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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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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 the 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

Determine Sustainability
of Aquifer System

*Analyze Data

*Determine if Aquifer is
within Safe Yield

Climate

T

*\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

High well yield(s) '="®

Clustering of high well yields®

Sirnilar water chemistry 3.8

Fumping effects fram neighboring wells =~

Simnilar water levels '

Similar well construction (Screen Elevation) '

Long Screened intervals !

Large fractures and multiple fracture patterns in outcrops *°
Mappable Linernents **

Hon Connected Fractures Connected Fractures

Large Fractures |Small Fractures

X

Well Cannected High Quality

Fracturedi Roc

X

kK Aquifer

Simnilar properties alligned with Regional Structures 3 X X
Fast and complete recovery following purmp test X X
Low well yieldis) '#® x X
Clustering of low well 3,rielt:15*5 X
waried water chernistry 235 I:_ ’ I 2 D d
FPumping effects from neighbaring wells not observed *° e OW Q u a- Ity I SC O n n eCtle
Dissirnilar water levels ' X
Dissimilar well construction (Screen Elevation) '* X p o _
. . 1 o
_Multlple Sn:reer?ed |nterval?”5 x FraC tu red RO Ck Aq u Ife r
Small fractures and singular pattern in outcrops ™ X X
Mo Linements ** x
Mo allignment with Regional Structures ** %
Slowe and incomplete recovery following purmp test X X

*High Quality and LbW!Quaiit—yl F”ractured Rock Aquifers Can be
sustainable if Pumping is Less than Safe Yield of Aquifer System

A1 Spatial Analysis (G1S)
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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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Mechanisms in Fractured Rock Settings




Monterey Peninsula
Water
Management
District

40 44000 [, 40 46000m [, 40 45000m [, 40 50000m [, 4052000m [, 40 54000m [, 4056000m [,

40 42000m [,

5. Carmel Woods Aguajito Pilot Study Area

TOFC! map printed on 06/16/10 from "California.tpo" and "Untitled.tpg"

4052000m [,

591000mE, S593000mE, 5Q5000mE, SQ7000mE, 599000mE, £01000mE, £03000mE, £05000mE, 607000mE, £0Q9000mE,
| m AT Sl
~h
i, T |
e 7
} Point Pinos v 3
=
: P 8
\ Lighthogge PACIFIC GROVE Foe 7\
| . STATE MARINE GARDENS FISH REFUGE et
’ Lovers 4
- =z Grove | 7 O
rillo & 5 I~
Alones . 2 w5
Seaside \ X »
New Monterey : o = |fE%
onterey e ~MLIT
; T
¥ > > o
S B E
Bird Rock © x ¥, = " — _l =l A
5 " e j AU 4
§: AT
Cypress Pt S ) i
! i 3 ) Lg’(/
o z =
J : (s = A e
(&
Sunsat Pri> ;
Midway Pt
Pescadero Pt Arrowhead
Point
Carmel-by-the-Sea
Carmel Bay
Carmel Pt
CARMEL
STATE BEACH
CALIFORNIA SEA OTTERY,
GAME REFUGE i
Pinn?{a'ﬂ L
POINT LOBOS | . T | - 7
STATE RESERVE - 3 S 2T (7
7 - Ra GO AT eI
| Hill il N 5 eed] 7 o)
7 — - A ) 72 o
‘ Vierrigs \( L ) SR Jt Lps Y [ s
| = S = ’ %
Bird Island ¢ % AR ._.f. 2 ¥ ; 3 é 7
AR Gl = A 3
& i . i AN e Aol ST e
591 000mE, 593000mE, 595 000mE, 597000mE, 599000mE, £(01000mE, £03000m E, £(05000mE, &07000mE, £09000mE, WESES Zone 105 614000mE,
UiU U‘5 I‘U 1‘5 E‘U 2‘5 3‘U 3‘5 miles
i : ; | ‘ o

TH (VN
144>

1 2 3 4
FPrinted from TOPC! ©2000 Mational Geographic Holdings (

wruru topo com)

40 45000m [,

40 42000m [,

4057000m |,

4050000 [, 4054000 [,

4045000 [,

40 44000 ],



Steps to Evaluate Fractured Rock Aquifer in
Pilot Study Area

. Review existing data for study area

. Review geologic and hydrogeologic

reports

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

. Create a geologic model

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

insula

ment District
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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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Annual Average Rainfall within
the Fractured Rock Aquifer Well
Sustainability Study Area
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Monterey Peninsula Water

Geologic Map of the Fractured
Management District

Rock Aquifer Well Sustainability
Study Area

Legend
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Geologic Map of the Fractured
Management District

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

Monterey Peninsula Water
Management District

Legend q ., ¢ i
Well Screen Lithology 2 s
@ Granite %
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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
0 05 1

2
B BN s s

Monterey Peninsula Water
Management District




Well Performance — Aquifer Quality

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.



Monterey Peninsula

Water
Management
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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

Drawdown Ratio
gpm/ft
(] 0-025
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0.66 -1.0
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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
[ ] Monterey Shale

Predicted DD Ratio
GP M/ft

- High : 2.41235
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Average Annual Production within
the Fractured Rock Aquifer Well
Sustainability Study Area

Legend

Average Annual Production

Acre-feet

e 0-1
® 1-2
@ :2:

Predicted DD Ratio
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Monterey Peninsula Water
Management District




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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Monterey Peninsula Water
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Location of Wells Within the Pilot
Fractured Rock Aquifer
Sustainibility Study Area
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¥. Well Replacement and Conversion to Monitor well
AN A AN N e S ey, ¢ Well
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Data from Monitor well
*Drilled as Production well in 6/2005

*7/2 hour pump test completed as
requirement for WDS permit.

*Well produced 6.2 GPM over the test and
pumping water level was 19 feet below
static.

*An observation well 550 feet from the
pumping well was monitored and
considered to be hydrogeologically
disconnected from the pumping well.

*In June 2005 static water level was 344
feet BGS compared to June 2010 when
static water level was measured to be 459
feet BGS.

*A total of 4.5 acre-feet was produced
from the well between 2005 and 2010.

A replacement well has been drilled 500
feet from the monitoring well and is not
hydrogeologically connected to the
monitor well.



Conclusions drawn from monitor well data: ——

T

*Performance of well observed during pump test indicated good quality
fractured rock aquifer.

*Wells spaced more than 500 feet from one another are not
hydrogeologically connected.

4.5 acre feet was produced from the well and 114 feet of water level
decline was observed.

\ *Well was not an adequate for the long term water supply demand
outlined in the WDS permit process.

*Full water level recovery following pump test was not observed and
could be a future consideration on evaluating wells during the WDS
permit process.
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waer e Pilot Study Conclusions

Management
District

Not enough data to determine sustainability
In pilot study area;
— More 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 Granitic 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 20009.



Monterey Peninsula
Water
Management
District

Recommendations

Pilot Study Recommendations

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

— 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.

—  Apply for grant opportunities.



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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