Abstract

El Sur Ranch, established 1834, is located in Monterey County on the California Central
Coast about 1 1/2 miles south of Point Sur Lighthouse as shown on Figure 1. El Sur
Ranch seeks a permit for diversion of pumped well water from the lower reach of the Big
Sur River for irrigation of an existing ranching operation. (Water Right Application
#30166) The water has been used since 1950 to irrigate approximately 290 acres
including riparian acres, providing forage for cattle. Diverted water is provided by two
wells located at Andrew Molera State Park on land transferred to the California
Department of Parks and Recreation (DPR) by El Sur Ranch in 1971. Figure 2, Site Plan,
depicts the location of E1 Sur Ranch irrigated pastures, the subject wells, the “Navy
Well”, owned and operated by DPR, Andrew Molera State Park and Creamery Meadow.

In order to provide scientific evidence in support of its application for water right within
the Lower Reach of the Big Sur River, El Sur Ranch retained consultants with expertise
in hydrogeology, The Source Group, Inc.; biology, Hanson Environmental, Inc.; and
agricultural water use, NRCE, Natural Resources Consulting Engineers, Inc. The
completed technical reports are provided herein and include the following:

Hydrogeologic Investigation and Conceptual Site Model Within the Lower Big Sur River.
May 20, 2005. The Source Group, Inc. (SGI)

Assessment of Habitat Quality & Availability Within the Lower Bi’g Sur River: April-
October 2004. March 11, 2005. Hanson Environmental, Inc. (Hanson Environmental)

Reasonable Beneficial Use - Land Use Study for EI Sur Ranch Irrigated Pastures, Water
Rights Applicant #30166. May 18, 2005. Natural Resources Consulting Engineers, Inc.
(NRCE)

Attached hereto and entitled “Figure 3 Summary of 2004 Study Data in Support of ESR
Water Right Request (SWRCB Water Right Application #30166)” is a visual/textual
graphic of conclusions contained within the three technical reports.

Study Area

The Study Area is located within the lower Big Sur River Basin, on the western slope of
the Santa Lucia Mountain Range and includes the last mile of the river before it flows
into a lagoon, then into the Pacific Ocean. It includes El Sur Ranch irrigated pastures and
Andrew Molera State Park as shown in Figure 2.

Prior Site Work and Studies

* Engineering and geologic investigation conducted at the mouth of the Big Sur
River evaluating the feasibility of constructing a harbor (Dames & Moore, 1964);
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Analysis of historic data supports the conclusion that 1991 was a representative year
upon which to base long-term irrigation management planning as it was a year preceded
by four years of low rainfall and low total summer flows. In September 1991 river flows
were measured at 5.3 cfs (USGS gauge) simultaneous with pumping for irrigation and no
discontinuity of river flow was observed. (SGI Report Sections 5.3, 5.4)

Since pumping for pasture irrigation began in 1950, data for five of the years, reflected
flows below 5.3 cfs (review of USGS gauge flow data) and no discontinuity of river flow
was recorded during those years. SGI concludes that a flow of 5.3 cfs at the USGS river
gauge could serve as a supportable measure when considering future monitoring and
management requirements to maintain river flows. (SGI Report Sections 5.3, 5.4)

SGI monitored temperature, electrical conductivity and dissolved oxygen within the river
and lagoon and monitored for temperature within wells diverting from the subsurface
flow. SGI concludes based upon review of prior studies, data collected, and analysis of
the same that so long as surface flows exist in the Big Sur River, pumping from El Sur
wells will not impact surface water quality in the river or lagoon. Further, so long as
surface flows are observed in the river, El Sur irrigation pumping will not adversely
impact subsurface flows beneath Creamery Meadow. (SGI Report Sections 3.4.6, 3.4.8,
and 5.0)

Saline intrusion from the ocean, beneath fresh water subsurface flows occurs primarily
due to spring tides that are more pronounced in the summer months and recede thereafter.
By practice, El Sur irrigation pumping ceases whenever salinity reaches 1mml. (SGI
Reporf Sections 3.5 and 5.1)

SGI performed a screening level water balance evaluation and estimates that pumping
from subsurface flows during 2004 represents approximately 15% of total flows within
the Study Area during the irrigation season, with an estimated 83% of total river system
flows discharging to the ocean. (SGI Report Section 4.0)

The 2004 study year resulted in pumping conditions that were ranked within the 90
percentile for all years 1975 through 2004 with more water being pumped in only three
other years. Within the studied 29 years only 9 years had less precipitation than that
measured in 2004. Average September 2004 surface river flows were 12.17 cfs as
compared with an average September surface river flow of 15.34 cfs (derived from 1950
- 2004 data). Therefore SGI concludes that the 2004 study year represents higher than
average diversions/pumping during a drier than average year type. It is reasonable to
expect that such conditions might reflect more stresses than average upon the flows of the
Big Sur River, but none were observed. (SGI Section 3.4)

SGI analysis of DPR records concludes that the Big Sur River evidenced discontinuity of

flow once during the period of 1950 through 2004. The cause of the discontinuity in
surface river flows upstream of the El Sur well field in 1990 was the manual disruption of
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considered suitable for juvenile steelhead/rainbow trout summer rearing. (Hanson
Environmental Report Sections 4.3, 5.4) '

Continuous water temperature data collected to evaluate seasonal changes in habitat
conditions for juvenile steelhead rearing supports the following conclusions:
temperatures increase during the spring and decline in the fall and habitat conditions
remained within a suitable range for juvenile steelhead rearing throughout the study
period. (Hanson Environmental Report Section 4.4)

Snorkel surveys corroborate the existence of good habitat conditions including good
stream flow and water quality. Juvenile steelhead/rainbow trout rearing stage coincides
with Bl Sur Ranch irrigation season. No limiting factors to juvenile steelhead/rainbow
trout survival were observed. Observed juvenile steelhead/rainbow trout were healthy, in
good condition, exhibited good growth and high summer survival and showed
characteristics of smolting in preparation for emigration to the ocean. (Hanson
Environmental Report Sections 4.5, 5.5)

The overall health and condition of juvenile steelhead/rainbow trout reflect an overall
healthy habitat and conditions for all other sensitive and endangered species and habitat
within the lower reach of the Big Sur River during the El Sur irrigation season. (Hanson
Environmental Report Sections 4.5, 5.5, 5.6)

Land and Water Use

Irrigated cattle ranching by El Sur Ranch is consistent with and protected by both the
California Coastal Act (CCA) and the Monterey County Local Coastal Pro gram,
including the Big Sur Area Land Use Plan (LUP) which recognize agriculture as a
priority use of coastal lands. The El Sur Ranch use is similarly identified as one of the
beneficial uses for the Big Sur River in the Water Quality Control Plan for the Central
Coast Region (the Basin Plan). (NRCE Report Section 2.1)

Irrigated pasture on El Sur Ranch is an essential component of the cattle operation
providing high quality forage during the dry summer period. Irrigation practices and
system at El Sur Ranch result in an increase in forage and cattle production beyond that
possible with non-irrigated acreage. (NRCE Report Section 5)

El Sur Ranch use of pumped water from subsurface of lower reach of Big Sur River is
beneficial and reasonable. (NRCE Report Section 8.2)
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EXECUTIVE SUMMARY

A comprehensive hydrologic and hydrogeologic investigation was conducted at a portion of the Lower
Big Sur River Basin, defined as approximately the last mile of the Big Sur River as it empties into the
Pacific Ocean (the Study Area).. The investigation was conducted in accordance with the work steps
outlined in the May 13, 2004 Interim Monitoring Plan, Water Right Application #30166 prepared on
behalf of El Sur Ranch (ESR) for the State Water Resources Control Board Division of Water Rights
(SWRCB-DWR).

We understand that the State has questioned the effects of ESR pumping on river level, lagoon
temperature, lagoon salinity, and the health of vegetation in Creamery Meadow. These questions
motivated the need for this evaluation of how the lower portion of the Big Sur River basin responds to
groundwater pumping.

Previous investigations have been conducted in the Study Area in an attempt to clarify the effects of
pumping by ESR on river flow and underflow, and to understand the mechanism(s) of saltwater
intrusion into the Study Area. The early investigations did not conclusively determine the degree of
impact of pumping on the Study Area nor did they demonstrate the mechanism for saltwater intrusion.
These investigations have concluded that the transmissivity of the alluvial aquifer is high and thatas a |
result, there is significant connectivity between the river, lagoon and the aquifer. They did not reveal
impacts to the river from pumping.

The hydrogeologic investigation included the following: research and review; field reconnaissance;
installation of additional monitoring wells to further evaluate river, aquifer and pumping interactions;
continuous water level monitoring in multiple wells including pumping wells; continuous river stage
monitoring at one location; bi-weekly river stage and flow monitoring at three locations; hourly river
temperature monitoring; bi-weekly river water quality evaluations; monitoring of irrigation well pumping
durations; and daily monitoring of water quality in water pumped from the irrigation wells. In addition,
publicly available river flow and weather data at Big Sur was collected from the United States
Geological Survey (USGS) station. Tidal and weather data were also collected from stations in the
Study Area and from a National Oceanic and Atmospheric Administration (NOAA) station in Monterey.
Two geophysical surveys and groundwater modeling were also conducted. ’

Three principal geologic units occur in the Study Area including Franciscan formation bedrock, terrace
alluvial deposits, and younger stream alluvium filling the Big Sur River valley. The rocks of the
Franciscan formation underlie both the younger Quaternary alluvial deposits and the terrace alluvium
throughout the Study Area. The Holocene aged (less than 11,000 years old) Quaternary alluvial
deposits of unconsolidated boulders, cobbles, gravel, and sand lain down by the Big Sur River in a
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deeper cut ancestral canyon make up the primary groundwater aquifer in the lower watershed. This
alluvial aquifer is the source for water pumped in the Study Area.

The average estimated hydraulic conductivity value for the aquifer in the vicinity of the well field is
3,623 feet per day (ft/day) based on aquifer testing conducted in 1998. Additional information collected
in 1964 indicates that the lower zones of alluvium in the area of the mouth of the river where the
ancestral canyon cut deepest could have a local hydraulic conductivity significantly higher due to the
presence of large boulders and cobbles.

‘The alluvial deposits are bounded to the north by semi-consolidated terrace deposits that also overlie

Franciscan bedrock. These terrace deposits consist of significantly older aliuvial and colluvial material
with estimated hydraulic conductivities of less than 100 ft/day. Groundwater is present in these
deposits and some discharge of groundwater (less than 0.64 cubic feet per second) from the terrace
deposits to the south/southeast into the younger alluvium is estimated to occur along the northern
boundary of the alluvial aquifer.

The southern boundary of alluvium in the ancestral canyon consists of Franciscan formation bedrock

that has extremely limited hydraulic conductivity. Due to the fact that the Franciscan deposits are

highly sheared and generally mixed up, they are interpreted to be unable to transmit any significant
amounts of groundwater into the overlying and adjacent alluvium.

Near the }nouth of the river at a point of valley constriction by Franciscan metavolcanic rocks,
groundwater moving within the alluvium is forced into the river channel emerging as surface flow. This
condition was maintained throughout the summer irrigation season regardless of pumping conducted.

Data collected during this investigation combined with analysis supports the conclusion that wave over
wash is not.the significant mechanism for measured saline impacts in the Old Well as stated by
previous investigators. Data analysis combined with geophysical studies and modeling indicate that
the ocean does act as a groundwater recharge source .under the combination of ESR well pumping
activities and the summer occurrence of spring tides (an exceptionally strong high tide). Intrusion of a
saltwater wedge and its accompanying diffusion front under these conditions follows the bottom
surface of the aquifer and then preferentially flows towards Old Well. The movement of the saltwater
wedge responds to changing tide and pumping conditions at the Old Well. Co-incident with the
cessation of larger than normal spring tides in September, no further evidence of this saltwater wedge
is seen in Old Well water quality, even in the event of continued maximum pumping of both the Old
and New irrigation wells. This late season condition has been documented in 2004 and in earlier
pumping years for which data was available. These facts support the conclusion that the dominant
cause of the intrusion and impacts to the Old well are directly linked to normal spring tides during the
five months of summer. '

ix The Source Group, Inc.
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The defined mechanism and behavior of saltwater intrusion indicates that saline impacts to
groundwater quality in the vicinity of the mouth of the Big Sur River are induced by the summertime
spring tides, and as such are seasonal and temporary having no lasting effect on groundwater quality.
Monitoring data also indicates that due to density effects and the hydraulic field at the river mouth, the
seasonal advancement of the saltwater wedge has no measurable impact to surface water quality in
the lagoon and the river regardless of the irrigation pumping conducted. Finally, advancement of a
saltwater wedge in connection with ESR pumping cannot have any impact to changes in groundwater
quality beneath the Creamery Meadow. :

River water quality measurements consisting of temperature, electrical conductivity and dissolved
oxygen data have shown no correlation between irrigation pumping and changes in surface water
quality. Surface water quality changed during the 2004 irigation season in response to normal
seasonal trends of warming and cooling. During the warm summer months, an area of groundwater
inflow to the river was observed near western edge of Creamery Meadow where the Big Sur Valley
narrows. The infiltration of groundwater into the river at this location was documented by temperature,
electrical conductivity and dissolved oxygen measurements consistent with groundwater and which
were signiﬁcanﬂy lower than those values measured in the river further upstream. Pumping did not
induce any measurable surface water quality changes during this investigation.

The cause of a reported discontinuous river flow in 1990, which is the only such period we are aware
of, is an issue of concemn with respect to the current water rights permitting process for ESR as the
discontinuous flow is alleged by the California Department of Parks and Recreation (DPR) to be
caused or exacerbated by pumping of the ESR irrigation wells. It is now clear that the discontinuation
of river flow occurred because the DPR used heavy equipment to move the river into a channel cut
into a coarse cobble bar, as part of “stream restoration” work conducted near the Andrew Molera
State Park parking lot during the low flow summer months of 1990 (one of the lowest flow years on
record). DPR documents pertaining to this work stated that once re-routed, the river immediately
disappeared into its gravels. In addition, the area of flow discontinuity occurred well upstream-from
the ESR wells, so it is not at all 'plausible that ESR pumping could dewater the river approximately 0.7
miles upstream without dewatering the section of river immediately adjacent to the wells (which did not
occur). ’

~ During the following summer of 1991 (after the river was allowed to flow in its original channel), USGS
gauge river flow conditions reached a low of 5.3 cfs in October while irrigation pumping continued. A
USGS gauge flow of 5.3 cfs is well below the historic low flow average of 11.65 cfs. No discontinuity
of river flow was noted during the 1991-pumping year as a resuilt of this low river flow rate. This fact is
especially significant for long-term management planning. given ‘that the 1991 pumping year was
preceded by four years of low rainfall and low total summer river flows.

X The Source Group, Inc.
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The 2004 irrigation season was a fortuitous time to conduct this investigation because river flows and
winter precipitation were well below normal and the average extraction rate for ESR wells exceeded
historical averages by more than 20%. Observations and data collected during the 2004 investigation
supports the conclusion that the surface flow of the Big Sur River combined with the accompanying
subterranean flow is adequate to support above average irrigation season pumping without any
measurable impacts to surface water flow continuity or water quality for USGS river gauge flows equal
or exceeding 10 cfs (expected approximately 75% of the time). In addition, considering the available
54 years of river flow data, observations and analyses presented above and throughout the report,
and specifically considering the 1991 low flow data discussed above, at a minimum it can
conservatively be concluded that pumping of the ESR wells consistent with current practices during
the irrigation season will not result in surface flow disruption in the Study Area when USGS gauge
flows equal or exceed 5.3 cfs. This knowledge can be used to create a trigger point for making
management decisions regarding future irrigation season pumping when USGS gauged river flows
are expected to reach historically low flow rates. This conclusion is predicated on the assumption that
no net increase in water use or diversion occurs in the area between the ESR pumping wells and the
USGS gauge.

Use of a methodology to estimate river flow based on winter precipitation totals developed by NRCE
provides the ability to forecast, in advance, the possible need for special irrigation pumping
management when the forecasted summer flow condition falls below 5.3 cfs. This condition has
occurred ohly six years during the last 54 indicating that the need for such evaluation will be minimal.
The NRCE methodology uses simple tables that allow correlation of recorded winter rainfalls to a

‘predicted September USGS flow rate and its associated probability of occurrence. During such

forecasted low stream flow years (less than 5.3 cfs), monitoring of stream flow conditions in
combination with development of an irrigation management plan can be implemented to ensure that

ESR pumping does not contribute to any surface flow disruption in the Study Area portion of the Big
Sur River.

An alternative option for monitoring Streamflow rates during years when low flow conditions are
reached may be the monitoring of river temperatures at the base of the water column in the area of
the river directly up and cross-gradient from the New Well. Temperature, EC and DO monitoring data
combined with Streamflow measurements have shown conclusively that this section of river was a
gaining stream experiencing significant upwelling of groundwater in the bed of the river during the
entire irrigation season. Prior to any ability of pumping to de-water this closest portion of river, aquifer
hydraulics dictate that the river must experience a reversal from a gaining to a losing stream. The
occurrence of this reversal would result in river temperature changes prior to any discontinuation of
stream flow. Based on monitoring conducted during the 2004 season, the effect of a reversal of the
river condition would be directly measurable via comparison of river temperature along this stretch of
river during the warmer months of August and September to the river temperature up gradient near
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the State Park Parking lot, and as such, could serve as a trigger point to modify or reduce irrigaﬁon
pumping
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1.0  INTRODUCTION

A comprehensive hydrologic and hydrogeologic investigation was conducted at a portion of the Lower
Big Sur River Basin, defined as approximately the last mile of the Big Sur River (the river) as it
empties into the Pacific Ocean (the Study Area-Figure 1-1). The investigation was conducted in
accordance with the work steps outlined in the May 13, 2004 Interim Monitoring Plan, Water Right
Application #30166 (the Plan) prepared on behalf of El Sur Ranch (ESR) for the State Water
Resources Control Board Division of Water Rights (SWRCB-DWR). This report specifically
addresses work conducted as proposed in Sections 4.0, 6.0 and 7.0 of the Plan pertaining to the
assessment of hydrologic and hydrogeologic conditions, associated data management, and reporting.

ESR has irrigated its pastures by pumping groundwater from wells located near the mouth of the Big
Sur River since approximately 1950. The wells are located within Andrew Molera State Park, and the
State of California (Department of Fish and Game and Department of Parks and Recreation) has
expressed concern over potential negative ecological effects that might result from the groundwater
pumping. We understand that, not withstanding the acknowledged detrimental effects of a temporary
river re-routing by the State, the State has pointed to a period in 1990 when a reach of the river went
dry as an .example of the potential negative impacts from pumping. In addition, we understand that
the State 'has questioned the effects of ESR pumping on river level, lagoon temperature, lagoon
salinity, and the health of vegetation in Creamery Meadow. These questions motivate the need for a
detailed evaluation of how the lower portion of the Big Sur River basin responds to groundwater

pumping.

Previous investigations have been conducted in the Study Area in an attempt to clarify the effects of
pumping by ESR on river flow and underflow, and to understand the mechanism(s) of saltwater
intrusion into the Study Area. These investigations have demonstrated that the transmissivity of the
alluvial aquifer is very high and that as a result, there is significant and rapid connectivity between the
river, lagoon and the aquifer in the area of the pumping wells. Data has also indicated that lagoon
stage and water levels in area wells respond rapidly to tidal fluctuations. The previous investigation
results were based on data collected over a short period of time during the later part of a typical
irrigation season. The early investigations did not conclusively determine the degree of impact of
pumping on the Study Area nor did they demonstrate the mechanism for saltwater intrusion.
Therefore, data collection steps to fill the remaining data gaps were identified and proposed to support
a technically and legally defensible permitting process.

It has been recognized that the most critical time of data collection would be the dry period of the year
(i.e., typically August and September) during a year (or consecutive years) of drought when
subsurface and surface flow volumes would be most diminished naturally. However, it has also been
recognized that drought conditions cannot be “created” and that the permitting process cannot be
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placed on hold until such conditions arise. Therefore, the following phased data collection approach
was developed: '

Phase 1: Reconnaissance Data Collection
Phase 2: lnterim Monitoring
Phase 3: Monitoring and Permit Terms

The reconnaissance data was collected in early 2004 and presented in The Source Group, Inc (SGI)
April 30, 2004 Phase 1 (Reconnaissance) Data Transmittal. This reconnaissance data was not
purported to be statistically significant and was not provided as a statistical baseline. Rather, the
reconnaissance data was to reflect general conditions in the Study Area during the wet part of the
year before El Sur Ranch pumps began operating and to assist in scoping the Phase 2 data collection
effort. '

The Phase 2 data collection effort was proposed in the Plan and provided for data collection
throughout the 2004 irrigation season.

11 Purpose and Goals

The purpose of the expanded hydrogeologic investigation reported herein was to: (1) provide a
significant base of hydrogeologic data, and (2) allow refinement of the conceptual hydrogeologic site
model for a better technical understanding of natural conditions and the potential effects from the two
ESR pumping wells and one pumping well used by Andrew Molera State Park (the Navy Well) on
* those conditions. |

The primary goal of this investigation was to resolve three key technical issues that are necessary for
the development of guidelines for future water use by ESR. These technical issues are:

¢ Determination of the dominant mechanism for saltwater underflow resulting in the water quality
conditions recorded in ESR pumping wells during the pumping season.

e Determination of the typical lagoon and river water quality conditions throughout the pumping
season as it is influenced by saline water underflow, river flow conditions, pumping dynamics,
and tidal fluctuations.

« Determination of the correlation between surface water flow and stream underflow in the area |
of the ESR and State Park pumping well (the Navy Well) throughout a typical pumping season
and how these conditions relate to any noted changes in river water quality.

1-2 The Source Group, Inc.
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This study is focused on the Study Area hydrogeologic conditions that occur during the Study Period.
The Study Period is defined as the period of time between April 15" and October 31%, 2004, which
brackets the data collection period.

1.2 Study Area

The Study Area is within the Lower Big Sur River Basin located on the western slope of the Santa
Lucia Mountain Range in southern Monterey County (Figure 1-1). The Study Area boundary is defined
by an approximately one-mile stretch of the Big Sur River terminating at the Pacific Ocean and
includes the land area that contributes groundwater and surface water flow into and out of this stretch
of river (Figure 1-2). Within the Study Area, the river flows within a gently sloping alluvial plain (the Big
Sur Valley) surrounded by marine terrace deposits and Franciscan complex outcrops. Several
hundred yards before it enters the ocean, the river forms a lagoon contained by a transient sandbar
(Figure 1-3). During the winter months, several seasonal tributaries enter the river within the Study
Area. Three groundwater extraction wells, Old Well, New Well and the Navy Well, were operating
within the Study Area during this investigation. These wells are located within the alluvial floor of the
Big Sur Valley less than a quarter mile inland from the Pacific Ocean (Figure 1-3).

The Study Area has a Mediterranean climate with cool, wet winters and dry summers. Fog and high
wind are typical during the summer months. The average annual precipitation for the Study Area is
estimated at 27.58 (1975-2004) inches based on a regression analysis of limited ESR precipitation
data and data from the National Climate Data Center weather station in Monterey, California (station
5759) (NRCE, 2005).

1.3 | Previous Studies / Sources of Information

A significant amount of information regarding the hydrogeology of the lower portion of the Big Sur
River basin has been collected. Investigations specifically evaluating the hydrology and subsurface

geology of the Study Area include an engineering and geologic investigation conducted at the mouth

of the Big Sur River to evaluate the feasibility of constructing a harbor (Dames & Moore, 1964). This
harbor evaluation study consisted of driving several test piles onshore, excavation of test pits,
numerous jet probings offshore, geologic mapping and a seismic refraction survey.

Additional hydrogeologic investigation work was conducted in the late ‘90s as documented in two
reports by Jones and Stokes (1997 and 1999). A hydrogeologic conceptual model for the Study Area
was presented by Jones and Stokes in these reports based on work that included:

* Installation of three additional. wells during 1997 and 1998 (JSA-03, JSA-04 and JSA-05)
(Jones & Stokes, 1999)

1-3 | The Source Group, Inc.
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e Two aquifer tests: one using New Well and the other using both New Well and Old Well
(Jones & Stokes, 1999) '

e Two geophysical surveys: one in July 1997 (Geoconsultants, 1997), and one in October 1998
(Geoconsultants, 1998)

e A reconnaissance-level geomorphology evaluation in October 1998 (Mussetter Engineering,
1998)

e Continuous water level monitoring for two ESR wells conducted between August 1997 and
~ June 1998, and one monitoring well from July through September 1998 (Jones & Stokes,
1999).

Jones and Stokes concluded that (1) the groundwater system is highly transmissive and hydraulically
connected to the river, (2) the irrigation pumping draws water both from aquifer storage and the river
but does not significantly decrease the stage or flow of the river, (3) the irrigation pumping does not
impact groundwater levels in Creamery Meadow, (4) wave over wash is the cause of salinity in the
surface water and groundwater, and (5) the pumping was not the primary cause of a dry river reach in
1990.

In addition to these site-specific studies, the hydrology, hydrogeology, and geology of the‘general
surrounding area has been studied by many investigators over the last 78 years as presented in
several published documents obtained and reviewed as part of this evaluation. Specific research
attention was also paid to nearby studies of similar coastal river settings that have experienced the
effects of saline intrusion. Published information exists related to the origins of sea-water intrusion in
the Pajaro Valley and the Salinas River valley. A complete listing of these reference materials is
included as Section 6.0. '

14 Methods of Investigation

- This section summarizes activities that were conducted as part of this investigation. Further
“information regarding details and methodologies to complete the activities summarized below are
provided in Section 2.

The methods of investigation included a combination of direct field measurements from within the
Study Area and routine downloading of public domain data via the Internet. Investigation activities
included the following: ‘

1) 'Public domain data were routinely collected from the Internet including tide data, climatological
data and flow data for the Big Sur River. These data were used to evaluate interrelationships
among the groundwater, surface water and ocean water within the Study Area.

1-4 The Source Group, Inc.
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2) Two geophysical surveys were conducted, one prior to the irrigation season, and one near the
end of the irrigation season. The objectives of these surveys were to obtain data regarding the
subsurface stratigraphy and to identify differences in the amount of saltwater intrusion
between the two events. These data were combined with earlier geophysical survey data to
refine the site conceptual hydrogeologic model. '

3) Data from previous aquifer tests were used to estimate aquifer properties including hydraulic
conductivity, transmissivity, and groundwater flow rates. Data from published and unpublished
sources provided additional information on regional hydraulic properties of the aquifer.

4)‘ A monitoring well cluster was installed adjacent to the Big Sur River in order to collect data
regarding vertical variation in hydraulic head and water quality parameters in the groundwater
adjacent to the river. In addition, two deeper borings (one continuously cored to 100 feet
below ground surface (bgs), the other installed to 70 feet bgs) were installed within the terrace

~ deposits flanking the Big Sur Valley and converted into monitoring wells in order to obtain data
regarding the interconnectedness of groundwater within the terrace deposits and the aquifer
beneath Big Sur Valley. Lithologic data from these boreholes and from other test wells were
used to evaluate both the local and regional hydrogeology.

] 5) Long-term continuous water level and water temperature measurements were collected from
< i selected wells and surface water within the Study Area. The continuous water levels and
N temperatures in both groundwater and surface water were used to assess water-level

- fluctuations, diurnal events, and the degree of interconnectedness.

6) Synoptic water level measurements were routinely collected from all known wells within the
Study Area. The synoptic water level measurements were used to construct potentiometric
surface maps showing the effects of different pumping configurations on the local water table.

7) Water quality parameter data were collected using handheld field instruments from both
groundwater and surface water periodically during this investigation. These data were used to
describe the general water quality and to characterize significant conductivity and temperature
differences between groundwater, surface water and ocean water.

8) All of the monitoring wells and river transects used for data collection were surveyed by a
licensed surveyor. The survey data were used in the construction of the potentiometric
surface maps and for accurately placing the measurement locations on a base map.
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2.0 WORK PERFORMED

The hydrogeologic investigation included the following: research and review; field reconnaissance;,
installation of additional monitoring wells to further evaluate river, aquifer and pumping interactions;
continuous water level monitoring in multiple wells including pumping wells; continuous river stage
monitoring at one location; bi-weekly river stage and flow monitoring at three locations; hourly river
temperature monitoring; bi-weekly river water quality evaluations; monitoring of irrigation well pumping
durations; and daily monitoring of water quality in water pumped from the irrigation wells. In addition,
publicly available river flow and weather data at Big Sur were collected from the United States
Geological Survey (USGS) station. Tidal and weather data were also collected from stations in the
Study Area, and from a National Oceanic and Atmospheric Administration (NOAA) station in
Monterey. Two geophysical surveys were also conducted. '

Due to issues associated with acquiring access and other applicable permits, the investigatioh
schedule was modified from that presented in the Plan and proceeded on a phased schedule as
access and permits were granted. The result of permitting delays is the concentration of data
collection activities during the late summer. Figure 2-1 presents a detailed schedule of the
implementation of this investigation as it occurred.

2.1 Research and Review

Initial work included the review of documents and reports provided by ESR pertaining to site
hydrologic and hydrogeologic conditions. Based on information provided in these documents,
additional research was conducted to find and acquire all relevant publications relating to the geologic,
hydrologic, hydrogeologic conditions in the Big Sur River Watershed and the Study Area. Reports
and reference information were obtained from various sources including data and documents
provided by ESR, documents acquired through the University of California Library system, and
documents acquired from Internet sources including the USGS, Cal-Trans, and the California
Geological Survey and other websites. A search of all relevant scientific document databases was
conducted as part of the search for information related to this study. Relevant information obtained
was reviewed and considered as part of the hydrogeologic investigation.

2.2 Permitting

An extensive permitting process was required to conduct this investigation. During this process, the
following permits, exemptions and waivers were obtained from the following Federal, State and Local
agencies:
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o Army Corps of Engineers (ACOE), Nationwide Permit No. 5 (NWP No. 5). Verbal
correspondence with the ACOE confirmed that the planned investigation activity was beneath
the NWP reporting thresholds and was therefore covered by the General Permit.

o California State Water Resources Control Board (SWRCB) concurred (in writing) that the work
was subject to NWM No. 5 and that this class of permit had a statewide water quality
certification by the SWRCB. :

e California Regional Water Quality Control Board (RWQCB)‘ concurred (in writihg) with the
SWRCB.

o California Department of Fish and Game (DFG) approved a Notification of Lake or Streambed
Alteration package allowing for the installation and removal of the two stilling wells. '

¢ National Marine Fisheries Service was notified of this investigation by the SWRCB, however,
consultation was not required due to ACOE determination that the investigation was covered
by. NWP No. 5.

e Monterey County Planning and Building Inspection Department (local proxy for the California
Coastal Commission) issued a Coastal Development Permit exemption upon satisfactory
completion of conditions such as submittal of a Site Restoration Plan. (SGI, 2004).

. MOnterey County Department of Health issued well construction permits.

 California Department of Parks and Recreation issued a Permit to Conduct Biological,
- Geological or Soil Investigations granting State Park approval for implementation of the work
plan.

Copies of the permits and related correspondence are included in Appendix A.

2.3 Field Reconnaissance

The entire reach of the river from the State Park parking lot to the lagoon mouth was surveyed on April
16™, 2004 for the purpose of selecting possible stream stage and flow gauging locations for monitoring
to be conducted throughout the 2004 pumping season. The survey was conducted in a kayak
allowing complete access and inspection of the entire riverbed along this length. Three areas were |
chosen for potential stream gauging based on the observed river flow characteristics and considering
the channel shape and its effect on flow characteristics during the low flow season of late summer and
fall. In addition to the riverbed survey, the potential location for a monitoring well cluster was
evaluated via an inspection of the areas east and up-gradient of the pumping wells adjacent to the
river. Results of the survey were presented in the May 13, 2004 Plan and was used to develop the
scope of this investigation.
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Two California State Registered Geologists surveyed the geology of the Study Area on September 27,
2004. The geologic survey was conducted to confirm interpretations made by earlier investigators of
the area and to gather information used in refining the geologic conceptual model. One of the main
objectives of the geologic survey was to determine if the “clay” reported in several well logs for Study
Area borings could actually be weathered Franciscan material. Confirmation of this hypothesis was
observed by the geologists at a Franciscan Formation outcrop along Highway 1 that contained a
weathered zone that was similar in color and texture to a gray clay. Several sections of the Big Sur
Valley were surveyed, as was the interface between the marine terrace deposits and the beach north
of the river. Further resulis of the geological survey are discussed in Section 3. The flow conditions
for the major tributaries to the river between the USGS gauge and the ocean were also observed
during this visit. In addition, the entire reach of the river within the Study Area was walked over a
dozen times during the data collection phase of this investigation.

24 Monitoring Station Installations

Installation of monitoring equipment at various locations was conducted as permits and equipment
availability allowed based on the detailed work scope in the Plan. The locations of all monitoring
stations are depicted on Figure 2-2 and a table summarizing the equipment installed at each

monitoring well is included as Table 2-1. The following sections present the details of station (

installations.

2.41 Temperature Transducers

In April 2004, data logging temperature transducers were installed at five locations along the Big Sur
River. Five self-contained computerized water temperature monitoring units (Onset Optic StowAway
WTAO08) programmed to record water temperature at one-hour intervals were deployed along the
longitudinal gradient of the lower river and lagoon. The temperature logger stations were numbered
sequentially from one to five starting at the mouth of the Big Sur River and working inland. The water
temperature monitoring units were housed in a perforated PVC pipe with an attached 12-16 ounce
lead weight secured by either 100-200 pound test monofilament or steel leader material attached to
an anchor point (e.g., tree limb) at each monitoring station. As a result of the relatively shallow water
depths, the temperature loggers were placed on the river bottom at each monitoring site. All
temperature loggers have been calibrated to National Bureau of Standards (NBS) traceable standards
and provide water temperature measurements within an accuracy of plus or minus 0.5 °C. See Figure
2-2 for the locations of the five transducers.

In July, a second set of transducers were installed at temperature logger stations 1 through 5 to
additionally record near surface river temperatures. In August, a set of fransducers was placed in the

ocean surf zone fronting the ESR property. Later, a single transducer was installed in an alternate
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surf zone location,. as the transducers at the first location were lost due to heavy wave action. The
surf zone temperature loggers were collectively labeled temperature logger station 6.

2.4.2 Monitoring Wells

At the start of data collection activities, five monitoring wells (ESR-01, ESR-02, ESR-03, JSA-03, and
JSA-04) and three groundwater extraction wells (Old Well, New Well, and Navy Well) existed in the
Study Area. Upon final approval of all well installation permits (see Section 2.2), five new monitoring
‘wells were installed in the Study Area. A cluster of three monitoring wells (ESR-10A, ESR-10B, and"
ESR-10C) were installed to explore both the vertical and horizontal flow of groundwater near the Big
Sur River. Two additional monitoring wells (ESR-11 and ESR-12) were installed on the bluff
overlooking the river to explore lateral groundwater movement between the river and the terrace
- deposits. The installation of ESR-12 was not part of the Plan, though was added later when it was
determined additional groundwater monitoring data from the terrace formation would be required. See
Figure 2-2 for the locations of the existing monitoring wells and the newly installed monitoring wells.

The ESR-10 monitoring well cluster consists of 3 monitoring wells installed adjacent to each other, but
.. screened at different depths. The cluster was intended to supplement the existing wells to provide
"~ better definition of lateral and vertical gradient changes in response to seasonality and pumping
conditions. A location up-gradient of the pumping center near the location of a river stage monitoring
transect was selected to correlate river and groundwater interactions and their responses to pumping.
The final location was chosen based on considerations of accessibility, and the likelihood that
seasonal bank erosion and high flow conditions would not damage or destroy the well cluster.

Permit applications for the installation of all five monitoring wells were submitted to the Monterey
County Health Department (MCHD). A copy of Water Well Construction Permit No. 04-07840 issued
by the MCHD on July 30, 2004 for the installation of the wells is provided in Appendix A. 4

On September 1, 2004, monitoring wells ESR-10A, ESR-10B and ESR-10C were installed adjacent to
the Big Sur River, approximately 500 feet northeast of monitoring well JSA-03. The wells were
installed in a cluster approximately 5 feet apart to a maximum depth of 12 feet, 21 feet and 30 feet for
well ESR-10A, ESR-10B, and ESR-10C, respectively. Test America® from Sacramento, California
supplied a CME-75 hollow stem auger drill rig for the installation of the monitoring wells. Initially, a soil
boring was advanced to a maximum depth of 31.5 feet with the aim of establishing a detailed soil
profile and depth to bedrock using an unlined California Split Spoon sampler. The detail soil profile
can be found in Appendix B.

After the soil profile was established, 8-inch outside diameter hollow stem augers were used to
advance a boring to the proposed depth for each monitoring well. Each well was constructed using 2-
inch inside diameter Schedule 40 PVC well casing attached to 5 feet of 0.020 inch machine slotted
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flush threaded Schedule 40 PVC well screen. A filter pack consisting of #2/12 dried silica sand was
placed in the annular space between the casing and the borehole extending from the bottom of the
boring to approximately 2-feet above the screened interval. A well seal consisting of approximately 2
feet of hydrated bentonite chips was placed above the sand filter pack. The remainder of the annular
space was backfilled to within one-foot of ground surface with cement grout. Each well was finished
with a 3 foot steel monument set in concrete and a locking well cap. Well construction details are
found in Appendix B.

.On September 8-10, 2004, monitoring wells ESR-11 and ESR-12 were installed on the ESR terrace
overlooking the Big Sur River alluvial plain, approximately 1,000 feet west (ESR-11) and 1,000 feet
northwest (ESR-12) of the Old Well groundwater extraction well. Each well was installed to a
maximum depth of 70 feet below ground surface. ResonantSonic® from Sacramento, California
supplied a Sonic drill rig for the installation of the monitoring wells. Initially, -a soil boring was
advanced at the location of the proposed ESR-11 monitoring well to a maximum depth of 100 feet with
the aim of establishing a detailed soil profile and depth to bedrock using a plastic lined 5 foot core
barrel. The detail soil profile can be found in Appendix B. '

After the soil profile was established; 6-inch outside diameter drill rods were used to advance a boring

to the proposed depth for each monitoring well. Each well was constructed using 2 inch inside

diameter Schedule 40 PVC well casing attached to 20 feet of 0.020 inch machine slotted flush
threaded Schedule 40 PVC well screen. A filter pack consisting of #2/12 dried silica sand was placed
in the annular space between the casing and the borehole extending from the bottom of the boring to
approximately 2 feet above the screened interval. A well seal consisting of approXimately 2 feet of
hydrated bentonite chips was placed above the sand filter pack. The remainder of the annular space
was backfilled to within one-foot of ground surface with cement grout. The well was finished with a
flush mounted, traffic-rated well monument set in concrete and a locking well cap. Well construction
details are found in Appendix B. '

2.4.3 Water Level Transducers

In June and July, 2004, data logging transducers capable of recording temperature and pressure were
installed in monitoring wells ESR-02, ESR-03, JSA-03, and JSA-04 and the Old Well pumping well. In
mid August, transducers were installed in the Navy Well pumping well and the Transect 2 stilling well.
In early September, transducers were installed in the newly completed monitoring wells ESR-10A,
ESR-10B, ESR-10C, ESR-11 and ESR-12. Each transducer was set to record water temperature and
water préssure (as water column height) every five minutes. See Figure 2-2 to see the locations of
the wells containing transducers.
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2.44 River Gauge Transects/Stilling Wells

Three river gauge transects were constructed along the Big Sur River to allow periodic measurement
of river stage height and flow volume from fixed locations.” The river transect locations were numbered
sequentially from one to three starting near the Andrew Molera State Park parking lot and working
downstream. Up-gradient river Transect 1 is located just downstream of the 90 degree river bend in
an area near a very large boulder resting on the south bank of the river. Based on river channel and
flow conditions as determined during field reconnaissance, this location was considered the best for
monitoring stream flow as it enters the Study Area. Transect 2 is located near the closest up gradient
reach of the pumping center. The Transect 2 location is important because the nature of groundwater
flow is such that if the ESR wells were to dewater the river, it would affect the closet adjacent stretch
river first. Therefore flow and velocity measurements upstream of any possible river impacts would be
important to help quantify such impacts. Transect 3 is located at the lagoon mouth located adjacent to
the bounding rock outcrop. See Figure 2-2 for the location of the three river gauge transects. Each
transect consisted of two stakes emplaced vertically on opposite banks of the river. When a
measurement was to be taken, a level line was stretched across the river and attached to the stakes.
River stage height was measured from the level line and river flow volume was measured along the
level line using a portable flow meter.

In August, following final permit approval (see Section 2.2), stilling wells were constructed at river
gauge Transects 1 and 2 to enhance the accuracy of the river stage elevation readings. Each stilling
well was constructed using 5 feet of 2 inch inside diameter Schedule 40 PVC well casing connected to
5 feet of 0.020 inch machine slotted flush threaded Schedule 40 PVC well screen. At the joint
between the casing and the screen is a 90-degree bend (Transect 1) or a 45-degree bend (Transect
2). Each well was buried in the bank of the river with the slotted section of the well resting parallel to
the river surface approximately 1 foot underwater. See Appendix C for a diagram of the stilling well
installations. In mid August, a pressure and temperature transducer was installed in the Transect 2
stilling well.

2.4.5 Weather Stations

In July, two weather stations were installed in the Study Area with the main purpose of monitoring
rainfall and other weather conditions on an hourly basis. Station WESR-01 was placed in one of the -
ESR pastures while station WESR-02 was placed in the open field near the Old Well pumping well.
Each weather station recorded the following data hourly: temperature, relative humidity, wind speed,
wind direction, rainfall, incoming solar radiation and barometric pressure. See Figure 2-2 for the
location of the two weather stations.
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2.4.6 Elevation/Location Surveying

On April 16, 2003, Rasmussen Surveyors developed a benchmark at the location of ESR Old Well
and surveyed wellhead and ground surface elevations at five accessible wells (Old Well, New Well,
ESR-02, ESR-03, JSA-03 and JSA-04). Subsequent to the installation of wells ESR-10A, ESR-10B,
ESR-10C, ESR-11 and ESR-12, an additional round of surveying was conducted on September 27,
2004. The second surveying event consisted of resurveying the original set of five wells, and
surveying ESR-01 (which was located after the original survey event based on a review of historic
aerial photographs), the five newly installed wells, and the three river transects. A copy of the survey
data is provided in AppendixD.

A discrepancy in the wellhead elevation reported for well ESR-02 between the April and September
survey events was noted. The reported difference of approximately 0.73 feet in the elevation for

ESR-02 had a significant effect on the interpreted groundwater flow direction in the Study Area that -

was presented in the SGI April 30 Phase | (Reconnaissance) Data Transmittal (SGI, 2004). All data
evaluations and interpretations presented in this report have been conducted using the September
survey results. '

2.4.7 Site Restoration Activities

On July 15, 2004, a Site Restoration Plan (SGI, 2004) was submitted to the Monterey County
Planning and Building Inspection regarding the possible impact the installation of the proposed
ESR-10 well cluster, wells ESR-11 and ESR-12, and the two river stilling wells might have on local soil
and vegetation. Restoration objectives were detailed for disturbances of soil and vegetation caused

by drilling implements, including vehicles and tools, and the generation of drill cuttings. The Site '

‘Restoration Plan was approved by the Monterey County Planning and Building Inspection Department
prior to their issuance of the Coastal Development Permit exemption on August 3, 2004.

The drill cuttings generated during the installation of the ESR-10 well cluster, installed adjacent to the
Big Sur River (Figure 2-2), were much less than anticipated. All the cuttings were used to restore the
ruts created by the drilling rig. The remaining ruts were partially restored using hand tools. Full
restoration of the site will occur after the removal of the monitoring well cluster. Additional restoration
activities may be required pending the outcome of natural re-vegetation. ’

ESR-11 and ESR-12 were installed on ESR property. Drill cuttings from these wells were removed by
ESR personnel pursuant to County approval and used to fill a hole next to the mailbox at the ranch
driveway intersection with California Highway 1. No visible field impacts remain from these well
installations other than the concrete well housings. It is likely that these two wells will be removed
concurrent with the removal of the ESR-10 welt cluster. Additional site restoration activities will be
conducted at that time. '
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The stilling wells were installed in the bank of the Big Sur River using hand tools. Disturbance of local
soil and vegetation was minimal. At this time, the well casings remain in the riverbank as their use will
be instrumental pending another season of data collection.

2.5  Geophysical Surveys

Two geophysical surveys were conducted during this investigation: one in April during high-flow and
non-pumping conditions (i.e., before the ESR pumping wells were activated); and the other in August
during low-flow and pumping conditions (i.e., near the end of the irrigation season). NorCal
Geophysical Consultants conducted both surveys. Both surveys employed time-domain
electromagnetic (TEM) soundings and were designed for mapping potential saltwater intrusion effects
beneath the lagoon towards the direction of the ESR pumping wells.

Both surveys consisted of a series of TEM soundings across three transects as shown on Figure 2-3.
Both surveys were conducted identically, using the following three survey lines:

e Line 1 traversed across the entire mouth of the lagoon at the beach.
e Line 2 began at the beach and proceeded through the middle of the lagoon.

e Line 3 was completed on the trail located on the southeast side of the lagoon extending from
the beach inland as conditions allowed.

e Line 4. The lagoon line was continued along the lagoon trail to the general location of the New
Well.

NorCal Geophysical provided a preliminary report presenting the April TEM survey resuits (NorCal,
2004). However, subsequent updates to the geologic conceptual model required that the TEM data
be re-interpreted. The new interpretation of the April TEM survey was provided by NorCal along with
the August TEM data interpretation (NorCal 2005). The results of both TEM surveys are discussed in
Section 3.5.2. A complete copy of the TEM survey report is included in Appendix E.

2.6 Monitoring Program

Thirteen groundwater wells were actively monitored during this investigation (Figure 2-2), including:

e Three active extraction/irrigation wells (Old Well, New Well, Navy Well).
e Three inactive extraction/irrigation wells (ESR-01, ESR-02, ESR-03).
» Two wells installed during the 1998 hydrogeologic investigation (JSA-03, JSA-04).

e Five wells installed during this investigation (ESR-10A, ESR-10B, ESR-10C, ESR-11,
ESR-12).
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In addition to the groundwater wells, two river stilling wells were monitored at Transect 1 and Transect
2 for the purpose of measuring river stage elevation and flow. A third river transect (Transect 3) was
located at the river's mouth (the V-notch), however a stilling well was not installed at this location due
to its exposed nature. A brief summary of the groundwater well construction data is provided in Table
2-1.

2.6.1 Pumping Well Status

Two agricultural supply wells located in the alluvial floodplain of the Big Sur River are used to irrigate
the cattle pastures at ESR during the pumping season (See Figure 2-2). The Old Well was installed in
1949 and records reflect a pump was installed in the Old Well in 1950. The Old Well has a 60
horsepower centrifugal suction pump and reportedly began operation sometime in 1950. A second
well (New Well) was installed in 1975. The New Well contains a vertical turbine pump with a 50 -
horsepower motor. Pumping well status for these two pumping wells was recorded on a daily basis
during the Study Period. This data included groundwater temperature (discussed in Section 2.6.4),
groundwater quality parameters (discussed in Section 2.6.5), start-up and shutdown events, and
extraction rates. Groundwater extraction rates were estimated based on pumping tests conducted on
each well when pumping with the normal irrigation valve configurations used by ESR personnel.
Table 2-2 summarizes the pumping well operational status and estimated extraction flow rates for the
2004 irrigation season. '

2.6.2. Groundwater Levels

Global Water model WL15 data logging transducers were used to collect and record temperature and
groundwater head (amount of water above the sensor) measurements from groundwater monitoring
wells, pumping wells and stilling wells within the Study Area. See Figure 2-2 for the location of each
transducer equipped well. The data recorded by the transducers were downloaded to a handheld
computer (PDA) on a bi-weekly basis. Each transducer arrived factory calibrated with a
manufacturers recommendation of yearly recalibration.” According to the manufacturer, the accuracy

of the pressure fransducers is + 0.2% of the full pressure range between 35 °F to 70 °F. This equates -

to an accuracy of £ 0.006-ft (x 0.07 inches) for the pressure transducers with a 3-ft pressure range
and an accuracy of + 0.03-ft (£ 0.36 inches) for the pressure transducers with a 15-ft pressure range.
The pressure transducers used are known as “differential water level monitors”, meaning that they
automatically compensate for changes in atmospheric pressure and that no post data retrieval
corrections need be made. : '

Concurrent with the download, depth to groundwater was measured manually in each well. A Heron
“Little Dipper” water level meter was used to assess depth to water. According to the manufacturer,

the instrument conforms to the upcoming American Society for Mechanical Engineers (ASME) .

J

2-9 The Source Group, Inc.
ESR--4

™,

N\



El Sur Ranch, Big Sur, California
Hydrogpologlc Investigation and Conceptual Site Model :
within the Lower Reach of the Big Sur River May 20, 2005

performance standard for steel measuring tapes (reference B89.1.7). This standard calculates
maximum permissible error (MPE) based on the following formula:

MPE = + (0.0118in + (0.00096in/ft * L ft))

where ‘L’ is the length of the tape being checked. Using 45-ft (the maximum use of the depth to water
meter) for the value of ‘L, the resulting MPE is £+ 0.055-ft. The instrument also conforms to ‘European
Class II' standards, which require the tape to be accurate to 1/100" ft per 100-ft under an eleven
pound load. Based on those two criteria and the small size of the tape and probe (i.e., results in
minimal stress on the tape when played out), the accuracy of the instrument is + 0.01-ft. The
manufacturer does not recommend periodic calibration.

See Table 2-3 for a complete listing of all manually collected depth to water data. The list of
monitoring wells, the types of data obtained from each well, and the data set date range can be found
in Table 2-4.

2.6.3 River Stage and Flow

River stage and flow at each of the three transects was recorded once during the day and once at

night approximately every two weeks. Data from the Transect 2 stilling well pressure and temperature
transducer was downloaded to a handheld computer (PDA) concurrent with the stage and flow
readings (see section 2.6.2 for specification for the Global Water model WL15 data logging
pressure/temperature transducer used in the stilling well).

A Marsh-McBimey model 201D electromagnetic velocity meter was used collect river flow volume
from the three transects located along the Big Sur River. River velocity was measured and recorded
at 0.5-foot intervals along transects oriented perpendicular to the direction of river flow, with depth to
river bottom being measured concurrently, from which river flow volume could be calculated. For
each set of velocity measurements taken during the day, a corresponding set of measurements was
taken at night to quantify diurnal effects on river flow. According to the manufacturers specifications,
the meter can record velocities in the range of -0.5 feet per second (ft/sec) to +10 ft/sec, with an
accuracy of + 2% of the reading. This allows for a maximum error of + 0.2 ft/sec at maximum vélocity.
The sensor is calibrated by placing it in a pan of standing water and ‘zeroing’ the unit. Periodic
maintenance is confined to simply cleaning the sensor and checking the strength of the batteries.

2.6.4 River and Groundwater Temperatures

Optic Stowaway data logging temperature transducers were installed within the Study Area. Pairs of
these loggers were located at five points along the Big Sur River and in the ocean surf zone recording
temperature hourly. Each transducer arrived factory calibrated with an available National Institute of
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Standards and Technology NIST-traceable temperature accuracy certification. According to the
manufacturer, the accuracy of each unit is + 0.4 °F at 70 °F with a resolution of 0.29 °F at 70 °F.
There is no provision or requirement for user calibration or maintenance. Periodic calibration to NIST

standards and battéry replacement require factory servicing. Data was downloaded from the loggers 4

twice prior to their removal.

Groundwater temperatures were monitored via Global Water model WL15 data logging temperature
transducers installed in the Study Area groundwater wells, with an accuracy of + 1.0 °F. The data
recorded by the transducers were downloaded to a handheld computer (PDA) on a bi-weekly basis.
When practical, temperature was measured manually in monitoring wells with suitable accessibility
using a YSI 556 water quality meter (see section 2.6.5 for YSI 556 meter specifications). The list of
monitoring wells, the types of data obtained from each well, and the data set date range can be found
in Table 2-4. - :

2.6.5 Riverand Groundwater Quality Parameters

Twice a month, water quality parameters were collected from 21 different locations along the Big Sur
River and in the ocean surf zone. A YSI 556 multiprobe system was used to measure temperature,
electrical conductivity and dissolved oxygen content of both groundwater and river water at each
location. The temperature sensor has an accuracy of + 0.15 °C (¢ 0.27 °F) and does net require
periodic calibration. The electrical conductivity sensor has an accuracy of + 0.5% of reading + 1.0
uS/cm (example: a reading of 250 puS/cm would result in an accuracy of + 2.25 yS/cm) and requires
periodic calibration. The dissolved oxygen sensor has an accuracy of + 2%. of reading or 0.2 mg/L,
whichever is greater (example: a reading of 12 mg/L would result in an accuracy of + 0.24 mg/L) and
requires periodic calibration and sensor maintenance. The YSI multiprobe was calibrated upon initial
receipt of the instrument from the manufacturer, then on a frequency of every six weeks during the
study period. At each calibration, the conductivity meter was calibrated to a 1,000 pS/cm standard
solution and the dissolved oxygen sensor was calibrated using tap water, all following YSI published
procedures. In addition, the dissolved oxygen sensor permeable membrane was replaced at each
calibration as recommended by the manufacturer. Based on the calibration results, the average drift
(change in calibration values) for the dissolved oxygen sensor is 1.5% while the average drift for the
electrical conductivity sensor is 0.3%. )

In general, three readings were collected from each station corresponding to the left edge, the right
edge, and the center of the river. Due to safety considerations, it was sometimes not possible to
obtain all three readings at a station. In addition, one reading per monitoring event was collected from
the ocean surf zone.
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When practical, water quality parameters were collected from select monitoring wells using the YSI
556 water quality meter. This data was recorded manually and entered into the database by hand.

With the seasonal start of groundwater extraction in April, the conductivity of water extracted from the
New Well and OId Well were recorded daily. Groundwater was collected from each well individually
from sample ports located at the respective well heads and analyzed using a handheld conductivity
meter. Starting in June, conductivity, along with temperature and dissolved oxygen, were measured
using the YSI 556 water quality meter in place of the handheld conductivity meter previously used.

2.6.6 Weather Station Data

Of the two weather stations erected onsite, only the fixed weather station (WESR-02) needed to be
visited periodically to download hourly weather data from its data logger via direct hookup to a laptop
computer. The mobile weather station (WESR-01) was equipped with a wireless modem allowing
remote data downloading via the Globalstar™ satellite network. In general, data from the two weather
stations was collected on a bi-weekly basis.

2.6.7 Public Domain Data Acquisition

Much of the data needed for the study was being collected by other entities and was available via
Internet download. The following data was collected from the Internet:

2.6.7.1 Big Sur River Gauge Flows

United States Geological Survey (USGS) stream gauge #11143000 is located on the Big Sur River
above the Study Area (see Figure 2-4). This gauge records stage height and stream flow of the Big
Sur River every fifteen minutes. The data was obtained from the following Internet web page:
hitp://waterdata.usgs.govica/nwis/uv?dd _cd=02%2C03&format=htmi&period=31&site _no=11143000.

2.6.7.2 Precipitation Data

Weather station PPSC1 (former TR361) is located near the USGS Big Sur River stream gauge (see
Figure 2-4). This station records accumulated rainfall on an hourly basis. The data from this station is
collected and maintained by MESOWest, an online weather station data repository associated with
the University of Utah. The data was obtained from the following Internet web page:
http://www. met.utah.edu/cgi-binfroman/meso_base.cgi?sth=TR361
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2.6.7.3 Tidal Conditions

NOAA tidal station #9413450 is located in Monterey Harbor within Monterey Bay (see Figure 2-4).
This station records tidal changes every six minutes. Data from this station is collected and
maintained by the Center for Operational and Oceanographic Products and Services (CO-OPS). The
data was obtained from the following Internet web page: http://co-
ops.nos.noaa.gov/data options.shtml?stn=8413450+Monterey,+CA. '

2.7 Data Management

2.71 Database Development

A relational database was used to efficiently store and retrieve the large volume of data collected
during this investigation. A custom data model (Figure 2-5) designed to accommodate the various
types of data collected during this investigation was implemented using Microsoft Access. Individual
database tables were created for each data type collected during this investigation including both the
field measurement data and the Internet downloads of public domain data. The resulting database
contained 14 tables and more than 140,000 records. An electronic copy of the database is included in
Appendix F.

2.7.2 Datalmportation/input

A significant benefit to designing a custom data model was the ability to match the database structure
to that of the raw data collected and/or downloaded during this investigation. This direct mapping of
data columns between the raw data and the database made it possible to use “cut and paste”
techniques to import the majority of the data into the Microsoft Access database.

2.7.3 Data QA/QC

Each table within the database was individually checked for completeness and accuracy when
compared to the raw data, though the method varied dependant on the method of data coliection.
Manually collected data was physically checked line by line to determine accurate translation. The
electronically collected datasets and the larger manually collected datasets were checked graphically.
Specifically, the large datasets are expected to follow certain trends dependant on the data collected.
Anomalous data points can be spotted graphically and analyzed for accuracy. See Table 2-5 for the
data collection summary and anomalous data explanations. The following sections summarize the
Quality Assurance/Quality Control (QA/QC) method for each type of data collected.
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2.7.3.1 Manual DTW Data

Manual depth to water data collected in the field was recorded onto field data sheets. Information on
the field data sheets was manually entered into the database. The data in the database was then
checked against the field data sheets for accuracy. See Table 2-3 for a listing of all manual depth to
water data collected.

2.7.3.2 Precipitation Data

All data was downloaded from the University of Utah MesoWest website. Data could only be
downloaded one day at a time, and then compiled for upload into the database. No other data
alterations were carried out. No independent data checking could be completed as we did not have
access to the source data.

2.7.3.3 Pumping Status

Data was collected daily by ESR staff and manually recorded onto field data sheets. Information from
the field data sheets was manually entered into the database. Data in the database from the 2004
field season was checked against the field data sheets for accuracy and was determined to by highly
reliable.

2.7.3.4 Temperature Data

Temperature dataloggers were installed at five stations in the river and one station in the ocean,
recording temperatures hourly. Data was downloaded from the loggers then uploaded into the
database. All the data in this table was graphed and checked for anomalous data points. Several
technical issues arose during the course of the study, which resulted in both anomalous data and data
loss. In most cases, anomalous data could be corrected to accurately reflect environmental
conditions at the time of data collection. Explanations of all of the anomalous data are found in Table
2-5. See Appendix H for graphs of all temperature logger data.

2.7.3.5 Tide Data

All data was downloaded from the NOAA Center for Operational Oceanographic Products and
Services website. Data was downloaded from the website, then uploaded into the database. No
independent data checking could be completed, as we did not have access to the source data. The
downloaded data is noted on the website as being verified. The data was also graphed and checked
for anomalous data points. See Appendix | for a graph of tidal data.
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2.7.3.6 Transducer Data

Transducers were installed in most of the monitoring wells at the site, recording both temperature and
head of water. Data from the loggers was downloaded in the field using a handheld computer and
transferred to an Excel™ spread sheet. All the data in this table was graphed and checked for
anomalous data points. Several technical equipment issues arose during the course of the study that
resulted in some anomalous data and data loss. In most cases, the anomalous data could be
corrected to accurately reflect environmental conditions at the time of data collection. Explanations of
all anomalous data were found in the data validation table (Table 2-5). See Appendix H for graphs of
all temperature data and Appendix J for graphs of recorded water level elevation in wells.

2.7.3.7 USGS River Gauge Data

All data was downloaded from the USGS Water Resources website. Data could only be downloaded
in one-month increments. Needed data was extracted from the data download files, then uploaded
into the database. No independent data checking could be completed as we do not have access to
the source data. They note that “Recent data provided by the USGS in California -- including stream
discharge, water levels, precipitation, and components from water-quality monitors-—-are preliminary
and have not received final approval”. See Appendix K for graphs of the USGS river gauge data.

2.7.3.8 Velocity Data

Data was collected in the field and recorded manually onto field datasheets. The data from the field
data sheets was transcribed into electronic format and uploaded into the database. All the data in this
table was graphed and checked for anomalous data points. The data in the table was also checked
against the field data sheets for accuracy of translation. Explanations of all anomalous data were
found in the data validation table (Table 2-5). See Appendix L for manually recorded river stage and
flow data.

2.7.3.9 Weather Station Data

Two onsite data logging weather stations recorded and stored data every hour on the hour. Data was
downloaded on a periodic basis using a laptop computer. Each downloaded data set was then
uploaded into the database. All data was graphically checked for completeness and for data
anomalies. Explanations of all anomalous data were found in the data validation table (Table 2-5).
See Appendix G for graphs of all weather related data.
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2.7.310 Water Quality Data

Water quality data was collected and manually recorded on field datasheets. The data was
transcribed into electronic format and uploaded into the database. All the data in this table was
graphed and checked for anomalous data points. The data in the table was also checked against the
field data sheets. Explanations of all anomalous data were found in the data validation table (Table 2-
5). See Appendix M for graphs of all water quality data.

2.8 Saltwater Intrusion Modeling

Numerical modeling was conducted to further evaluate the conceptual hydrogeologic model presented
herein with respect to the mechanism for seawater encroachment resulting in measured saline
impacts in both the Navy Well and the Old Well. Specifically, information for the lower reach of the Big
Sur River Valley gathered during this study was processed using the equations that describe
groundwater flow physics in a coastal environment in an attempt to reproduce the observed
groundwater quality distributons. The U.S. Geological Survey (USGS), K SEAWAT-2000 model
(Langevin et al., 2003) was used to simulate density-dependent groundwater flow and transport at the
site during the irrigation season at the mouth of the Big Sur River. SEAWAT-2000 was chosen
because it couples the variable-density fluid flow (using a modified version of MODFLOW-2000) and
the transport of solutes that contribute to the density variation (using MT3DMS) into a single program
for variable-density flow. MODFLOW-2000 and MT3DMS are industry standard USGS numerical
models with wide acceptance within the scientific community. The area evaluated by the model (the
model domain) is depicted in Figure 2-6.
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3.0  DISCUSSION OF FINDINGS AND HYDROGEOLOGIC CONDITIONS

The surface and subsurface conditions described in this report have been interpreted from information
obtained from the geologic literature, geologic field mapping, air photo interpretation, interviews,

—

reports of previous studies of the mouth of the Big Sur River and the large data collection effort

documented herein. .

3.1 Regional Geologic Setting

. The dominant geologic structural trend of the area is west of north, consistent with the general
structural trend of the Coast Ranges and the Santa Lucia Mountains. The main structural features of
the region are the thrust faults — the Sur Hill fault and the Sur fault (Sur Thrust) — along which the rock
formations were thrust several thousand feet upward and over both younger and older formations,

with the movements in a general southwesterly direction (State of California, Department of Natural

Resources, Division. of Mines). The Big Sur River crosses the northwest-trending Sur Thrust, the
major structural boundary of the Santa Lucia Mountain Range that separates dissimilar rock types.
East of the Sur Thrust are Cretaceous aged granitic intrusive rocks and pre-cretaceous aged
metamorphic rock (primarily gneiss, quartzite, and schists) of the Sur Series (Sur Complex) as
described by Trask (Trask, 1926) and others. These hard crystalline rocks compose the core of the
- Santa Lucia Mountain Range from which the Big Sur River drains. Relief is rugged east of the Sur
Thrust fault with slopes commonly 45 degrees or greater.

The Sur Thrust splits into two parallel faults in the Big Sur Area, the Sur Hill fault on the east and the
Sur fault on the west. Sandwiched between these two faults is a narrow wedge of Tertiary aged
sandstone called by variable names in the literature including the Santa Margarita Sandstone
(Oakeshott, 1951; Cleveland, 1973). These rocks in the core of the fault zone form a weak foundation
along the base of the hillslopes northeast of the Big Sur River and are more easily weathered and
eroded than those of the Sur Series that are stacked above them to the east.

West of the Sur Thrust faults lie rocks of the Franciscan Formation. The rocks of the Franciscan
Formation are mainly sandstone and shale. Slopes are generally less steep on the Franciscan rocks.
Alluvial deposits discontinuously mask the bedrock geology along the Big Sur River as it flows
between and across the Sur Thrust faults. The whole group of formations have been tilted at angles
of 30 to more than 60 degrees toward the northeast in conformity with the general movement along
the thrust faults (State of California, Department of Natural Resources, Division of Mines).

A map depicting the generalized bedrock geology as described above is presented as Figure 3-1.
The map includes the outline of the Big Sur Watershed and the canyons of the Big Sur River. The
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character and orientation of these major geologic units plays a significant role in the determination of
the hydrogeologic and hydrologic conditions that are the subject of this investigation.

3.1.1  Sur Complex

The Sur Complex consists of hard metamorphosed marine sedimentary rocks locally called the Sur
Series that include quartzite, gneiss, schists, granofels and marble. Some of the amphibole and
augite-plagioclase gneisses may be of igneous origin, and a part of the gneisses apparently are of
primary origin. Many of the gneisses are of the injection gneiss type, the formation of which is
associated with the intrusion of the Santa Lucia quartz diorite (Trask, 1926).

Approximately 80% of the Big Sur River Watershed overlies the metamorphosed crystalline rocks of
the Sur Complex (Figure 3-1). Big Sur River summer base flow is primarily derived from groundwater
stored within the fractured rocks of the Sur Complex.

3.1.2 Santa Margarita Formation

The Santa Margarita Formation crops out in the Big Sur area only in the narrow zone between the Sur
fault and the Sur Hill fault (Figure 3-1 and 3-2). It represents a remnant of once more extensive
sandstone, which was over-ridden on the east by the Sur gneiss along the Sur Hill fault and was itself

-pushed upward and westward over the Franciscan rocks along the Sur fault. For the most part, the
-Santa Margarita sandstone varies from a fine-grained, -brown sandstone to a coarse-grained, white,

pebbly sandstone with a little conglomerate. It is essentially massive, that s, it is difficult to distinguish
any sign of bedding or stratification, although the formation was probably. tilted to the northeast, as
was the Franciscan Formation, when the major faulting occurred (State of California, Department of
Natural Resources, Division of Mines). '

3.1.3 Franciscan Formation

A northwest trending band of Franciscan rocks, partly covered by the Pacific Ocean, is located on the
southwest side of the Sur fault zone. The strike of the beds is roughly parallel to the coast line and the
dip is fairly uniformly 40 to 60 degrees northeast (Gilbert, 1971). Structural disorder and pervasive
shear dislocation is characteristic of this belt of Franciscan Formation rocks forming a mixed up
mélange. It consists of a mixture of sheared and faulted medium-grained, lithofeldspathic wacke or
graywacke, micrograywacke, siltstone, or shale and conglomerate containing clasts of graywacke,
siltstone, chert, and metavolcanic rocks in exposures along the coast between Point Sur and the Big
Sur River (Figure 3-2). Most of the graywacke has been tectonically blended into mixed-up mélange,
erasing stratigraphy and reorganizing the metamorphic rocks. Metavolcanic rocks - including
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greenstone and pillow basalt; red, whlte green ribbon chert, greenschlst and blueschist - are also
~ present in the mélange (Hall, 1991)

3.2 Surficial Geologic Units in Study Area

The Study Area boundary is defined by an approximately one-mile stretch of the Big Sur River
terminating at the Pacific Ocean and includes the land area that contributes groundwater and surface
water flow into and out of this stretch of the river. The generalized map of geologic units in the Study
Area is depicted on Figure 3-3. Three principal geologic units occur in the Study Area including
Franciscan Formation bedrock, terrace alluvial deposits, and Quaternary aged stream alluvium filling
the Big Sur River valley. The Franciscan and Santa Margarita Formation bedrock slopes that border
the Study Area to the east and south are mantled with a relatively thin layer of loose rock and debris
called colluvium and with landslide/mudflow deposits. These materials: thicken as the mountain slope
lessens and onlaps onto the marine terrace deposits that border the Franciscan Complex rocks that
outcrop to the east (Figure 3-2). The following sections describe the principal geologic units as they
are encountered in the Study Area.

3.21 Franciscan Formation Bedrock

rocks of the Franciscan Formation underlie both the Quaternary alluvial deposits and the terrace
alluvium throughout the Study Area. This is a varied formation with several different rock types
occurring in the Study Area.

Forming the weathering resistant narrow ridge at the ocean’s edge, the Franciscan Formation consists
of massive sandstone, fractured shale, and altered volcanic rock (metavolcanic) known as
greenstone. The sandstone and shale dip approximately 40 degrees to the north-northeast. Twelve
to eighteen feet of soil and colluvium overlie the bedrock along the narrow ridge (Dames & Moore,
1963). Trask described the greenstone that makes up the resistant Franciscan rocks at the Mouth of
the Big Sur River as a dark green rock in which small lath-shaped feldspar phenocrysts are
occasionally seen (Trask, 1926). These greenstones occur in small isolatedpatches in various parts
of the Franciscan. Figure 3-4 presents a photograph of these metavolcanic rocks as they occur at the
mouth of the Big Sur River.

The Franciscan Formation bedrock that underlies the alluvium in the portion of the Study Area where
all the wells are located (Figure 3-3) consists of dark gray clay that grades into a weathered micro-
graywacke at depth as confirmed in core samples collected during this investigation for the drilling of
wells ESR-10A,B,C (See Drill Log in Appendix B). An example of this same material is seen in an
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outcrop near the Andrew Molera State Park parking lot as shown in the photograph presented on
Flgure 3-5.

Immediately north of the Andrew Molera State Park parking lot, the river makes a right angle turn and
exposes competent tan sandstone of the Franciscan Formation. This rock meets the description by
Trask of Franciscan Formation rocks in the Point Sur Area described as a well indurated massive,
medium-grained, feldspathic sandstones which, when fresh, are gray in color, but weather to a
yellowish brown (Trask, 1926)

3.2.2 Terrace Alluvium

A series of terraces extending upward to a height of 500 feet occupies the indentations between the
promontories along the Big Sur Coast. The best developed terrace is the 40-foot terrace, a part of
which extends south of Pt. Sur to south of the Big Sur River and is 3,000 feet in width forming the
ocean-side cattle grazing lands of ESR. This terrace separates the mouth of the Big Sur River from
the abrupt rise of the Santa Lucia Mountains to the east (Figures 3-2 and 3-3).

These relatively flat and nearly level surfaces exposed along the coast are not wave-cut terraces, but
represent the surfaces of alluvial deposits resting upon terraces cut by wave action into the underlying
Francsican formation rocks. As a result of the highly variable make-up and resulting hardness of the
underlying Franciscan formation rocks, the terrace surface upon which these deposits rest is
mterpreted to have an irregular topography in contrast to the nearly level surfaces of the alluvial
deposits that overlie them. The alluvial deposits (called terrace alluvium) consist primarily of alluvial
wash from the mountains to the east. The alluvium is thickest on the face of the sea cliff. From this
point its upper surface slopes gently upward, covering younger and older terraces alike, until truncated
by the sides of the mountains. The terrace alluvium is rudely stratified, poorly sorted, the constituents
are very angular, and the kind of rock found depends upon the nature of rock present in the mountains
at the rear of the terrace (Trask, 1926). A cliff along the coastline terminates the terrace abruptly. The
character of these terrace deposits is documented in a photograph of their outcrop as they form a cliff
on ESR (Figure 3-6).

Due to continuing mountain uplift, the Big Sur River has cut a valley 2,000 feet in width through the
terrace alluvium in the Study Area. The terrace deposits documented in drilling cores (Appendix B)
and inspection of outcrops indicates that in the Study Area the terrace alluvium consists of semi to
weakly consolidated material made up of cobbles, gravel, sand, silt and some clay. These deposits
are overlain in spots north of the mouth of the Big Sur River by sand dune deposits. To the east,
landslide deposits consisting of rock and mudflow debris overlie the terrace deposits (Figure 3-2).
These landslide deposits likely inter-finger with the alluvial deposits of the terrace along their eastern
margin.
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3.2.3 Quaternary Alluvium

Holocene aged (less than 11,000 years old) Quaternary deposits of unconsolidated boulders, cobbles,
gravel, and sand derived from the bedrock of the Santa Lucia Mountains and lain down by the Big Sur
River in a deeper cut ancestral canyon makes up the primary groundwater aquifer in the lower
watershed and is the source for water pumped in the Study Area (Figures 3-2 and 3-3). The geologic
term for this deposit is “alluvium”. '

3.3 Alluvial Aquifer

3.3.1 Description and Extent of Quaternary Alluvial Aquifer

In the eastern part of its watershed, the present Big Sur River rushes at a steep grade through the
hard, resistant crystalline rocks of the Sur series to form the narrow, rock-bound valley called the
Gorge. As water emerges from the lower end of the Gorge, its velocity is slowed and it has built up a
series of boulders, gravel, and sand deposits along a channel several hundred feet to 2,000 feet wide.
These stream-deposited sands, gravels and boulders make up the alluvium outlined on the geologic
map along the course of the Big Sur River (Figures 3-2 and 3-3).

As the river meets the ocean, these deposits of sand, gravel, cobbles and boulders have filled the
mouth of the Big Sur, both onshore and for some distance offshore. Due to scouring and erosion of
the finer-grained materials, the top several feet consists almost entirely of gravel and cobbles, with
some large boulders. This is characteristic throughout the onshore area, and offshore to a water
depth of 20 feet below Mean Lower Water Datum. Below this upper zone of very coarse material,
evidence from the one test pit and from pile driving records indicate that the deposits consist of silt and
sand layers, with lenses of gravel, cobbles and boulders (Dames & Moore, 1964).

A petrographic examination of test pit samples collected from the alluvium at the mouth of the Big Sur
River was conducted in 1964 by the American Cement Corporation (Dames & Moore, 1964). The
results indicated three primary rock types make up 91.1% of the alluvial material as follows; Gneiss =
62.2%, graywacke/sandstone = 18.7%, and Quartzite = 10.2%. This finding is consistent with the
geologic conditions in the majority of the watershed consisting of meta-sedimentary rocks of the Sur
Series (gneiss and quartzite) and with the character of Franciscan rocks (graywacke, sandstone and
shales) as mapped in the lower watershed. Figure 3-7 shows the character of the alluvial deposits in
a photograph taken near the channel edge in the vicinity of the Navy Well.

The coarse and highly permeable Quaternary alluvium material fills an ancestral river canyon that was
cut by the Big Sur River at lower sea levels. Figure 3-8 depicts this ancestral canyon as contour lines

on the base of gravels (alluvium). Figure 3-9 presents a three-dimensional representation of the - -
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ancestral canyon bottom that is now filled with alluvium. This canyon was cut by the river through -
older terrace alluvium that now forms the north border, and into Franciscan Formation micro-
graywacke/graywacke that underlies both the Quaternary alluvium in the Study Area and the terrace
alluvial deposits to the north. Figure 3-8 could alternatively be called contours on the top of
Franciscan bedrock. Franciscan Formation rocks form the south border of the Quaternary alluvial
channel as depicted on the Study Area geologic map, Figure 3-3.

The contour map (Figure 3-8) depicting the base of alluvium is based on the compilation and re-
interpretation of site-specific data collected beginning in 1963 and extending through this investigation.
This information. comes from several different investigations that included variable methods for
exploring the subsurface as follows: excavation pits, pile driving, jetting, seismic refraction profiling,
drilling with coring, drilling without coring, and electromagnetic geophysical surveys. Data collected
from all of these investigations including the geophysical study conducted as part of this investigation
(Appendix E) was evaluated and plotted for use in developing the presented basal surface.

Figure 3-10 provides the locations of five cross sections constructed to further demonstrate the nature
of the alluvial filled channel that makes up the zone for groundwater movement through the Study
Area. Figuresl 3-11 and 3-12 present these cross-sections demonstrating the interpreted alluvial-
bedrock surface. Cross section D-D’ on Figure 3-12 depicts the view of the ancestral river canyon
across the area of the river mouth as it passes through the more resistant rocks consisting of
metavolcanic greenstone. These metavolcanic rocks have reduced the width of the canyon and a.
buried knob of resistant bedrock identified by seismic refraction methods, is located west of mid-
channel bgneath the current location of the lagoon. A photograph of the metavolcanic cliff that makes
up the east wall of this portion of the canyon is shown on Figure 3-13.

The nature of the Franciscan Formation bedrock that underlies the alluvium in the area of cross
section C-C’ on Figure 3-11 was confirmed in core samples collected during this investigation for the
drilling of wells ESR-10A,B,C and field mapping of Franciscan outcrops in the area. The bedrock
consists of dark gray clay that grades into a micro-graywacke at depth. An example of this same
material is seen in an outcrop near the Andrew Molera State Park parking lot as shown on. Figure 3-5.
An interpretation by early investigators (Jones and Stokes, 1999) had suggested that this dark gray
clay layer was possibly underlain by additional alluvial deposits throughout the Study Area and implied
that the depth of the ancestral canyon might be much deeper than is presented herein. This
conclusion appears to be based on a misinterpretation of a single drill log from a non-cored rotary
drilled hole for well JSA-4 (Drill logs are contained in Appendix B). Prior to site evaluation using the
misinterpreted driling log, Jones and Stokes in an earlier document presented an interpretation
consistent with that presented above as demonstrated in the following quote:
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“The depth to clay is important because, as illustrated by the 1957 NAVY Well log,
bedrock underlies the clay at a depth of 49 feet. It is assumed that there is only clay and
rock below the other wells, not additional gravel and sand deposits; therefore, unless
drilling of monitoring wells indicates otherwise, the thickness of the aquifer can be
considered the thickness of aquifer material above the clay layer (Jonés and Stokes,
1997).”

Careful consideration was given by the authors to reinterpreting the “clay layer” as a weathered
bedrock surface rather than a laterally extensive aquaclude separating two alluvial water bearing

Zones.

=1

2)

3)

4)

5)

-The following key points were considered:

In the borehole cored by SGI during the installation of ESR-10C, a gray clay was encountered
that graded into a gray weathered graywacke/stiltstone coincident with the depth of a gray clay
layer described by previous investigators (approximately 30 feet below grade). - This clay and
weathered bedrock sampled from the borehole was identical in color and texture to an an
outcrop of weathered bedrock capped with gray clay observed at elevation within the Study
Area (Figure 3-5).

In this coastal setting, the depositional environment required to create a laterally extensive clay

layer across an uneven river channel surface would involve some form of marine environment

created by an embayment. A clay layer created by such a process would likely have a
significant blue or green color component, which was not observed by the authors in drilling
cores taken from the site. ‘

Seismic data collected during the 1963 harbor site evaluation study (Dames & Moore, 1964)
indicated the presence of a competent bedrock pinnacle at an elevation consistent with the
elevation of bedrock identified by drilling core.

Previous geologic mapping of the vicinity by others has indicated that the Big Sur Valley is
underlain by Franciscan Formation bedrock consisting in large part of “graywacke,
m|crogracke siltstone and shale (Section 3.1.3), and

Review of the rotary-drilled log for JSA-4 in Appendix B (apparently used by Jones and Stokes

to develop the theory of two alluvial zones separated by clay) shows that the “dominant
lithology” in the lower alluvial zone is “angular, medium-gray, siltstone, followed by white
quartz and minor rounded granite”. The following two facts contradict the deeper alluvial zone
interpretation:

i) Alluvial material would be well rounded and not angular due to the fluvial nature of the
depositional environment, and
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i) The nature of rotary drilling is such that if competent bedrock were encountered, the
rotary drill bit would break it apart into “angular” pieces of graywacke (which could be
interpreted as siltstone), -and would likely pick up pieces of the overlying alluvial
sediments (such as “rounded granite”) as it was pushed back up to the surface in the
uncased borehole.

In conclusion, the preponderance of evidence strongly supports the interpretation presented herein
defining the base of the alluvial aquifer as weathered bedrock surface that is at least-partially capped
with a weathered zone that can consist of a well developed gray clay.

3.3.2 Alluvial Aquifer Characteristics

The character of the alluvial aquifer is best described through knowledge of the normal depositional
process for fluvial deposits as aptly described by Fetter, 1980.

Flowing rivers deposit sediment, generally termed alluvium. During periods of flooding,
alluvium is deposited in the channel as well as the floodplain. As the flood peak passes,
flow velocities start to drop, the energy available to transport sediment decreases, and
deposition begins. Coarse gravel is deposited in the stream channel, sand and fine
gravel forms natural levees along the banks and silt and clay come fo rest on the
floodplain. Point bars are formed by deposition of coarse material on the inside of a bend
in the river. Deposition of these coarse point bars is not limited to floods. The alluvium is
reworked by a meandering stream, even during quiescent periods for the river. As the
channel swings back and forth across the floodplain, point bar and channel deposits of
sand,-coarse gravel (and cobbles) are left behind. If the sfream is aggrading, the general
land level subsiding, or both, the alluvial deposits will thicken with time (Fefter, 1980).

The alluvial aquifer in the study area is comprised of alluvium that is fairly coarse in nature due to the
high energy of the regular winter floods that result in the deposition of large amounts of alluvium.
Point bar deposits observed in the study area consist of large cobbles in the 6 to 10 inch size range
with coarse gravels and sand. Inspection of the streambed indicates the presence of very large
cobbles and boulders up to 2 feet in diameter indicative of the high velocity nature of the uncontrolled
winter floods that dominate the depositional cycle of the river valley.

Dames and Moore studied the make-up of the study area alluvium in detail in the area of the river
mouth in 1964 for the purpose of evaluating the feasibility of the construction of a harbor. Based on a
combination of information collected via seismic survey, pile driving, and test pits, Dames and Moore
(1964) concluded that in the bottleneck area of the river as it empties into the ocean, the character of
the alluvium below negative 20 feet in elevation indicates a zone of boulders up to three-feet in
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diameter within the submerged historic river channel (Dames & Moore, 1964). The presence of large
boulders in the historic channel of the alluvium is consistent with the nature of the defined ancestral
canyon, the observed large cobbles to small boulders in the existing channel bed, and the regularly
documented large flood events that dominate the depositional cycle for this river system.

In September 1998, a pumping test was conducted (Jones and Stokes, 1999) to determine the
characteristics of the alluvial aquifer via the constant rate pumping of the ESR New Well groundwater
extraction well. The pumping test was run for 27 hours with New Well extracting groundwater at an
average rate of 1,150 gallons per minute (gpm). Four groundwater monitoring wells, JSA-03, JSA-04,
JSA-05 and ESR-03, were equipped with data logging pressure transducers and used to observe and
record the effects of the pumping. :

Groundwater well JSA-05 was located in Creamery Meadow on the opposite side of the river from the
pumping well. No pumping related effects were observed in this well. Measured water levels in the
remaining three observation wells were corrected for all non-pumping related effects recorded in JSA-
05. Data from observation wells JSA-03, JSA-04 and ESR-03 were analyzed by Jones and Stokes
(1998) using type curves derived for confined, unconfined and leaky aquifers. The results from each
calculation type on each set of well data were combined to define Transmissivity and specific yield for

the aquifer. Transmissivity was reported to be over 600,000 gallons per day per foot (gpdfft). Ty

Hydraulic conductivity based on the Jones and Stokes Analysis is calculated to range from 3,389 to
3,918 feet per day (ft/day) with an average of 3,679 ft/day. SGI reevaluated the data for observation
well JSA-03 and JSA-04-using the Neuman type curves for a fully penetrating unconfined aquifer
consistent with our evaluation of site hydrogeologic conditions. The resulting average hydraulic
conductivity (K) for the alluvium was calculated to be 3,567 ft/day based on this analysis. The
average estimated conductivity value for all of these analysis methods is 3,623 ft/day. Aquifer data
analysis graphs and data are included in Appendix N.

SGI installed a cluster of three monitoring wells next to the Big Sur River approximately 500-ft
northeast of the New-Well pumping well. Alluvium soil samples recovered during the groundwater
well installation process found the local lithology to consist primarily of medium to coarse sand, with
minor amounts of gravel. The drilling logs can be found in Appendix B. The reported values for
alluvial hydraulic conductivity measured during aquifer testing fall in the middle of the range reported
for clean sands and gravels by the U.S. Department of the Interior (Groundwater Manual, 1985).

Additional information collected in' 1964 (Dames & Moore, 1964) indicates that the lower zones of
alluvium in the area of the mouth of the river where the ancestral canyon cut deepest could have a
local hydraulic conductivity significantly higher than 3,623 ft/day due to the presence of large boulders
and cobbles. The results of a seismic investigation combined with test pit and pile driving results in
the alluvium of the bottleneck area of the river as it empties into the ocean indicated that the character

39 The Source Group, Inc.
ESR-4



El Sur Ranch, Big Sur, California
Hydrogeologic Investigation and Conceptual Site Model |
within the Lower Reach of the Big Sur River _ May 20, 2005

of alluvium below negative 20 feet in elevation indicates a zone of boulders up td three-feet in
diameter within the submerged historic river channel (Dames & Moore, 1964). Typical hydraulic
conductivities for this type of cobble and boulder zone range from 10,000 to 100,000 ft/day.

Based on the measured values of aquifer hydraulic conductivity and the interpreted area of saturated
alluvium at cross section A-A’ (Figure 3-11), the estimated groundwater flux moving into the Study
Area through the alluvial deposits was calculated to be an average of 3.45 cubic feet per second (cfs)
during this study period as detailed in Table 3-2. Considering the range of hydraulic conductivity
values estimated by aquifer testing analysis, estimated underflow is calculated to range from 3.16 to
3.81 cfs.

3.3.3 Potentiometric Surface

The potentiometric surface of the alluvial aquifer was measured by manually recording depth to water
in the available groundwater monitoring wells located within the Study Area. A set of water levels was
obtained in April 2004, prior to the start of groundwater extraction. Figure 3-14 shows the
groundwater gradient generally following the flow direction of the Big Sur River to the southwest. The
overall magnitude of the gradient was approximately 0.002 foot by foot (ft/ft). As monitoring wells
ESR-11 and ESR-12 were stil pending installation, no information on groundwater flow within the
terrace deposits was available.

In early July, a set of groundwater elevation measurements was obtained at a time in which the New
Well. pumping well had been operating exclusively for the previous twelve days. Figure 3-15 shows
the New Well capturing a significant quantity of groundwater flow north of the Big Sur River. The
groundwater flow not captured by New Well continued to follow the flow of the Big Sur River to the
southwest. The magnitude of the groundwater gradient ranged from 0.002 ft/ft to 0.006 ft/ft. As
monitoring wells ESR-11 and ESR-12 were still pending installation, no information on groundwater
flow within the terrace deposits was available.

In mid September, a set of groundwater elevation measurements was obtained at a time in which the

- Old Well pumping well had been operating exclusively for the previous eleven days. Figure 3-16

shows the Old Well capturing a greater amount of groundwater flow north of the Big Sur River than
New Well did when operating alone. Otherwise, the groundwater flow not captured by the pumping
well continued to follow the flow of the Big Sur River (southwest). At this time, groundwater elevation
measurements were obtained from terrace wells ESR-11 and ESR-12 that indicate groundwater flow:
from the terrace deposit moving south and southeast to the alluvial aquifer. The magnitude of the flow
gradient in the alluvium ranged from approximately 0.002 ft/ft to 0.014 ft/ft while the magmtude of the
flow gradient in the terrace was approxmately 0.012 ft/ft.
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In late September, groundwater measurements were obtained at a time in which both Old Well and
New Well had been operating together for the previous nine days. Figure 3-17 shows both wells
capturing aimost all of the groundwater flow north of the Big Sur River. The terrace wells continue to
show groundwater flow to the south/southeast toward the alluvial aquifer. The magnitude of the flow
gradient in the alluvium ranged from approximately 0.005 ft/ft to 0.011 ft/ft while the magnitude of the
flow gradient in the terrace was approximately 0.019 ft/ft. ‘

In late October, a set of groundwater measurements was obtained after the cessation of all
groundwater pumping in the Study Area. Figure 3-18 shows the groundwater gradient generally
following the flow direction of the Big Sur River to the southwest, mimicking the pre-pumping pattern
seen in Figure 3-14. The terrace wells continue to show groundwater flow to the south/southeast
toward the alluvial aquifer, with the magnitude of the gradient seemingly unaffected by the cessation
of groundwater pumping. The magnitude of the flow gradient in the alluvium was approximately 0.002
ft/ft while the gradient in the terrace was approximately 0.019.

3.3.4 Groundwater Velocities

Groundwater seepage velocities are calculated by multiplying the conductivity by the hydraulic

gradient and dividing the result by the effective porosity (% of porosity that is interconnected). Values | o

for gradient and conductivity have been measured as discussed above. Values of effective porosity
for unconsolidated coarse sand and gravels range from 22% to 27% (Johnson, 1967). These
numbers are equivalent to specific yield for an unconfined aquifer.

" The baseline groundwater velocity in the alluvial aquifer is calculated at approximately 29 ft/day,
based on the measured pre-pumping groundwater gradient near the wells of 0.002 ft/ft, the calculated
alluvial aquifer K of 3,623 ft/day and the estimated alluvial formation effective porosity of 25%. This
result indicates it would take approximately 172 days for groundwater to travel from the parking lot
area of Andrew Molera State Park to the lagoon area, a distance of approximately 5,000 ft, assuming
that groundwéter pumping is not occurring.

With both extraction wells pumping, the maximum groundwater'gradient in the vicinity of the bumping
wells has been measured at 0.014 ft/ft. This translates into a maximum groundwater velocity of 203
ft/day, nearly an order of magnitude increase in the baseline groundwater velocity.

Groundwater gradients in the terrace deposits range from 0.012 ft/ft to 0.019 ft/ft, while the terrace
deposit K has been approximated at a maximum of 100 ft/day and the semi-consolidated terrace
deposit porosity estimated at 20%. Therefore, groundwater velocities in the terrace deposits are
estimated to range from 6 ft/day to 9.5 ft/day.
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34 Hydrology

3.4.1 Watershed Boundaries

The Sur fault intercépts the Big Sur River as it flows westward out of the higher reaches of the Santa
Lucia Range. The river then trends northwest and follows the Sur Thrust fault zone, cutting a wide
valley in the more easily eroded rocks of the Santa Margarita Formation before it turns abruptly west

as it contacts the rocks of the Franciscan Formation and empties into the sea.

The Big Sur watershed boundary is depicted on Figure 3-19. The watershed is divided into upper and
lower zones. The upper zone comprises 46.5 square miles and is the zone that provides the
predominant volume of both runoff and baseflow to the river. The lower watershed comprises 11.9
square miles. The cutoff between these two zones near the base of the Gorge is where the river

~crosses the Sur Hill Fault marking a significant change in subsurface geologic conditions from

crystalline meta-sedimentary rocks to sandstone. The USGS Gauge in Pfeiffer-Big Sur State Park is
located very near the Sur Hill Fault and flows measured at this gauge are considered to represent the
Upper Big Sur Watershed. The Lower watershed extends from the Sur Hill Fault to the ocean and
includes the Study Area. The Study Area includes the last mile of the river as it empties into the
Pacific Ocean. ’ ’

3.4.2 Precipitation and Evapotranspiration

The estimation of precipitation and evaporation within the Big Sur River basin is important in
calculating a water balance within the Study Area. The following section provides calculations for
precipitation and evapotranspiration for the 2004 El Sur Ranch irrigation season. A water balance
calculation for the Study Area can be found in section 3.4.7 4.

Precipitation at the El Sur Ranch has been estimated by NRCE (March 2005) by correlating long term
historical precipitation daté from regional weather stations to recent data collected in the vicinity of the
Ranch. For the year 2004, the estimated precipitation at the El Sur Ranch was 21.32 inches, which
was lower than the average 27.58 inches of precipitation estimated for the years 1975 through 2004.
The NRCE estimated precipitation for the period of April through October 2004 was 5.68 inches, while
the measured precipitation at the Big Sur Weather Gauge located in Pfeiffer State Park was 7.59
inches for the same time period (Appendix G). The average rainfall in the Upper Big Sur Watershed is
55 inches per year (USGS 1996) while the average rainfall in the Lower Big Sur Watershed is 39.15
inches per year (Appendix Q). '

Evapotranspiration (ET) requirements for local vegetation can be estimated if local reference
evapotranspiration (ETo) values are known. ETo values on an hourly basis can be derived from any
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weather station that records the following data: air temperature, relative humidity, incoming solar
radiation, and windspeed. Water requirements can then be calculated based on the following formula
found in the “The Landscape Coefficient Method” published by the California Department of Water
Resources (CDWR) and as used by NRCE in their ET calculations (NRCE, May 2005):

ETc=KcxETo

where Kc is known as the “crop” coefficient and ETc is the actual water requirement of the “crop”, or
vegetation type. This formula simply states that water loss from any vegetation type can be estimated
by multiplying ETo by a laboratory derived coefficient for the specific vegetation type (CDWR, 2000).
The ET contribution for each vegetation type within an area of study can be calculated by multiplying
the calculated ETc value by the area covered by that vegetation type. The total ET for an area of
study is the sum of ET from all the individual vegetation types.

- Note that the calculations for ET assume that there is an unlimited supply of water available to each
crop type. In dry summer months when soil moisture is low, vegetation might not have enough water.
available to fully evapotranspire as calculated. The result is that calculations for ET in a dry area like
in the Big Sur River alluvial basin (summer conditions) will lead to an overestimation of ET during dry
summer months, i.e., actual vegetation ET will likely be less than what is calculated.

Hourly weather data in the Big Sur River alluvial valley was available starting in July from weather
station WESR-02 erected in the Study Area near the Old Well extraction well (Figure 2-2).
Additionally, hourly weather data was available for the entire pumping season from the weather
station located in Pfeiffer State Park, identified in this study as PPSC1. The Penman-Monteith
equations were used to calculate hourly ETo during the 2004 irrigation season as adopted by the
American Society of Civil Engineers (Walter et. al., 2000). In contrast, NRCE used the Food and
Agricultural Organization of the United Nations Penman-Monteith (FAO P-M) method to calculate ETo
on a monthly basis for estimating crop ETo at the adjacent El Sur Ranch.

The result of ETo calculations from both weather stations show that the average ETo for the Study
Area (WESR-02) is 0.006 inches per hour (in/hr) while the average ETo for the Big Sur Valley above
the Study Area (PPSC1) is nearly a third greater at 0.008 in/hr. This indicates that ET demand for
identical vegetation types will be greater in the Big Sur River alluvial basin above the Study Area than
in the Study Area itself. This is largely due to summer coastal fog, which reduces ET demand in the
foggy areas, including the Study Area. ‘

ET demand was then calculated for the alluvial portion of the Study Area and the Big Sur Valley above
the Study Area to the USGS Big Sur River gauging station. For each area, types of vegetation and
amount of coverage were estimated based on direct observation, available literature and aerial
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photographs. The hills throughout the Big Sur area are covered largely with grasses and chaparral.
According to Cleveland:

Chaparral is a collective term for a group of similar shrubs and small trees which make up the
dull, grayish green, velvet-like cover on much of the coastal ranges of California. The
composition if the chaparral community is not everywhere the same, but changes in concert with
local soil and climatic conditions. At Big Sur it is composed of coast live oak, laurel, tan oak,
chamise, ceanothus, foyon, and manzanita among other plants (Cleveland, 1973).

Trees in the Big Sur area are found mainly in the canyon bottoms, along the banks of rivers and
streams. Cleveland describes the primary tree types to be: )

Trees in the canyon bottoms are the coast redwood, sycamore, madrone, cottonwood, maple,
alder, and willow (Cleveland, 1973).

Figure 3-20 shows the approximate surface coverage of different vegetation types (tree, chaparral,
grass, none) within the Study Area. Cleveland’s vegetation coverage estimates were used to
approximate coverage of the different vegetation types in the Big Sur River valley above the Study
Area: '

Chaparral comprises about 65 percent of the plant cover with trees and grass comprising the
. remainder in about equal amounts (Cleveland, 1973).

Thefi‘{ipredominant grass and chaparral local to the Big Sur region have very low crop coefficient values
(~0.1), reflecting a very low ET demand. Alternatively, most of the frees represented have relatively
high crop coefficients (>0.5), reflecting higher ET demands and demonstrating that overall ET demand
is going to be governed by the amount of tree cover.

Because the relative abundance of tree types (i.e., Redwoods, Cottonwoods, etc.) varies between the
Study Area and the Big Sur Valley above the Study Area to the USGS gauge, different crop
coefficients for tree cover were used based on the “The Landscape Coefficient Method” (CDWR,
2000) and with input from Niel Allen of the NRCE. The crop coefficient used for trees in the Study
Area was 0.85 while the crop coefficient used for trees above the Study Areawas 1.0.

The results of these ET calculations are presented on Figures 3-21 and 3-22. Figure 3-21 indicates
that the ET demand for the area of the Big Sur River alluvial valley depicted on Figure 3-20 ranges
from 0.02 cfs to 0.46 cfs with an average summer ET of 0.29 cfs. The ET demand for the Big Sur
Valley above the Study Area to the USGS gauge is calculated to range from 0.01 cfs to 2.25 cfsona
daily basis with an average summer ET of 1.07 cfs as seen in Figure 3-22. The calculated values of
ET are conservatively estimated because as previously discussed, these calculations assume
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unlimited water availability which is not likely to be the case during the dry summer months. See
Appendix O for all ET related source calculations. '

The impacts of ET and open water evaporation on river flow are exhibited by diurnal changes in river
water level elevations measured at Transect 2. Figure 3-23 is a graph of selected stream elevations
at Transect 2 plotted along with USGS Gauge flow in cfs. The daily cycle of river elevations change
demonstrates the effect of ET on river flow throughout the watershed and comparisons with USGS
gauge flow indicate the correlation of flows between the two measurement locations. .

3.43 Stream Flow

Big Sur River stage height and stream flow measurements are recorded every 15 minutes by the
USGS from their gauge located in Pfeiffer-Big Sur State Park. Three stream flow measurement
transects were established as part of this investigation as shown on Figure 2-2. Bi-weekly stream flow
measurements were collected from these transects during the Study Period as conditions allowed. A
summary of the velocity data for the USGS gauge and the three river transects within the Study Area
~is provided in Table 3-1.

3.4.31 USGS Gauge

There is one USGS flow gauging station on the Big Sur River: station #11143000 near Big Sur
Callifornia, which is located at latitude 36° 14’ 45”, longitude 121° 46’ 20", at an elevation of 240 feet
above sea level, and 2.6 miles southeast of the town of Big Sur. The drainage area above the gauge
is 46.5 square miles. There are no diversions or regulation upstream from this station. The average
monthly flows for water years 1951 through 2004 are shown on Figure 3-24. The annual mean flow at
the USGS gauge was 101 cfs (73,120 acre feet per year). The total drainage area.of the Big Sur
River watershed to the river mouth is 58.4 square miles (NRCE, 1999).

The USGS gauging station records the height of the river stage using a meésuring device contained
within a stilling well to an accuracy of 0.02 feet and a margin of error of +/- 5%. Stage height data is
then translated into stream flow based on a history of points of correlation between stage height and
~ manually collected stream flow data. On an approximately monthly basis, technicians come to the
gauging station site and manually. measure stream flow across a transect located just upstream from
the station. The errors in the manual stream flow are considered insignificant and are ultimately not
quantifiable, including such factors as changes in river bottom configuration, instrumentation errors
and the influence of nearby swimmers. The manual stream flow measurement is then fixed to the
concurrent reading of river stage height. All stage height based stream flow data collected previous to
this point is adjusted to conform to the new reading and all previously correlated points.
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Data from the USGS gauge, including both stage height and stream flow, are posted on the internet in
real time. However, this data is provisional and is subject to change based on the results of the
periodic correlation between stage height and manually collected stream flow data. At the end of a
year, all the stage height and stream flow data for the year is checked and corrected based on the

" correlated points collected monthly. Once all the checks and corrections are made, a process that

could take up to six months, the data is made available to the public.

Big Sur River flow consists of two components, runoff and baseflow. The runoff component occurs
during and after periods of precipitation. The thin soil cover in the majority of the watershed
developed on the metamorphic rocks of the Sur Complex leads to rapid runoff in response to
precipitation. The baseflow component occurs because of the hydraulic head difference between
groundwater and the water surface in the stream. During the dry season from May to October, when
there is little or no precipitation, the stream flow is entirely baseflow. Figure 3-25 shows an
approximate baseflow separation for the average annual hydrograph of the Big Sur River. The
average annual hydrograph was developed using the average daily flows for the period between April
1950 and March 2003 (NRCE, 2004).

A review of Table 3-1 indicates that flow at the USGS gauge decreased from approximately 50 cfs in
April 2004 at the start of the irrigation season to 10 cfs in mid October, the lowest flows of the season.
The Big Sur River daily mean discharge for the period extending back to 1950 presented as percentile
of total flow events is plotted alongside the daily mean flows recorded during the 2004 season (Figure '

-26) Comparison of 2004 flows to the long term daily mean discharge curves indicates that 2004
summer base flow reached a level very near the 25" percentile minimum of 9 cfs. This comparison
indicates that conditions recorded during the 2004 summer season are generally reflective of 75% of
normal summer river flow conditions.

3432 Study Area Transects

‘Collection of river stage and flow data from Transects 1, 2 and 3 began in late July 2004 and included

pairs of measurements representing stabilized afternoon versus stabilized night-time conditions.
Collected flow data is plotted on Figure 3-27 alongside the corresponding flows recorded at the USGS
gauge as well as contained in Table 3-1. A review of these flow data indicate that the flow rate of the
river at Transect 1 is typically around 3 to 4 cfs less than it is at the USGS gauge. Flow data on Table
3-1 also shows that the flows at Transects 1 and 2 typically are within 1 cfs of each other with a
variation between loss and gain in flows across this reach of the river.

River flow rates at Transect 3 are greater than the corresponding flows measured at Transects 1 and
2 for four of the five times of available measurements. These flow measurements indicate that a

~ portion of groundwater flow moving in the alluvial aquifer discharges into the river and exits the basin
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" as surface flow due to the. constriction of the alluvial aquifer at the mouth. Constriction of the alluvial
aquifer is caused by a reduction in total width and an effective reduction in depth due to the mixing
interface with higher density seawater as the alluvial aquifer meets the ocean. '

Transect 3, which was installed near the river mouth, was submerged on August 26, 2004 due to the
lagoon closure, and remained out of service for the remainder of the irrigation season. The lagoon
‘closure was caused by a reconfiguration of the sandbar at the river mouth due to a storm event
coinciding with a high tide. The sandbar effectively blocked the outlet of the river to the ocean causing .
it to backup behind the lagoon thereby increasing the elevation of the lagoon and submerging
Transect 3. |

Photos of the river mouth before and after the lagoon closure event are presented as Figures 3-28
and 3-29, respectively. A copy of the daily field measurements from which river flow was calculated
for Transects 1, 2:and 3 are provided in Appendix L.

3.44 Sources of Stream Base Flow

Baseflow in the Big Sur River is sourced by groundwafer stored within the fractured crystalline meta-

sedimentary rocks of the Sur Complex that make up more than 80% of the total watershed and

comprise 100% of the Upper Big Sur watershed. Minor contributions to baseflow may be provided by
the thin section of sandstone of the Santa Margarita Formation that exists as an isolated band
between the meta-sedimentary rocks and the Franciscan rocks to the west (Figure 3-1). Contribution
of groundwater from Franciscan rocks to baseflow is interpreted to be insignificant based on the lack
of laterally continuous permeability pathways within the normally intensely sheared and faulted
deposits of the Franciscan Formation. A small amount of baseflow contribution may be provided by
deep groundwater (depth of approx 50 feet on the ranch) moving through the terrace alluvium in the
Study Area. This groundwater is not interpreted to be sourced by irrigation of the ESR ranch, but by
rainfall recharge along the flanks of these deposits as they on lap onto the adjacent mountains.
Calculations based on simple cross sectional flow estimates indicate that these terrace alluvium in-
flows are likely less than 0.64 cfs (463 acre feet per year) (Table 3-3).

3.4.5 Pumping

Three wells were actively pumping in the Study Area during this investigation, including two irrigation
wells operated by ESR (Old Well, New Well) and one water supply well operated by the Department
of Parks and Recreation (DPR) (Navy Well) as shown on Figure 2-2. The two ESR irrigation wells
typically operate during the dry months and were in service during this investigation between April 21,
2004 and October 16, 2004 (Figure 3-30). According to a State Park employee, the Navy Well
operated approximately four hours each morning during this investigation at an average extraction
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rate of approximately 0.07 cfs (30 gpm). Based on this information, the Navy Well removed
approximately 23 acre-feet during the Study Period corresponding with a projected annual withdrawal
of 40 acre/feet.

Because Old Well and New Well are not fitted with flow totalizers, their respective extraction rates
were estimated based on the following information:

e Daily operational status of each irrigation well
e Daily total power consumption for both wells
e . Daily irrigation prabtices (i.e., which pastures were being irrigated)

e Documented well yields for each well/pasture combination (SGi, ‘2004).

Because the pastures lie at varying elevations and distances from the well field, the extraction rate for
each well is dependant upon irrigation practices. Pump test results (SGI, 2004) were used to
determine flow rates vs. power usage under different irrigation scenarios, allowing daily flow rate
estimates to be calculated based on operational status, power consumption and irrigation scenario.
The New Well is normally pumped at the total capacity of the pump. As a result, the pumping rates for
the New Well generally represent the maximum attainable pumping rate for the well and pump system
fora given irrigation field valve setting. The Old Well is also pumped at a maximum sustainable rate
as controlled by drawdown in the well. The pump at the Old Well is run in a valved down setting to
preve‘hi cavitations as a result of excessive drawdown. As a result of these system constraints, the
pumplng rates achieved by the ESR irrigation wells represent the maximum rates attainable for the
given system components and configuration. '

A summary of the estimated daily extraction rates for the two ESR wells is provided in Table 2-2. A
review of Table 2-2 indicates that a total of approximately 1,136 acre-ft were extracted during the 2004
pumping season (a total of 178 days) at an average total extraction rate of 3.3 cfs. This represents an
approximate 21% increase in pumping when compared with the average annual extraction rate of 937
acre-ft for the years of 1975 to 2004 (NRCE, January 2005). During 2004, Old Well and New Well
were operating at a period average rate of approximately 1.36 cfs and 1.86 cfs respectively. The
average rate calculations are based on pumping status for the full 178 day pumping season (i.e., non-
pumping days are included in the average).

3.4.6 Water Quality

Water quality measurements for the river were initially collected in April and continued with bi-weekly
surveys starting in July. Temperature, electrical conductivity (EC) and dissolved oxygen (DO)
parameters were manually collected throughout the ESR irrigation season from the left edge, center

3-18 The Source Group, nc.
ESR--4



El Sur Ranch, Big Sur, California '
Hydrogeologic Investigation and Conceptual Site Model ,
within the Lower Reach of the Big Sur River May 20, 2005

and right edge (where practical) of the river at 21 different locations between the ocean surf zone at
the river mouth to the Start Park parking lot (Figure 2-2) (Appendix M). In addition, data logging
temperature transducers, which record hourly water temperature, were installed at five locations along
the river starting in April. In mid July, a second set of temperature data loggers were installed to allow
the recording of both surface water and river bottom temperatures (Appendix H). In addition, the
stilling well at Transect 2 was fitted with a preésure transducer (Appendix J) and a temperature data
logger (Appendix H).

Groundwater quality data were also collected via data logging equipment and manual measurements.
Each well fitted with a pressure transducer (Table 2-4) was also fitted with a temperature logger,
which recorded groundwater temperatures on an hourly basis (Appendix H). Manual temperature, EC
and DO measurements were also collected from the monitoring wells approximately twice a month
beginning in August 2004 (Appendix M).

" 3.4.6.1 River Water Quality

River temperature profiles for ten separate monitoring events conducted between April and October
2004 are presented on Figure 3-31. A review of Figure 3-31 indicates that, in April, at the start of the
ESR irrigation season, and in October at the end of the irrigation season, the temperature of the river
water was nearly uniform along the entire reach of the river. However, between July and September,
as the overall river temperéture increased due to warmer weather, an anomalous area of distinctly
colder water became evident at water quality stations 7 and 8 and occasionally at station 9. The river
temperatures at this cool zone remained fairly consistent throughout the warm summer months (July
through September) even though the river temperatures in the upper reach increased by more than
10°F (6°C) between April and August.

EC and DO data collected from the 21 river water quality stations also exhibited measurable changes
in water quality during the warm summer months near station 8 when compared to the upstream
stations as indicated by lower than average values for both parameters (Appendix M). A review of the
EC and DO charts in Appendix M indicates that, during the summer months, EC values in the cool
zone were approximately 230 micro-Siemens per centimeter (uS/cm) and ranged to approximately
290 uS/cm in the upper reaches and DO values were around 5 mg/L in the cool zone and were
typically around 10 mg/L in the upper reaches. The EC and DO values near station 8 are consistent
with groundwater as discussed in Section 3.4.6.3.

The documented change in water quality at monitoring stations 7, 8 and 9 correspond with the bend in
the river as it approaches the mouth where the alluvial aquifer width is diminished due to harder
Franciscan bedrock conditions. The water quality measurements taken at the bottom of the river
(along the southern bank) at stations 7, 8 and 9 are indicative of groundwater conditions showing
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lower temperatures, lower conductivities, and lower dissolved oxygen levels than measured in upriver
stations. These data indicate that the river is receiving groundwater inflow in this area. This condition
was consistently seen during July, August and September.

3.4.6.2 Lagoon Water Quality

Water quality measurements obtained from water quality stations 2, 3, and 4 correspond to the lagoon
region of the Big Sur River, directly édjacent to the ocean. -Measurement of temperature, EC and DO
recorded throughout the pumping season reveal water quality nearly identical to that of the Big Sur
River. Wave over wash into the lagoon during the spring tides of summer can result in temporary
impacts to water quality in the lagoon as documented by Jones and Stokes during their 1998
investigation. Lagoon stage and EC data collected by Jones and Stokes for the period of July 23 to
September 14, 1998 indicate that the lagoon experienced two distinct periods of elevated EC
concentrations during that period (one in early August and the other in early September) (Jones and
Stokes, 1999). Both of these events were reported to coincide with the maximum high tides for those
months. Jones and Stokes concluded that these elevated EC concentrations were likely the result of
wave over wash, and that the saltwater could be quickly flushed from the lagoon via stream flow in a
single tidal cycle.

The occurrence of detectable wave over wash into the lagoon was observed only during late October
following-.cessation of pumping during this Study Period. During the irrigation-pumping season, no
impacts to. lagoon water quality were evident based on visual observations and field data readings.
Additionally, the constantly recording temperature loggers #1 and #2 located in the lagoon that
included both surface and boftom temperature loggers at each location did not display any
discernable impacts from the mixing of colder seawater during any high spring tide events. Graphs of
the temperature logs for all temperature loggers are included in Appendix H. Lagoon temperatures as
exhibited on the graph for temperature logger #1 in Appendix H show changes that correspond to
seasonal river temperature changes, but do not exhibit any significant change as a result of the
introduction of a large-quantity of colder sea water due to wave over wash through the lagoon mouth.
A review of Figure 3-31 shows that during the warm summer months, the lagoon temperatures are
warmer than those recorded upstream near the groundwater inflow zone (station 8), but are lower
than the upper reaches (stations 10 to 21). This warming below station 8 can be explained, in part, by
exposure to the Sun as the lagoon water moves slowly toward the ocean.

On 26 August, heavy wave action, combined with unusually high tides, created a sand bar that closed
the mouth of the Big Sur River, cutting off the lagoon from the ocean. While the lagoon was closed,
groundwater and surface water elevations increased by several feet as discussed in Section 3.4.8.3.
In general water quality in the lagoon remained consistent with the rest of the river. After heavy rains
in mid October, the river pushed through the sand bar and the lagoon was reconnected with the
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ocean. During the final water quality collection event conducted on 28 October, sea water was
observed over washing into the lagoon, as evidenced by an EC value of 2400 pS/cm for water quality
station 3. However, the majority of this sea water was quickly pushed out of the lagoon by the force of
the river water flowing to the ocean leaving localized areas of brackish water. During this same event
EC values for station 4 were not elevated indicating that the brackish water did not migrate upstream
any significant distance. Overall, there was no observation of significant infiltration of saline water into
the fresh water of the lagoon area based on data collected during this investigation.

3.4.6.3 Groundwater Quality

- Groundwater quality measurements consisting of temperature, EC and DO were routinely collected
during this investigation. Dissolved oxygen and EC concentrations in groundwater remained fairly
consistent throughout the irrigation season, with values typically below 5 mg/l and 300 pS/cm,
respectively. The most notable exception to this is the EC data for the terrace wells (ESR-11 and
ESR-12), which consistently had EC concentrations in excess of 400 pS/cm, indicating that the
groundwater within the terrace deposits has a separate source than that beneath the valley below
(Appendix M).

'The groundwater temperature data exhibited significant changes, both seasonally, and spatially during
this investigation. For example, groundwater temperatures for the ESR-10 wells were all in excess of
64°F (18°C) as measured on 2 September. On this same day, the groundwater temperature in the
other wells was near or below 60°F (16°C), and the river temperature (as measured at water quality
station 10) was approximately 67°F (19°C). The relationship between the river temperatures, the
groundwater temperatures in the ESR-10 wells (located near the river) and the groundwater .
temperatures in the other wells for 2 September is depicted graphically on Figure 3-32. A review of
Figure 3-32 indicates that:

1) The groundwater temperatures for the ESR-10 well cluster are similar to that of the river and
likely the result of groundwater and surface water mixing. A review of the surface water flow
data for Transects 1 and 2 (Table 3-1) indicates that, in general, the river reach above
Transect 2 is a losing reach (i.e., the river is losing water to the ground), which is consistent
with the apparent mixing indicated by the ESR-10 groundwater temperature data.

2) The river temperatures between stations 7, 8 and 9 are dramatically lower than the rest of the
river (also see Figure 3-31). This zone of cooler water is the result of groundwater inflow as
discussed in Section 3.4.6.1.
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3) The groundwater temperatures for wells ESR-2, ESR-3 and JSA-4 are all similar to that of the
cool zone in the river, which further supports the conclusion that the cool zone is sourced by
groundwater entering the river between stations 7 and 9.

As Fall approached, the groundwater temperatures declined for the ESR 10 wells (and JSA-03), and
increased or held steady for the other wells. By 28 October, the groundwater temperatures for all
wells were within a few degrees of each other and are several degrees warmer than the river. The
groundwater temperature decline for ESR-10 mimicked that of the river, which, at station 10, steadily
declined for the remainder of the season (Appendix M). The slight rise in temperatures noted in wells
ESR-02 and ESR-03 may be explained by the arrival of warmer groundwater, which entered the
ground upstream at higher temperatures during the warm summer months, finally making its way
down to these wells in the Fall.

3.4.7 Water Balance / Water Availability

Understanding the general water balance in the basin and how it relates to the Study Area is key to
evaluating water availability. In the interest of evaluating water availability concerns, a screening level
water balance was conducted. This water balance is based on a compilation of various data and
information collected by various parties at different times. The core data supporting the water balance
calculations consists of a lengthy record of Streamflow and rainfall data collected by the USGS and
the NOAA.

The surface water and groundwater in the basin are hydraulically connected acting as a single system
and, therefore all components of the surface water and groundwater are treated within a single water
balance. The alluvium in the Big Sur watershed is recharged through several processes including: 1)
percolation of water through the soil and colluvium covering the bedrock slopes, 2) percolation through
the shallow zone of weathered bedrock beneath the colluvium, 3) percolation through the fractures in
the bedrock, 4) infiltration of surface water from the Big Sur River and fributaries, and 5) percolation of
rainfall directly through the alluvium. Water flows recorded at the USGS gauge capture the net of
these sources of water less ET losses for the upper watershed (Figure 3-19).

Considering published data presented herein, the work of the USGS (1996), the work of Jones and
Stokes (1999) and the work of NRCE (January 7, 2005 and March 2005) a simplified average annual
water balance was developed for the Big Sur Watershed delineated on Figure 3-19 as detailed on
Tables 3-6A and 3-6B. Table 3-6A presents a three-section annual water balance for the Upper
Watershed, the Lower Watershed and the combined total watershed. Table 3-6B presents a

simplified annual water balance and a simplified 2004 irrigation season water balance for the Study
Area.

3-22 The Source Groun, Inc.
ESR--4



El Sur Ranch, Big Sur, California
Hydrogeologic Investigation and Conceptual Site Model ‘
within the Lower Reach of the Big Sur River May 20, 2005

3.4.71 Upper Watershed

The calculated water balance for the upper watershed depicted on Figure 3-19 is summarized in
Table 3-6A. The water balance indicates that total runoff is estimated at 53.61% of rainfall input to the
basin. As shown in Table 3-6A, it is assumed that there are no significant sources of underflow or
return flow into the Upper Watershed and that all precipitation ends up as surface flow exiting the Big
Sur Gorge at the USGS gauge, or is lost to ET. Therefore, the simplified water balance for the Upper
Watershed has a single input (rainfall) and two outputs (surface flow and ET) as follows:

Upper Watershed Inputs

e The average annual rainfall for the Upper Watershed was estimated at 55 inches and the
watershed area was estimated at 46.5 square miles (USGS, 1996), totaling 136,398 ac-ft/yr.

Upper Watershed Outputs

e Surface flow exiting Big Sur Gorge was estimated at 101 cfs based on USGS Gauge data for
flow years 1951 to 2004, totaling 73,121 ac-t/yr, and

o ET was calculated by subtracting the surface flow exiting the Gorge from the rainfall falling
within the basin yielding an estimated ET rate of 46.39% of rainfall, totaling 63,277 ac-ft/yr.

3472  Lower Watershed

A separate water balance was calculated for the lower watershed depicted on Figure 3-19 as also
detailed in Table 3-6A. This water balance indicates that the total of diversion, exports and pumping
represent approximately 1% of total inputs to the lower watershed. = The inputs for the Lower
Watershed include the surface flow exiting the Gorge, rainfall, and return flow; and the outputs include
ET, diversions and basin exports above Transect 1, pumping diversions below Transect 1 and
runoff/underflow to the ocean as follows:

Lower Watershed Inputs

o Surface flow exiting the Gorge (101 cfs as discussed above) is 73,121 ac-ft/yf. It was assumed
that no significant underflow was entering the Lower Watershed due to the fault that separates
the fractured rocks of the Sur Series from the non-transmissive Franciscan mélange marking
the boundary of the Upper and Lower Watersheds, '

e Rainfall (39.15 inches/year, NRCE, March 2005 (Appendix Q) with a surface area of 11.9
square miles, USGS 1996) accounts for 24,847 ac-ft/yr, and
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e Return flow (0.1 cfs, Jones and Stokes, 1998 and Table 3-4) is only 72 ac-ftlyr (note: it was
assumed that no significant return flow exists below Transect 1).

Lower Watershed Outputs

¢ Runofffunderflow to thé ocean of 85,442 ac-t/yr (118.02 cfs) was solved fdr in the water
balance,

o ET (fhe rate of 46.39% of rainfall calculated for the Upper Watershed Was assumed) totals
11,527 ac-ftiyr,

e Pumping diversions below Transect 1 total 977 ac-ft/yr (includes average ESR diversion for
the years 1975-2004, NRCE January 7, 2005 plus an estimated 40 ac-ft/yr for the Navy Well),
and

¢ Pumping diversions and basin exports above Transect 1 (0.13 cfs, Jones and Stokes, 1998
and Table 3-4) total 94 ac-ft/yr. A detailed average annual water balance for the lower
watershed area from the USGS Gauge to Andrew Molera State Park, the beginning of the
Study Area, was developed by Jones and Stokes (1999). This water balance included
information collected by the USGS (1996) that included stream flows from tributary streams

T ~and estimates of basin exports diversions and return flow. The Jones and Stokes water

‘ balance as excerpted from their report is included as Table 3-4.

Analysis of the Jones and Stokes water balance in Table 3-4 indicates that on an annual
basis, the estimated surface flow rate at the beginning of our Study Area near to the Transect
1 location should show an approximate 10% increase in total flow as compared to the USGS
gauged flow. Review of the Jones and Stokes water balance for the low flow months of July,
August and September, however, shows an average net increase of 1 cfs above average
annual USGS gauged flow for those months (Table 3-4). Contrary to the conceptual annual
water balance calculation presented by Jones and Stokes as excerpted in Table 3-4, actual
measurements of steam flow at the area of Transect 1 by Jones and Stokes in August and
September of 1998 consistently showed a loss of stream flow (Table 3-5). Additional
measurements of stream flow at Transect 1 during this investigation for the months of July,
August and September 2004 indicated a consistent level of flow loss between the USGS
Gauge and Transect 1 ranging from 3.64 to 3.85 cfs with an average loss of 3.73 cfs (Table 3-
5).

The field flow data (Table 3-5) indicate that for the low flow summer months of July through
September, the Jones and Stokes conceptual annual water balance is slightly off, likely due to
less inflow from tributaries or higher levels of diversion than estimated by Jones and Stokes.
Further water balance analysis in this report will conservatively consider that during the
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irrigation season, a surface flow loss occurs between the USGS gauge and Transect 1 of the
Study Area on the order of 3.73 cfs.

3.4.7.3 Total Watershed

The values for the Upper and Lower Watersheds were combined to estimate the water balance for the
total watershed as detailed in the bottom of Table 3-6A. The results of the water balance for the entire
watershed indicate that total runoff and underflow is estimated at 52.97% of inputs to the system. This
compares favorably with SWRCB estimates for 36 coastal California rivers indicating an average
runoff of 53.61 percent of total rainfall (SWRCB, 2001). Total exports, diversions and pumping are
estimated to total approximately 0.61 % of total inputs to the basin.

34.74 Study Area Water Balance

Additional water balance calculations were conducted for the Study Area sub watershed as depicted
on Figure 3-19. Table 3-6B contains a simplified water balance for the Study Area on an annualized
basis and for the 2004 irrigation season (178 days in duration). The annualized Study Area water
balance indicates that the net of pumping totals approximately 1.12% of inputs. A second water
balance calculation estimates pumping approximated at 15.36% of inputs for the 2004 irrigation
season.

. The inputs for the Study Area include surface flow at Transect 1, underflow at Transect 1, subsurface
flow from the terrace deposits and rainfall. These inputs are derived from simple analysis and are
based on a small data set. The Study Area outputs include surface flow and underflow to the ocean,
ET, and pumping diversions as follows:

Study Area Annual Inputs

e Surface flow at Transect 1, 82,271 ac-ftlyr, was estimated to be 113.64 cfs by solving the
water balance, '

¢ Underflow at Transect 1, 2,896 ac-ft/yr, was estimated to be 4 cfs, which is slightly higher than
the summer rate presented in Table 3-2 consistent with an assumed increase in annualized
saturated thickness and gradient,

e Subsurface flow from the terrace deposits was estimated at 0.64 cfs as discussed in Section
3.4.4 of this report (Table 3-3), totaling 463 ac-t/yr, and '

e Rainfall (27.58 inches/year, NRCE, March 2005, Appendlx Q) and the surface area of 1
square mile estimated from Figure 3-19 equated to 1,471 ac-ft/yr.
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Study Area Annual Outputs

Surface flow and underflow to the ocean of 118.02 cfs, totaling 85, 442 ac-ft/yr, was solved for
in the Lower Watershed analysus presented in Table 3-6A,

ET was conservatively assumed to be the same 46.39% of rainfall, totaling 682 ac-ft/yr, as
discussed for the Upper and Lower Watershed balances above, and

Pumping diversions total 977 ac-ft/yr (includes average ESR diversion for the years 1975-
2004, NRCE January 7, 2005 plus an estimated 40 ac-ft/yr for the Navy Well).

Study Area 2004 Irrigation Season Inputs

Surface flow at Transect 1 was estimated to be 16.1 cfs, totaling 5,698 ac-ft/yr, baséd on the
average of flow measurement decrease of 3.73 cfs between the USGS gauge and Transect 1
for July through September 2004 presented on Table 3-5,

Underflow at Transect 1 was estimated at 3.45 cfs, totaling 1,218 ac-ft/yr, based on the data
presented in Table 3.2,

Subsurface flow from the terrace deposits was estimated at 0.64 cfs, totaling 226 ac-ft/yr, as
discussed in Section 3.4.4 and Table 3-3 of this report, and

Rainfall (7.59 inches/year, Appendix G) and the surface area of 1 square mile‘ estimated from
topographic maps, totaling 405 ac-ft/yr.

étudv Area 2004 Irrigation. Season Qutputs

3.4.7.5

Surface flow and underflow to the ocean was estimated to be 16.7 cfs, totaling 6,286 ac-ft/yr,
by solving the water balance,

ET was estimated at 0.29 cfs, totaling 102 c-ft/yr, as discussed in Section 3.4.2, and
Pumping diversions of 3.28 cfs were based on 2004 ESR diversions plus 23 Ac—\ft estimated
for the Navy Well, totaling 1,159 ac-ft/yr.

- Sensitivity of Water Balance Calculations

The annualized water balance calculated for the entire watershed as presented in Table 3-6A is based
on data collected over more than fifty years in the basin. Due to this long record of supporting data,
the total watershed water balance is considered fairly robust. The calculation indicates - that
approximately 52.97% of total rainfall leaves the basin as runoff and underflow with only 0.66% of
rainfall input leaving due to diversions and pumping. The least certain parameters in this water
balance are the total rate of diversions, basin exports and return flow in the basin between the USGS
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gauge and the location of Transect #1 in the Study Area. The estimate of these rates is based on
work conducted by the USGS as reported by Jones and Stokes (1999). These diversion and export
rates as estimated total only 0.06% of the water input to the basin. Due to the small magnitude of
these diversions and exports, the sensitivity of the water balance analysis to changes in these
parameters is minimal. Considering a ten-fold increase in the exports and total elimination of the
~ estimated return flow, the water balance net exports for pumping and diversion would convert to
. 1.25% of total basin inputs. As a result of the large data record for inputs, streamflow, and irigation
pumping, and a lack of sensitivity to the least uncertain parameters, the basin wide annualized water
balance presented in Table 3-6A is considered by the authors to be robust and largely applicable for
planning level decisions regarding water availability.

A second annualized water balance calculated specifically for the Study Area as presented in Table 3-
6B is supported by all of the data in the water balance for the total watershed including the value of
total runoff and underflow to the ocean which has been carried forward from Table 3-6A. The Study
Area water balance calculation includes specification of two inputs that include some uncertainty.
These inputs include the underflow contribution from Terrace deposits and the underflow contribution
in the alluvial aquifer as the river enters the Study Area. The water balance calculations indicate that
pumping in the Study Area accounts for approximately 1.12% of total annual inputs. Considering a
sensitivity range of 0 to 1 cfs for terrace deposit underflow and from 2 to 10 cfs for alluvial aquifer
underflow, the impacts to the Study Area water balance remain minimal with total pumping accounting
for 1.07% to 1.15% of annual inputs. This low range indicates low sensitivity of the water balance to
the potential range of uncertainty of these input parameters. Due to this low sensitivity, the annualized
Study Area water balance is also considered robust and largely applicable for planning level decisions
regarding water availability.

A third water balance calculation was created to evaluate the possible Study Area water balance
during the irrigation season as presented on Table 3-6B. This water balance indicates that pumping is
approximated at 15.42% of inputs for the 2004 irrigation season. This water balance is based on all of
the supporting data from the two previous water balance analyses, and includes the specification of
additional inputs that include some uncertainty. The irrigation season water balance assumes a 3.73
cfs loss of surface flow between the USGS gauge and transect #1. In addition, it includes additional
uncertainty associated with the season specific estimates of evapotranspiration losses. Considering a
sensitivity range of flow losses of 1 to 8 cfs, the sensitivity range of 0 to 1 cfs for terrace deposit
underflow and from 2 to 10 cfs for alluvial aquifer underflow, the impacts to total pumping percentage
range from 11 % to 22 % of total irrigation season inputs. This range indicates a higher degree of
sensitivity to these estimated parameters when considering the abbreviated time period associated
with the irrigation-pumping season.
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3.4.8 Alluvial Aquifer Responsiveness

3.48.1  Stream Flow and Aquifer Connectivity

The Big Sur River and associated underflow travel above and within the gravelly alluvial deposits that
comprise the floor of Big Sur Valley. The transmissive nature of these materials implies that the
surface water traveling above the riverbed is in close communication with the groundwater traveling
below the riverbed. Evidence of this connection is the fact that following precipitation events, the river
elevations and the groundwater elevations have nearly instantaneous upward responses as shown in
Figure 3-33. A review of this figure also shows that once the precipitation event is over, both the
surface water and the groundwater levels decline together, without any time lag (as if they were in fact
the same body of water).

3.4.8.2  Pumping Influence

Because the aquifer material within the Study Area is highly transmissive, water elevations in site
wells show a nearly instantaneous response to pumping as shown on Figure 3-34. A review of the
hydrographs shown in this figure indicates that the water table quickly responds to pumping conditions
at distances of at least 500 feet away from the pumping wells.

As previously discussed, the surface water and groundwater are hydraulically well connected. Thef;;.
affects of pumping may be observed by minor changes in the surface water elevations as shown on’
Flgure 3-35. This figure shows that both the groundwater elevation in well ESR-10B and the surface
water elevation in the stilling well at Transect 2 appear to exhibit similar response curves to changes
in pumping conditions (i.e., when both Old ‘Well and New Well are pumping simultaneously).
However, the magnitude of the responses are significantly different as evidenced by the fact that
ESR-10B (which lies between New Well and Transect 2) exhibited a change in water elevation of
approximately one foot while the change in the surface water elevation at Transect 2 was
approximately 0.5 inches. The ability of the irrigation pumps to measurably effect the surface water
elevation is inconclusive however because no noticeable effect on the surface water elevation was
noted on October 16, 2004 when both irrigation wells were turned off for the season (Figure 3—36).

River temperature measurements collected during late September at Transect 2 indicate that surface
water temperatures were not affected by the additional pumping associated with turning on the New
Well late in the season (i.e., by pumping both Old Well and New Well simultaneously) (Figure 3-37).

A graph showing the relationship between elevation and temperature for Old Well groundwater is
presented as Figure 3-38. A review of Figure 3-38 shows that, like surface water, the groundwater
exhibited diumnal fluctuations in both elevation and temperature.
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The Old Well salinity concentration plotted against pumping rate for the entire 2004 irrigation season
is presented as Figure 3-39. This figure indicates that saline concentrations recorded for Old Well
during this season are not solely related to pumping. This is evidenced by the fact that saline
concentrations remained low during periods of sustained pumping in both the early and late portions
of the pumping season. /

3.4.8.3 Tidal Influences

Monitoring data from site wells indicate that the alluvial groundwater system is hydraulically connected
to the ocean. Water levels in monitoring and pumping wells demonstrate a classic tidal pattern with
12.42 hour stage cycles. Figure 3-40 presents a water level hydrograph for select wells that
demonstrates the time-lagged tidal response in the groundwater system. Tidal fluctuations resulted in
groundwater elevation changes of up to 0.6 feet on a daily basis in the well closest to the ocean, the
Navy Well. A tidal response is also seen in water levels in the terrace wells as shown in the
hydrograph for terrace well ESR-12 (Figure 3-41). Groundwater moving within the terrace deposits is
also hydraulically connected to the alluvial aquifer and the ocean. Hydrographs for all wells are
presented in Appendix J.

The gravitational influence of the Moon and the Sun on the Earth's oceans is primarily responsible for

governing the semi-diurnal (twice daily) tidal cycles generally seen world wide. Variations in the
gravitational forces caused by the orbit of the Moon around the Earth and the orbit of the Earth around
the Sun can greatly affect the amplitude of the tides. Spring tides are especially strong tides that
occur when the Earth, the Moon and the Sun are in alignment. ‘Twice each month, at the time of the
new moon and the full moon, the gravitational influences of the Moon and Sun reinforce one another
and cause the tides to rise to greater heights and fall to lower lows than average tides. The term
‘spring tide’ derives its name not from the spring season, but from the Old English word "springan”
which means to well up.

Locally, tides vary greatly from location to location. The primary influences on local tides include the
~ shape and depth of the regional ocean basin, the geography of the local ocean-land interface, and the
Coriolis force. These influences can have a significant effect on both the period and magnitude of local
tides, though are not easily quantified. For this reason, local tide predictions are dependant on access
to historical tidal records. ' '

Based on historic tidal records, the magnitudes of the spring tides within the Study Area are generally
greater during the summer and winter months and lower in the spring and fall. Within the context of
the pumping season, the tides are more pronounced during the months of May through August.
Spring tides that occur during the month of September are generally reduced in magnitude relative to
the proceeding months. A graph depicting the spring tides through the Study Period is presented as
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Figure 3-42. Spring tide elevations during the months of May through August were more than one
foot greater than the bracketing months of April and September. Based on the historical record, the
effect of increased spring tides during the summer months recurs annually.

The spring tides in the summer combined with a storm surge can result in the temporary closure of the
river outlet through the deposition of beach sands across the entire mouth of the river. The former
ESR ranch manager, Tom Asmus, has indicated that closure of the mouth of the Big Sur River during
the summer months was a regular occurrence during his fifty years of life at the ranch. A low-pressure
weather system combined with a spring tide resulted in closure of the river mouth on the evening of
August 26", 2004. River mouth closure caused backup of the river level in the lagoon and resulting
increases in' groundwater levels within the lagoon and monitoring wells. Lagoon levels were
monitored manually during the Study Period and indicate an increase in lagoon elevation of up to 3.5
feet as depicted on Figure 3-43. Closure of the lagoon mouth resuited in groundwater elevation
increases of close to 2-feet in some momtormg wells as shown on a multi-well hydrograph presented
as Figure 3-44.

Following the closure of the river outlet, water began building up within the lagoon. In order to relieve
the increasing hydraulic pressure within the lagoon, water began to seep through the porous sand bar
that blocked the former outlet. Eventually, water levels in the lagoon stabilized, forming equilibrium
with lncommg river water and water flowing from the lagoon to the ocean through the sand bar.

Evidence of this mechanism could be detected during low tide conditions when significant quantities of
water were seen emanating from an isolated patch of exposed beach opposite the sand bar from the
lagoon.

3.5 Saltwater Intrusion

3.51 Geophysical Survey Results

Absent the ability to install monitoring wells along a transect from the beach to the Old Well to directly
evaluate the mechanism and effect of saltwater intrusion, a geophysical survey that measures
electrical conductivity of the subsurface was conducted at the mouth of the Big Sur River using time
domain electromagnetic (TEM) technology by NorCal Geophysical Consultants. Others have
successfully used this methodology for the mapping of saltwater intrusion fronts in the Salinas valley
(Mills, 1988). Two TEM surveys were conducted to allow comparative analysis of results. The first
survey was conducted in April prior to initiation of pumping during a time when river flow was still in
recession from its winter high (USGS gauge flow of 50 cfs). The second survey was. conducted
August 5th when the summer base flow condition of the river was established at 12 cfs and the effects
of saltwater intrusion had been observed in the Old Well. The complete geophysical report is included
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as Appendix E which includes a detailed analysis and discussion of the survey data and its
interpretation by NorCal Geophysical.

To summarize this interpretation provided by NorCal Geophysical, comparison of the before and after
survey results indicate a significant change in the distribution of electrical conductivity zones in August
correlating with the alluvial aquifer showing a significant increase in conductivity both laterally along
the beach area and extending across the beach upriver along both sides of the canyon. The
interpreted data indicate conductivity increases to depths of 95 to 100 feet beneath the beach in the
ancestral alluvial filled canyon extending up canyon a minimum of approximately 900 feet to the area
of the Navy Well and the Franciscan rock cliffs that constrict the alluvial valley. These results are
consistent with conductivity data collected from the Cld Well indicating that saline encroachment was
occurring prior to the time of the survey and further demonstrate that the movement of a saltwater
wedge up-canyon in the deepest portion of the alluvial filled channel is the likely mechanism for
measured salinity impacts to the Navy and Old Wells.

3.5.2 Salinity Impacts to Wells

Measurements of EC, an important indicator of salinity, were routinely collected from all accessible

wells within the Study Area during this investigation. With the exception of Old Well and New Well,

which were sampled nearly everyday, the wells were generally sampled every other week between
August and October 2004. The two irrigation wells were sampled at a higher frequency so ESR
personnel could turn the pumps off if EC exceeded the operational cutoff of 1,000 pS/cm. A summary
of the EC data is presented in Appendix M.

The EC concentrations reported for all wells except Old Well were below 500 uS/cm during the entire
pumping season and were typically in the range of values reported for the river (i.e., between 200 and
300 uS/cm). Concentrations of EC reported for Old Well during the 2004 pumping season, however,
regularly exceeded the operational cutoff requiring that it be removed from service until salinity levels
decreased. Historically, the salinity levels in Old Well have often exceeded the operational cutoff one
or more times during the irrigation season (Jones and Stokes, 1999).

As previously discussed in Section 3.4.8.2, Old Well pumping and the timing of elevated EC
concentrations are not strongly correlated as evidenced by the fact that during the late summer/early
fall (i.e., beginning in September), when river flows are at their lowest, Old Well can continuously
pump while maintaining EC concentrations below 500 pS/cm. - Additionally, New Well, which is
located slightly closer to the ocean, and approximately the same distance away from the lagoon as
Old Well, was able to pump for extended periods throughout the 2004 pumping season while
maintaining EC levels below 350 uS/cm the entire time.
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There is however, a strong correlation between elevated EC concentrations in Old Well and the
presence of the spring tides (see Section 3.4.8.3). To demonstrate this point, Figure 3-45 shows the
EC concentration for Old Well plotted against the spring tide elevations for the 2004 pumping season.
A review of this figure shows that when the spring tide approaches four feet above mean sea level
(msl), elevated EC concentrations are consistently reported for Old Well. A similar plot for the 1991
irrigation season presented on Figure 3-46 also shows elevated EC concentrations following each of
the summer spring tides. -

The correlation of salinity increases in the Old Well with the high summer spring tides was consistent
during the 2004 irrigation season. As discussed in section 3.4.6.3, monitoring of lagoon water quality
during this investigation as well as the Jones and Stokes'(1999) investigation did not indicate regular
occurrence of sea water over wash with the summer spring tides that could explain this regular
correlated occurrence of impacts to the Old Well.

The most likely explanation for the salinity increases in Old Well is the mechanism of intrusion of a
saltwater wedge and movement of its accompanying diffusion front. The saltwater, being denser than
fresh water, forms a saltwater wedge that pushes landward under the fresh water (Figure 3-47). The
saltwater wedge moves landward or seaward in response to changes in the pressure balance at the
interfacé between the two bodies of water. Changes that would serve to move the saltwater wedge
landward include increases in the tide height and pumping near the river mouth. The opposite
changes would move the saltwater wedge seaward. Therefore, the spring tides, in combination with
pumping, appear to create: conditions that allow salinity impacts to move inland at least 1,200 feet (the
distancé to Old Well). As discussed in Section 3.3.1, the base of the alluvial aquifer is defined by a
scoured bedrock surface that is depicted on figures 3-8 and 3-9. Based on geophysical survey
results, this bedrock surface appears to have a deep channel cut into it below the river mouth and
lagoon. The Geophysical survey results indicate that this channel reaches depths of up to 100 feet
below msl at its interface with the ocean and trends along the western side of the constricted alluvial
aquifer near the confluence with the ocean. This deeper subsurface channel provides a preferential
pathway for the saltwater wedge to approach Old Well as graphically depicted on Figure 3-48.

3.5.3 Saltwater Intrusion Modeling Results

In order to further evaluate the physical possibility of saline intrusion as the mechanism for observed
water quality impacts to the Old well, a density dependent flow and transport modeling.exercise was
conducted. Information for the lower reach of the Big Sur River gathered during this study was
processed using equations that describe groundwater flow physics in a coastal environment in an
attempt to reproduce the observed groundwater quality distributions and evaluate the physical viability
of the interpreted mechanism for saltwater intrusion derived from analysis of site data. Such
reproduction of water quality distributions is generally viewed as support for the validity of a
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conceptual model. The U.S. Geological Survey SEAWAT-2000 model (Langevin et al., 2003) was
used to simulate density-dependent groundwater flow and transport at the site during the irrigation
season at the mouth of the Big Sur River. The area evaluated by the model (the model domain) is
depicted in Figure 2-6.

A multi-layered model was used for the simulation with 12-layers extending from 20 to minus-100 ft
msl, with 10-foot grid spacing in all three coordinate directions. A total of 480,000 finite difference grid

cells were used with 116,600 cells active. Because only flow through the alluvium was modeled, the
surrounding rock was considered impermeable consistent with known site conditions. The inflow
(east) and outflow (south) boundaries were represented as constant-head boundaries. " The inflow
boundary remained constant with time at 7 ft msl, while the outflow boundary varied in order to
simulate tidal fluctuations. The outflow boundary heads were based on tide data during the period
from June 15 to July 10, 2004 when a spring tide occurred (Figure 3-49). A hydraulic conductivity
value of 1,500 ft/d was applied throughout the shallow model area with a channel of higher
conductivity gravels included in the deeper layers of the model along the north valley wall to simulate
the boulder-filled channel (15,000 ft/d). Hydraulic Conductivity values were assumed to be the same
in all three coordinate directions. The bottom surface of the model followed the interpreted bedrock
surface as depicted on Figures 3-8 and 3-9. The aquifer thickness varied with location according to

the bedrock elevation and the model calculated water table e|evat|on The following table summarizes |

other significant parameters used in the model.

Summary of Modeling Parameters
E!l Sur Ranch

ol 1,800 gpm

New 1,800 gpm
Navy 0 gpm
Spec:lf c Storage 0.001

0.15

Longitudinal 3ft
Transverse (horizontal) 1ft
Transverse (vertical) 0.3 1t
Sea Water Concentration ) 2.2 |b/ft®
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. Evapotranspiration was not included in the model nor was recharge from or discharge to the river.

The known condition of groundwater discharging into the river in the area adjacent to the pumping
wells was approximated in the model by increasing well pumping rates in this preliminary model. Well
pumping rates were simulated as 150% of the average operating rates in order to account for the
water loss from the groundwater system due to upwelling into the river.

The results of this preliminary and simplified modeling exercise are presented as a plan view map of
the movement of a saline wedge and accompanying saline diffusion front towards the Old well (Figure
3-50), and as a oblique view of the 3-D saline wedge and diffusion front as it moves preferentially
towards pumping being conducted in the Old Well (Figure 3-51). Figure 3-51 presents the modeled
three-dimensional image of the salinity plume depicting impacts reaching the Old Well following the
time of peak spring tide following 26 days of the simulation.

Evaluation of the modeling results presented on these figures demonstrates how the salinity wedge
and accompanying diffusion front migrates into the well area in respohse to the high spring tides,
culminating with flow to the Old Well as the peak high spring tides are occurring. The shape of the
ancestral canyon controls the movement of the salinity plume with salinity movement splitting around
the subsurface knob located beneath the lagoon and preferentially takes the deeper path. The
primary pathway for greater movement of the salinity plume towards the pumping wells is the deeper
ancestral canyon on the northern boundary of the alluvial aquifer (Figure 3-48). Prior to the
occurrence of the tide exceeding the 3-foot level, modeling results depicted oscillation of the front of
the salinity plume near the area of the Navy Well. As the tides exceeded 3 feet and approached the
high of just over 4 feet, the salinity plume turned the corner and rapidly migrated to the Old Well in
response to its pumping. The modeling results also indicate that the flow physics within the mouth of
the river do not lend to any significant movement of the salinity plume to the New Well consistent with
historical salinity data collected from the New Well.

In summary, the resuilts of this preliminary modeling exercise confirms that the groundwater flow
physics at the mouth of the Big Sur River as a result of the shape and depth of the aquifer bottom, the
high hydraulic conductivities associated with a boulder zone at depth in the alluvium, the high summer
spring tides combined with pumping stresses and the density driven flow of a saltwater wedge are
completely consistent with the interpretation that salinity impacts to the Navy and Old Wells are the
result of subsurface saltwater intrusion and the movement of its accompanying diffusion front.

3.5.4 Saltwater Intrusion Analysis Conclusions

Previous investigations have been conducted in an attempt to clarify the interactions of pumping on
river flow, underflow and the mechanism(s) of saline water impacts to the pumping wells. Three
possible mechanisms were considered as possible causes of salinity impapts as follows:
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1

2)

3)

Direct over wash of sea water into the lagoon during storm surges and high tide events that
then travels through the bottom of the aquifer and preferentially flows towards the Old Well.

The mechanism of wave over wash does not appear to occur on a regular basis and does
not directly correlate with all of the high summer spring tides as the Old Well impacts do.
This is because the occurrence of wave over wash is related to both tidal and wind
conditions. The occurrence of wave over wash cannot adequately explain the regular
correlation of saline impacts in Old Well to each and every high summer spring tide event.
Development of the original hypothesis for the over wash mechanism did not have the

_benefit of the further definition of the 95 to 100 foot depth to the base of the alluvial aquifer

as it approaches the ocean interface, nor the direct evidence of saline intrusion based on
geophysical survey results.

Maintenance of a seawater level above lagoon level within the beach sands as a result of tide
and wave action (this mechanism has been documented to be a significant source of saline
water to fresh water forebay in Salinas).

Monitoring of lagoon water quality throughout the irrigation season did not detect the presence
of saline water that would be indicative of continual draining of seawater from the beach sands
that border the lagoon.

A salt water wedge underlying the stream underflow that experiences seasonal fiuctuation
beneath the lagoon area in response to pumping, river flow and tidal dynamics.

The results of information collected during this investigation combined with all previous
information supports the conclusion that the movement of saline wedge and its accompanying
diffusion front is the only mechanism that explains all of the physical observations and data
collected.
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4.0 - REFINED HYDROGEOLOGIC CONCEPTUAL MODEL

Alluvial deposits less than 11,000 years old consisting prima'rily of sand, gravel, cobbles and boulders
fill the Big Sur River Valley from the USGS flow gauge in Pfeiffer-Big Sur State Park to the confluence
with the Pacific Ocean. These alluvial deposits make up an alluvial aquifer and are highly permeable
with hydraulic conductivities measured at 3,000 to 4,000 ft/day allowing for significant transmission of

. groundwater. The deposits fill an ancestral canyon carved by the Big Sur River when sea levels were

lower during previous ice ages. This ancestral canyon has since been partially filled to the present
ground surface of the Big Sur Valley. Surface water and groundwater drainage from the Big Sur River
watershed ultimately ends up traversing on and through these young alluvial deposits on-its way to
final discharge into the ocean. ‘

In the Study Area, the base of this ancestral canyon is carved into Franciscan Formation bedrock of
varying characteristics. These characteristics have determined the morphology of the canyon and the
current course of the Big Sur River. Immediately North of the Andrew Molera State Park parking lot,
the river makes a right angle turn and exposes a competent tan sandstone of the Franciscan
Formation. Near the mouth of the_river, drilling core results indicate that the character of the
underlying Franciscan Formation consists of a more easily eroded micro-graywacke that is weathered
to gray clay at its surface. In the final 500 feet of river channel, the Franciscan bedrock changes into
meta-volcanic rocks that are hard and are more resistant to weathering and erosion. These meta-
volcanics:have constricted the canyon width as the river makes its escape to the ocean.

The surface of the ancestral canyon carved into the Franciscan Formation bedrock that makes up the
bottom extent of the alluvial deposits has been fairly well defined throughout the Study Area based on
the compilation of data collected through multiple investigations. The interpreted bedrock surface
indicates that a fairly deep and narrow canyon was cut through the area at the mouth of the river
hitting depths of 100 feet below sea level at the interface with the ocean. Inset 500 feet from the
current ocean interface, the ancestral canyon is split into two channels by a subsurface knob of hard
Franciscan rock that rises to an elevation of approximately minus-15 feet msl. A deeper narrow
channel was carved on the northwest side of this knob and a shallower and wider channel was cut on
the southeast side of the knob. Investigation results indicate that the alluvium deposited in the
channels carved around this bedrock knob below an elevation of minus-20 feet msl is partially made
up with very coarse material including boulders up to three feet in diameter. These deposits were
mapped by Dames and Moore (1964) to continue beyond the current mouth of the Big Sur River
within what is now the sub-marine portion of the ancestral canyon.

The alluvial deposits are bounded to the north by semi-consolidated terrace deposits that also overlie
Franciscan bedrock. These terrace deposits consist of significantly older alluvial and colluvial material
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with estimated hydraulic conductivities of less than 100 ft/day. Groundwater is present in these
deposits and some discharge of groundwater into the younger alluvium is occurring along the northern
boundary of the alluvial aquifer as it abuts the semi-consolidated terrace alluvium. Estimates for total
discharge from the terrace deposits into the alluvial aquifer indicate likely discharge of less than 0.64
cfs. The southern boundary of alluvium in the ancestral canyon consists of Franciscan Formation
bedrock that has extremely limited hydraulic conductivity. Due to the fact that the Franciscan deposits
are highly sheared and generally mixed up, they are interpreted to be unable to transmit any
significant amounts of groundwater into the overlying and adjacent alluvium.

The predominant source of groundwater moving within the alluvium in the Study Area is Big Sur River
flow as it exits the Gorge in Pfeiffer-Big Sur State Park. Additional sources include tributary stream
inflows and precipitation that falls on the alluvium below Pfeiffer-Big Sur State Park as well as the
minor contribution from the terrace deposits to the north. No significant contribution of groundwater
from adjacent bedrock (Franciscan Formation) in the reach of the river from the Andrew Molera State
Park parking lot to the USGS flow gauge in Pfeiffer-Big Sur State Park is indicated by both geologic
conditions and water balance evaluations.

Big Sur River flows are uncontrolled énd, as a result, respond immediately to rainfall events. Storm
flow and typical winter runoffs maintain an active river channel that moves laterally and routinely
scours and re-adjusts the channel configuration. This condition allows for a river bottom that is not
isolated from communication with the underlying alluvium through development of a continuous low
permeability riverbed. As a result of this condition, groundwater moving within the alluvial aquifer is
hydraulically well connected to surface flow in the river. Due to this direct connection, during the
summer months when the river is at baseflow condition, the presence of surface flow in the riverbed
indicates that the alluvial groundwater aquifer is in equilibrium with surface flow and flowing at a
relatively constant rate. . Near the mouth of the river at the point of valley constriction by the
Franciscan metavolcanic rocks, groundwater moving within the alluvium is forced into the river
channel emerging as surface flow. This condition was maintained throughout the summer irrigation
season regardless of pumping conducted. '

Groundwater in the lagoon area is also directly hydraulically connected to the ocean through the
interface of the submarine alluvial canyon. As a result of this connection, groundwater levels in site
monitoring wells respond to tidal fluctuations as does lagoon surface water levels. Wave overwash
does not appear to be a significant contributor to saltwater intrusion that results in the measured saline
impacts at the Old Well. A combination of factors allow for the occurrence of density driven saltwater
intrusion into the alluvial aquifer groundwater below the lagoon resulting in saline impacts reaching a
minimum distance of 1,200 feet inland from the current beach (distance to Old Well). The factors that
dictate these impacts include the depth and shape of the ancestral canyon bottom and the hydraulic

conductivity of deposits in this canyon combined with the coincident effects of pumping the irrigation -~
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wells during periods of spring tides. The natural fluctuating tidal condition results in a constantly
moving zone of saltwater intrusion during the summer season with rapid shifts occurring due to
changing tidal and pumping conditions.
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50 TECHNICAL ISSUES OF CONCERN

5.1 Mechanism and Significance of Saline Impacts to Water Quality

Long-term operation of the ESR pumping wells has documented regular occurrences of elevated
electrical conductivity readings in the Old Well resulting in shutdown of the well due to water quality
considerations. = Previous investigators (Jones and Stokes, 1999) have concluded that these
measured saline impacts were due to wave over wash into the lagoon during periods of high summer
tides. Data and analysis conducted during this investigation indicates that wave over wash is not the
significant mechanism for measured saline impacts in the Old Well.

Further data collection and analysis indicates that the ocean does act as a groundwater recharge
source under the combination of ESR well pumping activities, that when combined with the
occurrence of high summer spring tides results in a hydraulic condition that allows the further
encroachment of a saline wedge and an accompanying diffusion front into the zone of capture of the
Navy and Old Wells. Intrusion of a saltwater wedge and accompanying diffusion zone under these
conditions is possible due to the depth and geometry of the bottom surface of the aquifer that causes
preferential flow towards Old Well, with the saline wedge moving back and forth within the bottom of
the ancestral canyon in the immediate area of the mouth of the river in response to the ever changing
tides (Figure 3-47, 3-48). The movement of the saltwater wedge and associated diffusion zone
responds rapidly to changing tidal and pumping conditions. Co-incident with the cessation of larger
 than normal’ spring tides in ’September,“no further evidence of this saltwater wedge and its
accompanying diffusion zone is seen in Old Well water quality, even in the event of continued
maximum pumping of both the Old and New irrigation wells (Figure 3-42). This late season condition
has been documented in earlier pumping years for which data was available (Figure 3-43). These
facts point with certainty that the dominant cause of the intrusion and impacts to the Old Well are
directly linked to the higher than normal spring tides during the five months of summer combined with
the effects of groundwater pumpinig and the geometry of the aquifer.

The question of the ability of saline water to travel beneath the area of Creamery Meadow and
ultimately result in the uptake of saline water by plants was also considered. Based on the site-
specific geologic, hydrologic, and hydrogeologic conditions documented in this report, there is very
little potential, if any, for the migration of a saline wedge, or of a saline diffusion zone into the
groundwater beneath Creamery Meadow. The rationale for this conclusion is based on the following
three key points:

a) In the absence of a reversal of natural groundwater gradients towards the ocean, the naturally
induced movement of a saline interface and its accompanying saline diffusion zone of brackish

water is dominated by relative density differences of ocean and fresh water and the geometry
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b)

and hydraulic properties of the adjoining aquifer. The Badon Ghijben-Herzberg principle
defines this relationship in very simple terms for the movement of a saltwater interface into a
fresh groundwater body for a static system. This principle simply states that the depth to the
saltwater interface below sea level at any point will equal 40 times the fresh water elevation
above sea level. Based on data collected from monitoring wells during the 2004 study, the
projected groundwater elevation in Creamery Meadow nearest the outlet to the ocean is
somewhere between 5 and 7 feet (Figure 3-18). Solving for the Badon Ghijben-Herzberg
equation indicates that the depth to the top of a saline wedge at this location based purely on
density difference would be on the order of 200 to 280 feet below mean sea level.
Considering high tides with elevations of 4 feet, the depth to a saltwater interface in a static
system would be from 80 to 120 fest below mean sea level. - The lowest elevation of the
bottom of the aquifer in Creamery Meadow is 37 feet below sea level (Figure 3-8). Thus, due
to the elevation of the base of the aquifer and the groundwater surface, the natural movement
of a saline wedge could not penetrate beneath Creamery Meadow without other factors
resulﬁng in reversal of gradients and effectual lowering of head conditions.

There are no pumping or groundwater extraction activities conducted in Creamery meadow.
No information indicating that there has ever been groundwater pumping from Creamery
Meadow was discovered or provided by others during this investigation. Thus, there is no
knpwn mechanism for a reversal of gradients needed to overcome natural density effects and
coax saline water or a saline diffusion zone into the groundwater beneath Creamery Meadow.
The closest pumping well to Creamery Meadow is the New Well located 500 feet away at its
q[gsest point. The results of saline intrusion and the resultant movement of a saline diffusion
zone towards the Old Well are the measured increases in electrical conductivity measured in
the Old Well. Field data during the 2004 season did not show any indication that the
movement of this saline diffusion zone was able to impact water pumped by the New Well
regardless of whether or not the Old Well was also pumping. If the pumping effects of New
and Old Well did not result in salinity impacts in the New Well, then it could not resuit in
pumping induced impacts to the Creamery Meadow located 500 feet cross and up gradient on
the other side of the river.

Temperature monitoring data collected in the river between the New Well and the Creamery
Meadow further support basis (b) above. River temperature data as depicted on Figure 3-31
clearly depict a groundwater influx into the river along the bend in the river that separates
Creamery Meadow from the New Well. The condition of groundwater. influx into the river was
consistent throughout the irrigation-pumping season regardless of the pumping being

- conducted. The flow of groundwater into the river at this location is interpreted to be primarily

the result of the “pinching” of the extent of the aquifer by hard Franciscan rocks (Figure 3-3)
cutting the areal extent of the aquifer width from 1,600 to 700 feet. The effect of this reduction
of aquifer extent is further magnified by the presence of the naturally occurring saline wedge at
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the interface of the aquifer with the ocean that also has the effect of forcing groundwater to
Jeave the basin via movement up into the surface water system. Before pumping at the New
Well could have any appreciable effect on the groundwater surface elevation and flow-field in
the Creamery Meadow, it would have to reverse the condition of groundwater in-flow into the

" river in the area between the New Well and Creamery Meadow. This did not happen during
the 2004 irrigation season. ‘

In summary, the defined mechanism and behavior of saltwater intrusion indicates that saline impacts
to groundwater quality in the vicinity of the mouth of the Big Sur River are very localized and controlled

_ by the geometry of the aquifer bottom. The migration of the saline wedge and accompanying diffusion
front is induced by the high summertime spring tides in combination with pumping, and as such are
seasonal and temporary having no lasting effect on groundwater quality. Monitoring data also
indicates that due to density effects and the hydraulic field at the river mouth, the seasonal
advancement of the saltwater wedge has no measurable impact to surface water quality in the lagoon
and the river regardless of the irrigation pumping conducted. Finally, advancement of a saltwater
wedge such that it could cause significant changes in groundwater quality beneath the Creamery
Meadow is not a plausible conclusion based on the conditions observed and the hydraulic conditions
evaluated.

5.2 Surface Water Quality Relationship to Pumping and Tides

River water quality measurements consisting of temperature, electrical conductivity and dissolved
oxygen data have indicated no correlation:between irrigation pumping and changes in surface water
quality. Surface water quality changed during the 2004 irrigation season in response to normal
seasonal trends of warming and cooling. Although pumping did not induce any surface water quality
changes, natural groundwater discharge into the river did significantly affect river water quality by
lowering temperatures and lowering electrical conductivity during the warm summer months.
Monitoring data documented a zone of natural groundwater inflow into the river around the bend prior
to its reaching the lagoon area.

No relationship between river or lagoon water quality and tidal cycles was noted in the collected data.
The closure of the lagoon mouth in late August due to a spring tide combined with a low pressure |
weather system created a larger lagoon area resulting in a slight increase in surface water
temperatures in the lagoon during late August. Due to the mediating effects of colder groundwater
inflows, these temperatures were still below the background seasonal water temperatures in surface
water flowing into the Study Area above the zone of groundwatér discharge.

These water quality data, when considered with all other site data and the refined conceptual

‘hydrogeologic model, indicate that as long as surface water is flowing in the Big Sur River, pumping of -

the ESR irrigation wells is not likely to impact surface water quality, nor will it impact the groundwater
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quality beneath the adjacent Creamery Meadow. The key rationale that form the basis of this
conclusion are as follows:

5.3

1)

2)

3)

4)

5):

The river and alluviél aquifer are highly connected in the Study Area.

Due to the high degree of connectivity, if the river is flowing, the aquifer water levels are in
equilibrium with the river and due to the unconfined nature of the aquifer, the river is in part, an
extension of the phreatic surface of the water moving through the alluvial aquifer. This
condition was in evidence throughout the irrigation season as demonstrated by the direct
measurement of water quality parameters indicative of groundwater moving into the river
between temperature stations 7 and 9, and by the nearly instantaneous responses in both
surface and groundwater to precipitation events as discussed in Section 3.4.8.1.

Pumping throughout the irrigatioh season did not reverse the condition of upwelling in the
course of the river adjacent to the area of the pumping wells between stations 7 and 9.

The infinite recharge source of the ocean is hydraulically connected to the system and serves
to ' mediate impacts to groundwater and river levels due to a “propping up” effect caused by
movement of the saline wedge beneath the out flowing fresh water in the river and alluvial

aquifer. ‘ ' ( '

Due to the geometry of the constriction of the groundwater flow exit path to the ocean caused |

:# - by:aquifer pinching and the saline interface, the groundwater flow is forced to the surface and
= leaves the basin primarily as surface flow or near-surface flow through beach sand deposits.

6)

This phenomenon serves to additionally mediate water depletion effects in the last 1200 feet of
the river's course adjacent to the pumping wells.

And finally, because Creamery Meadow is located on the opposite side of the river from the
pumping center, the river will serve as an aquifer recharge boundary, providing an effective
barrier to the southeasterly expansion of the cone of depression associated with ESR
pumping. Therefore groundwater beneath Creamery Meadow cannot be affected as long as
surface water is available.

Reflections on Surface Flow Disruption in 1990

As previously described, the only known disruption in the surface flow of the river occurred in 1990.
Because of claims made by DPR personnel that the disruption of the flow was caused by ESR
pumping 3700 feet downstream, it is necessary to review the factual circumstances surrounding this
event and provide an evaluation of the true cause or causes of the disruption.
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In the summer of 1990, the California Department of Parks and Recreation utilized heavy equipment
to conduct work in the bed of the Big Sur River near the Andrew-Molera State Park parking lot (figure
5-1). According to a Natural Heritage Stewardship Program completion Report written by Steve
Zembsch, the associate resource ecologist with the DPR who was responsible for implementation of.
the project (Appendix P), “the first phase of this project was to restore the proper hydraulic geometry
relationships to a section of the river adjacent to the parking lot."(Appendix P). In the Program
Completion Report, Mr. Zembsch discussed the phase of the project relevant to the disruption of
surface flow:

“Construction began in the middle of July, 1990. A condition of the DFG 1601 (reference to the
permit) was the diversion of the river around the project site. This involved the construction of a
250-foot channel where the floodplain meets the terrace known as Creamery Meadow. Once in
the diversion channel, the river immediately disappeared into its gravels... The downstream
reach, a long, straight riffle-run, remained dry for the rest of the project. There were diurnal
“fluctuations in the length of the dry reach, but it averaged about 600 feet.”

During the second half of July of 1990, Big Sur River flows at the USGS gauge dropped to an average
of 5.95 cfs. The total river flow continued to fall in early August hitting a low of 3.4 cfs on August 13th,

ranking among the lowest flows recorded at the gauge during the last half-century. These were also /[
the lowest flows recorded during the period of low rainfall in the watershed from 1987 through 1994. “

The area of River relocation is near the location of Transect 1 developed during this-investigation and
near the area of stream flow measurements made by Jones & Stokes in August of 1998 and by SGlin
- 2004. These flow measurements indicated a significant loss in summer time flow between the USGS
gauge and the reported area of river relocation. The average flow loss for this section of the river
measured by SGI during this investigation averaged 3.73 cfs (Table 3-4). These site data suggest that
during the lowest flow months of the year (July, August and September) upstream diversions
combined with ET losses that occur between the USGS gauge and the area of river rerouting near
Transect 1 account for a loss of surface flow on the order of 3 to 4 cfs (possibly more).

Subtracting the estimated surface flow loss of 3.73 cfs (average recorded in 2004) from the recorded
USGS flow rate in mid and late July of 1990 of 5.95 cfs indicates that the natural surface fiow at the
point of the re-routing was Iikely on the order of less than 2.22 cfs during the time of flow diversion.
USGS Stream gauge flow continued to drop in early August.

All surface flow was reportedly rerouted to the inside of the right angle turn in the River immediately .

west of the Andrew-Molera State Park parking lot. The inside turn of a river is typically an area where
coarse material is deposited causing localized increases in porosity and permeability. This particular

! A subsequent document in the DPR file variously cite the length of dry streambed as 3,000 feet. (Appendix
P). El Sur wells are located 3700 feet downstream of the river re-routing, and the streambed did not go dry in
the reach adjacent to the wells.
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inside turn consists of a large cobble bar as noted by previous investigators and as was observed
during this investigation. Considering the measured hydraulic conductivity of the alluvial deposits of
3,000 to 4,000 ft/day, the estimated thickness of the gravel bar of at least 20 feet, the 1,000 foot width
of the alluvial plain, and the obvious coarseness of the cobble bar on the inside of the turn, it is not at
all surprising that the rerouting of a flow of 2 cfs or less resulted in an immediate drying up of the River
from that point to some point down stream. Continuation of surface flow downstream would be the
technical anomaly in this case.

Additionally, the nature of groundwater flow is such that if well pumping had been responsible for
discontinuous surface flow, the point of discontinuity would have occurred first in the stretch of the
river channel closest to the wells, not in a section of river significantly upstream. This is because the
cone of depression caused by pumping would have initially expanded in a fairly uniform radial manner
away from the pumping wells until it reached a barrier or recharge area. Once the cone reached the
river, a recharge area, the shape would have become elongated as water was drawn into the aquifer.
The cone would then have continued to expand upstream and, due to the down gradient flow within
the alluvium, expand an even greater distance downstream in a non-radial manner. If the cone were
to continue expanding until it reached the Pacific Ocean it would cease to expand in any direction due
to the virtually unlimited supply of water available at that point. The Pacific Ocean is approximately
1200-feet’ away from the pumping wells. Thus, because water is drawn in from the nearest River
reach first; it is not plausible that pumping would have dried up a distant up-gradient stretch while
maintaining surface flow in the closest adjacent stretch of the River. The cone of depression from El
Sur wells:could not have extended much beyond Transect 2 in the up-gradient direction and certainly
could not:have extended up to the area where the river rerouting and flow interruption occurred.

The information reviewed and the analyses conducted support the ‘conclusion that the cause of the
discontinuity in surface flow (drying up of the river) and its effects on the connected
groundwater/surface water flow system was initiated and likely sustained by the implementation of
stream rerouting by DPR during the critically dry months of a critically dry year. This conclusion is
_ consistent with the opinions of other investigators including a subsequent hydrogeologic investigation
by Jones & Stokes, concluding that the “flow discontinuity in 1990 was not primarily caused by the El
Sur Ranch Wells” (Jones & Stokes, 1999) and in a letter from NOAA to DWR dated November 5,
- 2002, stating, “The wells are located near the mouth of the river, so flow reduction will have limited
effect upstream”(Appendix P). Data from DPR files is also consistent with the foregoing conclusion. 2

* Because the river had been flowing and was noted to have immediately disappeared upon rerouting by
DPR, one would logically suspect that the flow disruption was caused by DPR construction work and
rerouting of the River. Without a discussion of the full extent of impacts from DPR activities within the river
bed Mr. Zembsch provided other explanations for flow disruption:

“Four years of drought and an aggressive groundwater pumping operation (3000 gallons an hour during a
protracted drought) a half mile downstream converted this stretch of the Big Sur River into a net losing
reach. It took the better part of a day for the river to reach the end of the diversion channel. By the time, the
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In what'appears to be reliance upon Mr. Zembsch’s report, Mr. Ken Gray of the Monterey District of
DPR, (Appendix P) stated the following in his Second Natural Heritage Stewardship Program
Completion Report dated August 15, 1994:

“The in stream work was performed in the summer of 1990, a critically dry year. When the river
was moved into a temporary diversion channel the stream dried up subjecting us to public
criticism. We think that the river would have stopped flowing at about the same time but since we
were working in the river it didn’t look good for us. We filed a water rights complaint stating our
belief that the real reason the river dried up was the excessive underflow was being withdrawn to
irrigate an adjacent pasture. “

it appears that DPR further filed a protest to El Sur Ranch water application 30166 based upon the
conclusions offered in the Zembsch Report. In a letter written by Mary Wright, the District
Superintendent, dated September 12, 1994, DPR protested the application stating:

“In August 1990 State Parks submitted a complaint to the State Board regarding the pumping of
Big Sur River underflow by Mr. Hill. In the summer of 1990 about 3000 lineal feet of the lower Big
Sur River went dry. The summer of 1990 was a critically dry drought period in the Big Sur area.
We believe that Mr. Hill's continued pumping during this dry period caused the elimination of all
surface flow in the river. During other dry years, including 1994, the river flow is low but '

~ continues to the river mouth lagoon. The low flows may be insufficient to provide optimum habitat
for Steelhead and other aquatic organisms in.the. lower river and lagoon and. to sustain the
riparian habitat.”

The filed protest makes no mention of the stream channel work, the rerouting of water out of the
riverbed, or any potential for correlated loss of river flow. Additionally, the length of river that was dry
changed from 600 feet as reported by Mr. Zembsch to 3,000 feet as reported by the DPR in their
official complaint letter (Appendix P). (Some 3,700 feet is the approximate distance from the area of
DPR stream rerouting to the location of the ESR New Well).

In summary, data, reviewed and analyzed along with consideration of other studies compel the
conclusion that the flow disruption was caused by the act of redirecting the river into a channel cut into

downstream reach had also sunk into its gravels euphemistically leaving the gill-dependent resources in an
overly dry environment.

Within the same report Mr. Zembsch further concludes:

“The DFG warden insisted that a diversion channel be used as a condition of the agreement (1601). The
unexpected loss of the surface flow downstream from the project was a major impact that was avoidable.”
“This situation was exacerbated by the groundwater pumping downstream.”

No supporting information or data is provided by Mr. Zembsch, to explain how subsurface pumping some
' 3,600 feet downstream could either cause or exacerbate flow disruption.
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a coarse cobble bar during a critically dry lowest flow month of a critically dry year. There exists no
evidence that groundwater pumping 0.7 miles downstream caused or contributed to the flow
disruption.

54  Alternatives for Management and/or Mitigation

The 2004 irrigation season observations and data conclusively indicate that the surface flow of the Big
Sur River combined with the accompanying subterranean underflow is adequate to support normal
irrigation season pumping at least 20% above average without any measurable impacts to surface
water flow continuity or water quality for USGS river gauge flows equal to and above 10 cfs as seen
during the 2004 irrigation season.

The only reported condition of discontinuous flow in the Big Sur River that we are currehtly aware of
occurred in 1990 as discussed in section 5.3. Based on the reported construction activities and our
analysis, this occurrence was initiated by re-routing of the low water flow from the main channel.
During the following summer of 1991 (after the river was returned to its original channel), USGS
gauge river flow conditions reached a low of 5.3 cfs in October while irrigation pumping continued. A
USGS gauge flow of 5.3 cfs is well below the historic summer low flow average of 11.65 cfs. No
discontinuity of river flow was noted during the 1991-pumping year as a result of this low river flow
rate. This fact is especially significant for long-term management planning given that the 1991
pumpingiyear was preceded by four years of low rainfall and low total summer river flows. Review of
historic USGS gauge average monthly flow data (1950-2003) indicates that flows below 5.3 cfs have
been recorded in only six years (1950, 1961, 1976, 1977, 1998, 1990) since irrigation well pumping
began in 1950. Note that 1990, the only year of known flow discontinuity, is included in this group.

Considering these 54 years of data, observations and analyses presented above and throughout this
report, and specifically considering the 1991 low flow data discussed above, it can conservatively be
concluded that pumping of the ESR wells consistent with current practices during the irrigation season
will not result in surface flow disruption in the Study Area when USGS gauge flows equal or exceed
5.3 cfs. This knowledge can be used to create a frigger point for making management decisions
regarding future irrigation season pumping when USGS gauged river flows are expected to reach
historically low flow rates. This conclusion is predicated on the assumption that no net increase in
water use or diversion occurs in the area between the ESR pumping wells and the USGS gauge.

Due to the nature of the Big Sur River watershed, there is a strong correlation between annual winter
rainfall totals and the resulting low summer flow condition. This condition allows for development of
predictive tools based on precipitation totals, which can be used to estimate the likelihood of surface
flow at the USGS gauge falling to levels below 5.3 cfs. Others have investigated this correlation and
developed a methodology for predicting summer low flow at the USGS gauge based on preceding
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winter rainfall records. A complete copy of the technical memorandum titled “Forecasting of Low
Flows of the Big Sur River, California” is included as Appendix Q (NRCE, March 2005).

Use of the methodology developed by NRCE provides the ability to forecast, in advance, the possible
need for special irrigation pumping management when the forecasted summer flow condition falls to
below 5.3 cfs. This condition has occurred only six years during the last 54 years. The NRCE report
includes simple tables that allow correlation of recorded winter rainfalls to a predicted September
USGS fiow rate and its associated probability of occurrence. During such forecasted low stream flow
years (less than 5.3 cfs), monitoring of stream flow conditions in combination with development of an
irrigation management plan can be implemented to ensure that ESR pumping does not contribute to
any surface flow disruption in the Study Area portion of the Big Sur River.

An alternative option for monitoring Streamflow rates during years when low flow conditions are
reached may be the monitoring of river temperatures at the base of the water column in the area of
the river directly up and cross-gradient from the New Well. Temperature, EC and DO monitoring data
combined with Streamflow measurements have indicated conclusively that this section of river was a
gaining stream experiencing significant upwelling of groundwater in the bed of the river during the
entire irrigation season (Figure 3-31 and section 3.4.6). Prior to the ability of pumping to de-water this

closest portion of river, aquifer hydraulics dictate that the river must experience a reversal from a /

gaining to a losing stream. The occurrence of this reversal would provide an indication for the
possibility of discontinuation of stream flow, and as such, could serve as a trigger point to modify or
reduce irrigation pumping. Based on monitoring conducted during the 2004 season, the effect of a
reversal of the river condition-would be directly measurable via comparison of river temperature along
this stretch of river during the warmer months of August and September fo the river temperature up
gradient near the State Park Parking lot.
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7.0 ACRONYMS AND GLOSSARY
List of Abbreviations and Acronyms
ac-ft Acre-feet
ac-ftiyr Acre-feet per year
ACOE Army Corps of Engineers
bgs Below ground surface v
CDWR California Department of Water Resources
cfs Cubic feet per second ,
CO-OPS Center for Operational and Oceanographic Products and Services
DFG Department of Fish and Game
DO Dissolved oxygen
DPR Department of Parks and Recreation
EC Electrical conductivity
ESR El Sur Ranch
ET Evapotranspiration
ft/day Feet per day
/it Feet per foot
gpd/ft Gallons per day per foot
gpm Gallons per minute
in/hr Inches per hour
K Hydraulic conductivity
MCHD Monterey County Health Department
mg/L Milligrams per liter
msl Mean sea level
NBS National Bureau of Standards
NOAA National Oceanic and Atmospheric Administration
-NRCE Natural Resources Consulting Engineers, Inc.
NWP Nationwide Permit (Army Corp of Engineers)
PDA Personal Data Assistant
PVC Polyvinyl Chloride
QA/QC Quality Assurance/Quality Control
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RWQCB
SGl
SWRCB

SWRCB-DWR

TEM
USGS
puS/cm

Acre

Alluvial

Amphibole

Annular

Aquifer

Aquifer test

Augite

Base ﬂow

Bedrock
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Regional Water Quality Control Board

The Source Group, Inc.

State Water Resources Control Board

State Water Resources Control Board Divisién of Water Rights

Time-domain Electromagnetic Survey

Unyited States Geological Survey

Micro-Siemens per centimeter

Glossary

A measure of area equal to 43,560 square feet (4,047 square meters). One
square mile equals 640 acres, and is also referred to as a section.

An adjective referring to soil or earth material which has been deposited by
running water, as in a riverbed, flood plain, or delta.

Any of a large group of structurally similar hydrated double silicate minerals, such .
as hornblende, containing various combinations of sodium, calcium, magnesium, [
iron, and aluminum. ‘

Shaped like or forming a ring.

~ An underground layer of porous rock, sand, or gravel containing large amounts of

water. Use of the term is usually restricted to those water-bearing structures
capable of yielding water in sufficient quantity fo constitute a usable supply.

A test to determine hydrologic properties of an aquifer, involving the withdrawal of
measured quantities of water from, or the addition of water to, a well and the
measurement of resulting changes in head in the aquifer both during and after
the period of discharge or addition (recharge).

A dark-green to black pyroxene mineral, (Ca,Na)(Mg,Fe,Al)(Si,Al),Os, that
contains large amounts of aluminum, iron, and magnesium.

The flow that a perennially flowing stream reduces to during the dry season. Itis
supported by groundwater seepage into the channel.

The solid rock beneath the soil (Zone of Aeration or Zone of Saturation) and

superficial rock. A general term for solid rock that lies beneath soil, loose
sediments, or other unconsolidated material.

,/ “:\

7-2 ~ The Source Group, Inc.
ESR--4



El Sur Ranch, Big Sur, California
Hydrogeologic Investigation and Conceptual Site Model

within the Lower Reach of the Big Sur River

May 20, 2005

Bi weekly
Blueschist

Clasts

Cobble bar

Colluvial material

Colluvium

Conceptual model
Conductivity

Conformity

Contour lines

Cretaceous

Crop coefficient

Cubic feet per
second (cfs)

Data logging

' HappenAing every two weeks.

Rock subjected to lower temperature, high pressure regional metamorphism.

Pertaining to a rock or sediment composed principally of broken fragments that
are derived from pre-existing rocks or minerals and that have been transported
some distance from their places of origin.

A bar or ridge of cobbles built up to or near the surface of the water by currents in
a river or wave action in coastal waters.

Material consisting of Alluvium in part and also containing angular fragments of
the original rocks. Typically found at the bottom or on the lower slopes of a hill.

A general term applied to any loose, heterogeneous, and incoherent mass of soil
material or rock fragments deposited chiefly by gravity-driven masswasting
usually at the base of a steep slope or cliff, for example, talus, cliff debris, and
avalanche material.

See groundwater conceptual model.
See electrical conductivity.

The relationship between adjacent sedimentary strata that have been deposited
in orderly sequence with little or no evidence of time lapse.

A rock consisting of pebbles and gravel embedded in natural cement.

A line on a map that joins points of equal elevation. Groundwater contour lines
join points of equal groundwater elevationi.

Of or belonging to the geologic time, system of rocks, and sedimentary deposits
of the third and last period of the Mesozoic Era, characterized by the
development of flowering plants and ending with the sudden extinction of the
dinosaurs and many other forms of life.

The ratio of evapotranspiration occurring with a specific crop at a specific stage
of growth to potential evapotranspiration at that time.

A unit expressing rate of discharge, typically used in measuring streamflow. One
cubic foot per second is equal to the discharge of a stream having a cross
section.of 1 square foot and flowing at an average velocity of 1 foot per second.
It also equals a rate of approximately 7.48 gallons per second, 449 gallons per
minute, 1.98 acre-feet per day, or 724 acre-feet per year.

(Data acquisition) Storing a series of measurements over time, usually from a
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sensor that converts a physical quantity such as temperature or pressure, into a
voltage that is then converted by a digital to analog converter (DAC) into a binary -
number. This number is stored electronically pending retrieval via portable
computer or similar device.

Discharge To pour forth, emit, or release contents.
Dissolved oxygen  The amount of free (not chemically combined) oxygen dissolved in water,

wastewater, or other liquid, usually expressed in milligrams per liter, parts per
million, or percent of saturation.

Diurnal Having a 24-hour period or cycle; daily.

Diurnal events Events that reoccur on a 24-hour period or cycle; daily

Diversion A structure in a river or canal thai.diveﬁs water from the river or canal to another
watercourse.

Effective porosity ~ The amount of interconnected pore space through which fluids can pass,
expressed as a percentage of the total volume occupied by the interconnecting
interstices. Porosity may be primary, formed during deposition or cementation of
the material, or secondary, formed after deposition or cementation, such as TN
fractures. Part of the total porosity will be occupied by static fluid being held to the | )
mineral surface by surface tension, so effective porosity will be less than total

porosity.

Electrical A measure of the ability of a solution or media to carry an electrical current.
conductivity :

Evapotranspiration (1) The process by which plants take in water through their roots and then give it
off through the leaves as a by-product of respiration; the loss of water to the
atmosphere from the earth’s surface by evaporation and by transpiration through
plants. (2) The quantity of water transpired (given off), retained in plant tissues,
and evaporated from plant tissues and surrounding soil surfaces. (3) The sum of
Evaporation and Transpiration from a unit land area. (4) The combined
processes by which water is transferred from the earth surface to the
atmosphere; evaporation of liquid or solid water plus transpiration from plants. (5)
The combined evaporative-type processes, including evaporation, interception,
and transpiration, usually applied to biological systems. Evapotranspiration
occurs through evaporation of water from the surface, evaporation from the
capillary fringe of the groundwater table, and the transpiration of groundwater by
plants (Phreatophytes) whose roots tap the capillary fringe of the groundwater
table. The sum of evaporation plus transpiration.

Fault zone A fault that is expressed as a zone of numerous small fractures or of fault breccia
or gouge. A fault zone may be hundreds of meters wide.
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Feldspar Any of a group of abundant rock-forming minerals occurring principally in
igneous, plutonic, and some metamorphic rocks, and consisting of silicates of
aluminum-with potassium, sodium, calcium, and, rarely, barium. About 60
percent of the earth's outer crust is composed of feldspar.

Field Data manually collected by field personnel within a specified Study Area.
measurements : ’
Flow gauging Measuring the rate of water discharged from a source given in volume with

respect to time.
Fluctuations To vary irregularly.

Gallons per minute A unit expressing rate of discharge, used in measuring well capacity. Typically
(GPM) used for rates of flow less than a few cubic feet per second (CFS)

Geomorphology That branch of both physiography and geology that deals with the form of the
' earth, the general configuration of its surface, and the changes that take place in
the evolution of land forms. The term usually applies to the origins and dynamic
morphology (changing structure and form) of the earth’s land surfaces, but it can
also include the morphology of the sea floor and the analysis of extraterrestrial
terrains. Sometimes included in the field of physical geography, geomorphology
is really the geological aspect of the visible landscape.

Geophysical The study of the physical characteristics and properties of the earth, including

studies geodesy, seismology, meteorology, oceanography, atmospheric electricity,
R terrestrial magnetism, and tidal phenomena.
Gneiss A banded or foliated metamorphic rock, usually of the same composition as
granite.
gorge A deep narrow passage with steep rocky sides; a ravine.
Gradient Degree of incline; slope of a stream bed. The vertical distance that water falls

while traveling a horizontal distance downstream or through an aquifer.

Granitic Of or pertaining to granite, a common, coarse-grained, light-colored, hard
igneous rock consisting chiefly of quartz, orthoclase or microcline, and mica.

Granofels A metamorphic rock of similar composition to gneiss, though more massive and
little to no banding of different colored minerals.

graywacke Any of various dark gray sandstones that contain shale.

Greenschist rock subjected to low grade regional metamorphism. Characterized by
' greenstone (greenschist) rocks if a mafic parent, slates and phyllites if a complex
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Greenstone

Groundwater

Groundwater
conceptual model

Groundwater flux
Groundwater

gradient

Holocene

Hydraulic
conductivity

Hydraulic head

~ Hydrogeology

\
siliciclastic sedimentary parent, plus other metamorphic rocks from other parents.

A field term for any compact dark-green altered or metamorphosed basic
igneous rock that owes its color to chlorite, actinolite, or epidote.

(1) Generally, all subsurface water as distinct from Surface Water, specifically,
the part that is in the saturated zone of a defined aquifer. (2) Water that flows or
seeps downward and saturates soil or rock, supplying springs and wells. The
upper level of the saturated zone is called the Water Table. (3) Water stored
underground in rock crevices and in the pores of geologic materials that make up
the earth’s crust. Ground water lies under the surface in the ground’s Zone of
Saturation, and is also referred to as Phreatic Water.

A collection of data that describe a set of relationships between factors that lead
to a general understanding of groundwater flow in the area of study.

(‘i) Water that moves through the subsurface soil and rocks. (2) The movement
of water through openings in sediment and rock that occurs in the Zone of
Saturation. ‘

The gradient or slope of a water table or Piezometric Surface in the direction of

the greatest slope, generally expressed in feet per mile or feet per feet.
Specifically, the change in static head per unit of distance in a given direction, {
generally the direction of the maximum rate of decrease in head. The difference

in hydraulic heads (h1 — h2), divided by the distance (L) along the flowpath, or,
expressed in percentage terms: /= (h1 -~ h2) /L X 100. A hydraulic gradient of
100 percent means a one foot drop in head in one foot of flow distance.

The present epoch of time, beginning about 11,000 years ago.

Simply, a coefficient of proportionality describing the rate at which water can
move through an aquifer or other permeable medium. The density and kinematic
viscosity of the water must be considered in determining hydraulic conductivity.
More specifically, the volume of water at the existing kinematic viscosity that will
move, in unit time, under a unit Hydraulic Gradient through a unit area measured
at right angles to the direction of flow, assuming the medium is isotropic and the
fluid is homogeneous. In the Standard International System, the units are cubic
meters per day per square meter of medium (m3/day/m2) or m/day (for unit
measures).

(1) The height of the free surface of a body of water above a g'iven point beneath
the surface. (2) The height of the water level at the headworks or an upstream
point of a waterway, and the water surface at a given point downstream.

The part of geology concerned with the functions of water in modifying the earth,
especially by erosion and deposition; geology of ground water, with particular
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Hydrograph

Hydrologic
Igneous

intrusive rock

Irrigation period

Kayak

Iongitudinal
gradient

Massive

Mean lower water
datum

Mélange

Metamorphic rock

Metamorphism

emphasis on the chemistry and movement of water.

(1) A graphic rebresentation or plot of changes in the flow of water or in the
elevation of water level plotted against time. (2) The trace of stage (height) or
discharge of a stream over time, sometimes restricted to the short period during

storm flow.

Of or pertaining to hydrology, that is the science dealing with water, its properties,
phenomena, and distribution over the earth’s surface.

A rock formed by the solidification of molten materials (magma). The rock is
extrusive (or volcanic) if it solidifies on the surface and intrusive (or plutonic) if it
solidifies beneath the surface.

See igneous.

The irrigation period is defined as the time of operation of pumping from irrigation
wells during 2004. This period was from April 21% through October 15" as
detailed on Table 2-2 of the report.

A small boat similar to a canoe.

A graphic presentation of elevation versus distance; in channel hydraulics it is a
plot of water surface elevation against upstream to downstream distance.

Said of rocks of any origin that are more or less homogenous in texture or fabric,
displaying an absence of flow layering, foliation, cleavage, joints, fissility, or thin
bedding.

A tidal datum. The average of all the low water heights observed over the
National Tidal Datum Epoch. For stations with shorter series, simultaneous
observational comparisons are made with a control tide station in order to derive
the equivalent or accepted values of the National Tidal Datum Epoch. The
elevation of this datum on the shore is the MLW line.

A mappable body of rock that includes fragments and blocks of all sizes, both
exotic and native, embedded in a generally fragmented and sheared matrix.

A sedimentary or igheous rock that has been changed by pressure, heat, or
chemical action. For example, limestone, a sedimentary rock, is converted to
marble, a metamorphic rock.

A change in the constitution of rock; specifically a pronounced change effected
by pressure, heat, and water that results in a more compact and more highly
crystalline condition.
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Metasedimentary A sediment or sedimentary rock that shows evidence of having been subjected to

metamorphism.
Metavolcanic ~ A volcanic rock that shows evidence of having been subjected to metamorphism.
Monitoring well A well used to obtain water quality samples or meésure groundwater levels.
Monitoring well A collection of monitoring wells drilled to varying depths located in close proximity
~Cluster to one another. This arrangement is generally used to determine vertical
groundwater gradients.
Percolation “The movement, under hydrostatic pressure, of Water through the interstices of a

rock or soil. Also, the movement of water within a porous medium stch as soil
toward the water table without a definite channel.

Petrographié Pertaining to the description and classification of rocks.

Phenocrysts one of the relatively large and ordinarily conspicuous crystals of the earliest
generation in a prophyritic igneous rock

Pile driving A large stake, or piece of timber, pointed and driven into the earth, as at the s
bottom of a river, or in a harbor where the ground is soft, for the supportofa \\
building, a pier, or other superstructure, or to form a cofferdam, etc. ‘

Pillow basait a general term for those lavas displaying pillow structure and considered to have
' formed underwater. ‘

Plagioclase Any of a common rock-forming series of triclinic feldspars, consisting of mixtures
of sodium and calcium aluminum silicates. Also called oligoclase.

Plume A relatively concentrated mass of material spreading in the environment. In

‘ surface water, the effluent added to a receiving stream near a point source. For
example, when a heated-water discharge is added to a stream, the heated water
does not mix immediately with the stream water. The mass of hot water remains
‘detectable for some distance downstream.

Poorly sorted said of a clastic sediment or rock that consists of particles of many sizes mixed
together in an unsystematic manner so that no one size class predominates

Potential (1) The maximum quantity of water capable of being evaporated from the soil

evapotranspiration and transpired from the vegetation of a specified region in a given time interval
under existing climatic conditions, expressed as depth of water. (2) The water
loss that will occur if at no time there is a deficiency of water in the soil for use by
vegetation.

Potentiometric A surface which represents the static head of ground water in tightly cased wells -,

/
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El Sur Ranch, Big Sur, California
Hydrogeologic Investigation and Conceptual Site Model

May 20, 2005

within the Lower Reach of the Big Sur River

surface

Precipitation

Pre-cretaceous

Pressure
transducers

Promontories
Public domain
Pumping test

Quartz digrite
Quartzite |
Quaternary
Recharge
Relief -
River stage

River transect

that tap a water-bearing rock unit (i.e., aquifer). In relation to an aquifer, the
potentiometric surface is defined by the levels to which water will rise in tightly
cased wells. If the head varies significantly with depth in the aquifer, then there
may be more than one potentiometric surface. The Water Table is a particular
potentiometric surface for an Unconfined Aquifer.

As used in Hydrology, precipitation is the discharge of water, in liquid or solid
state, from the atmosphere, generally onto a land or water surface. It is the
common process by which atmospheric water becomes surface or subsurface
water. The term “precipitation” is also commonly used to designate the quantity
of water that is precipitated. Forms of precipitation include drizzle, rainfall, glaze,
sleet, snow, graupel, small hail, and hail.

Ocecurring prior to the cretaceous period (see cretaceous).

A data logger that measures and records water pressure (head of water over the
sensor). See data logging.

A high ridge of land or rock jutting out into a body of water; a headland.
Land owned and controlled by the state or federal government.
See aquifer testing.

A group of plutonic rocks having the composition of diorite but with appreciable
amounts of quartz.

A granoblastic metamorphic rock consisting mainly of quartz, formed by the
recrystallization of sandstone by regional or thermal metamorphism.

A period consisting of approximately the last 2 million'years of earth history,
encompassing both the Pleistocene and the Holocene epochs.

(1) The downward movement of water through soil to groundwater. (2) The
process by which water is added to the Zone of Saturation. (3) The introduction
of surface or ground water to groundwater storage such as an aquifer.

The variations in elevation of an area of the earth's surface.

The elevation of the water surface at a specified station above some arbitrary
zero datum (level).

A surveyed line (generally constructed with two surveyed posts connected by a
string) emplaced perpendicular to river flow across which river velocity data is
collected

7-9 The Source Group, In¢.
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El Sur Ranch, Big Sur, California
Hydrogeologie investigation and Conceptual Site Model
within the Lower Reach of the Big Sur River

© May 20, 2005

Robust

Runoff

Saltwater intrusion

Saltwater wedge

Schist

Sedimentary
Seepage velocity

Site

Soil profile

Spring tide

Specific yield

Stage height

Stilling well

Storage capacity

Stratigraphy

being robust is reliability.

~ Referring to the health, strength and durability of something. In computing terms,

. That portioh of precipitation that moves from the land to surface water bodies.

The invasion of a body of fresh water by a body of salt water, due to its greater
density. It can occur either in surface or ground-water bodies. The term is applied
to the flooding of freshwater marshes by seawater, the migration of seawater up
rivers and navigation channels, and the movement of seawater into freshwater

aquifers along coastal regions.

The wedge shaped body of saltier water that underlies fresher water in poorly
mixed estuaries, or underlies fresher groundwater in coastal or estuary situations
where the fresher groundwater is discharging to the ocean or estuary over and

through a fresh/salt water interface.

Any of various medium-grained to coarse-grained metamorphic rocks composed
of laminated, often flaky parallel layers of chiefly micaceous minerals.

Of or relating to rocks formed by the deposition of sediment.

The rate at which water or other fluid moves through a porous medium.

Generally refers to the Study Area and may refer specifically to areas of data

collection within the Study Area.

The arrangement of soil horizons or layers below the ground surface.

The exceptionally high and low tides that occur at the time of the new moon or
the full moon when the sun, moon, and earth are approximately aligned.

The volume of water available per unit volume of aquifer, if drawn by gravity.
Specific yield is expressed as a percent. For example, if 0.2 cubic meter of water
will drain from 1 cubic meter of aquifer sand, the specific yield is 20 percent.

The height of a water surface above sdme established reference point or Dafum
(not the bottom) at a given location. Also referred to as Gage Height.

A device used to allow monitoring of water levels in turbulent flow.

Water naturally detained in a drainage basin, such as ground water, channel
storage, and depression storage. The term Drainage Basin Storage, or simply
Basin Storage, is sometimes used to refer collectively to the amount of water in

natural storage in a drainage basin.

The study of rock strata, especially the distribution, deposition, and age of

7-10

The Source Group, Inc.
ESR--4

T



El Sur Ranch, Big Sur, California
Hydrogeologic Investigation and Conceptual Site Model

within the Lower Reach of the Big Sur River

May 20, 2005

Strike

Study Area

‘Study period

Submarine canyon

Surface flow

Synoptic
Tectonically

Thrust fault

Transducer
Transmissivity

Trend

Tributary

‘Underflow

Velocity transect

Wacke

sedimentary rocks

The direction taken by a structural surface (e.g. a bedding or fault plane).

The Study Area includes the portion of Andrew Molera State Park from the
parking lot to the ocean and a portion of the adjacent EL Sur Ranch property to
the north as depicted on Figure 1-2 of this report.

The period of field data collection for this report that is inclusive of the time
between April 15" and October 31, 2004,

A steep sided, V-profile trench or valley winding along the continental shelf or
continental slope, having tributaries and resembling a river-cut land canyon.

Flowing water that remains on the earth’s surface; all waters whose surface is
naturally exposed to the atmosphere, for example, rivers, lakes, reservoirs,
ponds, streams, impoundments, seas, estuaries, etc., and all springs, wells, or
other collectors directly influenced by surface water.

Of or relating to data obtained nearly simultaneously over a large area. .

Relating to, causing, or resulting from structural deformation of the earth's crust.

A fault with a dip less than 45 degrees or less over much of its extent, on which
the hanging wall appears to have moved upward relative to the foot wall.

A substance or device, such as a piezoelectric crystal, microphone, or
photoelectric cell that converts input energy of one form into output energy of
another. See data logging.

The ability of an aquifer to transmit water. The rate at which water of the
prevailing kinematic viscosity is transmitted through a unit width of the aquifer
under a unit Hydraulic Gradient.

a general term for the direciion or bearing of the outcrop of a geological feature.
A stream or other body of water, surface or underground, which contributes its
water, even though intermittently and in small quantities, to another and larger
stream or body of water.

The downstream flow of water through the permeable déposits underlying a’
stream.

see river transect

A soft, earthy, dark-colored rock or clay derived from the alteration of basalt.

7-11 The Source Group, Inc.
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El Sur Ranch, Big Sur, California
Hydrogeologic Investigation and Conceptual Site Model
within the Lower Reach of the Big Sur River May 20,2005 . —-

(-

Water balance An accounting of the inflows to, the outflows from, and the storage changes of
water in a hydrologic unit or system. .

Water table The surface of a groundwater body at which the water is at atmospheric
pressure; the upper surface of the ground water reservoir.

. Watershed An area that, because of topographic slope, contributes water to a specified
' surface water drainage system, such as a stream or river. An area confined by
topographic divides that drains a given stream or river.

Wave overwash Wave overwash: When water, thrown up by waves and storm surge, flows into
the lagoon via the mouth or over the sandbar.
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Figure 2-1

Project Implementation Schedule

El Sur Ranch
ID [Task Name Start Finish pril [ May [ June TJuly August | September [ October [ November | December [Jan
4 [11]18]25] 2 [ 9 [16]23[30[ 6 [13[20(27] 4 [11[18]25| 1 | 8 [15]22]29[ 5 [12[19]26] 3 [10[17[24[31[ 7 [14[21[28[5 [12[19]26[ 2

] Initial Field Visit - Collect Water Level Data Wed 4/14/04 Thu 4/15/04
2 | Geophysical Survey 1 Wed 4/14/04 Thu 4/15/04 D

3 | Temperature Transducer in Temp 1 Bottom Mon 4/19/04| Thu 10/28/04 | : o

4 Temperature Transducer in Temp 3 Bottom Mon 4/19/04 Fri 10/29/04 | ‘ l : _ :" .

5 | Temperature Transducer in Temp 4 Bottom Mon 4/19/04 Fri 10/29/04 L “ [ ‘ j_{

6 Temperature Transducer in Temp 5 Bottom Mon 4/19/04 Fri 10/29/04 | = rerem—— =

7 Submittal of Interim Monitoring Work Plan, Water Rights Application #30166 to SWRCB Thu 5/13/04 Thu 5/13/04 H

8 Start of EI Sur Ranch Groundwater Extraction Wed 4/21/04 Sat 10/16/04

9 Submittal of Permit to Conduct Biological, Geological or Soil Investigations to CDPR Thu 6/17/04 Thu 6/17/04
10 Permit to Conduct Biological, Geological or Soil Investigations Issued by CDPR Mon 6/21/04 Mon 6/21/04 D%
11 | Temperature/Pressure Transducers in ESR-03 Thu 6/24/04 | Wed 12/29/04 [ J
12 | Temperature/Pressure Transducers in JSA-04 Thu 6/24/04 | Wed 12/29/04 | - |
13 | Field Monitoring Fri 6/25/04 Fri 6/25/04 H
14 | Temperature/Pressure Transducers in Old Well Fri 6/25/04 | Wed 12/29/04 1 |
15 | Field Monitoring Fri 7/2/04 Fri 7/2/04 H
16 | Submittal of Permit Applications for Five Monitoring Wells to MCHD Thu 7/8/04 Thu 7/8/04 B—
17 | Submittal of Streambed Alteration Agreement/Waiver to CDFG Thu 7/8/04 Thu 7/8/04 H

8 | Field Visit Mon 7/12/04|  Tue 7/13/04 f
19 | Temperature/Pressure Transducers in JSA-03 Mon 7/12/04 | Wed 12/29/04 r e |
20 | Temperature/Pressure Transducers in ESR-02 Mon 7/12/04 | Wed 12/29/04 [ . 3 l o |
21 | Temperature Transducer in Temp 1 Surface Mon 7/12/04| Thu 10/28/04 [ : [
22 | Temperature Transducer in Temp 5 Surface Mon 7/12/04 | Thu 10/14/04 ; e
23 | Submittal of Section 404 Clean Water Act Nationwide Permit No. 5 to ACOE Thu 7/15/04 Thu 7/15/04 B
24 | Submittal of Section 404 Clean Water Act Nationwide Permit No. 5 to CRWQCB Mon 7/19/04 Mon 7/19/04 [
25 | Water Well Construction Permit 04-07840 was Issued by MCHD Tue 7/20/04|  Tue 7/20/04 1
26 |Field Visit Thu 7/22/04 Fri 7/23/04 D
27 | Installation of Weather Station WESR-02 Thu 7/22/04 Thu 7/22/04 B
28 |Installation of River Gauge Transect #1, #2, and #3 Fri 7/23/04 Fri 7/23/04 ﬂ
29 | Temperature Transducer in Temp 2 Bottom Fri7/23/04| Thu 10/28/04 | : -
30 | Temperature Transducer in Temp 2 Surface Fri 7/23/04 Thu 10/28/04 | | e
31 | Temperature Transducer in Temp 3 Surface Fri 7/23/04 Fri 10/29/04 [ I :
32 | Temperature Transducer in Temp 4 Surface Fri 7/23/04 Fri 10/29/04 | o _ ﬂ . ‘
Il [
Task - ] Milestone ¢ Rolled Up Split External Tasks | | Deadiine |
at]eeic'}':uzrgj};zt/gssR % pagee Split Summary ~ Rolled Up Milestone <> Project Summary @m i
Progress I Rolled Up Task E __ | Rolled Up Progress nEmSINSNSSSSSSSE  External Milestone &

Page 1 of 2
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Figure 2-1
Project Implementation Schedule

El Sur Ranch
ID |Task Name Start Finish pril [ May [June [July - August [ September [ October | November | December [ Jan
4 [11[18]25] 2 [ 9 [16]23[30] 6 [13[20]27] 4 [11]18[25| 1 | 8 [15[22[29] 5 [12[19]26[ 3 [10[17[24[31[7 [14[21[28[ 5 [12[19[26] 2
3 | Submittal of Section 404 Clean Water Act Nationwide Permit No. 5 to SWRCB Fri 7/23/04 Fri 7/23/04
34 | NWP No. 5 Approval by SWRCB Thu 7/29/04 Thu 7/29/04
35 | Field Visit Thu 8/5/04 Fri 8/6/04 D
36 | Geophysical Survey 2 Thu 8/5/04 Thu 8/5/04 H
37 |Installation of Stilling Wells (Transect #1 and Transect #2) Thu 8/5/04 Thu 8/5/04 H
38 | Temperature Transducer in Ocean Surf Zone 1 Thu 8/5/04 Thu 8/5/04 ﬂ
39 |Installation of Weather Station WESR-01 Thu 8/5/04 Thu 8/5/04 H
40 |NWP No. 5 Approval by CRWQCB Mon 8/9/04 Mon 8/9/04 hi
47| No SAA required by CDFG Mon 8/9/04|  Mon 8/9/04 hi
42 | NWP No. 5 Approval by ACOE Tue 8/10/04 Tue 8/10/04 ‘ﬁ
43 | Temperature/Pressure Transducers in Stilling Well Tue 8/17/04 | Thu 10/28/04 I -
44 | Field Visit Wed 8/18/04 Thu 8/19/04 D
45 | Field Visit Tue 8/24/04 Wed 8/25/04 Dl
46 |Lagoon Closure Thu 8/26/04 Thu 8/26/04
47 | Temperature/Pressure Transducers in Navy Well Tue 8/24/04 | Thu 10/28/04 ) =
48 | Field Visit Tue 8/31/04 Fri 9/3/04 [‘]
19 | Installation of Monitoring Well Cluster ESR-10A, ESR-10B, and ESR-10C Wed 9/1/04 Wed 9/1/04 ]
0 | Temperature Transducer in Ocean Surf Zone 2 Thu 9/2/04 | Thu 10/28/04 |
51 | Temperature/Pressure Transducers in ESR-10 Thu 9/2/04 | Wed 12/29/04 k
52 | Field Visit Wed 9/8/04 Fri 9/10/04 D
53 | Installation ofTwo Monitoring Wells ESR-11 and ESR-12 Wed 9/8/04 Fri 9/10/04 D
54 | Temperature/Pressure Transducers in ESR-10A Fri9/10/04 | Wed 12/29/04 t » ]
55 | Temperature/Pressure Transducers in ESR-10B Fri9/10/04 | Wed 12/29/04 [ _ »1_’ I : ’
56 | Temperature/Pressure Transducers in ESR-11 Fri9/10/04 | Wed 12/29/04 [ — I |
57 | Field Visit Wed 9/15/04 Thu 9/16/04 D
58 | Temperature/Pressure Transducers in ESR-12 Wed 9/15/04 | Wed 12/29/04 L ]
59 |Field Visit Mon 9/27/04 Mon 9/27/04 H
60 |Location Survey Mon 9/27/04 Mon 9/27/04 U
61 |Field Visit Thu 9/30/04 Fri 10/1/04 U
62 |Field Visit Thu 10/14/04 Fri 10/15/04
63 |Field Visit Thu 10/28/04 Fri 10/29/04
Task —_ Milestone ‘ Rolled Up Split External Tasks } e Deadline x,
A:C'Fuzrgj}git/éSR 2 pages Split Summary ~ Rolled Up Milestone <> Project Summary
Progress I Rolled Up Task B | Rolled Up Progress EINNSESSSSNEN  External Milestone €
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