L7f 06] 05| 01] 0.0/ 00] 00f o1 16| 00] 28 7.7 0.6

Step 5: Estimate Evapotranspiration of Applied Water (ETaw) ETaw= ETc - Precip
Subtract the monthly rainfall from the crop evapotranspiration (ETc), to estimate the portion of ETc estimated to be met by applied
water (ETaw). Set all negative values equal to zero.

o

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug| Sep | Oct | Nov | Dec | Total (in)] Total (ft)

ETaw 09 o0 14] 21| 25 300 33] 30] 22 04f 14] 00 20.1 1.7

Step 6: Obtain Estimates of Irrigation Efficiency

Irrigation efficiency is the estimated portion of applied water that is evapotranspired by the crop. The water not used by the crop return
flows to the groundwater. The San Luis Obispo County (SLO) Master Water Plan Update assigned irrigation efficiency averages for the
following crop groups on the Nipomo Mesa: Nursery (60-70%), Permanent (60-70%); Vegetable (65-75%); and Vineyard (65-75%).
For this calculation, the high-end of the range was used for all crops since the SLO report indicates a projected average increase in
irrigation efficiency of 5 percent. Therefore for avocado, a permanent crop group, the irrigation efficiency is set at 70%.

Jan | Feb | Mar | Apr | May|] Jun | Jul | Aug| Sep | Oct | Nov | Dec

|lrrigati0n Efficiency % | 70%] 70%]| 70%| 70%] 70%] 70%| 70%| 70%| 70%]| 70%]| 70%| 70%

Step 7: Estimate the Unit Production per acre Unit Production = ETaw/Irrigation Efficiency
Divide the evapotranspiration of applied water (ETaw) by the irrigation efficiency to estimate the unit groundwater production,

Jan | Feb | Mar | Apr [ May| Jun | Jul | Aug| Sep | Oct | Nov | Dec | Total (in)]  Total (ft)

Unit Production 1.2] 00|l 21] 30f 36 43] 47| 42| 32| 051 19 0.0 28.7 2.40)

Step 8: Estimate the Production by Crop Category for the NMMA Production = Unit Production*Area
Multiply the acreage of the crop type (avocado and lemons) in the NMMA by the unit production to estimate the overall groundwater
production for avocados and lemons in the NMMA. There is a small orchard of lemons in the NMMA (31 acres) which were included
in the avocado catepory because they are also a subtropical fruit with similar water use requirements

2009 Unit \
Crop Type 2009 Area Production 2009 Production
Acres fl acre-feel
Avocados (and Lemons) 27173 2.40 660
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WQ Figures — Chloride, Nitrate and TDS concentrations for selected wells

1000

900 |

BOO

700

600

500

400

300

200

Water Quality - 11N-34W-19 (1)

—&=—Chloride {left scale) === TDS (left scale} == Nitrate (right scale)

100

1950

1000

1960 1970 1980 1950 2000 010

Yeor

Water Quality - 11N-34W-19(2)

—@—Chloride (left scale) —dr—TDS {left scale) == Nitrate (right scale}

50

45

35

T 30

25

20

+ 15

900 |

BOO |

600 |

400 |

300 |

200 |

100 |

1950

1960 1570 1980 1930 1000 2010

Year

10

T 50

v 45

© 40

v 25

10

Nitrate (as NO3, mg/l)

Nitrate {as NO3, mg/l)




Chloride and TDS {mg/l)

Chlorlde and TDS {mg/l)

== Chloride {left scale}

Water Quality - 11N-35W-5

=dr=TDS {left scale)

—dr—Nitrate (right scale)

1000

900

800 1T—

700

600

400

300 T

100 —

1950

1000

1960 1970

=4#=Chloride {left scale)

1380 19590

Year

Water Quality - 11N-35W-10

==d=TDS {left scale)

2000 010

e Nitrate (right scale)

900 |

800

700

600

500

400

300

200

100

1950

1960 1970

1980 1980

Year

50

40

" 35

30

125

=20

50

]

40

© 35

2000 2010

- 30

© 25

T2

t 15

- 10

Nitrate (as NO3, mg/l)

Nitrate (as NO3, mg/l)




1000

800

500

400

Chlorlde and TDS (mg/l}

300

200

100

900

700 ——

600

=@ Chloride (left scale}

Water Quality - 11N-35W-11

== TDS {left scale}

== Nitrate {right scale}

45

40

35

30

25

T 20

+ 10

Nkrate (as NO3, mg/l}

1350 1360 1970 1980 19%0 2000 2010

Year

Water Quality - 11N-35W-14

=0 Chlgelde (left cale) —&—T0S {left scale) = Nitrate (right scale)

|

1000 |

900 |

800

700 ¢

Chloride and TDS (mg/l)
w
o
o

100 |

1850

1960

1570

1960

1990

010

T 50

| as

- 40

EXY

T30

25

10

Nitrate (as NO3, mg/l)



1000 |

900 —

800

700

500

400

Chlorlde and TDS {mg/l)

300

200

100 1§

1350

1000

900

800

700

600 |

500 |

400 |

Chloride and TD$ (mg/1}

1]
1/1/1950

600 =

Water Quality- 11N-35W-24(1)

== Chioride (lefy scale)

1960

1970

—d—TDS (left scale) =dr Nitrate {right scale)

50

30

20

15

10

1380 1990 2000 010

Water Quality - 11N-35W-24(2)

—&— Chloride (left scale}

1/1/1960

1/1/1970

== TDS {left scale) «dr Nitrate {right scale)

X 50

135

25

20

S0 0—00—0—0—0

1/1/1980 1/1/1990 1/1/2000 112010

Year

Nitrate (as NO3, mg/l)

Nitrate {as NO3, mg/l}




Chloride and TDS (mg/l)

1000

Water Quality - 11N-35W-24(3) i

== Chloride (left scale} =he=TDS (left scale} == Nitrate {right scale)

800

600

500 —

00 |

300

200

100

1950

1960 1370 1980 1990 2000 010

Year

50

45

40

35

30

s 25

20

T 15

10

———

Nitrate (as NO3, mg/l)



NMMA groundwater quality sampling data in 2009. (A) Chloride; (B) Nitrate; (C) Total Dissolved
Solids. See report text for discussion.
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NMMA groundwater quality for the period 1940-1974. This period includes the earliest available
groundwater quality data and is characterized by generally drier than average precipitation conditions.
(A) Chloride; (B) Nitrate; (C) Total Dissolved Solids.
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NMMA groundwater quality for the period 1975-1992. This period includes both relatively wet and dry
precipitation conditions. (A) Chloride; (B) Nitrate; (C) Total Dissolved Solids.
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(B) Nitrate
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NMMA groundwater quality for the period 1993-2009. This period includes the most recent available
groundwater quality data and has had somewhat wetter than average precipitation conditions overall. (A)

Chloride; (B) Nitrate; (C) Total Dissolved Solids.
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