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Suggested Reading for Sustainable
Management Criteria

Sustainable Management Criteria Best Management Practices

» https://water.ca.gov/-/media/DWR-Website/Web-
Pages/Programs/Groundwater-Management/Sustainable-
Groundwater-Management/Best-Management-Practices-and-
Guidance-Documents/Files/BMP-6-Sustainable-Management-
Criteria-DRAFT _ay_19.pdf

» Pg. 4-11: Setting Sustainable Management Criteria
» Pg. 11-12: Chronic Lowering of Groundwater Levels Minimum Threshold
» Pg. 20: Undesirable Results

» Pg. 27: Measurable Objectives

These are Best Management Practices that has DWR has provided to help guide
Sustainable Management Criteria development



Objectives

Next version of the Significant and Unreasonable
statement for Chronic Lowering of Groundwater
Levels

Understand different approaches for developing
Minimum Thresholds & Measurable Objectives
for Chronic Lowering of Groundwater Levels;
indicate preferred approach




Significant & Unreasonable

Chronic Lowering of Groundwater Levels




Draft Statement of Significant & Unreasonable
Chronic Lowering of Groundwater Levels

Significant & unreasonable chronic lowering of
groundwater levels occurs if lowered levels decline
below -measured-historical- low-levels that materially
impair groundwater supply avaitability or cause undue
financial burden for any a significant number of the
Basin’s beneficial users or uses

This statement was edited by staff based on input received both verbally during the
May Board meeting and by email after the meeting.

This is supposed to be a very general statement — more details are provided in the
description of what undesirable results would look like, e.g., “Groundwater levels
lower than historical low levels that decline at rate greater than X feet over Y
consecutive years”.



Draft Statement of Significant & Unreasonable
Chronic Lowering of Groundwater Levels

Significant & unreasonable chronic lowering of
groundwater levels occurs if lowered levels
materially impair groundwater supply or cause
undue financial burden for a significant number of
the Basin’s beneficial users or uses.

Note: this statement may change once more is known
about interconnected surface water and groundwater
dependent ecosystems

This statement was drafted by staff based on input received both verbally during the
April Board meeting and by email after the meeting.

This is supposed to be a very general statement — more details are provided in the
description of what undesirable results would look like, e.g., “Groundwater levels
lower than historical low levels that decline at rate greater than X feet over Y
consecutive years”. Took out “decline below measured historical low levels” because
this is supposed to be a general statement



Minimum Thresholds,
Undesirable Results, and
Measurable Objectives

Chronic Lowering of Groundwater Levels




Sustainable Management Criteria
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Relationship between Minimum Thresholds
and Undesirable Results

» Minimum Threshold and Undesirable Results are
related to each other

Minimum Thresholds

Undesirable Results

' '
Future

Significant & Unreasonable e

For determining sustainability in a basin, minimum thresholds on their own are not the
measure used. SGMA has mandated that we define Undesirable Results for each
sustainability indicator that rely on minimum thresholds. Minimum Threshold and
Undesirable Results are related to each other.



Undesirable Results
are a Combination of Minimum Thresholds

Example: An undesirable result
occurs when 20% of groundwater
elevations, measured at
Representative Monitoring Points,
drop below their respective
Minimum Thresholds

How you define Undesirable Results is
how you can accommodate flexibility

Refresher slide of what Undesirable Results are
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Considerations for Setting Groundwater
Level Metrics

» Groundwater levels should not be allowed to get worse than
they have been historically

» Protect against dewatering of the Santa Margarita aquifer

» Protect Groundwater Dependent Ecosystems (not yet factored
in the approach presented tonight)

» Build in wording to indicate maximum rate of decline over time

» Levels in some part of the basin may need to increase relative
to recent conditions (some type of recovery)

» Metrics to be developed for each aquifer

» If Measurable Objectives are set to increase levels, these mu
consider cost

These are considerations discussed at previous Board meetings or provided in emails
after the April and May Board meetings. These have been used to guide development
of the chronic lowering of groundwater level sustainability criteria
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Water Level

Considerations for Selecting Minimum Thresholds
taking into Account Undesirable Results

Which Minimum Threshold to Select?

\ /\ MT #1: less flexible
<

& more protective

MT #2: more flexible

& less protective

Time

Avoiding Undesirable Results is how you prove sustainability

T
¥

An Undesirable Result i
a combination of
Minimum Threshold
exceedances that cause
significant and
unreasonable effects

We need to consider undesirable results to help in selecting minimum thresholds as
they work together.
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Examples of Different Undesirable Results
for Different Minimum Thresholds

Using MT#1, example
Undesirable Results are:

\ /\ o No representative monitoring'
~—_" ’

point can have its
groundwater level fall below
its Minimum Threshold, or

Water Level

MT #1

A certain % of representative
monitoring points can exce

Time

If you select a MT below historical levels it may be easier to remain above it in the
future so potentially you could say no wells have exceed their respective MTs. If more
flexibility is needed to avoid undesirable results, a certain percentage of representative
monitoring points could alternatively be allowed to exceed the MT in a year.
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Examples of Different Undesirable Results
for Different Minimum Thresholds

|\ Using MT#2, example Undesirable
Results are:
N\
N

MT#2 p Groundwater levels in a

MT #1 representative monitoring point
are undesirable if levels fall
below its Minimum Threshold for
more than <3> consecutive years
at an average rate greater than
<5> feet per year

Water Level

Time

If the higher MT is selected, you will need to build more flexibility into your
undesirable results by allowing for a certain amount of exceedances. These can be
based on time and rate.
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Approach for Setting Minimum Thresholds

. Average/mean
Three Options [f
Minimum Threshold = 2 x
standard deviations** below the
average level

34.1%

£ § a

-4 -3 -2 .
1 x standard deviation — 5%

Minimum Threshold =1Xx 2 x standard deviation
standard deviation below the
minimum level 4

** Standard deviation is a statistic used to tell how water level
measurements for a well are spread out from the average

We are looking for a standardized method of determining what the minimum
threshold should be for representative monitoring points. We have looked at three
options so far. 2x standard deviation should account for 95% of the water levels, or all
but 2.5% of the water levels at the low end of the range, making it a good statistical
indicator of outlying values below the average. 1 x standard deviation of the minimum
level provides for water levels to fall below the historical minimum level by a depth
equal to the deviation from average that 68% of levels experience

The standard deviation is like a ruler for judging whether a particular data point is
really wacky (or not)
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Approach for Setting Measurable Objectiveg‘y"

Maintain Levels @l Increase Levels

L 4 L 4

Use groundwater model
to Select Achievable
Use average levels Levels Given PMAs and

Climate Change

Must be Achievable

How measurable objectives are set for each representative monitoring point depends
on what changes in groundwater levels are desired. Where the goal is to maintain
levels where they are now, an average level is used. If some level of recovery is
desired, then an achievable level will be derived from the groundwater model which
has the ability to predict groundwater levels while considering climate change, and
projects & management actions.
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g

INCREASE levels in

2

DEPTH TO WATER IN FEET BELOW REFERENCE POINT.

GROUNDWATER ELEVATION IN FEET ABOVE MEAN SEA LEVEL

Approach for dewatered Pasatiempo .
Setting aree .
M bl = Use groundwater B
€asurable model to determine
Objectives achievable increased
groundwater levels
Santa
. MAINTAIN levels in
Margarita Quail Hollow, Olympia,
Aquifer & elsewhere .
= Use average - .
groundwater levels - p—

The groundwater level measurable objectives for different areas of Santa Margarita
aquifer are to increase levels in the Pasatiempo area where dewatering has occurred;
and to maintain groundwater levels in the rest of the Basin where permanent declines
have not occurred.



INCREASE levels in the
Scotts Valley area
= PMAs in the Scotts

Approach for Valley area will likely not
target this “aquifer” since

Setting it is not a reliable aquifer.
Measurable Modeling will determine if i
Objectives increasing levels in the i~
Santa Margarita and
Lompico aquifers
Monterey increases its levels
Formation = Use groundwater model

to determine increased
groundwater levels

MAINTAIN levels elsewhere

Although there are no wells in which to monitoring groundwater levels in the
Monterey Formation, the only well with a long-term record of levels is SVWD #9 that is
in the general area where the Santa Margarita aquifer is dewatered. Its groundwater
levels will increase coincidentally with increased levels in the Santa Margarita and
Lompico aquifers. The model will need to be used to determine how much of an
increase might take place and therefore what the measurable objective could be.
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Approach for
Setting
Measurable
Objectives

Lompico
Aquifer

INCREASE levels in
Scotts Valley area

= Use groundwater
model to determine
increased

groundwater levels

MAINTAIN levels
elsewhere

In the Scotts Valley area where there has been 150 feet of decline, the Board has
indicated that some level of groundwater level recovery is desired. How much of an
increase can take place is dependent on cost effective projects and management
actions. The model will be used to determine the measurable objectives. There are no
other long-term data for groundwater levels in other parts of the Basin and therefore it
is assumed that users are okay with the status quo and the objective will be to

maintain levels.
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Approach for

Setting

Measurable MAINTAIN levels
Objectives :roli;edsv‘ﬁreargfe -
Butano

Aquifer

The Butano aquifer is not well understood in the area where it is most pumped by
SVWD because its extraction wells are screened across both the Lompico and Butano
aquifers. The groundwater level data available are therefore a composite of the two
aquifers. Until the Butano aquifer is understood more fully with the aid a deep
dedicated monitoring well screened only in the Butano aquifer near the municipal

Butano extraction wells, the measurable objective will seek to maintain groundwater
levels.
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Remember that Developing Sustainable |
Management Criteria is an Iterative Process §

> We will use the I—

Basin Conditions ® & Concepts

groundwater model to Aoy Camisas ol
predict future groundwater
levels taking into account
PMAs and climate change

® Preliminary Minimum Thre:

Projects &
Management Actions

Impact Assessment
] (Modeling)

» May need to adjust these
preliminary criteria based R e
on simulated model results ..o svansgenen acons @

Refine Minimum Thi
> Dur]ng 20 year Impact Assessment (Modeling) @ @ﬁ
implementation period, Drat Messureable Objctves Reflnefrekecs
. Interim Milestones
SMC can be revised as more ¥ Impact Assessmen
. Finalize Minimum Thresholds efine Projects -
data become available Ref Prtlee S Mg

There is no correct answer in developing SMCs and we are not expected to get it right
at our first attempt
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What Do Proposed Metrics Look Like
Compared to the Data?

» Use a Hydrograph

» Plots elevation/depth to water (y-axis/vertical) over
time (x-axis/horizontal)

» Horizontal lines representing Minimum Threshold and
Measurable Objective

Measurable Objective

Minimum Threshold Option 1
Minimum Threshold Option 2
Minimum Threshold Option 3

Hydrographs will include lines showing measurable objective and 3 minimum
threshold options



Santa Margarita Aquifer - Quail Hollow Area

520 Lo o ‘Sereened Interval feet
et Name . % [ Demhbeiow | Blevation sbore SMC: Method Value (ft MSL)
_ Lo ground mean sea jevel MO: a7a .
2 510 T TR
a [SLVWD Quanl Hollow #44 587 180- 250 5- 415
2 &R | EX ) 516 124164 32502
8 =
2 E: i F:enodé!gw elevation measuremerts at MW-B MT: projected
2 - min GWE in
2 40 ¥ 1990 450
g 480 i A AN L . .
i T [ Measurable Objective = average level
w ! LT G e e e
5 40 1
5
2 ..
g Minimum Threshold = 2 x standard
e igiad 0 (R H dedecimab=d deviations** below average level
Ll
450 n
“o A N AR A S e R Minimum Threshold = 1 x standard
430 Created synthetic dataset for MW-B from 1980-1997 (i.e. prier ta installation of the well). Synthetic data reflects seasonal water deV] at] on below minimum level
leve! fluctuations similar to MW-B data record from 1997-2018 and alsa accounts for long-term decreasing/increasing trends
420 noted in SLVWD Quail Hollow #4A and #5A. Used this synthetic dataset for calculating SMCs using average water level and SD.
Oct-77  Oct-82 Oct-87 Sep92 Oct87 Oct02 Oct07 Sep-12 Oct17 Oct-22 Oct27 Sep-32 Oct37 Oct42
e SLVWD Qusil M-8 === MW-B synthetc Normalized SLYWD Quail MW-C **Standard deviation is a statistic used
Normalized'Static SLYWD Quail Hollow 44 Normalized/Static SLVWD Quail Hollow 5A - =MO: average to tell how water level measurements for
= =MT: average - 2x SO MT: projected min GWE in 1990 = = MT: projected min- 1x SO I d t f th
. Linear (V-5 synihetic) Linear (Normalizzd/Staic SLYWD Quail Hollow 44) Linear (Nomnaiized/Static SLVWD Qual Hollow 54) a well are spread out from the average

SLVWD Quail MW-B is selected as a representative monitoring point (RMP) as it
represents the groundwater levels of the nearby extraction wells (SLVWD Quail Hollow
#4A and #5A). The other hydrographs have been normalized to SLVWD Quail MW-B so
they can be compared easier with the RMP. The three different options for minimum
thresholds are shown on the hydrograph together with the measurable objective
(average groundwater levels over the period of record for the RMP).
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Lompico Aquifer - Pasatiempo Area

250

Oct-77  Oct-82  Oct-87  Oct-92  Oct97 Oct02  Octd7  Qct12  Oct-17
SLVWD Pasatiempo MW-1

Linear (SLVWD Pasatiempo MW-1)

Ground Surface of foat
WellName Reterance Fant Elexaion abovs
Elcatn feeliboio oo leow o)
SLVWD Pasabempo lAW-1 775 550.650 116175
- i oy [ZiEE
ki i ™ 860-560 (396 - (276)
AB303 MW-3A4 526 630-680 (-154) - (-104)
" 705715, -189)- (179),
i = 810850 (:324) (:284)
SvauwC 585 160160 2543
SVD #10 st 190-220 201321
\ SMC: Method Value (ft MSL)

Used data from 7/30/2003 - present for statistics

—— SLVWD Pasatiempo MW-1 Mount Hermon #3
AB303 MW-2 SVWD #10 (static)
= =MT; average - 2x SD = =MT: min-1x SD

Measurable Objective to
be determined using
groundwater model

Minimum Threshold = 2 x standard

deviations** below average level
Minimum Threshold = 1 x standard

deviation below minimum level

Oct-22  Oct-27  Oct-32  Oct-37  Oct42

**Standard deviation is a statistic used
to tell how water level measurements for
a well are spread out from the average

SLVWD Pasatiempo MW-1 (orange and blue color represent different trend period on
the hydrograph) is selected as a representative monitoring point (RMP) as it represents
groundwater levels of the nearby wells. The three different options for minimum
thresholds are shown on the hydrograph. The measurable objective is not shown as
this needs to be determined using the groundwater model.
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Butano Aquifer - Northern Scotts Valley

480

i w':ﬁ:?( Screened Interval, feet
470 Well Name tm;ﬂ:‘ﬂzfaml ol Elevation above
' gl Depth below ground| _ mean sea level
Stonewood Wall E 7997& i --74
480 Canham Well 902 1.281-1.381 -379--479
g ) Used data from 2/8/2013 to present for statistics . .
g e Measurable Objective
gm - - —-------- =average level
2 J —————————— Minimum Threshold = 2 x standard
I I deviations** below average level
g |‘ SMC: Method Value (ft MSL) o
& o J Minimum Threshold = 1 x standard
’:) | . . . .
g e a7 deviation below minimum level
£ 410
&
400
380
380 **Standard deviation is a statistic used
Oct-77 Oct-82 Oct-87 Oct-92 Oct-97 Oct-02 Oct-07 Oct-12 Qct-17 Oct-22 Oct-27 Oct-32 Oct-37 Oct-42
Stonewood Well (normalized) Canham Well - =MO: average MT: min to tell how water level measurements for
= =MT: average - 2x SD = =MT: min- 1x SD Canham Well Linear (Ganham Well) a well are Spread out from the average

SLVWD Canham is selected as a representative monitoring point (RMP) as it one of the
few monitoring well sin the Butano aquifer and is the closest to the production wells
SVWD #3B and Orchard Well pumping in the Lompico/Butano aquifers. The Stonewood
Well hydrograph is normalized to Canham Well’s hydrograph so they can be compared
easier. The three different options for minimum thresholds are shown on the
hydrograph together with the measurable objective (average groundwater levels over
the period of higher levels). The 25 ft increase in levels at the start of the monitoring
data don’t seem correct so those are excluded from the average.
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Minimum Threshold / Undesirable Results Options*

Minimum Thresholds Undesirable Results
Minimum Threshold = 2 x = Allow levels to fall below
standard deviations Minimum Threshold some of
below the average level the time

—

Minimum Threshold = 1 x
standard deviation below Never allow levels to fall
the minimum level = below Minimum Threshold

\ /\ MT #1

MT #3

Water Level

Time

To recap, these are the three minimum threshold options we have presented. It would
be preferable to use one option to determine minimum thresholds for all
representative monitoring points. However, it may be necessary to use a different
option for some wells because the data requires a different approach. Potential
undesirable results that accommodate flexibility are provided as examples for each MT
option. We'd like feedback from Board members on what their preference would be.
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Chronic Lowering of Groundwater Levels
Sustainable Management Criteria

» Final Board Questions/Comments
» Public Comment

» Staff will take Board comments, during this meeting
and by email after the meeting, into account and
present recommendations for Minimum Thresholds and
Measurable Objectives for all Representative
Monitoring Points at a future Board meeting
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