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TECHNICAL MEMORANDUM
DATE: May 2, 2023 Project No. 23 1 048

TO: Chowchilla Subbasin GSAs

FROM: LSCE and DE

SUBJECT: Chowchilla Subbasin Revised GSP Detailed Process for Setting Groundwater Level
Interim Milestones

Methodology for Calculating Interim Milestones

Interimmilestones (IMs) for chronic lowering of groundwater levels were established at five year intervals
over the Implementation Period from 2020 to 2040, at years 2025, 2030, and 2035. IMs were established
through review and evaluation of measured groundwater level data and consideration of the SMCs (e.g.,
Measurable Objectives (MOs) and Minimum Thresholds (MTs)) defined for the Sustainability Period
(starting in 2040). During the Implementation Period, some level of continued decline in groundwater
levels is expected in the Subbasin. Additionally, some RepresentativeMonitoring Sites (RMS) are currently
below their minimum threshold. IMs are set to allow for some further decline below the minimum
threshold in the early part of the Implementation Period, while increasing toward sustainability in the
latter part of the Implementation Period. IMs were developed specific to individual RMS wells based on a
range of simulated conditions at each RMS over five year intervals during the implementation period. The
range of simulated conditions includes variability in levels between wet (at the high value of the range)
and dry (at the low value of the range) periods. The interim milestones for each five year interval were
based on a percentage between the high and low values.

The methodology for calculating the range of high and low values used in determining the IMs is described
in this TM. A general description of each value is provided, followed by a step by step methodology.

2025 Interim Milestone

The 2025 IM continues historical trends while beginning to slow continued groundwater level declines.

2025 Low Value

The 2025 low value was determined by calculating the average annual slope between the MT (based on
Fall 2015measurement) andMO (based on Fall 2011measurement) and projecting the 2025 level forward
starting from the Fall 2021 measurement using the average slope (if an RMS did not have a Fall 2021
measurement, the simulated water level from the model for that RMS was used).
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1. MO is Fall 2011 measurement (or October 2011 modeled value (with any necessary offsets1)).
2. MT is Fall 2015 measurement (or October 2015 modeled value (with any necessary offsets)).
3. Calculate the slope between these two measurements.
4. Determine the Fall 2021 GW elevation measurement (or October 2021 modeled value (with any

necessary offsets)).
5. Calculate the equation of the line through the Fall 2021 measurement using the slope calculated

in step 3.
6. Using the line calculated in step 5, calculate the value for the groundwater level at Fall 2025.
7. The value calculated in step 6 is the 2025 IM low value.

An example of the determination of the 2025 low value is presented in Figure 1.

Figure 1. Example of the determination of the 2025 IM low value

1 Offsets were used to account for any discrepancies between observed and simulated groundwater levels.
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2025 High Value

The 2025 high value was determined by calculating the average annual slope in Fall groundwater levels
from 2015 through 2019 (a relatively wet period), then projecting the 2025 level using the average slope
from the Fall 2021 measurement (if an RMS did not have a Fall 2021 measurement, the simulated water
level from the model for that RMS was used). If the resulting value was greater than 25% of the distance
from the MT to the MO, then it was placed at 25% of the way from the MT to the MO.

1. Determine the Fall 2015 measurement (or October 2015 modeled value (with any necessary
offsets)).

2. Determine the Fall 2019 measurement (or October 2019 modeled value (with any necessary
offsets)).

3. Calculate the slope between these two measurements.
4. Determine the Fall 2021 GW elevation measurement (or October 2021 modeled value (with any

necessary offsets)).
5. Calculate the equation of the line through the Fall 2021 measurement using the slope calculated

in step 3.
6. Using the line calculated in step 5, calculate the value for the groundwater level at Fall 2025.
7. Calculate the value of the groundwater elevation that is 25% of the distance from the MT to the

MO.
8. If the value calculated in step 6 is less than the value calculated in step 7, the value calculated

in step 6 is the 2025 IM high value.
9. If the value calculated in step 6 is greater than the value calculated in step 7, the value calculated

in step 7 is the 2025 IM high value.

An example of the determination of the 2025 high value is presented in Figure 2.
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Figure 2. Example of the determination of the 2025 IM high value

2025 Interim Milestone

The final 2025 interim milestone was set 25% of the distance between the 2025 low value and the 2025
high value, and was calculated as follows:

[2025 IM low value] + 25% * ([2025 IM high value] � [2025 IM low value])

An example of the determination of the final 2025 interim value is presented in Figure 3.
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Figure 3. Example of the determination of the final 2025 IM

2030 Interim Milestone

The 2030 IM flattens out groundwater level declines and begins an upward trend towards the MO.

2030 Low Value

The 2030 low value was determined by calculating the average annual slope between the MT and MO,
then projecting the 2030 measurement using half the average slope from the 2025 IM low value.

1. MO is Fall 2011 measurement (or October 2011 modeled value (with any necessary offsets)).
2. MT is Fall 2015 measurement (or October 2015 modeled value (with any necessary offsets)).
3. Calculate the slope between these two measurements, then divide this slope value in half.
4. Calculate the equation of the line through the 2025 IM low value using the slope calculated in

step 3.
5. Using the line calculated in step 4, calculate the value for the groundwater level at Fall 2030.
6. The value calculated in step 5 is the 2030 IM low value.

An example of the determination of the 2030 low value is presented in Figure 4.
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Figure 4. Example of the determination of the 2030 IM low value

2030 High Value

The 2030 high value was determined by calculating the average annual slope in Fall groundwater levels
from 2015 through 2019 (a relatively wet period). If the slope was negative, then the 2025 IM high value
was used as the 2030 IM high value. If the slope was positive, then the 2030 IM high value was determined
by projecting the average slope from the 2025 IM high value. If the resulting value was greater than 50%
of the distance from the MT to the MO, then it was placed at 50% of the way from the MT to the MO.

1. Determine the Fall 2015 measurement (or October 2015 modeled value (with any necessary
offsets)).

2. Determine the Fall 2019 measurement (or October 2019 modeled value (with any necessary
offsets)).

3. Calculate the slope between these two measurements.
4. If the slope calculated in step 1 is negative (declining), the 2025 IM high end is set as the 2030

IM high end.
5. If the slope calculated in step 1 is positive (rising), then calculate the equation of the line through

the 2025 IM high value using the slope calculated in step 3.
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6. Using the line calculated in step 5, calculate the value for the groundwater level at Fall 2030.
7. If the slope calculated in step 1 is positive, then the value calculated in step 6 is the 2030 IM

high value.

An example of the determination of the 2030 high value if slope between Fall 2015 and Fall 2019
measurements is negative is presented in Figure 5a. An example of the determination of the 2030 high
value if slope between Fall 2015 and Fall 2019 measurements is positive is presented in Figure 5b.

Figure 5a. Example of the determination of the 2030 IM high value if slope between Fall 2015 and
Fall 2019 measurements is negative (i.e., groundwater levels are declining)
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Figure 5b. Example of the determination of the 2030 IM high value if slope between Fall 2015 and
Fall 2019 measurements is positive (i.e., groundwater levels are recovering)

2030 Interim Milestone

The final 2030 interim milestone was set 50% of the distance between the 2030 low value and the 2030
high value, and was calculated as follows:

[2030 IM low value] + 50% * ([2030 IM high value] � [2030 IM low value])

An example of the determination of the final 2030 interim value is presented in Figure 6.
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Figure 6. Example of the determination of the final 2030 IM

2035 Interim Milestone

The 2035 IM continues upward trend in groundwater levels towards the MO.

2035 Low Value

The 2035 low value was determined by calculating the value one third of the way between the 2030 IM
low value and the MO. If the resulting value is less than the MT, then the resulting value was set as the
2035 low value. If the resulting value is greater than the MT, then the MT was set as the 2035 low value.

1. Calculate the groundwater elevation value that is 1/3 of the distance from the 2030 IM low value
to the MO.

2. If the value calculated in step 1 is less than the MT, the value calculated in step 1 is the 2035 IM
low value.

3. If the value calculated in step 1 is greater than the MT, then the MT is the 2035 IM low value.

An example of the determination of the 2035 low value is presented in Figure 7.
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Figure 7. Example of the determination of the 2035 IM low value

2035 High Value

The 2035 high value was determined by calculating the value one third of the way between the 2030 IM
high value and the MO. The resulting value was set as the 2035 high value.

1. Calculated the groundwater elevation value that is 1/3 of the distance from the 2030 IM high
value to the MO.

2. The value calculated in step 1 is the 2035 IM high value.

An example of the determination of the 2035 high value is presented in Figure 8.
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Figure 8. Example of the determination of the 2035 IM high value

2035 Interim Milestone

The final 2035 interim milestone was set 75% of the distance between the 2035 low value and the 2035
high value, and was calculated as follows:

[2035 IM low value] + 75% * ([2035 IM high value] � [2035 IM low value])

An example of the determination of the final 2035 interim value is presented in Figure 9.
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Figure 9. Example of the determination of the final 2035 IM

Final Interim Milestones

Interim milestones for groundwater levels for each RMS are summarized in Table 1.

Table 1. Summary of Groundwater Level Interim Milestones for
Representative Monitoring Sites

Well I.D.

2025 IM
Groundwater
Elevation
(ft, msl)

2030 IM
Groundwater
Elevation
(ft, msl)

2035 IM
Groundwater
Elevation
(ft, msl)

Aquifer
Designation

CWD RMS 1 98 86 22 Lower

CWD RMS 2 107 102 46 Lower

CWD RMS 3 139 132 47 Lower

CWD RMS 4 125 135 70 Lower
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Table 1. Summary of Groundwater Level Interim Milestones for
Representative Monitoring Sites

Well I.D.

2025 IM
Groundwater
Elevation
(ft, msl)

2030 IM
Groundwater
Elevation
(ft, msl)

2035 IM
Groundwater
Elevation
(ft, msl)

Aquifer
Designation

CWD RMS 5 82 72 1 Lower

CWD RMS 6 105 99 46 Lower

CWD RMS 7 72 70 10 Lower

CWD RMS 8 127 120 34 Lower

CWD RMS 9 73 72 75 Upper

CWD RMS 10 151 143 48 Lower

CWD RMS 11 76 76 81 Lower

CWD RMS 12 35 32 54 Upper

CWD RMS 13 77 82 13 Lower

CWD RMS 14 179 189 87 Lower

CWD RMS 15 157 164 77 Lower

CWD RMS 16 148 133 34 Lower

CWD RMS 17 166 149 47 Lower

MCE RMS 1 84 69 16 Lower

MCE RMS 2 91 96 59 Lower

MCW RMS 1 19 20 52 Upper

MCW RMS 2 76 78 91 Upper

MCW RMS 3 67 63 82 Upper

MCW RMS 4 90 79 18 Lower

MCW RMS 5 110 105 38 Lower

MCW RMS 6 84 75 11 Lower

MCW RMS 7 12 30 1 Lower

MCW RMS 8 36 41 3 Composite

MCW RMS 9 122 112 43 Lower
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Table 1. Summary of Groundwater Level Interim Milestones for
Representative Monitoring Sites

Well I.D.

2025 IM
Groundwater
Elevation
(ft, msl)

2030 IM
Groundwater
Elevation
(ft, msl)

2035 IM
Groundwater
Elevation
(ft, msl)

Aquifer
Designation

MCW RMS 10 94 96 105 Upper

MCW RMS 11 88 91 107 Upper

MCW RMS 12 78 80 100 Upper

MER RMS 1 129 117 37 Lower

TRT RMS 1 14 15 47 Upper

TRT RMS 2 3 17 24 Lower

TRT RMS 3 63 66 25 Lower

TRT RMS 4 14 12 9 Composite


