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Monterey Peninsula 1. Background and Direction of Board

Water
Management  SB Order 95-10

District — Placed regulatory restrictions on withdrawals
from the Carmel River and limited the annual
extraction limit to 11,285 acre-feet.

« Seaside Adjudication

— Placed regulatory restrictions on annual
extractions from the Seaside Groundwater Basin.
Cal-Am is allowed to produce 3,829 acre-feet
annually which is subject to tri-anneal 10%
reductions until the natural safe yield of the basin
IS reached.

« SB Cease and Desist Order 2009-0060

— Placed further regulatory restrictions on
withdrawals from the Carmel River. Currently,
Cal-Am is allowed to produce 10,429 acre-feet
annually. This value is decreased by X%
annually until 2014 when the allowed withdrawal
from the Carmel River is reduced to Cal-Am’s
legal water right of 3,6 XX acre-feet.
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Direction from Board

The Water Demand Committee at its December 7,
2009 meeting recommended preparation of an
ordinance to suspend WDS processing.

The Technical Advisory Committee reviewed the
concept of such an ordinance at its January 5, 2010
meeting. The TAC posed questions and made
suggestions, but did not have a specific
recommendation because an ordinance was not
available for review at that time.

At the January 28, 2010 regular board meeting the
board considered adopting URGENCY ORDINANCE
NO. 143 TEMPORARILY SUSPENDING
PROCESSING AND RECEIPT OF APPLICATIONS
FOR WATER DISTRIBUTION SYSTEMS IN
FRACTURED ROCK FORMATIONS

With a 7-0 vote, the board denied the adoption of the
ordinance and directed staff to investigate the
sustainability of fractured rock aquifer systems and
bring a progress report back to the Water Demand
Committee within 90 days.



2. Definition of Fractured Rock Aquifer

Fluvial Aquifer

Water exists in spaces
between grains (primary
porosity). Carmel Valley
Alluvial Aquifer

Fractured Rock Aquifer

Water exists in fractures in
non water bearing rocks
(secondary porosity).




! i Capture Zones of Fractured Rock Wells

1 Note:  Well 1 is separated from Wells 2 and 3 by a fault.
Wells 2 and 3 share a common fracture and
‘ Spnng therefore both receive recharge from the creek.
Well 3 also recieves recharge from the Reservior
/ 2 Creek Reservoir and the Carmel Valley Alluvial Aquifer.
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Monterey Peninsula Conceptual lllustration of Recharge and Capture Zone

?’.‘; Water Management District Mechanisms in Fractured Rock Settings
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while avoiding
environmental

Pumping

Recharge

the aquifer system.

Loss of l _
~Safe Yield: Maintain  gtorage l
the balance between -
meeting water demands I

impacts to

Discharge

Pumping captures water from
recharge and discharge

L ess flow in Rivers and Streams

L ess Groundwater flow out of box

A Storage = Inputs — Outputs
A Storage = Recharge — Discharge — Pumping

When pumping is greater than recharge and discharge,
groundwater storage is depleted and pumping is in
excess of safe yield
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Quality of Fractured Rock Aquifer

“Quiality” in this context is defined as ability of aquifer to
yield significant quantities of water to a well within
economic constraints. Quality of the aquifer is *not* the
same as sustainability of an aquifer. Sustainability is
obtained by pumping within the safe yield of the aquifer.

Poor Quality (low yield) High Quality (high yield)
Fractured Rock Aquifer Fractured Rock Aquifer
<€ >
Little to no  Non-connected Connected small Connected small
fractures small fractures fractures and large fractures

fractures




4. Scientific Approach to Evaluating
Fractured Rock Aquifers

Well Field

\

Types of Data:

*Non-changing: Geology, fracture
patterns, and location, depth, and
construction of wells.

*Transient (time dependant): water
table elevation, pumping (rates,
volumes, and pump tests), water
chemistry.

Value of Data:

*Non-changing: Geologic structure,
size and orientation of fractures.
(pathways for water to move)

*Transient: Change in groundwater
storage, timing of recharge, aquifer
parameters, connectivity of fractures.




Work Flow for Determining t

he Sustainability of a

Fractured Rock Aquifer

Characterize Aquifer
*Create a Geologic Model
*Determine Orientation of Fractures
*Determine Connectivity of Fractures

*Determine Recharge Location

v

\ 4
Collect Data

Climate

Determine Sustainability
of Aquifer System

*Analyze Data

*Determine if Aquifer is
within Safe Yield

A

*\Water Table Elevation
*Pumping Tests

*Production




Fractured Rock Aquifer Matrix for Characterizing

Fracture Size and Connectivity

Characteristics of Aquifer and Wells Connectivity of Fractures Size of Fractures
Non Connected Fractures Connected Fractures | Large Fractures |Small Fractures

x 5 N
High well yield(s) " ”6 \‘\ % % A
Clustering of high well yieIds \ \
Similar water chemistry 35 Hﬁ ..:Q‘:"“ ™

Puping effects from neighboring wells 2* % Well Connected
Similar water levels "** > Regional Scale
Similar well construction (Screen Elevation) *® Fractured Rock
Long Screened intervals ' Aquifer System

Large fractures and multiple fracture patterns in outcrops 49 \ \,\

Mappable Linements *°
Similar properties alligned with Regional Structures 49 \ J
R .
\\\ \\ \\\ \
Localized Low-
s > Yielding Fractured
Dissimilar well construction (Screen Elevation) Rock Aquifer
Multiple Screened intervals U-C a'\
Small fractures and singular pattern in outcrops 49 \
45

45 j

DRI

No allignment with Regior:la(: ;L:chjrr:ss
High Quality and Low Quality Fractured Rock Aquifers Can be
sustainable if Pumping is Less than Safe Yield of Aquifer System

Low well yield(s) "*
Clustering of low well yields ° \
Varied water chemistry >*° %“
Puping effects from neighboring wells not observed **
Dissimilar water levels "**




Capture Zones of Fractured Rock Wells

Note:  Well 1 is separated from Wells 2 and 3 by a fault.
Wells 2 and 3 share a common fracture and
therefore both receive recharge from the creek.

Well 3 also recieves recharge from the Reservior
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Conceptual lllustration of Recharge and Capture Zone
Mechanisms in Fractured Rock Settings
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Steps to Evaluate Fractured Rock Aquifer in
Pilot Study Area

1. Review existing data for study area
2. Review geologic and hydrogeologic reports

3. Review topographic maps to understand hydrologic
basins and identify recharge and discharge
boundaries

4. Create a geologic model

5. Evaluate water elevation, chemistry, and pump test
to understand the quality and sustainability of the
aquifer

insula
ment District
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Annual Average Rainfall within
the Fractured Rock Aquifer Well
Sustainability Study Area

Legend

Annual Rainfall
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Data Available for Pilot Study Area

DWR Driller Logs
Geologic Map
Pumping Tests
Water Chemistry

Non-Continuous Water Table
Elevations

Annual Production Volumes
Instantaneous Pumping Rates
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Monterey Peninsula Water

Geologic Map of the Fractured
Management District

Rock Aquifer Well Sustainability
Study Area
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Underground View of Pilot Study Model

(double click below to see animated model - plays with
Windows Media Player 9.0 or later)





Screened Interval Geology of
wells within the Fractured Rock
Aquifer Well Sustainability Study

Monterey Peninsula Water
Management District
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Drill dates for well within the
Fractured Rock Aquifer Well
Sustainability Study Area

Legend
Drill Date
O Pre 1985
@ 1985-1995
(O 1996 -2003
O 2004 - 2009
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Monterey Peninsula Water
Management District




Well Performance

Pumping tests are performed upon well completion to
calculate the ability of well to produce water.

— MPWMD water distribution system permits require
72 hour pumping tests during permitting process

* Good quality data

Accurate aquifer parameters
Consistent methodology
Poor geographic coverage

— DWR pumping test
» Data often incomplete
* Can not be used to calculate aquifer parameters
* Inconsistent methods
» Good geographical coverage



Monterey Peninsula

MPWMD Well Yield Calculation

for Water Distribution System Permit

Water
Management
District
&
Depth to
Static water
Water __, L1
Level
Drawdown
Pumping
Water —
Level
- Bottom of
Perforations

Available Drawdown = 1/3
(depth to bottom of perforations —
Static Water Level)

Specific Capacity! = GPM /
Drawdown

Calculated well yield = Specific
Capacity! * Available Drawdown

Poor Geographical Coverage

1. Specific Capacity calculated from first
24 hours of 72 hour pumping test.
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&
Depth to
Static water
Water __, L1
Level
Pumping
Water —
Level
- Bottom of

Perforations

DWR Drawdown Ratio

Driller reports often do not
report drawdown associated
with pumping tests.

In an attempt to normalize
flow rate data reported on
Drillers logs with depth, we
created a “Drawdown Ratio.’

)

Drawdown Ratio = GPM /
(Static Water Level — Depth
to Bottom of Screens)

Good Geographical
Coverage



Drawdown Ratios within the
Fractured Rock Aquifer Well
Sustainability Study Area

Legend
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Monterey Peninsula Water
Management District

Predicted Drawdown Ratios
within the Fractured Rock Aquifer
Well Sustainability Study Area

Legend

Well Screen Lithology
@ Grante
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Predicted DD Ratio
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Average Annual Production within
the Fractured Rock Aquifer Well
Sustainability Study Area

Legend

Average Annual Production
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Total Recorded Production within
the Fractured Rock Aquifer Well
Sustainability Study Area

Legend <

Total Recorded Production
Total
0-5

Monterey Peninsula Water
Management District
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»d

Fracture
~ 25 GPM

Ground

4+ Surface

r 400’

Red ‘
Sandstone

" 600’

Well was constructed June
2005.

A 72 hour Pump test was
completed as a component of
WDS system permit.

Average pumping rate was
6.3 GPM and water level

recovered to 3.2 feet below
initial water level in 5 days.

Observation well 550’ from
pumping well showed
drawdown of 0.14 feet during
pump test.



Monterey Peninsula
Water
Management
District

Conclusions

Not enough data to determine sustainability
In pilot study area

— Water table elevation data is necessary to
measure changes in storage and timing of
recharge

— Fracture pattern analysis is necessary to

determine preferential groundwater flow paths
Cluster of wells with low DWR drawdown
Ratio screened in Granite Bedrock

Wells screened in Monterey formation have
a higher DWR drawdown ratio than wells
screened in Granitic Basement in the Pilot
Study Area

Average annual production in study area
has increased from 5 acre-feet in 2000 to
35 acre-feet in 2009
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Management , _
Distrigt . Pilot Study Recommendations

—  Complete bedrock mapping and fracture analysis
for fracture patterns in Pilot Study Area

—  Complete a linement analysis to identify regional
bedrock fabric and/or structures that may influence
groundwater flow

— Instrument wells available for monitoring within the
Pilot Study Area

. District Wide Recommendations

— Undertake tasks completed in Pilot Study Area in

all fractured rock regions of the District to Identify
areas of

poor producing wells
* high or quickly increasing annual production

— Add ongoing water level monitoring requirements
to the Water Distribution System Process

— Instrument wells available for monitoring within
fractured rock regions of the District



Source areas are as follows:

3 ' - AS1: UPPER CARMEL VALLEY - San Clemente Dam to Esquiline Bridge
MONTEREY | NORTHERN COASTAL SUBAREA & AS2: MID CARMEL VALLEY - Esquiline Bridge to Narrows
- i AS3: LOWER CARMEL VALLEY - Narrows to Via Mallorca Bridge

NORTHERN INLAND SUBAREA AS4: LOWER CARMEL VALLEY - Via Mallorca Bridge to the Lagoon
g SEASIDE CAC: CACHAGUA CREEK and UPPER WATERSHED AREAS

\ GROUNDWATER  CVU: CARMEL VALLEY UPLAND - Hillsides and _Tularicitos Creek_
SOUTHERN BASIN MIS: MISCELLANEOUS AREAS - Monterey Peninsula, Carmel Highlands
SUBAREA — /" and San Jose Creek
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