ABSTRACT

El Sur Ranch (ESR) is located in Monterey County on the California Central Coast
about 1 1/2 miles south of Point Sur Lighthouse. ESR seeks a permit for diversion of
pumped well water from the lower reach of the Big Sur River for irrigation of a historic
and existing ranching operation. (Water Right Application #30166) El Sur Ranch,
irrigable pasture area totals approximately 292 acres. The irrigated portion is
approximately 267 acres, which includes a portion of Swiss Canyon that is irrigated
by seepage. The remainder of the 292 acres includes non-irrigated riparian lands, a
tailwater reclamation/runoff collection pond, non-irrigated pasture, and a dune area.
Approximately 25 acres of the 292 irrigated pasture area are riparian land to the Big
Sur River, with 23 acres of the 25 acres currently being irrigated. Diverted water is
provided by two wells located at Andrew Molera State Park. The land upon which the
wells are located, was initially gift deeded to the California Department of Parks and
Recreation (DPR) by El Sur Ranch in 1971.

The Big Sur River is comprised of two primary types of flow: surface flow (from
tributaries and surface runoff) and underflow (subsurface flows through the alluvium
within a deep ancestral canyon carved by river flows through the millennia). At issue
are the impacts, if any, to surface flows due to diversion (well pumping). It is the
Board's jurisdiction to determine whether impacts from the pumping result in impacts
to public trust values. Therefore, the inquiry has been focused upon identifying
impacts caused by pumping/diversion and irrigation/use within the Point of Diversion
and the Place of Use respectively.

The Point of Diversion (POD) has been identified as the geographic extent of
pumping influence or within a 1,000-foot radius, up gradient from the New Well,
when the New Well is pumping. See SGI Figure 3-9. The Place of Use (POU) is
identified as any 267 irrigated acres within approximately 292 acres of pasture.
Figure 2 Site Plan, attached hereto.

In order to provide further scientific evidence in support of its application for a water
right within the Lower Reach of The Big Sur River, ESR supplemented its contracts
with retained consultants in hydrogeology, The Source Group, Inc., biology, Hanson
Environmental, Inc., and agricultural water use, NRCE, Natural Resources
Consulting Engineers, Inc. and retained the services of Miriam Green Associates and
Rogers E. Johnson & Associates. The additional technical reports are provided
herein and include the following:

Addendum To Hydrogeologic Investigation and Conceptual Site Model Within the
Lower Reach of the Big Sur River, EI Sur Ranch, Big Sur, California March, 2007.
The Source Group, Inc. (SGI) :

Geologic Evaluation of Erosion Issues on Irrigated Pasture Lands El Sur Ranch,
March 2, 2007, Rogers E. Johnson & Associates Consulting Engineering Geologists.

Evaluation of the Potential Relationship Between EI Sur Ranch Well Operations and

Aquatic Habitat Associated with the Big Sur River During Late Summer and Early
Fall, 2006. March, 2007. Hanson Environmental, Inc. (Hanson Environmental)
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Water Level and Habitat Monitoring from Rainfall Runoff and Surface Irrigation
Excess Overflow Changes within Swiss Canyon, El Sur Ranch, in Late Summer and
Early Fall, 2006, March, 2007, Hanson Environmental, Inc.

Erosion Monitoring from Rainfall Runoff and Surface Irrigation Excess Overflow on
Coastal Bluffs Bordering El Sur Ranch Pastures 7 and 8 in Late Summer and Early
Fall, 2006, March, 2007, Hanson Environmental, Inc.

Results of Biological Surveys in the El Sur Ranch Study Area, Monterey County,
California, December 21, 2006, Miriam Green Associates.

(Update of May 18, 2005 Report) Reasonable Beneficial Use — Land Use Study for
El Sur Ranch lIrrigated Pastures Water Rights Application #30166, March 2007.
Natural Resources Consulting Engineers, Inc. (NRCE)

Further biologic survey work is contemplated for the last two weeks of March or the
first week of April 2007, by Miriam Green & Associates, in order to complete the
spring assessment for certain species not observed during the 2006 survey. A letter
report will be provided to the State Board ‘as soon as possible after the survey work
is completed.

2006 Study Area

During the 2004 Study the Study Area was described as lying within the lower Big
Sur River Basin, on the western slope of the Santa Lucia Mountain Range and
included the last mile of the river before it flows into a lagoon, then into the Pacific
Ocean. ltincluded El Sur Ranch irrigated pastures and Andrew Molera State Park.

The 2006 Hydrogeologic study was primarily focused upon a 2,000-foot section of
the lower Big Sur River bounded downstream by and including a portion of the upper
lagoon and upstream by the ‘deep pool’ area (former location of the 2004 Study’s
‘Temperature Logger #3' data collection point). It is along this section that the
alignment of the River changes from running parallel to Creamery Meadow
groundwater flow to running perpendicular to the groundwater flow.” See SGI 2006-
07 Study, Figure 1-2 for a map describing the 2006 Study Area.

Prior Site Work and Studies

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

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

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

* 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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* Hydrogeologic investigation work conducted in the late '90s including:

installation of three monitoring wells during 1991 and 1998 (JSA-03,
JSA-04 and JSA-05) (Jones & Stokes, 1999)

two aquifer tests: one using New Well and the other using both New
Well and Old Well (Jones & Stokes, 1999)

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

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

Continuous water level monitoring for two El Sur Ranch wells
conducted between August 1997 and June 1998, and one monitoring
well from July through September 1998 (Jones & Stokes, 1999)

+ Compilation of prior work/findings for the Big Sur River drainage regarding
the historical occurrence of steelhead/rainbow trout and habitat conditions
(Titus, 2003); and '

* Biological surveys performed in 1995 (BioSystems, 1995).

More general studies of the surrounding area, occurring over the course of the last
78 years, are provided as a listing of reference materials within the 2004-05 SGI and
Hanson Environmental reports.

Summary of Findings and Conclusions

Scope of 2006 Hydrogeologic Study

The goal of the additional hydrogeologic data collection and analysis for the 2006
Hydrogeologic Study was to refine and/or evaluate for:

1. a correlation between pumping rates and loss of surface water through
the bed of the River,

2. the relationship of any identified correlation between pumping rates and
loss of surface water, to the total stream-flow entering the Study Area in
order to identify the potential for impacts due to pumping,

3. the ability of the pumping to create drawdown impacts within Creamery
- Meadow,

4. the cause and extent of movement inland of the saline wedge and
identification of impacts, if any, to the lagoon and riparian zones from
such movement,

S. the availability of water for irrigation, during the driest months of the year
based upon a water budget evaluating varying year types, and
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8. the effects pumping has upon concentrations of dissolved oxygen and
temperature within the Study Area.

Results and Conclusions of 2006 Hydrogeologic Study

1. The geographic extent of pumping influence upon the River system is
approximately 1,000-foot radius, up-gradient from the New Well, when the
New Well is pumping. See SGI 2006-07 Study, Figure 3-22.

2. Within the identified geographic extent of pumping influence influence, the
only identified correlation between irrigation well pumping and the flow of
water in the River is between pumping rate and rate of groundwater
accretion. Across River Zones 2 through 4, the natural condition is for the
flow of the River to increase in response to the addition of water from
groundwater accretion (i.e. groundwater upwelling into the River). Pumping
reduces this gain in River flow by reducing the amount of groundwater
accretion. Conservatively, for every 1 cfs of water pumped by the irrigation
wells, the amount of groundwater accretion is reduced by 0.3 cfs.

3. During the dry months (i.e. September through October) of a critically dry
year, River flow within the geographic extent of pumping influence is
estimated to be 3.8 cfs or lower under normal September pumping conditions
(i.e. a groundwater pumping rate of approximately 2.7 cfs) or 2.8 cfs or lower
under maximum permitted pumping conditions (i.e. a groundwater pumping
rate of approximately 5.84 cfs). In all but the most critically dry years,
pumping does not significantly reduce the continuity of surface flow within the
river. Within the geographic extent of pumping influence the calculated
drawdown of groundwater levels beneath Creamery Meadow is 0.20 feet (2.4
inches) at the River bank diminishing to zero within 500 feet up gradient into
Creamery Meadow.

4. During September, the driest month of the year, readings in both irrigation
wells and the Navy Well reflect no significant correlation between pumping
rates and electroconductivity levels regardless of changes in tidal conditions.
This lack of elevated electroconductivity levels is attributed to the absence of
the higher than normal spring tides which _generally occurs in early to
midsummer (i.e. May through August). Tidal influence, exacerbated by the
summer spring tides, is the dominant mechanism driving saline water inland
to the pumping wells. There is no correlation between pumping rate and
electroconductivity, and therefore no effect upon saline wedge movement.

5. Data collected during the 2006 Study supports a Water Availability Analysis
focused upon the geographic extent of pumping influence, (Zones 1 through
4 of the River). Zones 2 through 4 are where the surface flow moves laterally
across the direction of underflow. No effects of pumping have been identified

- outside of these Zones.

8. Depressed levels of dissolved oxygen existing within the underflow mix with
surface flows between Zones 2-4. Pumping does not cause the depressed
levels of dissolved oxygen in the subsurface flow. To the contrary, pumping
during low flow conditions reduces the rate of accretion of depressed
dissolved oxygen waters into the surface flow within the geographic extent of
pumping influence. :

Depressed temperatures existing within the underflow also mix with surface
flows between River Zones 2-4. Reducing the amount of groundwater
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entering the River, such as what occurs during ESR diversions, can
theoretically increase the localized temperature along the Creamery Meadow
bank a maximum of 1.1 °C (2 °F). This increase is relative to the reduced
River temperatures that exist when groundwater mixes with the River under
no pumping conditions.

Scope of 2006-07 Biologic Studies

The Big Sur River provides a migratory corridor, spawning and egg incubation
habitat, and juvenile rearing habitat supporting a population of steelhead
(Oncorhynchus mykiss). Steelhead inhabiting the Big Sur River have been listed as a
threatened species under the Federal Endangered Species Act. The 2006 Biologic
Study addresses the potential for EI Sur Ranch diversions to adversely affect habitat
quality and availability for juvenile steelhead inhabiting the lower river and lagoon.

A fishery habitat investigation was designed and implemented to provide site-specific
field information on instream habitat conditions within the lower reaches of the Big
Sur River and the lagoon throughout the summer and early fall of 2006 under a
range of El Sur Ranch diversions. Steelhead were identified as the primary target
species of interest for this investigation. Potential steelhead passage and habitat
quality changes within the river resulting from the range of well operations during the
study period can serve as an indicator of the potential for adverse effects on habitat
conditions for other sensitive and protected wildlife inhabiting the area. The objective
of the 2006 experimental investigation was to determine if El Sur Ranch diversion
well operations cause adverse impacts to fish and wildlife habitat within and adjacent
to the Big Sur River during the seasonal period of low flows and typical El Sur Ranch
diversion operations.

Further, a study and analysis was performed looking for impacts due to rainfall runoff
and surface irrigation seepage within Swiss Canyon, (Water Level and Habitat
Monitoring from Rainfall Runoff and Surface Irrigation Excess Overflow Changes
within Swiss Canyon, EI Sur Ranch, in Late Summer and Early Fall, 2006, Hanson
Environmental). While this study was conducted during dry season conditions it
examined the study area for physical features that might have occurred due to
rainfall runoff.

Results and Conclusions of 2006-07 Biologic Studies

Results of habitat and passage monitoring during the 2006 study period concluded
that conditions within the geographic extent of pumping influence, under a range of
experimental pumping regimes, remained within a suitable range for juvenile
steelhead rearing throughout the summer and fall monitoring period irrespective of
ESR diversions. While observing variations of parameters (flow, depth, width,
temperature, DO and EC), there was no evidence that well operations resulted in a
consistent pattern of habitat change within the river. All parameters measured as part
of this 2006 study remained within the range considered to be suitable for steelhead
rearing. Additional findings of the 2006 investigation include: »

1. Summer, surface baseflows during the 2006 investigation were sufficient
to provide physical habitat within the lower river and lagoon to support
juvenile steelhead/rainbow trout rearing;
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2. Surface streamflows were sufficient to maintain connectivity among
habitat units within the study reach throughout the 2006 study period;

3. At all times of the Study, water quality conditions, including water
temperatures,  electrical  conductivity, and dissolved oxygen
concentrations, were within the range considered to be suitable for
juvenile steelhead/rainbow trout rearing;

4. Steelhead passage monitoring, including critical riffle habitats, concluded
that no barriers/impediments to fish migration resulted from ESR
diversion operations and no patterns were detected between passage
transect depth variations and diversion operations;

5. Analyses incorporating results of the SGI mixing model (SGI! 2007) and
habitat thresholds conclude that ESR diversions cannot adversely impact
steelhead habitat in the study reach by raising temperature above
naturally occurring levels;

8. Analyses incorporating results of the SGI mixing model (SGI 2007) and
habitat thresholds conclude that ESR diversions cannot adversely impact
steelhead habitat by depressing dissolved oxygen concentrations below
naturally occurring levels;

7. Neither the 2004 nor the 2006 study periods provided any evidence of
adverse effects on juvenile steelhead habitat quality and connectivity or
availability as a result of ESR irrigation well operations. Similarly, the
absence of adverse effects on aquatic habitat for juvenile steelhead,
serves as an indicator that adverse effects to other sensitive and
protected aquatic species inhabiting the lower Big Sur River would not be
expected, based on environmental conditions and irrigation  well
operations that occurred during the 2004 and 2006 study period flow
conditions, and;

8. Under the conditions surveyed, no evidence exists that ESR diversions
adversely effect vegetation within Creamery Meadow or any of the areas
within the geographic extent of pumping influence.

9. Swiss Canyon was observed to be characteristically dry upstream of .
ground water influence. The main contributing source of flows was ground
water upwelling. No changes in habitat or populations were observed.

Scope of 2006 Biologic Surveys

The purpose of the 2006 Biologic Surveys (Results of Biological Surveys in the El
Sur Ranch Study Area, Monterey County, California, December 21, 2006, Miriam
Green Associates) was to gain baseline information on plant communities and
wildlife resources within the POD and the POU both for the CEQA process and
public trust analysis. The Surveys identified the potential for special-status plant and
wildlife species including federally and state-listed species within the POD and POU.
The study also examined the POD and the POU for impacts due to diversion and
irrigation across a variety of operational scenarios.
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Conclusions of the 2006 Biologic Surveys

1. No federally or state-listed plants were observed during the 2006 surveys.

2. Two plant species, tracked by the California Native Plant Society were
observed: Arroyo Seco bushmallow and Monterey Indian paint brush.

3. The California red-legged frog (Rana aurora draytonii) a federally-threatened
species, was recorded in the River in the early 1990s and in Swiss Canyon in
2006. It was not observed during the survey. The southwestern pond turtle, a
California species of special concern, was also observed in the 1990s in the
River. The reclamation pond within the POU provides suitable habitat for both
species.

4. Suitable habitat is present for the Smith’s blue butterfly and California tiger
salamander, both federally-listed species. Suitable habitat is also present for
11 California species of special concern anfor fully protected species,
including: the Monterey dusky-footed woodrat, ringtail, American badger,
pallid bat, golden eagle, northern harrier, white-tailed kite, long-billed curlew,
California horned lark, Coast horned lizard and Coast Range newt. Only the
golden eagle, Cooper’'s hawk, northern harrier, white-tailed kite, long-billed
curlew and California horned lark were observed during 2006 surveys.

5. No significant adverse biologic effects due to ESR irrigation practices were
observed.

6. Significant beneficial impacts due to irrigation were observed including:
sustenance of a diverse riparian corridor within Swiss Canyon, capable of
supporting amphibians such as the federally-listed, California red-legged frog
and the more common Pacific chorus frog as well as reptiles and mammails.

7. lrrigation seepage within the POU allows the structural diversity of the
vegetation to be maintained as evidenced by the presence of a diverse avian
community.

8. Within the geographic extent of pumping influence, visual observations
confirm no signs of dieback or physical stress to vegetation.

Scope of 2006-07 Geologic Evaluations of Soil Sta.bilitv Issues

The purpose of the 2007 Geologic Evaluation of Erosion Issues (Geologic Evaluation
of Erosion Issues on lrrigated Pasture Lands El Sur Ranch, March 2, 2007, Rogers
E. Johnson & Associates, Consulting Engineering Geologists), was to determine
whether ESR irrigation practices contribute to erosion along the banks of Swiss
Canyon or to erosion of coastal bluffs that border the southern end of the POU.

The purpose of the 2006-07 Erosion monitoring study, (Erosion Monitoring from
Rainfall Runoff and Surface Irrigation Excess Overflow on Coastal Bluffs Bordering
El Sur Ranch Pastures 7 and 8 in Last Summer and Early Fall, 2006, Hanson
Environmental) was to evaluate the potential for irrigation flows and rainfall runoff to
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contribute to surface erosion of the steep slopes of the bluff bordering the southern
edge of the ESR irrigated pasture, on the Pacific Ocean.

Conclusions of the 2006-07 Geologic Evaluation of Soil Stability Issues

1. ESR irrigation practices have had no discernable effect on rates of coastal
bluff retreat within the study area.

2. Storm driven surf, particularly when combined with high tides, are the primary
agents affecting bluff retreat. The chief variable affecting the rate of bluff
retreat is the intensity and the direction of major storms which cause the surf
to attack this stretch, particularly the pasture located south of the outlet of
Swiss Canyon.

3. No evidence of increased erosion due to irrigation practices was observed,
within Swiss Canyon. In fact, gullying and slumping has diminished during
irrigation over the last 50 years.

Scope of 2007 Land and Water Use Analysis.

In May 2005, NRCE completed a report that described ESR water use for irrigated
pasture (NRCE, 2005). At that time it was envisioned that the report would be
updated after climate data specific to ESR was obtained. The information
summarized below replaces the May 2005 report.

The primary objective of the 2007 study by Natural Resources Consulting Engineers,
Inc. (NRCE) is to determine the agricultural water needs of the ESR pastures, and to
evaluate whether ESR’s historical water uses have been reasonable and beneficial.

Physical Conditions

ESR is the largest of the remaining working cattle ranches that once existed
on the coast between San Simeon and Monterey. The irrigated pasture on
ESR is an essential component of the cattle operation, providing high quality
forage during the dry summer period.

The use of ESR land is consistent with and protected by both the California
Coastal Act (CCA) and the Monterey County Local Coastal Program,
including the Big Sur Area Land Use Plan (LUP), which recognizes
agriculture as a priority use of coastal lands.

ESR irrigable pasture area has a total of approximately 292 acres. The
irrigated portion is approximately 267 acres, which includes a portion of Swiss
Canyon that is irrigated by seepage. The remainder of the 292 acres
includes non-irrigated riparian lands, a tailwater reclamation/runoff collection
pond, non-irrigated pasture, and a dune area. Approximately 25 acres of the
292 irrigated pasture area are riparian land, with 23 acres of the 25 riparian
acres currently being irrigated.

The climate along the Big Sur coastal area can vary significantly within a short
distance and for that reason, in August of 2004 an electronic weather station was
setup on the ESR irrigated pasture.

The average maximum monthly temperatures range from 59 to 66 °F with
minimum average monthly temperatures ranging from 44 to 52 °F.
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ESR’s irrigated pastures have high winds and mostly sunny conditions in the
day during the summer months.

The estimated average long-term annual precipitation is about 27 inches with
about 90 percent of the total rainfall occurring from November through April
during the period from 1975 through 2008.

Winter months are generally wet and the summer months are almost always
dry.

The average mean temperature at El Sur pasture is around 55° Fahrenheit
and freezing temperatures are rare.

The 2.5 years of meteorological data collected at ESR was used in
correlation with other climate data to estimate crop water and irrigation
needs.

Conclusions of 2007 Land and Water Use Analysis

1. The irrigation system and irrigation process is concluded to .be
efficient and after review and consideration of other alternatives, the
most appropriate system for the physical conditions of the pastures.

2. Evapotranspiration (“ET”) of the basture crops is estimated to be
43.31 inches per year for the 1975 - 2006 period and 33.4 inches for
the March-October months during the same period.

3. The calculated maximum annual diversion requirement (over a 58
year period of record (1949-2006)) is 1,433 acre-feet. For that 58 year
period, the calculated average annual diversion needed for crop
production is 1,170 acre-feet (average 1,180 acre-feet for 1975- -2006).

4. The maximum diversion rate of 5.84 cfs or a running 30-day average
of 5.34 cfs, is adequate to provide the amount of irrigation needed to
maintain crop production.

5. ESR's average annual (January — December) irrigation for the 1975 —
2006 period is 3.43 feet (41.16 inches). After consideration of leaching
requirements, the average on-farm irrigation efficiency for ESR is
calculated to be 71% for 1975- 2006 and 82% for 1994-2006. The 71
percent average irrigation efficiency is not the recommended target
irrigation efficiency for ESR.

6. The irrigation efficiency on ESR pasture is concluded to be
reasonable and supported by conditions and limitations of water
supply, the irrigation system, soils, labor constraints, and imperfect
forecast of rainfall events. Based upon observation and analysis of
available information, the irrigation system is concluded to be well-
managed and efficient and as a result the pastures are found to be in
good health suitable for maximizing crop production.

7. Potential soil erosion is well controlled by dense ground cover and
constructed embankments to prevent runoff from eroding steep
unprotected slopes.
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EXECUTIVE SUMMARY

A series of investigations dating back to 1997 have been conducted on the last mile of the Big Sur River
as it empties into the Pacific Ocean in an attempt to ascertain any effects of pumping by the El Sur
Ranch (ESR) irrigation wells on River flow and underflow.

El Sur Ranch
Properly Boundary

Andrew Molera
State Park

Study Area

ey . ~—8ig Sur River

Preiffer
Big Sur
State Park

A comprehensive hydrologic and hydrogeologic investigation was conducted in 2004 that incorporated
the results of all previous investigations, and is summarized in the May 2005 Source Group, Inc. (SGI)
report titled Hydrogeologic Investigation and Conceptual Site Model Within the Lower Reach of the Big
Sur River (HI-CSM). The 2004 Study resulted in the development of a detailed hydrogeologic conceptual
model describing groundwater and surface water dynamics and interactions in the Study Area.

Simply stated, the hydrogeologic conceptual model describes the sand, gravel, cobble and boulder
deposits that fill the ancestral canyon carved through the Big Sur River Valley by the Big Sur River, from
the USGS flow gauge in Pfeiffer-Big Sur State Park to the River's confluence with the Pacific Ocean.
These deposits make up a highly permeable alluvial aquifer allowing for significant transmission of
groundwater. All surface water and groundwater drainage from the Big Sur River watershed ultimately
travels on and in these deposits to a final discharge into the Ocean.
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(Study Area with Alluvial Aquifer in Yellow)

Flow rates in the Big Sur River respond immediately to rainfall events. Due to the permeable nature of
the sand, gravel and cobble deposits on which the River flows, groundwater moving within the alluvial
aquifer is hydraulically well connected to surface flow in the River. Due to this direct connection, the
mere presence of the flowing River indicates that the alluvial groundwater aquifer is in equilibrium with
the River during the summer months when the River is at a base flow condition. As the River
approaches its mouth, it jogs to the south crossing the normal direction of groundwater flow. It is along
this stretch that the River becomes a gaining stream, with groundwater upwelling and mixing with the
River water. The River then turns back to the west and enters the ponded area of the River called the
‘lagoon’ before its final discharge into the Ocean.

At the River's mouth, the ancestral canyon bottom was carved into two channels that are split by a
subsurface knob of hard rock. 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. Groundwater in the lagoon
area of the River is directly hydraulically connected to the Ocean through the interface of the submarine
alluvial canyon. As a result of this connection, groundwater levels respond to tidal fluctuations as do
lagoon surface water levels.
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(Study Area with Bottom of Alluvial Aquifer Exposed to Show Ancestral Canyon)

The natural fluctuating tidal condition results in a constantly moving saline water wedge under the fresh
groundwater outflow within the deepest part of the ancestral canyon. The most significant landward
migration of saline water is in response to summer spring tide events. The deeper, northwestern
subterranean channel acts as a preferential pathway for the natural migration of the saline wedge
beneath the fresh groundwater as far inland as the Navy Well and, in extreme cases, the El Sur Ranch
Old Well. Following each spring tide event, the saline water retreats, and has no lasting effect on
groundwater quality. The seasonal advancement of the saline wedge has no measurable impact to
surface water quality in the lagoon or the River. Pumping did not induce any measurable surface water
quality changes during the 2004 investigation.

Review and analysis of the 2004 Study data and analyses by stakeholders resulted in the development
of additional technical questions focused on specific and definable connections between pumping of El
Sur Ranch irrigation wells and River flow and water quality. The 2006 Study addendum was formulated
and implemented to answer these questions. The main purpose of the 2006 Study was to collect data
and gain additional understanding of the groundwater-river dynamic system such that a correlation could
be made between irrigation well pumping and any loss of surface water through the bed of the Big Sir
River in response to the pumping. In addition, the 2006 Study evaluated the potential for irrigation
pumping to induce drawdown impacts in the adjacent Creamery Meadow. Monitoring of River water
quality focused on temperature, dissolved oxygen, and detection of pumping based water quality
impacts. Additional monitoring of the movement of the saline wedge inland was evaluated to further
address concerns over the impact of saline water to the lagoon and riparian zones. Finally, a monthly
based water budget for various water year types was considered, specifically focused on the later
summer months when pumping has the most potential to cause an impact.
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The results of the 2006 Study confirm and expand upon the hydrogeologic conceptual model defined
during the 2004 Study. The 2006 Study has led to an increased level of understanding of the specific
nature of influence of the irrigation pumping wells on the Big Sur River. Analysis of the 2006 data was
focused on the potential for impact to steelhead fishery habitat. Based on the results of biologic studies
conducted in 2004 and as part of the 2006 Study, the perspective for evaluating the potential fishery
impact focused on the ability of pumping to reduce habitat continuity to less than that needed for fish
passage and/or to reduce water quality within the River which might have an adverse effect on steelhead
habitat quality. Additional focus was on the potential for impact to the local ecosphere (flora and fauna
access to fresh water) via exacerbating natural saline wedge intrusions, or causing undue groundwater
level drawdown in Creamery Meadow affecting root zone access to fresh water. The following
paragraphs summarize the findings of the 2006 Study with respect to these questions.

Pumping Correlation

Can a correlation be drawn between irrigation well pumping and a loss of water from the River?

Yes.

This question was specifically answered by the 2006 Study. Data from the 2006 Study show that in the
River reach closest to the pumping wells, the River naturally gains water from the underlying aquifer (i.e.,
groundwater upwelling). Irrigation well pumping has the effect of reducing the rate of groundwater
upwelling that occurs within the radius of influence of the pumping wells. The reduction is directly
correlated to the amount of water pumped. The worst case scenario measured shows that within the
area of influence of the pumping wells, every 1 cubic foot per second (cfs) of water pumped by the wells
reduces groundwater inflow into the River by 0.30 cfs. This indicates that for every unit volume of water
pumped, 0.30 of that volume, or 30%, comes from underflow that would have discharged into the River
within the area of pumping influence (i.e., Zones 2 through 4). The remaining 70% of the volume of water
pumped is comprised of underflow that was destined to discharge to the Ocean without ever entering the
River. For the average September irrigation well pumping condition of 2.7 cfs, this 30% equates to a
reduction in total volume of groundwater inflow to the River across Zones 2 through 4 of approximately
48 acre-feet for the month of September. The total volume of River flow exiting Zone 2 for the month of
September 2006 is estimated to be 1,166 acre-feet. This indicates that groundwater inflow reduction
resulting from average September pumping accounts for approximately 4.1% of the volume of flow past
the area of influence in September of 2006. The River continued to gain groundwater across the
pumping area of influence, even during periods of maximum pumping.

Saline Wedge

Does pumping of the El Sur Ranch irrigation wells drive the inland migration of the coastal saline wedge?

No.
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The Old Well, located nearly 1,200-feet from the ocean, would occasionally exhibit elevated
electroconductivity levels during the pumping season suggesting that pumping itself might be
responsible. The 2004 Study demonstrated that a) the subterranean ancestral canyon filled with alluvial
material acts as a preferential pathway for saline water wedge migration from the Ocean to the Old Well
location, b) there is a correlation between spring tide events and elevated electroconductivity levels in the
Old Well, and c) there is no correlation between irrigation well pumping and electroconductivity levels in
the Old Well. The hydrogeologic conceptual model concluded that the spring tides provided the driving
force for the saline wedge to migrate up the subterranean alluvial channel to the general location of the
Old Well. Pumping simply puiled the nearby high saline water into the well to be sampled. Additional
monitoring of Navy Well water quality during the 2006 study indicated no saline impact as a result of
continuous pumping of both the Old Well and the New Well as predicted by the conceptual model. In
short, data indicate that pumping has no effect on saline wedge movement.

Creamery Meadow Impacts

Does pumping of the El Sur Ranch irrigation wells have any effect on groundwater levels beneath
Creamery Meadow?

Yes, but minimal.

One of the conclusions reached in the 2004 Study was that pumping has no effect on Creamery
Meadow. Specifically, the conceptual model indicated that the River acts as a recharge boundary,
isolating Creamery Meadow from the effects of pumping. More detailed data collected during the 2006
Study revealed that the River does not completely isolate Creamery Meadow from the effects of
pumping. During periods of maximum pumping, these effects were limited to less than 0.2 feet of
groundwater drawdown at the River's far edge opposite the pumps, diminishing to zero drawdown
several hundred feet into Creamery Meadow. Analysis of data allowed calculation and mapping of the
specific area of potential groundwater level drawdown in Creamery Meadow. Based on this defined level
of impact, evaluation of the significance of impact on the flora via root zone access to water can be
accomplished.

River Water Quality Impacts

Does pumping of the El Sur Ranch irrigation wells have any effect on the quality of the water in the Big
Sur River?

Yes.

Data collected during the 2004 Study showed highly variable water quality along the stretch of River
nearest to the pumping wells and upstream of the Lagoon. This was determined to be the result of
inflowing groundwater mixing with the River water, as the most significant water quality variations
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occurred along the Creamery Meadow side (i.e., the right side) of the River. The 2006 Study confirmed
that groundwater, characterized as being depleted in dissolved oxygen content and lower in temperature
relative to River water, does inflow and mix with the water in the River. Most of the groundwater flows
into the River from the Creamery Meadow side and has the effect of lowering both dissolved oxygen and
temperature of the River water. The pumping of the irrigation wells reduces the total inflow of
groundwater along the section of the River that is within the area of influence of pumping. Simple mass
balance analysis indicates that a reduction in total inflow of groundwater with depleted dissolved oxygen
and lower temperature can only result in two effects; a) dissolved oxygen levels in the River across this
section will increase in response to pumping, and b) temperature of the River across this section will
increase in response to pumping. Any increase in dissolved oxygen can only improve the habitat
conditions for Steelhead, therefore any amount of pumping will be beneficial. Reducing the amount of
groundwater entering the River, such as what occurs during irrigation well pumping, will incrementally
increase the temperature of the River water. When considering average September pumping conditions
and all flow conditions, the maximum calculated theoretical effect is approximately 1 degree Centigrade.
Thus, the effects of pumping are significant only when steelhead habitat conditions in the River have
already reached a critical stage. ‘

Water Availability

At what point does pumping the El Sur Ranch irrigation wells have an effect on the availability of water in
the River? ’

The Big Sur River maintains an available, continuous surface flow even in the driest years.

The combination of data and analysis conducted as part of the 2006 Study along with the watershed and
Study Area water balances calculated during the 2004 Study (HI-CSM) allows for the calculation of a
simplified surface flow water balance for the River within the irrigation well area of influence. The surface
flow water balance was calculated for the lowest flow month of the year (September) in order to provide a
conservative basis for planning decisions. The water balance was calculated for both the 2004 and 2006
Study periods as well as for various theoretical flows indicative of a ‘Critically Dry’ water year type. The
water balance calculations indicate that during ‘Critically Dry' years accompanied by typical September
pumping conditions, River flow in the pumping area of influence (Zones 2-4) could be 3.8 cfs or below.
During the summer of 1991, River flow conditions as measured by the USGS gauge reached a low of 5.3
cfs in October while irrigation pumping continued. This flow is below the 5% non-exceedance value of
5.5 cfs at the USGS gauge, indicative of a condition well below the critically dry year cutoff of 20% non-
exceedance. Water balance calculations indicate that at this low level, River flow in the area of influence
could have been as low as 1.4 cfs while irrigation pumping was occurring. No discontinuity of River flow
was noted in the documented pumping area of influence during the 1991 pumping year as a result of this
low 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. This analysis
of water availability combined with knowledge of the historic response of the River to pumping indicates
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that even under the lowest of flow conditions, irrigation pumping will not serve to interrupt the continuity of
River flow within the documented area of influence of the pumping wells.
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1.0 INTRODUCTION

1.1 Purpose and Goals

The purpose of this addendum to the 2004 Study Report Hydrogeologic Investigation and Conceptual
Site Model Within the Lower Reach of the Big Sur River (HI-CSM), May 2005, is to develop a correlation
between the groundwater pumping rates of the two El Sur Ranch (ESR) irrigation wells and the
calculated loss of surface water through the bed of the Big Sir River (River) in response to the pumping.
In addition, the effects of pumping on drawdown impacts to the River and the adjacent Creamery
Meadow were evaluated. Also, monitoring the movement of the saline wedge inland was evaluated to
further address concerns over the impact of saline water to the lagoon and riparian zones. Finally, a
monthly based water budget for various water year types was considered, specifically focused on the
later summer months when pumping has the most potential to cause an impact.

The work performed was based upon the August 17, 2006 Technical Memorandum titled Hydrogeologic
Workplan Elements for Proposed 2006 Data Collection Program (2006 Data Collection Program). This
2006 Study was carried out in cooperation with the biological consulting firm Hanson Environmental
(Hanson), and was conducted coincident with the implementation of their August 19, 2006 workplan titled
Proposed Monitoring Program to Evaluate the Potential Relationship Between EI Sur Ranch Well
Operations and Fish and Wildlife Habitat Associated with the Big Sur River During 2006 (Hanson Work
Plan). The results of the implementation of the Hanson Work Plan are summarized in Hanson's
Evaluation of the Potential Relationship Between ElI Sur Ranch Well Operations and Fish and Wildlife
Habitat Associated with the Big Sur River During Late Summer and Early Fall, 2007 (2007 Hanson
Report), published concurrently with our results.

1.2 Previous Work

Much of the general information regarding the ESR Study Area, including climate, regional geology and
hydrogeology, details of local geology, aquifer characteristics, general River hydrology, and previous site
investigations have been covered in detail within the HI-CSM Report. The HI-CSM Report detailed the
methods, results and conclusions of the 2004 investigation of the Big Sur River Study Area (2004 Study).
Although this addendum report is designed to compliment the HI-CSM Report, it is an independent report
and as such may suggest conclusions contrary to those reached in the HI-CSM.

1.3 Study Area

During the 2004 Study, the Study Area was defined as an approximately one-mile stretch of the Big Sur
River terminating at the Pacific Ocean and includes the land area that contributes groundwater and
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surface water flow into and out of that stretch of River (Figure 1-1). For the 2006 Study, the bulk of the
work was focused around a 2,000-foot section of the lower Big Sur River bounded downstream by the
upper lagoon and upstream by the ‘deep pool’ area (former location of the 2004 Study’s ‘Temperature
Logger #3' data collection point). It is along this section that the alignment of the River changes from
running approximately parallel to Creamery Meadow groundwater flow to approximately perpendicular to
the flow. This stretch constitutes the 2006 Study Area. See Figure 1-2 for details of the focused 2006
Study Area.

1.4 Methods of Investigation

This section summarizes the activities that were conducted as part of this investigation. Further
information regarding details and methodologies used to complete the activities summarized below are
provided in Section 2.0.

The methods of investigation included a combination of direct field measurements from within the Study
Area and acquisition of data generated by the United States Geological Survey (USGS) and the National
Oceanic and Atmospheric Administration (NOAA). A renewal of the Permit to Conduct Biological,
Geological, or Soil Investigation/Collections for this work was approved by the Department of Parks and
Recreation and can be found in Appendix A. Investigation activities included the following:

e A temporary gauging station was established on the River upgradient from the 2006 Study Area
to periodically measure River water velocity and overall flow. Data from this gauging station was
correlated with continuously recorded water level data from an adjacent stilling well to achieve a
continuous record of River flow entering the Study Area.

¢ Continuous monitoring  and recording of River water dissolved oxygen (DO) content was
established at two locations within the Study Area. The data were used to assess diurnal
changes and interaction between surface water and groundwater.

¢ Nine pairs of piezometers were installed in the bed of the River at five locations within the Study
Area. Each pair consisted of a deep and shallow piezometer equipped with a data logging
transducer that allowed continuous recording of water level (pressure) and temperature data.
The head (water level elevation) difference between each piezometer pair indicates the
magnitude of the groundwater flow gradient into or out of the River at the piezometer pair
location.

e Continuous groundwater elevation and temperature data was monitored and recorded from nine
groundwater monitoring wells and two in River stilling wells within the Study Area. The data were
used to assess water level fluctuations, diurnal events and degree of connection between
groundwater and surface water.
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e Contemporaneous manual water level measurements were routinely collected from nine wells
within the Study Area.

e \Water quality parameter data, including DO, temperature, and electroconductivity (EC) were
collected using handheld field instruments from both groundwater and River 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.

¢ All of the monitoring wells, stilling wells, piezometer locations 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.

e Streambed hydraulic conductivity testing was conducted using a permeameter.

e Acquisition of public domain data.
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2.0 WORKPERFORMED

2.1 Field Reconnaissance

On August 25, 2008, a detailed field reconnaissance was conducted along the 2,000-foot section of the
lower Big Sur River bounded downstream by the upper lagoon and upstream by the ‘deep pool’ area.
This portion of the Study Area, known as the 2006 Study Area, was the focus of the work conducted
during the 2006 Study. The survey was conducted by walking and inspecting this stretch of the River;
which allowed for the accurate location of transects, piezometers, sensors, and other equipment as
outlined in the 2006 Data Collection Program and the Hanson Work Plan.

2.2 Monitoring Station Installation

The installation of monitoring equipment at various locations was conducted over the period of August 25
to September 8 as equipment availability allowed based on the requirements of the 2006 Data Collection
Program and the Hanson Work Plan. The locations of all monitoring stations are depicted on Figure 2-1.
See Appendix B for photos of select installed equipment. Note that all station identification information
assumes a frame of reference looking upstream (i.e., station identification numbers count upward going
upstream and reference a river bank (left or right) relative to looking upstream). The following sections
present the details of station installations.

2.2.1  Monitoring Well Water Level Transducers

During the 2006 Study, Global Water™ model WL15 data logging pressure/temperature transducers
were installed in nine groundwater wells located within the Study Area, recording both water temperature
and head of water above the transducer (groundwater elevation) on an hourly basis. Each transducer
was factory calibrated prior to installation. The nine wells fitted with WL 15 transducers included ESR-01,
ESR-02, ESR-03, JSA-03, JSA-04, the Original Old Well, and the triple nested well cluster ESR-10A,
ESR-10B, and ESR-10C. In addition, the groundwater level in the Navy Well was similarly monitored
using a Troll 9500 data logging transducer, recording temperature, electroconductivity (EC) and head of
water above the transducer (groundwater elevation) on an hourly basis.

2.2.2 Passage Transects

Eleven passage transects were installed along the River within the 2006 Study Area as part of the .
Hanson Work Plan. They were labeled Passage Transect 1 through 11 (PT1 — PT11) starting at the
downstream end of the 2006 Study Area and working upstream (Figure 2-1). Each passage transect
consisted of a pair of rebar stakes installed on opposite banks of the River. On a twice weekly basis, the
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depth profile was measured at each passage transect by recording the depth of the River from bank to
bank in half-foot increments. From the resulting data, the wetted width of the River at each location could
be calculated.

2.2.3 Gauging Station

A temporary gauging station was set up several hundred feet downstream of the Andrew Molera State
Park parking lot, at the same location as the upstream velocity gauging station (Velocity Transect 1) that
was set up during the 2004 Study (Figure 2-1). For the purposes of this report, the temporary gauging
station will continue to be identified as Velocity Transect 1 (VT1). VT1 consisted of two rebar markers
located on opposite banks of the river. To measure River flow, a measuring tape was attached to the
rebar markers and stretched across the River. Along this tape, water velocity was measured and
recorded at 0.5-foot increments using a portable flow meter. Using the aggregate results of all the water
velocity measurements, overall River flow can be calculated.

2.2.4 Stilling Wells

At two locations, stilling wells equipped with a pressure/temperature data logging transducer were
installed to monitor and record River water levels. The first, located adjacent to VT1, was designed to
monitor water levels which, when correlating the data to the measured River velocities, would provide an
hourly record of River flow within the Study Area throughout the 2006 Study. The second, located near
PT3, was used to monitor diurnal and tidal fluctuations within the lagoon.

The stilling well near the VT1 was constructed using 3-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. The angle of the joint between the casing and the screen was 90-degrees. The well casing was
oriented vertically and buried in the right bank of the River. The slotted section of the well was
embedded several inches into the River bed, oriented parallel to the River surface approximately 1-foot
underwater. The lagoon stilling well was constructed using 4-feet of 2-inch inside diameter PVC well
casing attached vertically to an immense tree trunk and left open at the bottom. An In-Situ Level Troll
700 pressure/temperate data logging transducer was installed in each stilling well which measured and
recorded water height above the sensor (pressure) and water temperature hourly. See Figure 2-2 for a
cut-away view of the VT1 stilling well.

2.2.5 Piezometer Well Nests

A total of nine piezometer well nests were installed at five different locations within the 2006 Study Area
as shown on Figure 2-1. Each nested pair consisted of a shallow piezometer (installed 6-inches into the
River bed) and a deep piezometer (installed 36-inches into the River bed). The piezometers are
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identified by which of the five locations they are installed at (P1 through P5), which bank of the River they
are closest to (L or R), and if they are installed shallow or deep (S or D). Each piezometer was equipped
with an In-Situ™ Level Troll 700 which measured and recorded water level elevation (pressure) and
temperature every hour.

Data from each piezometer pair was designed to yield a continuous record of the vertical hydraulic
gradient at each of the nine locations throughout the 2006 Study. Vertical hydraulic gradient is the
change in hydraulic head over the change in vertical distance between the measurement points. The
piezometers were installed specifically to measure the vertical hydraulic gradient across the upper 3-feet
of the bed of the River, the maximum depth to which vertical hydraulic conductivity (K) was likely to be
significantly altered by the effects of River water flow. This depth was thought to be conservative as most
processes effecting shallow streambed vertical hydraulic conductivity generally take place in the upper
0.82-feet (0.25-meters). The deep piezometers were installed 3-feet into streambed while the shallow
piezometers were installed in such a manner as to effectively make them River stilling wells.

The shallow piezometers were each constructed of a 6-inch long by %-inch diameter PVC probe
attached to a PVC transducer housing measuring 1.5-inches in diameter by approximately 40-inches
long. The probe was radially perforated approximately 2-inches from the tip. Each was installed into the
streambed by entirely burying the probe end of the piezometer, leaving only the transducer housing
projecting up from the bed of the River and the top end exposed above the surface of the water. The
shallow piezometers were additionally secured by strapping each to an adjacent piece of rebar which had
been driven approximately 18-inches into the bed of the River. The effect of mechanically burying the
shallow piezometers into the streambed enhanced their hydraulic connection to the River, effectively
making them River stilling wells.

Each deep piezometer was constructed of a 6-inch long by %-inch diameter stainless steel screen drive
point attached to a 30-inch long by %-inch diameter stainless steel drive pipe which in turn was
connected to a PVC transducer housing measuring 1.5-inches in diameter by approximately 40-inches
long. The drive points used were Solinst™ Model 615, composed of a stainless steel cylindrical filter
screen protected within a %-inch stainless steel body. The drive point was threaded into one end of the
drive pipe and hand driven approximately 36-inches into the bed of the River until only the threaded tip of
the drive pipe was visible above the River bed. The housing was attached to the drive pipe with the top
end exposed above the surface of the River.

Each piezometer was equipped with an In-Situ™ Level Troll 700 pressureftemperature data logging
transducer. The transducer cable was securely attached to a cap covering the top of the transducer
housing, allowing the transducer to hang free within. The other end of the transducer cable contained the
data uplink connector, which was routed through the housing and attached to the outside, enabling easy
access for routine data downloading. See Figure 2-3 for an idealized cross section of a piezometer well
pair installation.
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2.2.6 Electroconductivity Transducer

An In-Situ Model 9500 data logging transducer capable of measuring groundwater temperature,
pressure, and electroconductivity (EC) was installed within the Navy Well (Figure 2-1). The transducer
data cable was anchored at the top of the well housing, extending down into the well casing allowing the
transducer to hang under water. This transducer measured and recorded the EC of the well water on an
hourly basis. The transducer was installed to monitor changes in salt water content of the Navy Well
water as the Old Well and New Well pumps were run.

2.2.7 Dissolved Oxygen Transducers

Two In-Situ Model 9500 data logging transducers capable of measuring the dissolved oxygen (DO)
content of the River water were installed in the River within the 2006 Study Area. DOx1 was located near
the right bank of the River hear PT7. DOx2 was located near the right bank of the River midway between
PT10 and PT11 (Figure 2-1). Each transducer was contained in a perforated PVC pipe with an attached
lead weight and allowed to hang nearly vertically underwater via steel leader cable attached to an anchor
point. The transducers measured and recorded the concentration of DO in the River water on an hourly
basis. The transducers were installed to monitor changes in DO content of River water as the Old Well
and New Well pumps were run.

2.3 Streambed Hydraulic Conductivity Measurements

One of the key factors needed to determine the amount of groundwater gain or loss to the River is the
quantification of vertical hydraulic conductivity in the upper 0.82-feet (0.25-meters) of the streambed.
Measurements were be taken by conducting falling-head tests using a field permeameter. The field
permeameter consisted of a 14.5-inch internal diameter smooth walled schedule 80 PVC pipe with
beveled ends, approximately 4-feet in height. At each test location, the permeameter was pushed into
the bed of the River by hand as far as possible, though making every effort not to disturb the streambed
within the permeameter. Gaps between the permeameter and the various shaped cobbles that make up
the streambed were sealed using similar streambed materials (silt and/or fine to coarse grained sand).
Falling head tests were conducted via the introduction of water to a pre-determined height followed by
the monitoring of the drop in water level as the column exits the pipe through the streambed. Water level
drop was monitored visually using a graduated scale within the permeameter and timed using a
stopwatch. The collected data were analyzed using Horslev solutions to the falling head permeameter
tests. The test design was based on Landon’s comparison of methods used to measure hydraulic
conductivity in sandy streambeds (Landon 2001).
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2.4 Elevation/Location Surveying

In April 2003 and September 2004, Rasmussen Surveyors developed a benchmark at the location of the
Old Well and surveyed wellhead and ground surface elevations for all accessible wells including Old
Well, New Well, ESR-01, ESR-02, ESR-03, JSA-03, JSA-04, ESR-10A, ESR-10B, ESR-10C, ESR-11
and ESR-12. In September of 2006, Rasmussen Surveyor surveyed in the locations of all of the transect
rebar markers (PT1 through PT11, and VT1), all nine piezometer pairs, and the two stilling wells. A copy
of the survey data is provided in Appendix C.

2.5 Monitoring Program

The collection of field measurements and monitoring ecjuipment was conducted on a regular basis during
the course of the 2006 Study. These activities included:

» The collection of groundwater levels from nine monitoring wells, nine piezometer pairs and two
stilling wells (twice weekly).

¢ The measurement of River flow velocity and stage (twice weekly).

» The collection of water quality parameter data from nine monitoring wells and 12 transects along
the River within the Study Area (twice weekly). °

¢ The download of data from all accessible deployed transducers (weekly).

¢ The measurement of River flow from the temporary gauging station (twice weekly).

2.51 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 monitoring wells within the
Study Area. See Figure 2-1 for the location of each transducer equipped well. The data recorded by the
transducers were downloaded to a handheld computer (PDA) on a weekly basis. Each transducer was
factory calibrated prior to deployment. According to the manufacturer, the accuracy of the pressure
transducers is £ 0.2% of the full pressure range between 35 °F to 70 °F. This equates to an accuracy of
* 0.006-ft ( 0.07 inches) for the pressure transducers with a 3-ft pressure range (used in wells ESR-01,
ESR-02, ESR-03, JSA-03, ESR-10A, ESR-10B, and ESR-10C) and an accuracy of + 0.03-ft (+ 0.36
inches) for the pressure transducers with a 15-ft pressure range (used in JSA-04 and Original Old Well).
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 are required.
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In-Situ Level Troll 700 data logging transducers were used to collect and record temperature and surface
water head (amount of water above the sensor) measurements from the piezometers and stilling wells
within the Study Area. See Figure 2-1 for the location of each transducer equipped well. The data
recorded by the transducers were downloaded to a handheld computer (PDA) on a weekly basis. Each
transducer was factory calibrated prior to deployment. According to the manufacturer, the accuracy of
the pressure transducers is + 0.05% of full scale at 60 °F. This equates to an accuracy of + 0.006-ft (+
0.07 inches) as full scale for these transducers is 11.5-ft. The pressure transducers are also “differential
water level monitors”, meaning that they automatically compensate for changes in atmospheric pressure
and that no post data retrieval corrections are required.

On a twice weekly basis, depth to groundwater was measured manually in each well, stiling well and
piezometer. 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) performance standard for steel measuring tapes (reference B89.1.7).

2,5.2 River Stage and Flow

River stage and flow at Velocity Transect 1 (VT1) was measured manually on a weekly basis. Data from
the 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 In-Situ Level Troll
700 data logging pressure/temperature transducer used in the stilling well).

A Marsh-McBirney Flow-Mate 2000 electromagnetic velocity meter was used to measure river flow.
River velocity was measured and recorded at 0.5-foot intervals along a transect oriented perpendicular to
the direction of river flow, with depth to river bottom being measured concurrently, from which river flow
volume could be calculated. According to the manufacturer's specifications, the meter can record
velocities in the range of -0.5 feet per second (ft/sec) to +20 ft/sec, with an accuracy of * 2% of the
reading. This allows for a maximum error of £+ 0.2 ft/sec at maximum velocity. 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.

In general, there is a direct correlation between river flow velocity and stage height such that as flow
velocity increases, stage height will increase proportionally. Once the data from the 2006 Study was
collected, correlating the weekly velocity measurements with the continuously recorded measurements of
River stage height yielded a continuous record of River flow.

2.,5.3 River and Groundwater Temperatures

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
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recorded by the transducers were downloaded to a handheld computer (PDA) on a weekly basis. When
practical, temperature was measured manually in monitoring wells with suitable accessibility using a YSI
556 water quality meter (see section 2.5.4 for YSI 556 meter specifications).

River water temperatures were additionally monitored via the In-Situ Level Logger 700 data logging
transducers installed in the Study Area stilling wells and piezometers with an accuracy of £ 0.1 °C. The
data recorded by the transducers were downloaded to a handheld computer (PDA) on a weekly basis.

2.5.4 River and Groundwater Water Quality Parameters

Twice weekly, water quality parameters were collected from 12 different locations along the Big Sur
River. These stations include PT1 through PT11 and VT1 (Figure 2-1). 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 not require periodic calibration. The electrical conductivity sensor has an accuracy of
* 0.5% of reading + 1.0 micro-Siemans per centimeter (uS/cm) (example: a reading of 250 uS/cm would
result in an accuracy of £ 2.25 pS/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 by a manufacturer certified facility prior to field deployment, then on a
frequency of every two weeks during the study period. At each calibration, the conductivity meter was
calibrated to a 1,000 uS/cm standard solution and the dissolved oxygen sensor was calibrated using a
water saturated environment, all following YSI published procedures. In addition, the dissolved oxygen
sensor permeable membrane was replaced at each calibration as recommended by the manufacturer.

In general, three readings were collected from each station corresponding to the left edge, the right edge,
and the center of the River. Additionally, water quality parameters were collected from accessible
monitoring wells using the YSI 556 water quality meter. On a daily basis, the temperature, conductivity
and dissolved oxygen of effluent water was measured and recorded from any active pumping well using
the YSI-556.

2.5.4.1 Dissolved Oxygen

Two In-Situ Model 9500 data logging transducers were used to measure and record hourly the
concentration of DO in the River at two locations within the Study Area. The In-Situ Model 9500 was
equipped with a ‘Clark Electrode’ which can measure dissolved oxygen concentrations with an accuracy
of £ 0.2 mg/L. Each transducer was factory calibrated prior to deployment. Due to the difficulty in
accessing these transducers, data was only downloaded twice; once midway through the 2006 Study
and then again at the end. See Figure 2-1 for the locations of the two DO transducers.
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2.54.2 Electroconductivity

‘An In-Situ Model 9500 data logging transducer was used to monitor the electroconductivity (analogous to
salinity) of the groundwater within the Navy Well. The In-Situ Model 9500 was equipped with a sensor
able to measure EC to within £ 2.0 pS/cm. The transducer was factory calibrated prior to deployment.
Data from this transducer was downloaded weekly during the 2006 Study. See Figure 2-1 for the
location of the Navy Well.

2.56.5 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:

2.5.5.1 Big Sur River Gauge Flows

United States Geological Survey (USGS) stream gauge #11143000 is located on the Big Sur River
above the Study Area. This gauge records stage height and stream flow of the Big Sur River every
fifteen minutes. The data was obtained from the following USGS Internet web page:
http://waterdata.usgs.gov/ca/nwis/uv?dd_cd=02%2C03&format=htmi&period=31&site_no=11143000.

2.5.5.2 Tidal Conditions

NOAA tidal station #9413450 is located in Monterey Harbor within Monterey Bay. This station records
tidal changes every six minutes. Data from this station is coliected and maintained by the Center for
Operational and Oceanographic Products and Services (CO-OPS). The data was obtained from the
following Internet web page:
hﬁp://tidesandcurrents.noaa.gov/data_menu.shtml?stn=9413450%20Monterey,%200A&type=Tide%20D
ata
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3.0 DATA ANALYSIS AND STUDY RESULTS

341 Groundwater Pumping

In order to facilitate monitoring a stabilized groundwater system, ESR did not run any of the irrigation
pumps between August 7 and the September 9 start of the 2006 Study. Monitoring equipment was
installed between August 25 and September 8 to quantify the pre-study stabilized condition of the
groundwater system. Beginning on September 9, the active portion of the 2006 Study was initiated and
included periods of pumping at the ‘maximum rate possible’ followed by system stabilization periods
when no pumping occurred as follows:

e Both Old Well and New Well were actively pumped at the maximum rate achievable from
September 9 through September 15. The average extraction rate totaled 5.83 cfs.

e Pumping the Old Well alone occurred from September 22 through September 28. The average
extraction rate totaled 2.43 cfs.

e Pumping the New Well alone occurred from October 6 through October 12. The average
extraction rate totaled 3.03 cfs.

During the week of February 16, 2004, pumping tests were conducted on each of the two irrigation wells
in order to document operation parameters and limits under different scenarios. The results show that
the Old Well is operated with a constant backpressure, meaning that the pumping output is generally
constant regardless of what field is being irrigated. The output of the New Well, on the other hand, is
operated such that pump backpressure is dependant on the elevation of the pasture being irrigated. The
lower the elevation of the pasture, the less backpressure there is on the New Well which results in a
higher pumping rate, and vice versa. Therefore, to get the most water out of the pumping wells, the New
Well has to be set to irrigate the El Sur Ranch pastures at the lowest elevations. Without taking Ranch
operations into account, pumping at the ‘maximum rate possible’ is achievable by continuously irrigating
the field at the lowest elevation.

During the 2006 Study, the goal was to run the irrigation pumps at the ‘maximum rate possible’, but within
the constraints of day to day El Sur Ranch operations. The first constraint was that pumping to the same
field(s) for six straight days would lead to over-watering, significant water runoff and possibly erosion.
Surface water runoff and potential erosion concerns were voiced by the Department of Parks and
Recreation in 2004 and 2005. Three separate field inspection events were conducted in 2005 to
evaluate concerns over potential irrigation water runoff issues to park lands as documented in Appendix
D. To ensure that the pumping tests conducted in 2006 did not create conditions of irrigation water
runoff, the fields being irrigated had to be switched periodically mid-test to prevent this from occurring.
The second constraint was that, during the tests, there were occasional leaks in the piping that conveyed
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the water from the pumps to the fields. This sometimes resulted in pumping to fields at a higher elevation
in order to bypass a leak as it was being repaired. Again, not immediately bypassing the leak would
result in excess water runoff and possibly erosion. Keeping the two constraints in mind, every effort was
made to bias pumping to fields at lower elevations in order to keep groundwater extraction rates up
during the 2006 Study. However, the operational ‘maximum rate possible’ is less than the theoretical
‘maximum rate possible’.

The extraction rates during the 2006 Study pumping tests varied dependent on the operation
requirements of the Ranch. Every effort was made to keep pumping rates high by biasing irrigation
toward the fields at lower elevations. Although this resulted in pumping outputs that were less than the
theoretical maximum output achievable by the two irrigation wells, they very closely approximate, if not
exceed, the real world maximum pumping rates required by Ranch operations.

3.1.1 Stabilization of Pumping Conditions

Groundwater levels in monitoring wells surrounding the two ESR irrigation wells were measured and
recorded hourly via data logging pressure transducers for the duration of the 2006 Study. The hydraulic
effects of pumping are discernible in the recorded groundwater levels (hydrographs) for nearly all of the
monitoring wells, and clearly demonstrate that four days or less are required to achieve groundwater
drawdown stabilization following the start of sustained groundwater extraction. The hydrographs for all
nine wells can be seen in Appendix E, and their spatial locations relative to the ESR irrigation wells are
shown on Figure 3-1.

Drawdown stabilization occurs when a sustained rate of pumping produces no further decrease in
groundwater levels as measured in surrounding monitoring wells. However, during the course of each
pumping test, Ranch operations dictated the need to alter which pasture(s) received irrigation water
(Section 3.1) resulting in variations in groundwater extraction rates. Table 3-1 shows the daily
groundwater extraction rate(s) and the corresponding pasture(s) receiving water during each pumping
test conducted.

The ESR irrigation well pumping tests achieved effective groundwater drawdown stabilization, though the
various mid-test changes in extraction rate resulted in an upward or downward shift in groundwater
stabilization elevation. When pumping well extraction rates are not constant during a pumping test,
recovery test data (i.e., data recorded after the pumps are turned off showing groundwater returning to
pre-pumping levels) are more reliable than drawdown data (Kruseman and DeRidder, 1989). Both
groundwater drawdown and groundwater recovery data were analyzed to determine stabilization times.

The effect of the change in extraction rate on drawdown stabilization elevation is clearly seen in the
hydrograph of well JSA-04 as shown on Figure 3-2a. This well is located adjacent to the New Well
irrigation well (see Figure 3-1). The pumping test involving both irrigation wells started on the morning of

Addendum Report Final 3-2 Tllﬂ SIIIII'GB Gl'ﬂllll, |l|0.
ESR--5




El Sur Ranch, Big Sur, California
Addendum to Hydrogeologic Investigation and Conceptual
Site Model Within the Lower Reach of the Big Sur River March 23, 2007

September 9. Approximately four days into that pumping test, the groundwater elevation in JSA-04 had
dropped from an initial elevation of approximately 6.25-ft to below 3.5-ft. At this point, groundwater
stabilization has been achieved, though diurnal tidal cycles add a component of noise to the data.
Starting somewhere between 4pm and 5pm on September 14, the elevation of the groundwater in JSA-
04 rises nearly 0.25-feet during an approximate 2-hour span of time. The rise groundwater level is
coincident with the change in irrigated pastures that occurred at 4:32pm as seen in Table 3-1, which
likewise corresponds with the drop in the pumping output for New Well. This upward shift in the
groundwater drawdown stabilization elevation was in response to the mid-test decrease in total pumping
well output from 5.83 cfs to 5.61 cfs. Likewise, the last day of the New Well only pumping test shows a
significant drop in the groundwater drawdown stabilization level as measured in JSA-04 relative to the
previous six days. Again, Table 3-1 shows that on the last day of the pumping test, a change in the field
receiving irrigation water resulted in an increase in the pumping well extraction rate from 2.88 cfs to 3.49
cfs. ltis likely that the close proximity of JSA-04 to New Well amplifies the changes in the groundwater
drawdown stabilization point resulting from changes in the rate of groundwater extraction.

Once groundwater pumping stopped, groundwater elevations rebounded to pre-pumping levels. The
hydrodynamics that govern the time it takes for the groundwater elevations to recover to pre-pumping
elevations are the same that govern the time it takes for groundwater drawdown stabilization to occur
during a pumping test. The JSA-04 hydrograph on Figure 3-2a shows both the groundwater elevation
drawdown curve and the groundwater elevation recovery curve for all three pumping tests. Figure 3-2b
focuses on groundwater recovery in well JSA-04 following the end of the two well pumping test. The
point at which the pumps are shut off is followed by a rapid rise in groundwater elevation. Within
approximately 4-days, groundwater elevations were fluctuating around pre-pumping levels, denoting full
recovery.

Similar review of the hydrographs for the rest of the monitoring wells (Appendix E) illustrates that
groundwater recovery was achieved within 4-days after the cessation of pumping. Groundwater levels
were fully recovered for the start of each pumping test. In summary, the collected data indicate that
drawdown stabilization and groundwater recovery take approximately 4-days to be established after the
start of pumping and following the cessation of pumping, respectively.

3.2 Pumping Area of Influence

The hydraulic effects of pumping are clearly discernible in hydrographs for all water level monitoring
~ points with the exception of those obtained from piezometer set 5 (P5). Figure 3-2a presents a

hydrograph of well JSA-04 demonstrating the nature of these hydraulic impacts (i.e., groundwater
drawdown is induced during pumping, followed by groundwater recovery when the pump(s) are shut off).
Hydrographs for all monitoring points are included in Appendix E. The hydraulic impacts of pumping in
the piezometer data are most clearly seen by plotting the head differentials (the difference between
contemporaneous measurements of groundwater elevation) between deep and shallow piezometer well
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pairs. Figure 3-3 depicts the nature of the hydraulic impacts on the River resulting from the three
pumping events as seen in data from piezometer set P4. Consistent with the pumping condition, the
water levels exhibited a correlated response. As total pumping increased, the groundwater drawdown
response in the monitoring wells and deep River piezometers increased. The maximum response
correlates with pumping both wells at a maximum rate. The next biggest response in the deep River
piezometers correlates to pumping the New Well alone, which is the well closest to the River. The
smallest response correlates to pumping the Old Well alone, which is the well farthest away from the
River piezometers and pumps at a lower total pumping rate. These same water level response
signatures are seen in all of the water level monitoring data collected in monitoring wells and piezometers
with the exception of data collected from piezometer sets P5L and P5R.

River piezometer data indicate that the area of influence of the pumping wells does not extend to
piezometer set 5 (P5L and P5R), located 1,100-feet up-gradient from the New Well and 1,500-feet up-
gradient of the Old Well. Figures 3-4 and 3-5 depict the P5 hydrographs for both shallow and deep
piezometers on River left and right, respectively. These hydrographs include the River flow graph at
location VT1 for comparison. The changes in water level in each of these piezometers tracks with the
changes in River flow with no discernible correlation between water level changes and the periods of
pumping activity. Figure 3-6 presents the hydraulic head differential between the deep and shallow
piezometers at both River left and right locations for the P5 piezometer set. Review of this graph also
shows no discernible hydraulic effect of pumping on the water levels in these piezometers. This finding is
consistent with data collected from the stilling well installed during the 2004 Study at station ‘transect 2’
located 760-feet up gradient from the New Well (Section 3.4.8.2 of the 2004 HI-CSM discusses this
data). Data collected at the ‘transect 2’ stilling well showed the possibility of a discernible hydraulic
impact on one pumping occasion and no discernible hydraulic impact measurable during another
pumping occasion. This can be explained by the knowledge that the location is near the edge of the area
of effective influence of these wells. Based on the data from the 2004 Study combined with the 2006
Study data from the P5 piezometers, it can be concluded that the effective up-gradient radius of influence
of pumping on the River is somewhere between 800 and 1,100 feet.

A distance drawdown analysis of the pumping tests for the Old Well and New Well was conducted to
calculate an up-gradient area of influence. Drawdown data from wells located directly up-gradient of
each of the pumping wells were used as they were least likely to demonstrate impacts related to the
lateral geologic boundaries of the aquifer. Monitoring well distances from the pumping well and the
maximum drawdowns observed in the monitoring wells during the pumping test were plotted on a semi-
log graph. A line fit to the data was projected out to the point of zero groundwater drawdown and the
corresponding distance indicates the pumping well maximum radius of influence. Figures 3-7 and 3-8
present these distance drawdown graphs on semi-log paper with a fitted line and projection to zero
drawdown. Based on maximum groundwater drawdowns observed in the surrounding monitoring wells
during the Old Well only and New Well only pumping tests, the up-gradient area of influence was
projected to be approximately 720-feet and 1,000-feet up-gradient of the New Well location, respectively.
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it is important to address the effect on groundwater drawdown and up-gradient radius of influence when
both wells are pumping simultaneously. According to Fetter (Fetter, 1988), drawdown at any one point is
approximately additive when the areas of influence of two pumping wells in an unconfined aquifer
overlap. Figure 3-9 shows the area of influence for both the New Well and the Old Well in the up-
gradient direction from the New Well. The monitoring well JSA-3 is within the area of influence for both
the New Well and the Old Well. Pumping New Well alone was able to drawdown groundwater levels in
well JSA-3 by 1.6-feet, while pumping the Old Well alone was able to drawdown groundwater levels by
0.75-feet. Pumping the two wells together should be able to drawdown groundwater levels in JSA-3 by
1.6-feet plus 0.75-feet, or 2.35-feet. The plot of groundwater drawdown in JSA-3 (Appendix E)
demonstrates that this was indeed the case. The corollary is that outside the area where two pumping
wells can influence the same point, there is no additional drawdown effect. The New Well can affect
drawdown approximately 1,000-feet up-gradient of its location, while Old Well can only affect drawdown
approximately 720-feet up-gradient of the New Well. Therefore, Old Well and New Well pumping
together have no ability to induce additional groundwater drawdown beyond 720-feet up-gradient of the
New Well when compared to New Well pumping alone (Figure 3-9).

Finally, it should be made clear that when the areas of influence of two pumping wells overlap, they do
not increase the area of influence of any single well. The New Well pumping alone has an radius of
influence that extends approximately 1,000-feet in the up-gradient direction. Simultaneously pumping the
Old Well will not increase the New Well’'s radius of influence. Additionally shown on Figure 3-9 is a
conceptualized groundwater drawdown map of the 2006 Study Area. The map depicts the predicted
maximum amount of groundwater drawdown based on actual drawdowns measured when both irrigation
wells were pumping at maximum.

In summary, the hydraulic impacts of pumping were only discernible in groundwater and River
piezometers in the area of the River that curves around the pumping well field. Based on data analysis,
the up-gradient limit to the hydraulic influence of pumping both wells at maximum production rates on the
River and groundwater is approximately 1,000-feet up-gradient of the New Well correlating with the area
around the first bend of the River to the south as it enters the focused 2006 Study Area.

3.21 Creamery Meadow Pumping Influence

Piezometer well nests P2R, P3R, and P4R measured the vertical gradients on the right bank of the River.
They indicated that a positive flow condition (i.e., groundwater flowing into the River) existed during all
pumping periods regardless of River and pumping conditions. Data collected from piezometer nest P2R
indicated that when both irrigation wells were pumping, the groundwater gradient fluctuated from positive
(i.e., groundwater flow into the River) to slightly negative (i.e., water flow from the River to the underlying
aquifer) dependant on tidal cycles. At high tides, groundwater gradient remained positive. At lower tide
conditions, a slight negative gradient developed as depicted on Figure 3-10 (P2R gradient graph). The
average vertical gradient condition during this period remained positive at 0.019-feet/foot at the P2R
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piezometer area. Although pumping did not change the general condition of groundwater discharge from
beneath Creamery Meadow into the River, it did create measurable drawdown in groundwater elevations
as measured in the piezometers along the right bank of the River. Total drawdown in P2R deep reached
a maximum of 0.20-feet (2.4-inches) during pumping both wells (Figure 3-11). Total drawdown in P3R
deep reached a maximum of 0.17-feet (2.0-inches) (Figure 3-12). Total drawdown at P4R deep reached
a maximum of 0.16-feet (1.9-inches) (Figure 3-13). Projecting from the right bank of the River to the limit
of influence of pumping in Creamery Meadow, total groundwater drawdowns are predicted to be less
than 0.2-feet (2.4-inches) diminishing to zero feet as the distance approaches the New Well 1,000-foot
pumping radius of influence limit. These drawdowns represent the impact at maximum pumping
conditions. Additionally, the pumping area of influence limit should be considered an overestimation as
the contributions of water from the River to pumping are not taken into account.

- The up-gradient radius of influence for both ESR irrigation wells pumping at the maximum rate has been
determined to be 1,000-feet from the New Well as described in Section 3.2. This analysis actually
represents a very conservative viewpoint of maximum radius of influence for the Creamery Meadow side
of the River. Specifically, the distance drawdown analysis does not account for the River as a source of
water for the pumping wells. Water being drawn from the River during pumping would reduce the
amount of water drawn from beyond the River in Creamery Meadow. Figure 3-14 shows the drawdown
data from wells JSA-3, JSA-4, and ESR-10A, along with data from the deep River piezometers located
adjacent to Creamery Meadow, P2R, P3R, and P4R. The data from the piezometers lie inside the line fit
to the monitoring well data which projects to the point of maximum area of influence. This suggests that
in reality, the actual pumping well area of influence within Creamery Meadow was less than the area
calculated from the monitoring well distance drawdown data.

3.3 Streambed Hydraulic Conductivity Testing

Hydraulic conductivity, conventionally represented by the letter ‘K’, quantifies the relative ease with which
groundwater moves through the pore spaces of a sediment matrix. In our case, the sediment matrix is
the aquifer that forms the Big Sur River Valley, and is composed of sands, gravels, and cobbles with
minor amounts of silts and clays. It is generally much easier for groundwater to move horizontally
through sediments than it is to move vertically, a result of the way sediments are deposited. Sediment
particles (silt particles, cobbles, etc.) are generally deposited in layers, with successive layers of particles
overlapping the particles beneath them much akin to shingles on the roof of a house. It is the nature of
this overlapping that preferentially transmits water horizontally within layers of sediment, but resists the
vertical movement of water between the layers. Due to this inequality, the hydraulic conductivity of an
aquifer is generally broken up into.a horizontal hydraulic conductivity component and a vertical hydraulic
conductivity component. As a general rule of thumb, vertical hydraulic conductivity is ten times less than
horizontal hydraulic conductivity. With regard to the aquifer beneath the Big Sur River, it is horizontal K

| 3-6 The Source Group, Inc.
ESR--5




El Sur Ranch, Big Sur, California
Addendum to Hydrogeologic Investigation and Conceptual
Site Model Within the Lower Reach of the Big Sur River March 23, 2007

that governs groundwater flow down the valley to the Ocean and vertical K that governs the movement of
water between the aquifer and the River above.

The vertical hydraulic conductivity of the bed of the River (streambed) was determined through
permeameter testing conducted along the entire stretch of the 2006 Study Area, paying particular
attention to the areas adjacent to the piezometer locations. The testing method was based on a research
paper by Landon (Landon, 2001), in which various methods for measuring the hydraulic conductivity of a
streambed were compared and evaluated. The general conclusion was that conducting falling head tests
and analyzing the data using Hvorslev's method was advantageous for measuring vertical K values in the
upper 0.82-feet (0.25-meters) of a streambed. See section 2.3 for details of the equipment and methods
employed to measure vertical K. Appendix B contains a picture of the permeameter employed.

The majority of the streambed within the 2006 Study Area was composed of cobbles, ranging in size
-from several inches to over a foot in diameter, intermixed with gravel, sand and silt. In most places, the
streambed was covered with a layer of algae and other organic matter. As the permeameter did not
mate well to the streambed owing to the irregular shapes of the cobbles, local materials such as silts and
sands from the River's edge were used to seal the resulting gaps. In a small area around PT-8, the
streambed was covered with an approximately 1-inch thick layer of organic material, including silt and
decomposing leaves. In this area, the permeameter could be pushed into the organic matter and the
testing could be conducted without the need to seal any gaps between the permeameter and the
streambed cobbles. The loss of integrity through the seal material was indicated by the rapid return to
equilibrium of water within the permeameter coupled with small eddies of displaced seal material seen in
the River current. [If this occurred, the seal was reestablished and the test restarted.

At each test location, multiple permeameter runs were completed to check for reproducibility and to
reduce the possibility of measurement error. For each area tested, a maximum, minimum and median K
value was computed (Landon, 2001). Finally, a median K value was calculated based on all the valid
runs within the 2006 Study Area. The resulting data set had a range of K values from 36 ft/d to 311 ft/d
with a geometric mean value of 104 ft/d. See Table 3-2 for permeameter testing results.

From the 2004 Study Report (HI-CSM, page 3-8), a horizontal K for the Big Sur River Valley aquifer was
calculated from pump test data to be approximately 3,623 ft/d. The vertical K value of 104 ft/d is
significantly less than 1/10th the horizontal K value we expected from the effects of depositional layering,
or shingling, as described in the opening paragraph of this section. This disparity results from
“colmation”, the process which can lead to the congestion of a streambed by the deposition of fine
particles, further reducing its vertical hydraulic conductivity (Velickovié, 2005). When River velocities are
high, as is seen during the winter months, the streambed is scoured, breaking up the clogged material
and retaining fine grained particles in suspension. When River velocities slow down, which rapidly
occurs following the cessation of the winter rains, suspended sediments are deposited on the streambed
and the clogging process is accelerated. This process generally occurs in the upper 0.5-feet of the
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streambed, and can take between a few days and several months until a relatively steady state
streambed vertical K value is reached (Schalchli, 1992). The K of this thin zone of material is the
effective K controlling the rate of water exchange between the River and the underlying aquifer.

Various references provide verification for the calculated range of K values derived from the
permeameter testing. Chen and Goeke, as part of a 2002 USGS research grant completion report, used
similar methods to determine the K of sandy gravely streambeds of several rivers in south-central
Nebraska. They found K values to fall between an extreme range of 65 ft/d to 321 ft/d with a common
range between 98 ft/d and 131 ft/d (Chen and Goeke, 2002). Ann Calver compiled a set of K values for
various streambed tests assembled from published and unpublished sources. The data range for tests
conducted in similar sand, gravel and cobble streambed environments ranged from approximately 10 ft/d
to approximately 150 ft/d (Calver, 2001). Although every river system is unique, general similarities in
streambed composition and morphology will result in similar values of K.

It is understood that there will be variations in K along the bed of the River within the 2006 Study Area.
However, the median calculated K value of 104 ft/d has been found to be a good overall value for use in
calculating realistic water exchange rates between the River and the underlying aquifer.

34 Streambed Response to Pumping

The data collected from River piezometers at stations P1 through P5 demonstrate the direction and
magnitude of the vertical hydraulic gradients across the upper 3-feet of the streambed during the duration
of the 2006 Study. Appendix F contains hydrographs of all the River piezometers including graphs of
head differentials and calculated vertical gradients across the streambed at each piezometer nest
location.

Station P5 is located 1,100-feet up gradient of the New Well, the data from which showed no discernable
response to pumping, as discussed in Section 3.2. The vertical hydraulic gradient between the deep and
the shallow piezometers remained negative (i.e., water was flowing out of the River into the underlying
aquifer) throughout the 2006 Study with minor fluctuations related to changes in River flow entering the
Study Area. The changes in River flow are seen in the shallow piezometers as changes in the height of
the water in the River, known as River stage. The maximum change in River stage recorded was
approximately 0.1-feet (1.2-inches). The hydraulic gradients on both the left and right sides of the River
at the P5 location were comparable and steadily negative indicating that the natural condition for the
River in this area was to lose water to the aquifer (Figure 3-15).

Piezometer stations P3 and P4 were located up gradient of the New Well within the section of River that
runs perpendicular to the general direction of groundwater flow within the underlying aquifer (Figure 2-1).
The vertical hydraulic gradients in both the River left (P3L and P4L) and River right (P3R and P4R)
remained positive (i.e., water was flowing into the River from the underlying aquifer) during the 2006
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Study for both of these stations. The magnitudes of the vertical hydraulic gradients were significantly
higher on right side of the River. This disparity in magnitude was the result of the River flowing
perpendicular to the flow of groundwater at piezometer stations P3 and P4. Higher hydraulic pressures
were generated on the up-gradient side of the River (i.e., the right side or the ‘up hill’ side of the River)
relative to the down-gradient side of the River (i.e., the left side or the ‘down hill’ side of the River). The
higher hydraulic pressures on the right side were responsible for the increased vertical gradient. The
effects of the three pumping periods are clearly discernible in the P4 and P3 vertical hydraulic gradient
graphs (Figure 3-16 and 3-17). The effect of pumping was to reduce the magnitude of the positive
vertical gradients in this area. This effect serves to reduce the amount of groundwater in-flow from the
aquifer to the River during times of pumping. Simultaneous pumping of both irrigation wells at maximum
rates was not enough to reverse the positive vertical gradients across the streambed (i.e., result in a loss
of River water to the underlying aquifer) along this stretch. Shallow piezometers at P3 appeared to show
a response to pumping. This response was likely due to a reduction in River flow resulting from
diminished groundwater inflow. The maximum recorded change in stage was approximately 0.1-feet
(1.2-inches).

Piezometer station P2 is located 550-feet southeast of the New Well within the section of River that cuts
across the direction of groundwater flow, just before the River turns to the northwest. The vertical
hydraulic gradients at River right (P2R) remained positive (i.e., water was flowing into the River from the
underlying aquifer) during the 2006 Study with the exception of the period when both irrigation wells were
pumping at maximum rates (Figure 3-18). During that period, the gradients measured by the P2R
piezometers fluctuated from positive (i.e., groundwater flow into the River) to slightly negative (i.e., River
water loss to the underlying aquifer). A correlation can be found between the fluctuating gradients and
diurnal tidal fluctuations. The cumulative effect of the pumping impacts overlain by tidal variations was to
create a neutral vertical gradient average condition (i.e., no net exchange of water between the River and
the underlying aquifer) on the right half of the River during the two well pumping period. Unlike the
conditions at River right, the measured gradients at River left (P2L) were predominantly negative (i.e.,
water was flowing out of the River into the underlying aquifer) during the 2006 Study. It can be seen in
the P2L hydrograph that pumping has the small but noticeable effect of increasing the magnitude of the
negative vertical gradients. Like at P3 and P4, the disparity in vertical hydraulic gradients between P2L
and P2R were the result of the River flowing perpendicular to the flow of groundwater at piezometer
station P2. In summary, the P2 piezometers indicate that the River was receiving groundwater on the up
gradient side (i.e., the right side of the River, closest to Creamery Meadow) while simultaneously losing
water to the underlying aquifer on the down gradient side (i.e., the left side of the River, away from
Creamery Meadow) during the 2006 Study. Shallow piezometers at P2 also show a response to
pumping. that is slightly greater than that seen at P3. This was due to P2 being further downstream from
P3, and was thus recording changes from an aggregate greater loss of flow. The maximum recorded
change in stage was approximately 0.13-feet (1.6-inches).
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Piezometer station P1 was located within the lagoon area of the River, approximately 450 feet south of
New Well. The P1 station consisted of a single pair of piezometers placed just north of the mid-channel
point of the lagoon (i.e., located closer to the pumping well side of the lagoon). The hydraulic gradients
recorded by the P1 piezometer pair were highly influenced by changing tidal conditions, which had a
significant impact on water levels in the lagoon (Figure 3-19). The vertical hydraulic gradients varied from
positive to negative during the 2006 Study (Figure 3-20). Gradient changes resulting from pumping were
largely masked by more significant changes caused by fluctuating tidal and River flow conditions. Data
obtained from this station during the late part of the New Well pumping test was compromised due to a
high tide event that swamped and disabled one of the transducers.

In summary, the data indicates that the exchange of water between the River and the aquifer in the
lagoon area naturally moves between a losing and gaining status dependent on the combined effects of
tides, River flow fluctuation, and pumping, with the impact of tides being predominant.

3.5 River — Aquifer Connectivity

Permeameter measurements have indicated that the geometric mean. vertical hydraulic conductivity (K)
of the upper 0.82-feet (0.25-meters) of the River bed is approximately an order of magnitude less then
the general hydraulic conductivity of the surrounding aquifer, as discussed in section 3.3. The processes
that reduce vertical hydraulic conductivity in the shallow streambed include the effects of colmation (bed
clogging by fine particles, see section 3.3) and surficial algal growth. The process of colmation generally
occurs in the upper 0.5-feet of a streambed, and can take between a few days and several months too
develop following bed scouring by winter flows (Schélchli, 1992). The K of this thin zone of streambed
material is the effective K controlling the rate of water exchange between the River and the underlying
aquifer. Further reduction in the vertical hydraulic conductivity of the streambed is caused by the
observed growth of an algal mat on the River bottom. The presence of this algal growth is obvious on
inspection of the streambed within the 2006 Study Area and can be seen in photographs contained in
Appendix B. The result of this streambed conductivity contrast is that the connectivity between water in
the River and water in the underlying aquifer is reduced, restricting the exchange of water between the
two.

The effects of the conductivity contrast can be seen in review of River piezometer hydrographs. Figure
3-21 presents the hydrographs for the P4L shallow and deep piezometers depicting their hydraulic
response to pumping (All piezometer hydrographs are presented in Appendix F). The P4L shallow
piezometer was mechanically dug into the upper 6-inches of the streambed with the inlet openings
approximately 3-inches to 4-inches below the bed surface. The method of installation locally disrupted
the colmation zone, forming a direct connection between the River and the shallow piezometer (i.e.,
effectively making the shallow piezometer a River stilling well). The P4L deep piezometer was installed
3-feet into the bed of the River, with open screen from 2.5-feet to 3.0-feet below the streambed surface.
Although the inlets of the two piezometers were vertically separated by less than 2.5-feet, the pumping
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induced drawdown of water levels recorded in the P4L deep piezometer were not discernible in water
levels recorded in the P4L shallow piezometer. Conversely, the effects of natural fluctuations in River
flow are visible in the hydrograph of the shallow piezometer (P4LS) while muted in the hydrograph of the
deep (P4LD). The water levels measured by the shallow and deep piezometers at P4L and, by
extension, all piezometer pairs, reasonably measure hydraulic conditions both directly above and directly
below the zone of colmation. Therefore, vertical hydraulic gradients across the zone of colmation
calculated from piezometer pair water level data are also reasonable.

A river which slices through its alluvial base (i.e., aquifer) such that the bottom intersects the underlying
bedrock (or other confining material) is considered to be ‘fully penetrating’. A river that does not
penetrate to the underlying bedrock, such that there is some aquifer material below the base of the river,
is considered to be ‘partially penetrating’. A well pumping groundwater on one side of a fully penetrating
river cannot influence groundwater on the far side. The pumped water would come from the aquifer on
the well’'s side of the river and the river itself. The fully penetrating river is considered to be a ‘competent
recharge boundary’ for that pumping well. If there were a layer of aquifer material between the base of
the river and the underlying bedrock, the river is considered to be only ‘partially penetrating’ (i.e., the river
only penetrates part way into the aquifer). In this case, a pumping well on one side of the river would
draw water not only from the river, but from groundwater on the far side through the underlying aquifer
material. Generally, the less penetrating the river is (i.e., the greater the thickness of the underlying
aquifer material relative to the depth of the river), the more water can be drawn from the far side. In the
2006 Study Area, the Big Sur River is generally less than 3-feet deep while the underlying aquifer is-
between 10-feet and 35-feet thick (HI-CSM, figure 3-8) and is thus considered to be only partially
penetrating.

Section 3.2.1 shows that the ESR irrigation wells were able to affect drawdown in Creamery Meadow.
Distance drawdown calculations based on pumping induced groundwater drawdown in monitoring wells
located north of the River suggests that the pumping influence extends approximately 500-feet into
Creamery Meadow. However, these calculations do not take water contributions from the River to the
pumping wells into account. Combining the monitoring well drawdown data with drawdown data from
deep piezometers P2R, P3R, and P4R (Figure 3-14) demonstrates that the River has an appreciable
effect, reducing both the distance into Creamery Meadow that can be affected by pumping and the
amount of groundwater drawdown.

Conclusions. reached based on the collected data regarding connectivity between the River and the
underlying aquifer are as follows: 1) the significantly lower conductivity of the shallow streambed serves
to reduce the rate of transfer of water between the aquifer and the River; 2) the lower streambed
conductivity serves to mute the hydraulic impacts of pumping on River flow; 3) due to the presence of the
conductivity contrast combined with limited penetration into the aquifer, the River does not serve as a
competent recharge boundary, though- it does contribute water to the pumping wells thereby reducing
groundwater drawdown in Creamery Meadow; and 4) as a result of these conditions, the area of
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influence of the two ESR irrigation wells extends beneath the River into Creamery Meadow as discussed
in section 3.2.1. Worst case scenario impacts to water levels in Creamery Meadow are calculated to be
less than 0.2-feet (2.4-inches), diminishing to zero as the distance approaches 500-feet from the right
bank of the River.

3.6 Analysis of River Gains and Losses

Piezometer pair water level data allow for the calculation of vertical hydraulic gradient magnitude and
direction across the streambed throughout the 2006 Study at each piezometer pair location. In order to
estimate the rate of flow (Q) across the streambed using Darcy's Law (Q = K x dh/dl x A), these vertical
gradients (dh/dl) are multiplied by the shallow streambed’s vertical hydraulic conductivity (K), and the
area (A) of streambed over which the measured vertical gradients are distributed. As discussed in
section 3.3, the geometric mean streambed vertical hydraulic conductivity (K) in the 2006 Study Area has
been measured at 104 feet/day. This streambed conductivity was applied to flow calculations across the
entire 2006 Study Area section of River. Figure 3-22 depicts the interpreted streambed Zones
associated with the hydraulic gradients measured at each of the piezometer well nests. The wetted
areas for each piezometer station associated streambed Zone were calculated based on survey
measurements of the River's edge taken at each of the 11 passage transect stations depicted on Figure
2-1. The data indicate that the nature of streambed flux in the 2006 Study Area is variable between
different Zones of the River and between different halves of the River within the same Zone. The
following paragraphs discuss the results of streambed flow calculations at each Zone depicted on Figure
3-22.

Zone 5 represents the area around piezometer set 5 (P5). The boundary of this Zone was defined by the
approximate location of PT11 downstream and an approximately equivalent area upstream. This area of
the River was experiencing a loss of water to the underlying aquifer during the entire 2006 Study.
Additionally, this area lies outside of the pumping well’'s area of influence. Figure 3-23 depicts the flux of
water from the River to the underlying aquifer (shows as a negative flux on the graph) from the left and
right River sections and includes the combined calculated flux in this area totaling a nearly constant 1.3
cfs of outflow.

Zone 4 Upper (Figure 3-22) represents the area of transition between the natural losing condition at P5
and the natural gaining condition at P4. Zone 4 Upper includes the area where the River makes a turn to
the south. At this point, the direction of River flow changes from running parallel to the direction of
groundwater flow in the aquifer to perpendicular to the direction of groundwater flow. As the River makes
this change, it transitions from negative flux (i.e., water flow from the River to the underlying aquifer) to
positive flux (i.e., water flow from the underlying aquifer into the River) through the streambed. In this
flow analysis, the net flux across the streambed for this natural transition area is interpreted to be
effectively zero.
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Zone 4 represents the area around piezometer set 4 (P4). The boundary of this Zone was defined by the
midway point between P4 and P3 downstream and an equivalent area upstream. This area of the River
- was experiencing a steady gain of groundwater inflow during the entire 2006 Study. Figure 3-24 depicts
the calculated groundwater flux through the left and right River streambed sections. The figure also
includes the combined calculated groundwater gain (shows as a positive flux on the graph) in this Zone
of approximately 1.1 cfs when not influenced by pumping. Pumping does reduce the magnitude of the
vertical gradients across the streambed, which in turn reduces the rate of groundwater inflow from the
aquifer to the River. With both irrigation wells pumping at maximum capacity, the inflow of groundwater
- was reduced from 1.1 cfs to approximately 0.4 cfs, a reduction of around 0.7 cfs. At no point during the
2006 Study did the total Zone 4 groundwater flux to the River turn negative (i.e., change conditions from
groundwater flowing into the River to water flowing out of the River into the underlying aquifer).

Zone 3 represents the area around piezometer set 3 (P3). The boundary of this Zone was defined by the
midway point between P3 and P2 downstream and the midway point between P4 and P3 upstream. This
area of the River was experiencing a steady gain of groundwater inflow during the 2006 Study. Figure 3-
25 depicts the calculated groundwater flux through the left and right River streambed sections. The
figure also includes the combined calculated groundwater gain (shows as a positive flux on the graph) in
this Zone of approximately 0.6 cfs when not influenced by pumping. Pumping does reduce the
magnitude of the vertical gradients across the streambed, which in turn reduces the rate of groundwater
inflow from the aquifer to the River. With both irrigation wells pumping at maximum capacity, the inflow of
groundwater was reduced from 0.8 cfs to approximately 0.15 cfs, a reduction of around 0.45 cfs. At no
point during the 2006 Study did the total Zone 3 groundwater flux to the River turn negative (i.e., change
conditions from groundwater flowing into the River to water flowing out of the River into the underlying
aquifer).

Zone 2 represents the area around piezometer set 2 (P2). The boundary of this Zone was defined by the
sharp bend in the River downstream and the midway point between P3 and P2 upstream. Figure 3-26
depicts the calculated groundwater flux across the streambed for the right half of the River within Zone 2.
Groundwater flux was predominantly positive (i.e., water flow from the aquifer to the River) throughout
the 2006 Study, though the influence of irrigation well pumping reduced the flux to around zero (i.e., no
net exchange of water across the streambed) when both wells were extracting groundwater at the
maximum rate. The groundwater flux across the streambed for the left half of the River was
predominantly negative (i.e., water flow from the River to the underlying aquifer) throughout the 2006
Study. The influence of irrigation well pumping had the effect of increasing the magnitude of the fiux
across the streambed (i.e., increased the amount of water flowing from the River to the underlying
aquifer) to a maximum of approximately 0.4 cfs, occurring when both wells were extracting groundwater
at the maximum rate. The final chart on Figure 3-26 shows the combined water flux across the
streambed for both the left and right sides of the River in Zone 2. During the period when the irrigation
wells were not pumping, the net flux was approximately zero. When both irrigation wells were pumping
at their maximum rate, the maximum rate of River water loss to the underlying aquifer (i.e., negative flux)

Addendum Report Final 3-13 The Source Groun, Inc.
ESR--5




EI Sur Ranch, Big Sur, California
Addendum to Hydrogeologic Investigation and Conceptual :
Site Model Within the Lower Reach of the Big Sur River March 23, 2007

was 0.4 cfs. High tide events can result in a temporary swing from negative flux (i.e., River water loss to
the aquifer) to positive flux (i.e., River water gain from the aquifer), even during periods of maximum
pumping. It should be noted that more water was lost from Zone 2 than Zone 3 and Zone 4, even though
they were located in similar hydraulic environments (i.e., River flow in the three Zones is perpendicular to
groundwater flow and each of the Zones are approximately equidistant from the pumping welis). What is
different is the thickness of the aquifer beneath each zone. The aquifer is between 20-feet and 30-feet
thick under Zone 4, up to 35-feet thick under Zone 3, while generally less than 20-feet thick beneath
Zone 2 (HI-CSM, figure 3-8). As aquifer thickness decreases, River penetration increases (see section
3.5 for explanation of river penetration). It is this increased River penetration that likely results in the
greater loss of water from Zone 2.

Zone 1 represents the lagoon area of the River adjacent to the pumping wells. The boundary of this
Zone was defined by PT1 downstream and the sharp bend in the River upstream. This area is unique in
that it is significantly tidally influenced and its hydraulic behavior is more akin to a lake than a river.
Figure 3-27 presents a graph of calculated flux across the streambed of Zone 1. On a daily basis, the
rates of water exchange fluctuate as much as 1 cfs in response to changes in tidal elevation. The graph
also seems to indicate that the effect of initiating the pumping of both irrigation wells was to increase the
rate at which water flowed from the River to the underlying aquifer (i.e., the flux became more negative).
In the middle of this pumping period, however, the flux shifts from a maximum outflow (i.e., negative flux)
of approximately 1.8 cfs to an inflow (i.e., positive flux) of over 1 cfs, a swing of nearly 3 cfs. Figure 3-27
includes the calculated Zone 1 flux graph overlain with the average daily tide condition and the daily
River flow condition (measured and recorded at station VT1). Review of these comparison graphs show
that a combination of both the daily average tide condition and fluctuations in River flow have more of an
influence on groundwater flux within the lagoon area than does irrigation well pumping.

3.7 River Water Quality Monitoring Results — Dissolved Oxygen

Comparing the data from the continuously recording DO loggers reveals the influence of the accretion of
low DO content groundwater on River water quality. The upstream DO logger, DOx2, was located
approximately midway between PT10 and PT11 (Figure 2-1) along the right bank of the River. The
graph of the raw data for this location shows a daily DO fluctuation of approximately 2 mg/L, and a steady
average concentration of approximately 13 mg/L. The DO logger DOx1 was located in the ‘Cold Pool’
area (Figure 1-2) near PT7, also along the right bank of the River. Data from DOx1 also shows the same
daily 2 mg/L fluctuation and an average concentration trend that varied from approximately 8 mg/L to
12.5 mg/L through out the 2006 Study. See Figure 3-28 for a comparison of the raw data from the two
loggers.

The 2 mg/L diurnal fluctuation in DO seen in data from both loggers was the result of the respiration of
. plant and algal material in the River. Figure 3-29 compares incoming solar radiation data obtained from a
weather station located on El Sur Ranch with the DO concentrations recorded by DOx2. DO
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concentrations rise coincident with the rise in incoming solar radiation, reflecting the release of oxygen
from the respiration of plant and algal material in the River resulting from photosynthesis. As solar
radiation decreases with the setting sun, the DO released by the photosynthetic process diminishes
which resulted in a reduction of DO in the River.

To facilitate the comparison of the data from both loggers, the average daily DO concentrations were
computed from both sets of data and plotted against one another as seen in Figure 3-30. This had the
effect of removing the diurnal noise created by plant and algal respiration and allowing the focus to be on
the overall DO concentration trends that occurred during the 2006 Study. With one exception, the trend
recorded by DOx2 remained steady throughout the test, varying only 0.3 mg/L around an average
concentration of 13 mg/L. The one exception can be seen on October 5, when the DO fell to a little over
12 mg/L coincident with a rain event which likely had the temporafy effect of reducing DO due to the
mobilizing of organic matter and other dissolved oxygen consuming materials into the River.

The DO concentration recorded by DOx1 started at just over 8 mg/L, rising steadily to about 9 mg/L in the
lead up to the pumping test involving both ESR irrigation wells. The rise in DO continued through that
test, through the post test recovery period, finally peaking at approximately 12.5 mg/L midway through
the Old Well pumping test. From that point, DO concentrations steadily declined for the remainder of the
Old Well test and into the post test recovery period. The rain event recorded by DOx2 was mirrored in
the DOx1 data as average DO concentrations dropped from 11.5 mg/L to 9.5 mg/L. Thereafter, DO
concentrations exhibited a sinusoidal pattern into the New Well test and then on into the post test
recovery period.

Average DO concentrations recorded by DOx1 were significantly reduced and exhibited significant
fluctuations when compared to those recorded at DOx2. DOXx2 is location in Zone 4 Upper, the transition
zone between the natural losing condition at P5 and the natural gaining condition at P4, an area outside
the influence of groundwater influx. DOx1 is located in Zone 3, well within the influence of groundwater
influx. The influx of groundwater variably effects DO concentrations within the ‘Cold Pool’ area while the
lack of groundwater interaction at the upstream location resuilts in steady DO concentrations as seen in
the graphs.

Periodic manual water quality data was collected from near the left bank, in the middle, and near the right
bank of the River at the 11 passage transects, PT1 through PT11. The resulting DO concentration data
from each passage transect can be found in Appendix G. Data from PT10 (downstream of DOx2) and
PT11 (upstream of DOx2) show no significant DO concentration difference between any of the three
readings during the 2006 Study, confirming that DOx2 was located in an area not impacted by
groundwater influx. PT9 shows a decrease in DO concentrations in the right bank readings on
September 18 and 21, and October 2, indicating intermittent groundwater influence from the Creamery
Meadow side of the River. Steady reduction of right bank DO concentrations relative to the middle and
left bank of the River were seen in data from PT4 through PT8, with the greatest reduction shown at PT7,
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where the DOx1 logger was located. This indicates significant groundwater influence along this stretch of
River. PT1 through PT3 were located within the lagoon area and exhibit only minor separation of DO
readings favoring no particular side of the River, indicating negligible groundwater influence. The data
showing evidence of groundwater influence, those collected from PT4 through PT9, were coincident with
the groundwater Zones 2 through 4, outlined in section 3.6 as zones of groundwater inflow. However,
there is no discernable correlation between the magnitude of right bank DO concentration reduction
relative to middle and left bank and groundwater pumping.

During the course of the 2006 Study, it was noted that a small but consistent groundwater spring was
located adjacent to PT6 near the right bank of the River. When practical, the DO concentration of the
spring water was measured and recorded. The resulting data show a steady increase in groundwater
DO concentration starting at approximately 4 mg/L and climbing to over 5 mg/L just before the start of the
New Well pumping test. This indicates that the concentration of DO in groundwater flowing through
Creamery Meadow is much lower than that of the water in the River, and can vary in time by over 1 mg/L.
A graph of the data is included in Appendix G.

Figure 3-31 shows the DO concentrations recorded by the DOx1 data logger compared to River flow as
recorded at VT1 and average daily tide elevation. Decreases in River flow should increase the amount of
aeration in riffle zones due to an increase in turbulent flow, thereby increasing the concentration of DO.
Increases in the average daily tide elevation should reduce groundwater flow through the beach and
force more groundwater into the River, reducing River DO concentrations. DO concentrations at DOx1
could not be individually correlated to either of these influences. Figure 3-31 also shows the DO
concentrations compared to pumping test initiation and shut-down times. It can be discerned that
pumping had no measurable effect on DO concentrations recorded by DOx1, which in fact, continued to
rise or remained steady during all three pumping tests.

It is likely that a combination of natural effects, including variations in tide elevation and changes in River
flow, govern the fluctuating DO concentrations in the River as measured by the DOx1 data logger. A
reduction in River water DO concentrations measured along the right bank of the River (i.e., the side
closest to Creamery Meadow) demonstrates that groundwater is, in fact, entering the River. However, -
DO concentrations measured at mid channel and along the left bank show that the volume of
groundwater entering the River is insufficient to significantly reduce DO concentrations across the entire

- width of the river. Sections 3.4 through 3.6 have demonstrated that the pumping of the ESR irrigation
wells has the effect of reducing the amount of groundwater that enters the River, sometimes to the point
where water flows from the River to the underlying aquifer. The use of ESR irrigation wells can only
reduce the amount of low DO groundwater upwelling into the River, and thus does not have a
measurable negative effect on River water quality.
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3.8 Saline Wedge Movement

Consistent with data reported in 2004, the electroconductivity of groundwater sampled from both ESR
irrigation wells remained well below the cutoff standard (i.e., the level above which water from the well is
_not suitable for field irrigation) of 1,000 uS/cm for each of the three pumping periods during September.
A graph of daily pumping well conductivity readings during the pumping periods is presented as Figure 3-
32.

Data collected from a data logging transducer installed in the Navy Well included temperature,
electroconductivity and groundwater elevation. Groundwater levels in the Navy Well clearly depict the
signal from daily pumping of the Navy Well, puimping both Old and New Wells, and the daily tidal impacts
to the aquifer near the mouth of the River as demonstrated on the Figure 3-33 hydrograph. Analysis of
the water level data as depicted on the hydrograph indicates that the pump installed in the Navy Well
normally operates daily from 7 AM to 12 PM and results in an induced drawdown of 0.4-feet. The
induced drawdown resulting from pumping the Old and New Wells at the maximum rate steadied out at
1-foot. The induced drawdown due to pumping the Old Well alone and New Well alone steadied out at
.0.5-feet and 0.4-feet, respectively. The electroconductivity (salinity) of water within the Navy Well
decreased in response to the pumping tests. Hourly conductivity measurements of water in the Navy
Well are plotted on Figure 3-34. The Navy Well groundwater exhibited a decrease in salinity correlating
with the start of pumping of both wells on September 9. The salinity continued to decrease during the
entire dual pumping period, though generally leveled off after 3.5 days. Following completion of pumping
the New Well on October 13, salinity in the Navy Well showed a continual increase rebounding towards
its original level measured prior to the start of pumping. This data indicates that regardless of the high
tide conditions that occurred during the 2006 Study, pumping of both wells and the Navy Well was not
able to induce any significant saline movement inland. Salinity measurements in the Navy Well correlate
with salinity measured in both the New Well and the Old Well indicating only the presence of fresh water
uncontaminated with sea water. Table 3-3 presents a summary of daily pumping well electroconductivity
measurements and average daily electroconductivity measured in the Navy Well. These data make it
clear that pumping alone is unable to induce landward movement of the saline wedge at the mouth of the
River even as far as the Navy Well.

Tidal conditions related to the normal high spring tides in summer ending in the month of August provide
the driving mechanism for the natural landward movement of the saline wedge as discussed in the 2004
Report. Data collected during the 2006 Study confirm that pumping from the Old Well that occurs during
these high spring tides in effect samples the diffusion front related to the cyclic advancement of the saline
wedge resulting in the measured increases in electroconductivity historically noted. In summary, no
induced saline mixing zone effects were detected in the Navy Well. In fact, the opposite was detected,
indicating preferential movement of fresh water with lower conductivities to the Navy Well location in
response to pumping. Thus, no correlation between pumping and saline impacts to water beneath the
lagoon in the Navy Well area is plausible.
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3.9 Effects of Pumping on River Flow

The area of hydraulic influence of pumping on the River has been determined to be Zones 1 through 4
(Figure 3-22) as discussed in section 3.6. Within this area, piezometer data indicates the average
condition was that of groundwater moving through the streambed and adding to the flow of the River
(inflow). The impact of this additional groundwater on River water quality can be seen by review of
dissolved oxygen data as discussed in section 3.7. The pumping of the ESR irrigation wells served
primarily to reduce the naturally positive hydraulic gradients, thus reducing the magnitude of the
groundwater inflow. In some cases, such as was occasionally measured in Zone 2 and in the lagoon
area that comprises Zone 1 (Figure 3-22), pumping reversed the hydraulic gradient resulting in a loss of
River water through the streambed to the aquifer (outflow). No outflow conditions were measured in
Zones 3 and 4.

Within Zone 2, groundwater was generally inflowing to the River within the right bank area while generally
outflowing within the left bank area. During periods of no pumping, the net change in River flow within
Zone 2 was approximately zero (i.e., inflow through the right bank area balanced the outflow through the
left bank area). During periods of pumping, outflow through the left bank area increased relative to inflow
through the right bank area, reaching a maximum loss in River flow within Zone 2 of approximately 0.4
cfs (Figure 3-26).

The exchénge of water through the streambed within the Zone 1 area was highly variable, ranging from a
maximum outflow of 1.8 cfs to a maximum inflow of greater than 1 cfs. The maximum outflow condition
occurred midway through the period when both irrigation wells were pumping, while the maximum inflow
condition occurred just past the point when both irrigation wells were turned off (Figure 3-27). This
means that while both irrigation wells were pumping and effecting maximum groundwater drawdown,
groundwater flux through the Zone 1 streambed was rapidly changing from outflow conditions to inflow
conditions, indicating that a process other than pumping was responsible for this shift. This
demonstrates that groundwater pumping is not the dominant process controlling the exchange of water
between the River and the underlying aquifer within this Zone. Instead, the process is dominated by
variations in River flow and the effect that changing tidal conditions have on the groundwater discharge
capacity at the mouth of the River. Because of this, it is not possible to estimate what percentage of the
water pumped by the irrigation wells is sourced from lagoon water. Figure 3-27 compares Zone 1
groundwater flux to average daily tide height and River flow as recorded at VT1.

Section 3.6 demonstrated that when the ESR irrigation pumps are not active, groundwater will add to the
flow of the River within Zones 1 through 4. Figure 3-35 shows that during these non-pumping periods,
groundwater will add anywhere from 0.5 cfs to nearly 3 cfs to the River flow. When the irrigation wells
are activated, they capture some of the groundwater that would have added to the flow of the River. The
amount of groundwater not added to the flow of the River is directly proportional to the rate at which
water is extracted by the irrigation wells. This means that, although the pumps have created a condition
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in which the net amount of groundwater being added to the River has been reduced, the overall flow of
the River is still increasing across Zones 1 through 4. This condition is exemplified on Figure 3-35 as the
periods when Old Well only was pumping and when New Well only was pumping. At some point, the
rate at which water is extracted by the irrigation wells reduces to zero the net amount of groundwater
added to the River (i.e., groundwater is inflowing and outflowing at equal rates). Now, any further
increases in pumping rate will result in a net removal of water from the River. This condition can occur
when both wells are pumping as seen on Figure 3-35. :

Table 3-4 shows the numerical relationship between the irrigation well extraction rate and the effect on
the amount of groundwater added to River flow in Zones 1 through 4.

Table 3-4
Correlation Between Pumping Rate and Decrease in Groundwater Inflow to River,
Zone 1 Through Zone 4

Wells Total Pumping Calculated Decrease in 's T.h e-re a-Net Pumping to Gr?undwalter
Active Rate (cfs) Groundwater Inflow (cfs) Gain in River Inflow Reduction Ratio
Flow? (cfs per cfs)
Both 5.83 241 NO 0.41
New 2.91 1.62 YES 0.56
Old 2.43 0.74 YES 0.30
AVERAGE: 0.42

The ‘Pumping to Groundwater Inflow Reduction Ratio’ illustrates the reduction of groundwater flow into
the River for every 1 cfs of groundwater pumped by the irrigation wells. The average of this ratio for each
of the three pumping well configurations is 0.42, which is to say that for every 1 cfs of water pumped by
the irrigation wells, the amount of groundwater inflow into the River decreases by 0.42 cfs. Note that the
ratio for pumping New Well only, the predominant pumping condition in late summer, was 0.56 (i.e., 0.56
cfs of inflow reduction for every 1 cfs of pumped groundwater). Note the column ‘Is There a Net Gain in
River Flow?' The answer indicates whether, despite the indicated pumping rate, the River was still
gaining water via inflow from the underlying aquifer. Only during the period when both irrigation wells
were pumping did the overall flow of the River decline within the Zone 1 through Zone 4 area. This is
additionally illustrated on Figure 3-35. ~
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The main focus of the 2006 Study was to determine the degree to which pumping can modify the in-
stream fishery habitat with respect to continuity and water quality. The measured gradients at the lagoon
piezometer pair (P1L) indicates that there can be an outflow of water from the lagoon area (Zone 1) to
the underlying aquifer when both irrigation wells are pumping (Figure 3-27). However, the form and
overall hydraulic behavior of the lagoon is more akin to a lake than a river. Fluctuations in the inflow and
outflow of water through the bed of the lagoon as a result of pumping had little effect on the lagoon water
level or the quality of the lagoon water, and therefore no effect on the suitability of the lagoon as a fishery
habitat. The hourly record of the water level in the lagoon compared to tidal record for the same period is
shown in Figure 3-36. The similarity in the two traces shows that tidal elevation plays the dominant role
in fluctuating lagoon water levels. Section 3.2 of the 2006 Hanson Study details the results of direct
measurement of fish passage at three points across the lagoon area, PT1, PT2, and PT3 (see Figure 2-
1). At all times, the criteria for fish passage were significantly exceeded (2007 Hanson Study). As noted
in Section 3.7, groundwater is significantly depleted in concentrations of dissolved oxygen relative to
River water. Therefore any reduction in groundwater inflow results in an increase in the overall dissolved
oxygen content of the lagoon. Section 3.3 of the 2006 Hanson Study details the results of direct
measurements of water quality in the lagoon area. At all times, the criteria for water quality. suitability as
acceptable to the habitat for fish were significantly exceeded. Thus, it can be concluded that pumping
does not impact habitat continuity or water quality in the lagoon area (Zone 1).

Based on the hydraulic nature of Zone 1, the true area of influence to consider the potential for pumping
effects on habitat continuity and River water quality is narrowed to River Zones 2 through 4 as defined on
Figure 3-22. Figure 3-37 presents the calculated net River gain across Zones 2 through 4 during the
entire pumping period. These calculations indicate that the Zones 2 through 4 area of the River
maintained a net gain of flow during the entire 2006 Study including the periods of maximum pumping
from both wells. As evident in Figure 3-37, the net effect of pumping on the River flow is to reduce the
magnitude of natural gains from discharging groundwater as the River cuts across the underlying aquifer.
By way of illustrating this concept, picture a section of river which will represent the Big Sur River flowing
through Zones 2 through 4. The middle of the river is intersected by a tributary stream, which represents
the real life inflow of groundwater to the Big Sur River. Water leaving the down stream end of the river is
equal to the sum of the water entering the upstream end of the river plus the amount of water entering
from the tributary. If the amount of water the tributary contributes to the river is reduced by half, there is
still more water leaving the down stream end of the river than there is entering the upstream end. This is
analogous to reducing the amount of groundwater entering the Big Sur River via pumping, but finding
that there is still more water leaving the down stream end of the River at Zone 2 than there is entering the
upstream end of the River at Zone 4.

The following table (Table 3-5) presents a summary of the change in net gain in the area of influence of
Zones 2 through 4 as a ratio related to average pumping rate during each of the pumping periods.
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Table 3-5
Correlation Between Pumping Rate and Decrease in Groundwater Inflow to River,
Zone 2 Through Zone 4
Wells | Total Pumping Calculated Decrease in Is T.h e.re a. Net Pumping to Gr?undwgter
i Gain in River Inflow Reduction Ratio
Active Rate (cfs) Groundwater Inflow (cfs)
Flow? (cfs per cfs)
Both 5.83 1.59 YES 0.27
New 2.91 0.88 YES 0.30
Old 2.43 0.44 YES 0.18
AVERAGE: 0.25

The ‘Pumping to Groundwater Inflow Reduction Ratio’ illustrates the reduction of groundwater flow into
the River for every 1 cfs of groundwater pumped by the irrigation wells. The average of this ratio for each
of the three pumping well configurations is 0.25, which is to say that for every 1 cfs of water pumped, the
amount of groundwater inflow into the River decreases by 0.25 cfs. Note that the ratio for pumping New
Well only, the predominant pumping condition in late summer, was 0.30 (i.e., 0.30 cfs of inflow reduction
for every 1 cfs of pumped groundwater). Note the column ‘Is There a Net Gain in River Flow? The
answer indicates whether, despite the indicated pumping rate, the River was still gaining water via inflow
from the underlying aquifer. At no point did the River overall lose flow across the Zone 2 through Zone 4
area. This is additionally illustrated on Figure 3-37.

Considering the highest ratio calculated in Table 3-5 above, that is, for every 1 cfs of water pumped the
amount of groundwater inflow to the River decreases by 0.30 cfs. This indicates that for every unit
volume of water pumped, 0.30 of that volume, or 30%, comes from underflow that would have
discharged into the River within the area of pumping influence (i.e., Zones 2 through 4). The remaining
70% of the volume of water pumped is comprised of underflow that was destined to discharge to the
Ocean without entering the River.

For the average September irrigation well pumping condition of 2.7 cfs, this 30% equates to a reduction
in total volume of groundwater inflow to the River across Zones 2 through 4 of approximately 48 acre-feet
for the month of September. The total volume of River flow exiting Zone 2 for the month of September
2006 is estimated to be 1,166 acre-feet. This indicates that groundwater inflow reduction resulting from
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average September pumping accounts for approximately 4.1% of the volume of flow past the area of
influence. Applying this same calculation to the month of September in a dry year as represented by
2004 data, the total volume of River flow exiting Zone 2 is estimated to be 530 acre-feet, thus the total
volume of inflow reduction is estimated to be 8.9% of River flow past the area of influence of pumping.

In summary, data collected and analyzed for the 2006 Study indicate the following; 1) when looked at as
a single area, the River across Zones 2 through 4 did not lose flow overall, even during periods of
maximum pumping; 2) River flows are not reduced, but, the rate at which River flow accretes
groundwater flow is reduced at a maximum rate of approximately 0.30 cfs reduction per 1 cfs of pumping,
and; 3) within Zones 2 through 4, River water was lost to groundwater in Zone 2 at a maximum rate of 0.4
cfs, but was more than offset by groundwater inflow in Zones 3 and 4.

3.10 Water Availability Analysis

A water balance and water availability analysis was conducted as part of the 2004 Study as documented
in the HI-CSM section 3.4.7. Data collected in the 2006 Study were utilized in combination with
information developed from the original Study Area water balance calculations to develop a focused
River flow water balance analysis as it relates to the question of maintaining habitat continuity for the
fishery within the area of influence of the pumping wells. This analysis begins with a review of the nature
of flow conditions as they relate to water year types for the Big Sur River. Specifically, the California
Department of Fish and Game (CDFG) has asked for a water balance evaluation considering Wet,
Above Normal, Median/Average, Below Normal/Dry, and Critically Dry water year types segregated
based on 20-40-60-80 percent non-exceedance flows.

Figure 3-38 presents a graph depicting daily mean discharges of these specified non-exceedance
frequencies for the 54 year period of record with validated flow data (USGS 2004). Review of the Big Sur
River flows presented on Figure 3-38 indicates that the focus of the water availability analysis should be
placed on the low-flow months of mid-to late summer through early fall. Figure 3-39 presents a graph
depicting daily mean discharges of the specified non-exceedance frequencies for the months of July
through October. This figure shows that the median (i.e., 50% non-exceedance frequency) minimum
daily flow of 14 cfs occurs in the month of September and the beginning of October. The 20% non-
exceedance frequency daily flows reach a minimum of 8 cfs during September and October. Although
not depicted on the graph, the 10% non-exceedance flows for September reach a minimum of 6.6 cfs
while the 5% non-exceedance flows for September reach a minimum of 5.5 cfs.

Table 3-6 presents a summary of the calculated average monthly non-exceedance discharge values for
the water year types described above covering the months of normal ESR irrigation pumping from April
through October. Also included in this table are the average flow conditions during the 2004 and 2006
Study periods. Comparison of the 2004 flow data to the non-exceedance value ranges indicates that the
flow conditions during the irrigation pumping period of 2004 fall into the range of a ‘Dry’ water year type.
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Flows recorded for the same months in 2006 indicate that they would be considered a ‘Wet' type flow
year. Thus, the two study periods provide data that covers a wide range of the water year types.

Data collected during the 2006 Study has served to establish that the area of influence of pumping wells
is focused on the section of the River that moves laterally across the aquifer near the pumping wells
designated as River Zones 2 through 4. Data has also allowed the calculation of River gains and losses
across these areas in response to pumping and non-pumping conditions. This information combined
with earlier developed water balance data described in the HI-CSM allows for the calculation of a simple
Surface Flow Water Balance for the area of influence. A surface flow water balance was constructed for
Zones 2 through 4 of the River for September flow conditions as a tool to evaluate worst case conditions
on River flow in response to pumping and a determination of water availability based on various year

types.

This water balance includes the following input and output terms:

1. The average Monthly Big Sur River flow gauged at USGS gauging station 11143000 for the
month of September.

2. The net loss in flow between the Big Sur gauge and velocity transect VT1. An average flow loss
of 3.73 cfs was measured during the ‘Dry’ late summer conditions of the 2004 Study as
documented in section 3.4.7 of the HI-CSM. A secondary value was calculated based on the
2006 Study flow data obtained at VT1 that is characteristic of a ‘Wet’ year type. Figure 3-40
presents the USGS gauge flow for September 2006 overlain with the measured and calculated
River flows at VT1 over the same time period. The average flow loss in September 2006 was
calculated at 1.5 cfs.

3. The net loss in flow between VT1 and River Zone 4 as calculated for River Zone 5 in section 3.6.

4. The net calculated non-pumping accretion rate of groundwater in-flow to the River in Zones 2
through 4 based on data discussed in section 3.6.

5. The net calculated reduction in accretion rate through Zones 2 through 4 in response to
pumping. The net reduction in accretion rate is calculated by multiplying the pumping rate by
the correlated reduction rate of 0.30 cfs reduction per 1 cfs of total pumping as discussed in
sections 3.6 and 3.8 and shown on Table 3-5.

6. The average total pumping rate condition for September.

Table 3-7 presents the Surface Flow Water Balance for September Conditions across River Zones 2
through 4. Water balance calculations are provided for the ‘Wet' year of 2006 and the ‘Dry’ year of 2004.
Additionally, worst case conditions are represented by a variety of flows characteristic of a ‘Critically Dry’
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which include the 20% (i.e., the upper bound flows for a ‘Critically Dry’ year), 10% and 5% non-
exceedance flow values for the Big Sur River. The water balance calculations presented in Table 3-7
indicate that under normal September pumping conditions and a ‘Critically Dry’ year, net flow rates
across Zones 2 through 4 would drop to 3.8 cfs and below.

311 Water Quality Analysis

It has been demonstrated that ESR irrigation well pumping can influence the River across Zone 2
through Zone 4 by reducing the inflow of groundwater. Table 3-5 (section 3.9) demonstrates that
approximately 0.30 cfs of groundwater inflow into the River is intercepted for every 1 cfs of water pumped
" by the wells. Water quality measurements obtained using a portable water quality meter show a distinct
reduction in both temperature and dissolved oxygen content at various points along the right bank of the
River providing direct evidence of the results of groundwater mixing with River water. Additionally, mass
balance considerations suggest that the reduction in groundwater inflow should have an effect on the
quality of the water in the River. A simple water mixing model was applied to quantify changes. The
effects resulting from the reduction of groundwater inflow to the River on dissolved oxygen and daily
average temperature were both explored.

Twice weekly measurements of water quality were taken from 11 points (PT1 through PT11) within the
2006 Study Area. At each measuring point, a water quality reading was obtained from near the left bank,
near the right bank, and at center channel of the River. Graphs of the temperatures from each of the
monitoring points can be found in Appendix G. The locations of the 11 monitoring points can be found on
Figure 2-1. Centered on station PT7, the temperature of the River along the right bank was reduced
relative to the temperature at the center or left bank of the River. The reduced temperatures along the
right bank are the result of the mixing of groundwater with the River water. The maximum River water
temperature reduction resulting from groundwater mixing was just over 2 °C (3.6 °F) as measured at PT7.
Also centered on station PT7, the dissolved oxygen content of the River along the right bank was
‘reduced relative to the temperature at the center or left bank of the River, again a result of groundwater
mixing with River water. The maximum dissolved oxygen reduction resuiting from groundwater mixing
~ was approximately 3.5 mg/L as measured at PT7. Based on these results we understand that a) mixing
with groundwater has the effect of reducing both temperature and dissolved oxygen content of the water
in the River, and b) mixing is not uniform across the River, but only partially mixes along the right bank
where groundwater inflow is greatest. Although water quality measurements were taken during periods
of pumping and during periods of no pumping, there was not enough information to determine an effect
on River temperatures or dissolved oxygen content resulting from the pumping induced reduction in
groundwater inflow.

The mixing model was run for a wide variety of flow conditions, includihg those observed during the 2006
Study and the 2004 Study, plus the flows calculated in Table 3-7 for the 20% non-exceedance dry year
and the 5% non-exceedance dry year (Figures 3-38 and 3-39). Pumping conditions tested include both
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no pumping at all, and the average September pumping rates as shown in Table 3-7. Dissolved oxygen
data was used to calibrate the amount of mixing that occurred during the 2006 Study, which was ‘
calculated to be approximately 35%. This can be empirically observed in the manually collected water
quality data (Appendix G). Groundwater mixing with River water only affects DO concentrations along
the right bank of the River, not the center or left bank. This indicates that groundwater mixed with
approximately one third the River water flowing across Zones 2 through 4. An assumption was made
that temperature mixed approximately as DO did. The results of 100% mixing were also included,
though conditions above 35% mixing were not observed during the 2006 Study or 2004 Study. It was
assumed that during lower flow dry years, the percent of River water that gets mixed with groundwater
would increase. The results of the mixing model are found in Table 3-8.

Review of Table 3-8 indicates that pumping only increases the concentration of dissolved oxygen in the
River. With increased pumping rates, less DO depleted groundwater mixes with River water. It should
be noted that during extremely low flow years, corresponding with the 5% non-exceedance dry year
condition, groundwater pumping may be essential in raising DO concentrations in the River above the 6
mg/L minimum required for a healthy fish habitat (Hanson, 2005).

The results of the mixing model show that groundwater pumping has the effect of raising temperatures in
the River. During the 2006 Study and the 2004 Study, the daily average surface flow temperature
entering Zone 4 were 15°C and 17°C, respectively, while the temperature of the incoming groundwater
was conservatively estimated at 13°C. Incoming groundwater mixes with the River water to lower its
temperature. Reducing the inflow of groundwater should raise the temperature of the River along the
right bank, but not beyond the temperature the River water was at as it entered Zone 4. During drier
years, temperatures in the River might be higher than those encountered during the 2004 Study. In the
model, a worse case scenario of 20°C was used, although there is no data to suggest that average daily
temperatures in the River would actually be that high. The results of the model show that average
September pumping outputs can raise the temperature of the 35% mixed River water by as much as
1.1°C. If 100% mixing is assumed, the temperature rise is approximately 0.9°C. The daily average
temperature in River water to sustain a healthy fish population should be less than 20°C (Hanson, 2005).
Based on the results of the mixing model, incoming River water temperatures would have to be several
degrees Celsius above 20°C before average September groundwater pumping would raise average
mixed water temperatures above 20°C across Zones 2 through 4.

The effects of changes in the mixing of River water and inflowing groundwater were not tested using
electroconductivity data. To sustain a healthy fish population, electroconductivity in River water should
be less than 1,500 uS/cm (Hanson, 2005). Data collected during the 2006 Study and the 2004 Study
indicate that electroconductivity in both River water and groundwater ranged from approximately 200
HS/em to 400 pS/em. No amount of mixing or reduction in mixing resulting from pumping would have a
detrimental effect on fish populations with respect to electroconductivity.
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4.0 SUMMARY AND CONCLUSIONS

As described in the Workplan, the primary goal of the hydrogeological portion of the 2006 Study was to
develop and/or evaluate the following:

1. Develop a correlation between the calculated loss of surface water through the bed of the River
in response to pumping at typical and maximum pumping rates, then relating this correlation to
the total stream-flow entering the Study Area.

2. Evaluate the ability of pumping to create drawdown impacts in Creamery Meadow.

3. To monitor the movement of the saline wedge infand by tracking electroconductivity
concentrations in the Navy Well in order to address concerns over potential saline wedge
impacts to lagoon and riparian zones.

4. Evaluate a monthly based water budget for various water year types, specifically focused on the
later summer months when pumping has the most potential to cause an impact.

The results of the Study with respect to addressing each of the goals listed above are summarized in the
following sections. An additional section has been included summarizing the effect ESR pumping has on
River water dissolved oxygen and temperature.

4.1 Development of Correlations

Data analysis indicates that the ESR irrigation well’s ability to impact fishery habitat continuity and water
quality is focused on the section of River adjacent to the pumping well field, an area that is identified on
Figure 3-22 as River Zones 2 through 4. Piezometer data indicates that this portion of the River naturally
gains groundwater from the underlying aquifer both with and without pumping. This fact is evidenced by
both piezometer measured gradients across the shallow streambed and dissolved oxygen data
measured in the River. Data also indicates that pumping serves only to reduce the rate of groundwater
accretion across Zones 2 through 4. The conservative correlation factor relating pumping to the
reduction in rate of groundwater inflow to the River is calculated as a maximum reduction of 0.30 cfs for
every 1.0 cfs of groundwater extracted by pumping. This indicates that for every volume of water
pumped, 30% comes from underflow that would have discharged into the River within the area of
pumping influence (i.e., Zones 2 through 4). The remaining 70% of the water pumped is comprised of
underflow that was destined to discharge to the Ocean without ever entering the River. Correlation
factors for different pumping scenarios tested are summarized in Table 3-5.
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4.2 Creamery Meadow Impacts

Data analysis indicates that the maximum radius of ESR irrigation pumping well influence (i.e., the point
where groundwater drawdown remains zero despite continued pumping) is 1,000-feet up-gradient of the
New Well Location. The maximum area of influence is depicted on Figure 3-10 and demonstrates that
hydraulic influence does impact an area of Creamery Meadow. Pumping induced drawdown impacts to
water levels in Creamery Meadow are conservatively estimated to be a maximum of 0.20-feet (2.4-
inches) at the River bank diminishing to zero less than 500-feet up-gradient.

4.3 Saline Wedge Movement

Electroconductivity data collected from the Navy Well and the Old Well during the 2006 Study indicate
that pumping resulted in decreased EC readings in both wells regardless of changes in tidal conditions.
Historically, pumping during the months of September from the Old Well has not resulted in the presence
of high EC (saline) water in the Well. As detailed in the HI-CSM, the explanation for this observed
behavior in groundwater EC during the month of September was the absence of the higher than normal
spring tides that occur during the summer months and cause the in-land movement of the naturally
occurring saline wedge at the mouth of the River. Data collected during the 2006 Study confirm these
conditions and indicate that tide is the dominating mechanism of saline wedge intrusion, and that
pumping cannot induce saline impacts to the groundwater beneath the lagoon in the Navy Well area.

4.4  Water Availability

The combination of data and analysis conducted as part of the 2006 Study along with the water shed and
Study Area water balances calculated during the 2004 Study (HI-CSM) allows for the calculation of a
simplified surface flow water balance for the River within the irrigation well area of influence. The surface
flow water balance was calculated for the lowest flow month of the year (September) in order to provide a
conservative basis for planning decisions. The water balance was calculated for both the 2004 and 2006
Study periods as well as for various theoretical flows indicative of a ‘Critically Dry’ water year type. The
water balance calculations are summarized in Table 3-7 and indicate that during ‘Critically Dry’ years
accompanied by typical September pumping conditions, River flow across Zones 2 through 4 could be
reduced to 3.8 cfs and below. '

4.5 River Water Quality

Data collected during the 2004 Study showed highly variable water quality along the stretch of River
nearest to the pumping wells and upstream of the Lagoon. This was determined to be the result of
inflowing groundwater mixing with the River water, as the most significant water quality variations
occurred along the Creamery Meadow side (i.e., the right side) of the River. The 2006 Study confirmed
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that groundwater, characterized as being depleted in dissolved oxygen content and lower in temperature
relative to River water, does inflow and mix with the water in the River. Most of the groundwater flows
into the River from the Creamery Meadow side and has the effect of lowering both dissolved oxygen and
temperature of the River water. The pumping of the irrigation wells reduces the total inflow of
groundwater along the section of the River that is within the area of influence of pumping. Simple mass
balance analysis indicates that a reduction in total inflow of groundwater with depleted dissolved oxygen
and lower temperature can only result in two effects; a) dissolved oxygen levels in the River across this
section will increase in response to pumping, and b) temperature of the River across this section will
increase in response to pumping. Any increase in dissolved oxygen can only improve the habitat
conditions for Steelhead, therefore any amount of pumping will be beneficial. Reducing the amount of
groundwater entering the River, such as what occurs during irrigation well pumping, will incrementally
increase the temperature of the River water. When considering average September pumping conditions
and all flow conditions, the maximum calculated theoretical effect is approximately 1 degree Centigrade.
Thus, the effects of pumping are significant only when steelhead habitat conditions in the River have
already reached a critical stage.
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6.0 ACRONYMS AND GLOSSARY

List of Acronyms

bgs Below ground surface

CDWR California Department of Water Resources
cfs Cubic feet per second

DFG Department of Fish and Game

DO Dissolved oxygen

DPR Department of Parks and Recreation

EC Electroconductivity

ESR E!l Sur Ranch

ET Evapotranspiration

ft/day Feet per day

ft/ft Feet per foot

gpm Gallons per minute

K Hydraulic conductivity

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.
PDA Personal Data Assistant

PVC Polyvinyl chloride

QA/QC Quality Assurance/Quality Control

SGI The Source Group, Inc.

USGS United States Geological Survey

uS/em Micro-siemens per centimeter
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Aquifer test

Colmation

Cubic feet per
second (cfs)

Data logger

Data logging

Discharge

Dissolved oxygen

Diurnal

Diurnal events

Drawdown
Stabilization
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Glossary

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).

The process that can lead to the congestion of a streambed by the deposition of
fine particles, leading to a reduction in vertical hydraulic conductivity. This
process is generally occurs in the upper 0.5-feet of the streambed, and can take
between a few days and several months until a relatively steady state streambed
vertical K value is reached.

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.

A data logger is an electronic instrument that records data over time or in relation
to location. Increasingly, but not necessarily, they are based on a digital
processor (or computer). They may be small, battery powered and portable and
vary between general purpose types for a range of measurement applications to
very specific devices for measuring in one environment only.

(Data acquisition) Storing a series of measurements over time, usually from a
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.

To pour forth, emit, or release contents.
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.

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

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

In subsurface hydrogeology, drawdown is the change in hydraulic head observed
at a well in an aquifer, typically due to pumping a well as part of an aquifer test or
well test. Stabilization is the point that occurs when continued pumping does not
result in further changes in hydraulic head.
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Electroconductivity
Electromagnetic
velocity meter
Field

measurements
Flow gauging
Fluctuations
Gallons per minute
(GPM)

Gradient

Groundwater

Groundwater flux

Groundwater
gradient

Hydraulic
conductivity

Addendum Report Final .

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

Electromagnetic meters produce voltage proportional to the velocity of water flow
across the sensor. The working principle of these meters is the same as the
pipeline electromagnetic flow meter.

Data manually collected by field personnel within a specified Study Area.

Measuring the rate of water discharged from a source given in volume with
respect to time.

To vary irregularly.

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

Degree of incline; slope of a stream bed. The vertical distance that water falls
while traveling a horizontal distance downstream or through an aquifer.

(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.

(1) 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.

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
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Hydraulic head

Hydrogeology

Hydrograph

Hydrologic

Monitoring well
Monitoring well
cluster

Passage Transect

Permeameter
Piezometer

Potentiometric
surface

Pressure
transducers

Pumping test

River stage
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measures).

(1) The height of the free surface of a body of water above a given 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
emphasis on the chemistry and movement of water.

(1) A graphic representation 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 well used to obtain water quality samples or measure groundwater levels.

A collection of monitoring wells drilled to varying depths located in close proximity
to one another. This arrangement is generally used to determine vertical
groundwater gradients.

A cross-section of the River measured to determine if there is enough water for
fish to pass. Each passage transect was identified by rebar stakes located on
opposite sides of the River. On a twice weekly basis, the depth profile was
measured at each passage transect by recording the depth of the River from
bank to bank in half-foot increments ’

A device used to determine the vertical hydraulic conductivity of a streambed.

Small diameter well used to measure the elevation (hydraulic head) of
groundwater in aquifers.

A surface which represents the static head of ground water in tightly cased wells
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.

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

See aquifer testing.

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

. Saltwater intrusion

Saltwater wedge

Site

Spring tide

Stage height
Stilling well

Study Area

2006 Study Period
Transducer
Velocity transect
Water balance

Water table
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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

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.

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

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 height of a water surface above some established reference point or Datum
(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.

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 August 28 and October 17, 2006.

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.

see river transect

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

The surface of a groundwater body at which the water is at atmospheric
pressure; the upper surface of the ground water reservoir.
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Figure 3-3
Piezometer P4 Head Difference Comparison
El Sur Ranch
Big Sur, California
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P5LS Groundwater Elevation vs. VT1 River Flow

Figure 3-4

Piezometer P5L Hydrographs

El Sur Ranch

Big Sur, California
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Figure 3-5
Piezometer P5R Hydrographs
El Sur Ranch
Big Sur, California

P5RS Groundwater Elevation vs. VT1 River Flow
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Figure 3-6
Piezometer P5 Head Difference Comparison
El Sur Ranch
Big Sur, California

P5LD - P5LS Head Difference
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“* MONITORING WELL
“%-PUMPING WELL

® PIEZOMETER PAIR

GROUNDWATER DRAWDOWN
CONTOUR

(0.17) GROUNDWATER DRAWDOWN
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0.2 §

Figure 3-15
Vertical Gradients at Piezometer Station P5
El Sur Ranch
Big Sur, California
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Figure 3-16
Vertical Gradients of Piezometer P4
El Sur Ranch
Big Sur, California
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Figure 3-17
Vertical Gradients at Piezometer P3
El Sur Ranch
Big Sur, California
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Figure 3-18
Vertical Gradients at Piezometer P2
El Sur Ranch
Big Sur, California
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Figure 3-21
Groundwater Elevations at Piezometer Pair P4L
El Sur Ranch
Big Sur, California
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Figure 3-23
Zone 5 Groundwater Flux to River
El Sur Ranch
Big Sur, California
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Figure 3-24
Zone 4 Groundwater Flux to River
El'Sur Ranch
Big Sur, California
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Figure 3-25
Zone 3 Groundw/ater Flux to River
El Sur Ranch
Big Sur, California
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Figure 3-26
Zone 2 Groundwater Flux to River
El Sur Ranch
Big Sur, California
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Figure 3-27
Zone 1 Groundwater Flux to River
El Sur Ranch
Big Sur, California
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Figu.. _-28
DOx1 vs DOx2 - Hourly Dissolved Oxygen Comparison

El Sur Ranch
Big Sur, California
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Figure 3-31
DOx1 Daily Average DO vs. VT1 River Flow and vs. Average Daily Tide
El Sur Ranch
Big Sur, California

DOx1 Daily Average Dissolved Oxygen vs. River Flow at VT1
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