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Presenter
Presentation Notes
I’ve renamed this talk to simply “Balancing Pumping with Recharge”.This is a story of an unusually high-yielding water-supply well drilled in granitic rock, and of applying an adaptive-management monitoring approach to assess its sustained yield. This is a picture of the well site located in the town of Montara, on the coast, south of San Francisco.



Well Site

Presenter
Presentation Notes
The well was drilled to a depth of 780 ft into Montara Mountain granitic rock. Montara Mountain is uplifted basement rock set between the San Andreas Fault and the San Gregorio-Seal Cove Fault, situated not far from where the two faults converge. The granitic rock is heavily fractured, deeply weathered, and has not been glaciated.The site is similar to the other sites on this map shown in red.



Deeply weathered granitics: Resilient storage for a changing climate.
Hecht, Woyshner, Brown, Donaldson, Richmond, Owens

Planning for increased climate extremes and strategies for managing 
groundwater withdraws from high-yielding bedrock wells in Coastal California.

Woyshner, Heldmaier, Porras and Hecht

GRA 2013 Posters

Deep weathering promotes recharge, 
provides storage, and sustains baseflows.

Presenter
Presentation Notes
We’ve previously presented the importance of deep weathering for climate extremes -- Its tendency to promote recharge, provide storage, and sustain baseflows.We also know that the unweathered, fractured-granitic aquifer is recharged, because bedrock springs and stream baseflows respond to dry years and wet years.



• Completed July 2004 to a depth 780 feet 
below ground-surface elevation of 530 
feet 

• Draws groundwater primarily from deep, 
regional joints below a depth of 700 feet 
bgs in unweathered granitic rock of the 
Montara batholith.

• Weathered granitic rock was found to a 
depth of 235 ft. bgs, with primarily 
unweathered, fractured granitic rock 
below this depth.

• The well was completed in a manner that 
isolates the deep ground water source 
from shallow sources. 

Well Characteristics
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Presenter
Presentation Notes
At the well site, weathered granitic rock was found to a depth of 235 ft.The well was completed with solid 12-inch steel (conductor) casing from ground surface to competent bedrock at 370 ft. Below the casing is an uncased 9-inch diameter borehole extending to open joints and bottom of the well.This side panel shows the acoustic televiewer log, where fractures are shown in red and poorly-fractured rock in yellow.
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Air-rotary hammer drilling 
after intersecting open joints

Presenter
Presentation Notes
This slide shows the size of the open joints at the bottom of the well and what happened when we drilled into them.The acoustic televiewer log images the inside of the borehole, sliced at the north end and unrolled, so a dipping joint appears S-shaped.
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Presenter
Presentation Notes
The well is called the Alta Vista Well. This schematic cross section shows marine terraces at the coast, depth of weathering and perched aquifer, valley alluvium, and the deep open joints at the bottom of well, at about 250 ft below sea level.



Pumping Tests
• Following well completion, an 8-hour test at 300 gpm.

• Then a 5-day yield test at 300 gpm

• Prior to source-water use, 60-day yield test at 40 gpm 
(from November 10, 2007 to January 10, 2008)

• Results showed drawdown in fractured bedrock aquifer 
but no discernible drawdown in the overlying 
weathered granitic aquifer and alluvial aquifers, and no 
effect on streamflow.

Presenter
Presentation Notes
The well easily pumped 300 gpm during pumping tests, while showing no discernible drawdown in the overlying weathered granitic aquifer and alluvial aquifers, and no effect on streamflow.Prior to using it as source-water, it was test pumped 60 days at 40 gpm.



What pumping rate is sustainable?
We estimate 60 to 70 gpm based on monitoring across a 

cycle of major recharge years and drought years.

Prior to drilling this bedrock well, 
coastal terraces and alluvial valleys 
were the principal sources of water.

Presenter
Presentation Notes
Prior to drilling this bedrock well, the coastal terraces and alluvial valleys were the principal sources of water for the District, so you can imagine the excitement.So what pumping rate is sustainable?  We estimate 60 to 70 gpm based on monitoring across a cycle of major recharge years and drought years.
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Rainfall and Well Pumping
Wet years

Pumping increased in 2013, 
was highest during severe dry year 2014, then
returned to earlier levels in 2016 corresponding with near normal rainfall.

Presenter
Presentation Notes
This chart shows annual rainfall as a percent of mean and well pumping in gpm.Water years 2010 and 2011 were wet years, preceded by 3 consecutive dry years and followed by a 5-year drought.Pumping increased in 2013 and was highest during the severe dry year of 2014.Pumping returned to earlier levels in 2016, corresponding with near normal rainfall.Not shown is water year 2017, which was a wet year.



Groundwater Elevations 
in Bedrock

Presenter
Presentation Notes
This chart shows groundwater elevation and pumping rates. Drawdown in the bedrock monitoring wells respond to pumping the Alta Vista well.Highest pumping and drawdown levels were in 2014, which recovered in 2016 with less pumping and more rainfall.Groundwater levels were never below sea level, so seawater intrusion was impossible.



Rainfall and Streamflow
Water Year Rainfall Rainfall Martini Cr 

(no diversions)
Daffodil Cyn
(no diversions)

Montara Cr
(diversion upstream)

(inches) (% of mean) (ac-ft) (ac-ft) (ac-ft)
2005 43.86 141% 678 -- --
2006 48.45 156% 1116 -- --
2007 24.45 79% 411 -- --
2008 24.99 80% 361 -- --
2009 23.75 76% partial 15 1
2010 33.61 108% 408 37 138
2011 39.56 127% partial 127 325
2012 23.96 77% partial 27 71
2013 26.80 86% 356 50 40
2014 17.63 57% 226 30 0
2015 24.71 80% 213 27 23
2016 29.21 94% 410 57 151
2017 42.46 137% na na na
Mean 31.07 -- 488 46 93

Presenter
Presentation Notes
Three streams near the well are gaged.  Martini Creek and Daffodil Canyon are perennial streams, while the Montara Creeks station goes dry each year.  Streamflow varies with rainfall, as does baseflow (not shown).Montara Creek was especially dry during 2009 (the third consecutive dry year), and during 2014 (an extreme dry year).



Shallow Groundwater near 
North Fork Montara Creek

Presenter
Presentation Notes
This chart shows drawdown guidelines applied to estimate potential stress levels to riparian vegetation.Dry-season levels during water years 2014 and 2015 indicated stress to riparian vegetation, which was alleviated in 2016 with less pumping and near normal rainfall.



Groundwater Age Techniques
• Modern water (recharged over recent years and decades)

– Tritium-helium
– Chlorofluorocarbons (CFCs)

• Pre-modern water (hundreds to thousands of years old)
– Radiogenic helium
– Carbon-14

• Paleoclimate indicators 
– Stable isotopes of oxygen and hydrogen
– Noble gases (recharge temperature)

Presenter
Presentation Notes
Age-dating techniques were used to independently affirm the conceptual understanding of the groundwater system.Owing to uncertainties in each method, multiple methods are typically used.We used Tritium and CFC concentrations to date modern water (recharged over recent years and decades), and Radiogenic Helium and Carbon-14 to date per-modern water (hundreds to thousands of years old).Stable isotopes of water and noble gases are paleoclimate indicators.Relatively common methods used to estimate groundwater age include: the travel time of groundwater from the point of recharge as calculated by Darcy’s law combined with an equation of continuity; the decay of radionuclides which have entered water from contact with the atmosphere, such as tritium (hydrogen-3) and carbon-14; the accumulation in groundwater of products of radioactive reactions in the subsurface, such as radiogenic helium (helium-4); anthropogenic constituents such as chlorofluorocarbons (CFCs) and sulfur hexafluoride (SF6); and matching the chronology of past climates with paleoclimate indicators in water, such as the ratio of stable isotopes of water (hydrogen-2/oxygen-18) or theconcentration of noble gasses



Groundwater Age Results

Sample Date Modern water Pre-modern water
Average 

Recharge year Method Result Method

3/28/2011 na Tritium absent Carbon-14, 
Radiogenic helium

10/30/2014 1991 Tritium absent Radiogenic helium
10/27/2015 1969 CFC present Carbon-14
10/20/2016 1989 CFC absent Carbon-14

Paleoclimate indicators were similar to modern times.

Presenter
Presentation Notes
While pumping at higher rates during consecutive dry years, we saw an increased reliance on:pre-modern groundwater, and older modern groundwater. This condition was moderated during 2016, a year with near normal rainfall, by reducing pumping rates and durations.Paleoclimate indicators were similar to modern times.Results from recently collected samples for wet year 2017 are currently pending from the lab.



Qualitative Check
• Since 2007, the Alta Vista well has been pumped at an average 

(continuous) rate of 74 gpm, similar to local steam baseflows.

• Assuming a conservative estimate of an average of 4 inches/year 
recharge, approximately 360 acres (~ ½ square mile) of open-
space land on Montara Mountain can sustain this pattern of 
pumping observed since 2007.

Presenter
Presentation Notes
As a qualitative check:The long-term pumping rate is similar to baseflows in local streams.And assuming 4 inches per year of groundwater recharge, about 1/2 square mile of open space can sustain this pattern of pumping observed since 2007.



Conclusions
• A strategy of monitoring hydrologic characteristics across a cycle 

major recharge years and of drought years was successful to 
evaluate a sustainable pumping rate at a high-yielding bedrock 
well.  We monitored:
– Streamflow;

– Shallow groundwater levels near riparian vegetation, and applied 
conservative drawdown guidelines from Carmel Valley; 

– Bedrock groundwater elevations; and 

– Groundwater age.

• When monitoring indicated a recharge limit, pumping was 
modified.

• We believe this is a successful habitat-responsible adaptive-
management approach to managing a complex fractured bedrock 
aquifer.



Thank you!
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